


KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

PROTECT DESCRIPTION

Project Name:                       Seismic Reflection survey at strategic petroleum
Reserve (SPR) Surface Collapse Location

Location:                                Weeks Island, Louisiana

Site safety officer:                Richard D. Miller

Plan prepared By:                 Richard D. Miller

Estimated Duration of Field Work:   5 days

11.        STATEMENT OF WORK

On May 18,1992, a small sinkhole was discovered above one of the U. S.
Govemment's Strategic Petroleum Reserve storage cavities in a salt mine at Weeks
island, Louisiana.  The sinkhole is about 35 feet in diameter and approximately 30 feet
deep.  The purpose of the study proposed here is to use high-resolution reflection
seismic techniques to examine the subsurface geology in the upper few tens to
hundreds of feet in the vicinity of the sinkhole.  Seismic surveys conducted elsewhere
under similar sinkhole conditions have been helpful in evaluating underground extent
of the disturbance that caused the sinkholes.

Surface subsidence resulting from dissolution of salt layers at depths of several
hundred feet is common in central Kansas and in other parts of the world.  The
dissolution of the salt has generally been associated with natural active sinkholes, salt
water disposal wells, liquid petroleum storage caverns, and dissolution mining activity.
The Kansas Geological Survey has found paleosinkholes (formed thousands or millions
of years ago) in at least two locations where sinkholes are gradually forming at the
present time.  High-resolution seismic reflection surveys have been used at several
locations in Kansas to delineate the subsurface structure of sinkholes and to outline
known cavities posing a risk to property or the welfare of local residents (Knapp et al.,
1989; Miller et al., 1985, 1993; Steeples and Miller, 1984, 1987, 1988; Steeples et al., 1986).

The results of a seismic reflection survey in the Hutchinson, Kansas, vicinity
were published in a refereed scientific research article by Miller et al. in the October,
1993 issue of M].#i.ng fr]gr.Hccrz.rig.  Briefly, a surface collapse occurred above a salt
dissolution mined cavern.  The surface collapse was about 40-50 feet in diameter at the
time of initial collapse.  The depth of the salt layer was about 400 feet.  A series of three
intersecting seismic reflection profiles showed the subsurface extent of the dissolution
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cavity to be more than 150 feet in diameter and nearly centered on a dissolution-mining
borehole.  The size of the subsurface cavity was at least partially confirmed by a
borehole drilled as a result of recommendations developed from the seismic reflection
Survey.

There are at least four useful things that can be done with seismic reflection
methods in the vicinity of salt dissolution features.  Paleosinkholes can be delineated
where later sedimentation has filled in on top of the sunken strata.  The internal
structure of active sinkholes can often be determined, particularly in central Kansas
where the Stone Corral anhydrite is an excellent marker bed that shows either draping
or graben-type down-dropping across the sinkhole.  The areal extent of subsurface
deformation outside the existing sinkhole can commonly be extracted from seismic
sections.  Incipier.t sinkholes (voids) can sometimes be indirectly outlined by seismic
reflection methods, although we have not yet been able to obtain acoustic echoes
directly from the voids themselves.

Defining the boundaries of salt-dissolution voids can sometimes be done
accurately with a high-resolution seismic reflection survey.  The air/rock or water/rock
interface at the ceiling of voids represents a significant acoustic interface that will reflect
all down-going seismic energy incident on the void ceiling.  At the Knackstedt cavity in
Mcpherson County, Kansas, however, the roughness of the ceiling was sufficient that
the reflected energy was too diffuse to detect directly.  However, the subsurface extent
of the salt dissolution was indirectly interpreted by the absence of deeper seismic
reflections on high-resolution CDP stacked seismic data.  At the Knackstedt cavity, the
potential risk area on the ground surface can be defined directly from a subsurface map
derived from the seismic-reflection data.

PROPOSED SEISMIC SURVEYS

We propose to run four seismic P-wave reflection lines, each about 1500 feet
long near the site of a small catastrophic sinkhole that formed in 1992.  For planning
purposes, budget calculations were done assuming 8-foot shot and geophone group
interval.  Using a 48-channel seismograph, this will produce nominal 24-fold CDP
redundancy.

In addition, we anticipate running one S-wave line along one of the P-wave lines.
It is possible that S-waves might work very well in this environment, but we cannot be
sure until field testing is done.

The field work would take about four days, including one half day of testing to
set the recording parameters.  An interim report would be available within 5 weeks of
the completion of field work.  Preliminary processed versions of one or two of the lines
might be available two to three weeks after completion of the field work.  A completed
written report with final seismic data interpretation would be available within 10 weeks
of the end of the field work.  The final report would incorporate any changes resulting
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from questions asked about the preliminary report by Sandia National Laboratory
and /or Department of Energy personnel.

Our most likely field procedure would include the use of 3 geophones with 40
Hz natural frequency for each recording channel.  We would most likely use a down-
hole 8-gauge blank shotgun shell as a P-wave seismic energy source.  The recording
would be done with a modem 48 channel digital seismograph that is designed for
shallow engineering and groundwater studies.  For an S-wave source, we would
probably use a sledge hammer and wooden block as an energy source.

Data processing will be a cooperative effort with preliminary processing com-
pleted by the Kansas Geological Survey using commercially available PC processing
software (Eavesdropper), and advanced processing to be undertaken at the Department
of Geology using the well-krLown Sierraseis package running on a Sun workstation.  We
have other commercially available CDP seismic processing packages available at the
University of Kansas, including the Seismic Processing Executive (SPEX) package. Data
would have 24-fold nominal CDP redundancy and would be processed into standard
seismic sections like those used in the petroleum exploration industry.

The preliminary report will contain a complete history of the pre-acquisition
testing and actual acquisition parameters as well as the preliminary processed seismic
sections and associated interpretations.  The final report which incorporates changes
and inclusions directed by Sandia,  will possess the final processed section and
interpretations with inclusion of available geologic and other geophysical data.

The University of Kansas would retain the right to publish the data results in the
scientific literature.
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Ill.       RESPONSIBILITIES

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

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

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

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

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

4.         The seismic crew will operate with an established written protocol for initiating
seismic sources.  The safety plan will be approved by the Sandia Delegated Represen-
tative prior to initiation of field operations.

IV.       SAFETY PERSONNEL

Safetv Personnel and Emergencv Contacts

1.         Rick Miller GCGS)-Site safety officer

2.        Jeff Erickson (KGS)qerations

3.         Chad Harding (Sandia National Laboratory [SNL])-Delegated Representative

4.         Terry steinfort (SNL)-Site consultant

5.     .   JoeAnderson (KGS)-Linechief
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

I      First Aid theat stroke, frostbite, animal bites, etc.)

The following people were present today:

Name (PRINr}                              Company Signature

Site Safety Officer

Sandia Nat'l Lab/Weeks Island, LA           Page 5 February  1994



specific Safetv Requirements

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

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

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

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

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

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

Copies of this Accident Prevention Plan will be on the dashboard of each project
vehicle.  Emergeney 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 neari)y equipment
or property.  Take necessary steps to safeguard them.  Be aware of what others
are doing insofar as their actions may affect your safety.

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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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

a      First Aid treat stroke, frostbite, animal bites, etc.)

The following people were present today:

Name /PRE\m                              Company SLenature

Site Safety Officer
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from the explosive work area at all times.  Those authorized to prepare
explosives shall use every reasonable precaution including, but not limited to,
visual and audible waning signals, flags, or barricades to ensure safety.

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

5.         Use the safety equipment specified for the job.

6.         Practice good housekeeping in the work area.

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

with site specific emergency response plans.

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

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

10.N

11.

12.

erson 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.

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

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

Ambulance:

Hospital Emergency Room:

Poison Control Center:

Police:

Fire Department:

Atryort:

Explosives Unit:

State Environmental Agency:

Client:

Emergencv Contacts

Safety Coordinator:

Project Manager:

Phone

Phone

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

HOspital:
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Proceduns

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

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

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

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

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

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

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

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

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

Specific shotgun ammunition safety measures as follows:

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

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

•      Handling:  Only RIck Miller or other KGS persons specifically authorized by the
KGS will be allowed to access, 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 waming signals to be
used prior to and following each shot.  One short horn blast, whistle blow, or other
audio signal will indicate the beginning of a blast.  He will review the precise
waning procedures with all project participants at the initial site safety meeting,
and will monitor compliance with these procedures.
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•      Safe Distances:  All project personnel not authorized to handle the shotgun
ammunition and guns must stay a distance of 25 feet away from the guns and shot
locations.  Non-project personnel will not be allowed in the work area.

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

8.         Work Item:  Seismic Gun safety Rules

Documents entitled "Mandatory Safety Rules for Use of the .50-Caliber Seismic Gun"
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.

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

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

Energ:v Release.  The energy release of the projectile is approximately 14;00 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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Transportation.  Transportation of the auger gun, the seismic gun, and ammunition is
on a s-tandard one-ton flat-bed four wheel drive truck.  The ammunition is carried in .50-
caliber militaryTstyle ammo boxes.  The ammo boxes are locked in 10-gauge steel boxes
that are permanently bolted to the truck bed.  The gun is transported with the bolt
removed.  A steel tube is bolted under the frame of the truck to hold the gun.  The gun
is locked in the tube and is not visible during transportation.  The ammunition is
classified as "Class C Explosive" by the U.S. Department of Transportation.  No more
than 2000 rounds of each type of ammunition will be transported to this project, packed
in 160 per ammo can.

C.        Work Item:  Traffic control

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

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

VII.     SAFETY ANALYSIS

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

VIII.   ENVIRONMENTAL IMPACT ANALYSIS

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

IX.       HANDLING AND DISPOSAL OF UNEXPLODED ROUNDS

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

X.         REFERENCES

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

From the United States Department of Energy:
DOE Order 5480.16, F!.reams S4¢ty.
DOE Report DOE/EV/06194-3, DOE £xpfos!.ues Sartyty A44#MJ.
ID Appendix 0550, Sto7tdard Operafz.oneJ Sa/8fy Rcqw!.rcme7'ifs, Part Ill, Subpart I, "Explosives"

From the United States Department of Defense:
DOD 60-55.9-S:TD, Ammunition and High Explosive Saf ety Standards
A;:R:385-63, Srfety Policies and Procedures for Firing Ammunition for Tratr[ing, Target

Practice, and Combat

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

Name (PRINT}                     Qat£          Company                               Si_fmature
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Attachment 4.

SAFETY   ANALYSIS

Potential  llazard

lost/Stolen  Armunltion

Durlnq  loadinqwnloadinq:

Dr.opped  cartridge

Introduction  of  foretgn
material   into  breech  or
barrel

Durinq  Firinq:

Muzzle  Air   Blast

Ricochet

Flaslibums

Conseouenceji

Personal   injury  or  property
damage   from  unauthorized  use.

Personal   injury. from
acc]dental   discharge.

I

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

Personal   injury  from  flying
rocks,   soil,   debris.

I;.    ..

Personal   injury  from
ricocliet]ng  project"e  or
fragmen ts .

Burns   from  muzzle  flashes

Page   I
''

Mttlqatlon/Preven±1on   Mechantsm
I

lmplementation  of   syst`iiii  to   Issue  daily
armunltion  allotment  alid  control
inventory,   {n  addition  to  physical   control
of  aimunltlon  at  all  tines.

Assure  training  of  i]ersonnel   ln  proper
handling  of  live  armunltlon.

Assure  training  of  personnel   ln  proper
handling  of  amtJnltion  and   ln-process
Inspection  of  armunttion  and  seismtc  gun.

Close  fit  of  barrel   in  boreholes
sLippresses  muzzle  air  l]last  and   its
effects .

Design   and  use  of  sets:Atc  gun  prevents   the
escape  of  projectile  oi.  fragments   from  the
borehole  wlth  sufficient  energy  to  cause.
personal  injury.             i

Otscharge  tnt.o  earth  o}'  contatrment  device
suppresses  muzzle  fla3II.



S^F[TY   ANALYSIS
•''                    Page   2

Potential   llazard

Misflre

Accidental   discharge  of
seismic  gun

Plugged  barrel   -dirt

Plugged  barrel   -  water

Barrel  disengagement  from
pl ate

Bi.eech  disengagement  from
barrel

OurinQ  Transport

Accidental   dlscharge

.       Consequences

Personal   injury  from
subsequent  accidental
dtschange  of  misfired  round.

Injury  to  unintended  target.

Damage  to  I.arrel   and
resultant  .pe.rsonal   Injury.

Damage  to  barrel   and
resultant  personal   injury.

Personal   injury  to  crew
member(s)   liy  flying  rifle

Personal   injury  to  crew
meml)er(s)   by   flying   breech
and  ljolt  groups.

Injury  to  untntended  target.

H]ttqatlon/Preventlon,quchanlsm
!`

Assure  tralntng  of  personnel   in  proper
handllng   and  disposal   of  mtsftred
amunltion.

Assure  that  operating  procedures
prevent  transport  of  loaded  selsmic  gun.

Assure  that  oi]erating  procedures

i#:d:n#:r#b#;ewi#h!#8]b:}%:n
installation  in  borehole.

f:;:I:etl::p:::?::'# #::#:eior water.
and  sealing  of  end  of  barrel  with  tape  or
balloon  if  water  ts  encount.ered  ln
borehole.

Implement   an   inspection/maintenance
procedure  for  the  L]arre]-to-plate
attachment.

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

Assure  that  operating  procii\d.ures  pem]t
loading  only  after  seismic  gun   is
instaned  in  borehole.



Page  3
SAFETY   ANALYSIS

Potential  tlazard

Acc]dental  drop  or  colllslon

Consequences

I)amage  to  barrel   or  firing
necl.anism

Mlttqation/Preventl{In  Mechanl sin

:::::3u:::tr:3:T::, :#::*p,::;:::Ton of
seismic  gun  after  drop  or  collision
tncldelits.     Selsmtc  gun   is  disassembled
and  stored  tn  special   compartment  durlng
vehicular  traTisport.



Employee  Name :

I  have  reviewed  the  results  of  the  medical. health  history,  physical
examination,  and  laboratory  tests  prescribed  for  an
(initial/annual/exit)  exam  and  certify  that  the  record  (is/is  not)
complete .

Resoirator  Cert,if ication

Based  upon  the  examination  as  per  the  oS!IA  Respirator  Standard  (29
CFR  1910.134),   I  certify  that  this  individual  (is/is  not)  medically
qualified  to  use  a  respirator.

Ccrments :

of  Increased  Risk  -  Asbestos

Tliis     ndividual  has  been  examined  per  the  OSIIA  Asbestos  Standard  (29
CFR   1910.1001  and  29  CFR  1926/58)   and  in  my  opinion   (has  a/has   no)
medical  condition  that  places  the  individual  at  an  increased  risk  of
material  health  ixpairl[ient  from  exposure  to  asbestos,  tremolite,
anthophyllite,  or  actinolite.

Coments :

Clearance  for  Hazardous  Waste  Site  Work

As  per  OS{IA  Hazardous  Waste  Operations  and  Emergency  Response
Standa.rd   (29  CFR  1910.120),   This  individual  was  examined  for  medical
ccnditions  that  would  place  him/.ner  at  an  increased  risk  of  material
in`pairme!it  of  health  from  hazardous  waste  site  work.     Based  on  r.hi.a
e:{amination  I  certify  that.  this   individual :

has  no  in.edical  conti.aindicatj .  .i   tc  full  participation  in
hazardous  waste  site  work,   wh` ..  conducted  under  the  conditions
of  adequate  training  and  a  health  and  safety  plan.

has  medical  limicacions  ttl.at  restrict  full participation  in
hazardous  waste  site  work.     (Describe  work  function
limitations,  i.e. ,lifting,  texporarv  limit.-.tion,  pending
medical  follow-up  work,   etc. )

is  medically  rescri.ted  I.ron  any  direct  work  with  hazardous
waste  or  hazardous  waste  sites.     (Describe  work  limitations.)

Comencs :

I  have  also  informed  .ine  e{lployee  about  medical  conditions  disrovered
Chat  require  further  examination  or  treatment.

Name  ot  physician:

•Address :            5.00
Please

tedeval/hcnora  10/89

Signatur

Date



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.         h 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 gums and ammo must be limited to trained personnel only
Live rounds cannot be stored closer than 5 ft from guns

8.        C le aning

1.          Daflv:

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

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

aLnd 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 loaLded round
Return a mis-fire to live round canisters



March   24,    1987

llANDATORY    SAFETY    ROLES     FOB    OSE    OF    THE

.50-CALIBER    SEISMIC    CON

The   .50-cal   selsnic   gun  ls   powerful  and  muse   be   securely   poslcloned  wheti
fired.     Danger  exlscs   not   otily  wlch   the   tnllec   p[oJecclle,   tut  also  wlch   the
recoil  of  a  loose  gun.     Be  sure   Chat  all  m6untlng   bolts   are   tight.     Never
scrlke   the  gun  or   tx)lc  wlch  a  aecal  object.     1£   the  gun  is   jaming  o[  sElck-
1ng,   clean  lt   thoroughly  with  WD-40.     Wlplng  dora  cleaned  parts  will  help
avoid   the  cohesion  of  dirt  and  sand  to   the  parts.

Operatloaal  Safety  Riiles

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

2.     Am   the  g`in  ONLY   when   the   gun  is   in   POS.1clon   to   be   fired.

3.      ALWAYS   utilock   the   bolt   when  tnoving   the   gun   (disarm   ic).

4.     NEVER  Dove   the   gun  vich   a   live   round   loa.ded.

5.     ALWAYS   remove   the   bolt   completely   fron   the  gun  for   transporcacion  and
Storage.

6.     ALWAYS   double   check   safety   procedures.

7.      Use   common   gun   sense.

Dowhole  Mode

Be   sure   all   mounting   belts   are   Ci8hc.     Do   not   fo[ce   [l`e   gun   down   a.A
augered   hole.     Re-auger   the   l`ole,   if   necessary.     Be   sut.e   t`t`at   [`i`e   t)ase   place
rests   on   the   ground.     Ha`-e   two   people   stand   on   the   place   .*.nen   firing   (flex
tr.nees   to   absorb   the   shoctr`).

If   the  hole   has   watp.I   ln   lE,   seal   the   muzzle   o£   the   Bun  w.i.Ch   tape   or   a
balloon   to  keep   water   f con  seeping   into   tl`e   barrel.     Avoid   Ct`.is   slEuacion,   1£
possible.     Water  ln   the   barrel  lnay  seriously   daaage   the  sutl  when   £1red.
Injur}.  is  possible.

Surface  Mode

Be  sure  all  nout`ting   t)olcs   are   tight.     Carefully   procec[   the   t]reech,
trlg8er,   and   bolt   when  moving   the   apparatus.      TEE   TRIGGER  IS   EASILY   BROKEN.
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OPEBATIOIVSAFETY PIULES AND BEGUIATIONS
FOFZ ll|E

AUGEF]  GUN

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

Operation    and    Safetv    Peaulations

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 aLnd  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, aLnd safety.   The auger gun consists of three
main parts:   power source,  auger/screw, and
modified buffalo gun.   Amplitude spectra indicate the
auger gun delivers approximately 20 percent znore
total energy and 50 percent more renection 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 czn gap between the
detonation point aLnd the base of the hole or inclusion
of water a§ 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 sur`.eys. while
improving the signal-to-noise ratio and total energy
in comparison to the buffalo gun.

INTRODUCTION

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

The most commonly used  seismic
sources  on shallow engineering surveys  ha`.e  fallen
under two main categories:   explosives or weight
drops.   The explosi`.e 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 harn]ners, malls, and
thors).   Recer.t advaLnces 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.v.  1987).

DESIGN AND TECHNIQUE

The auger gun is designed to optimize
field efficiency,  source couple.  and  safety.   A measure
of success with  the downhole shotgun source (as with
aLny dowhole explosive source) can be related to
efficiency in generation of broad-band.  high-
frequency energy.   Improved energy transfer is
obtained when downhole placement of the shotgun
shell includes a water stem and restricted recoil
(Miller et al.  1989).   Contairment of the aLir-coupled
wave has been at least partially accomplished for
downhole projectile  sources  with a steel containment
plate (Steeples et al.. 1987).  To obtain proper
downhole  placement of existing gun  sources,  a
minimal diameter pilot hole (generally 6 cm,  or so)
approximately 80 cm deep must be bored.   The aLiger
gun described here incorpoL.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.
aLnd niodified b`iffalo gun (Figure  1).   The power
source for testing described here is a 25 hp, 4-wheel
drive,  1.2  in wide,  h.vdraulic loader.   The  auger/screw
is a modified hydraulic auger that receives its
hydraulic dri`.e power from the loader.   The buffalo
gun used for these tests \vas elongated to slightl.v o`.er
2 in in length, is designed  for bottom loading (as
opposed  to  the  standard  scre``.-on  head).  solenoid
firing,  time break  from a do\`.nhole  sensor.   The
riring pin has  an automatic (spring-loaded) safety.
These  components  when assembled  represent
approximately 1500 kg and are ti.ansportable in the
bed of a standard pick-up trui`k.

Operation of the auger gun is a three-
step process:   (1) screwing the auger flight into the
ground. (2) loading ap.d firing the gun,  and (3)
unscrewing the auger night from  lhe ground.   Once
the 4-wheel-drive loader is in place,  the containment
plate is lowered to the ground surface with the weight
of the loader placed on the plate.   The hollo``.-Stem
auger night is then screwed into the ground using a
gaging device designed to ensuz.e  the flight is screwed
into the ground at a fixed rate and no material i§
remo`.ed 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 securely screwed into the ground
80+ cm. the modiried buffalo gun is loaded (by sliding
the gun over a  shotgun shell),1o\`.eri>d do\`'n the
center of the hydraulic drive head. through the
hollow stem  auger nig!`ting. and seati`d into a sleeve
at the base of the auger flight.  WateL. can be poured
through the hollow stem auger prior to downhole
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placement of the buffalo gun to  improve source
couple.   Once posilioned, the g`m 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 g`in are several critical safety
improvements over the traditional buffalo gun.   First,
is the improved loading design that does not require
the operator.a hand to come any closer than a meter
from the shell either during loading or while the live
shell is in the firing chamber.   Another improveznent
is related to containment of the entire gun
mechaniszn 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 revol`.es around
maximizing the recorded reflection  energy without
compromising the safety of the operator or
bystanders.

The auger gun incorporates several key
characteristics designed and previousl.v 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.
Field efriciency is maximized by incorporating the
borehole preparation with the gun placement and
detonation.  The massive nature of the design and
improved shell-loading procedure  minimizes risk to
the operator.  a(obility is only restricted by the 1.2 in
wide, 4-wheel-dri`.e leader.   Environmental impact is
minimaLl with remnants of the operation restricted to
a  nominal 4 cm corkscrew hole  approximatel.v 80  cm
deep.

REsurTs

Data acquired for this test `vere recorded
on an Inpuuoutput DHR-2400 seismograph with no
analog low-cut filtering.   The sampling interval was
L/2  ms a.nd record length was 500 ms.   The recei`.ers
were three L28E .Mark Products 40-Hz geophones
wired in series and arranged in a  1 in in-line array.
The source.to{losest.receiver was 20 in with a
geophone station inter`.al of 4 in.   The shells used for
this test were S gauge, 400 grain black powder blanks.
The  recording en`ironmenc was  consistent
throughout  the  comparison.

Auger gun and buffalo gun field files
acquired `inder ideritical conditions  allows for
comparison of several key source  characteristics
(Figure 2).  The amplitude of the data is noticeably
higher with t,lie 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 ac
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 fues.  Some subtle indications of 50 Hz

ground roll are still  present on  riltcrcd  rili`s.   Tl`c
general characteristics of the 80 ms  reflection seem to
be consiscenc for both  sources.

Amplitude spectra suggest the auger
gun produces  more  useable seismic energy per grain
of explosive than the traditional buffalo gun (Fitqure
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.  Lit.tie or no
observable increase in the amount of recorded ground
roll can be observed on spectra of unflltered 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 enertgy of the buffalo gun.

Subtle changes in source  environment
make considerable difference in the amplitude
spectrum of auger gun data.   Leaving a  15-cm air-
filled space between the base of a shell loaded in the
auger gun and the bottom of the screw hole reduced
total recorded renection energy almost an order of
magnitude.   A water column placed in the hollow
stem auger flight just prior to loading the shell tight
against the base of the screw hole increased  recorded
reflection energy b.v over 50 pert.ant.   Signiricant
variability in frequency and amplitude of the recorded
energy  resulted  from slight changes in  the do``.nhole
environment.   These subtle changes and their
resulting effect on the seismic data are indicative of
how the near surface acoustically responds to gun
powder  explosions.

CONCLUSION

The auger gun should represent a 50 percent
improvement in acquisition rates and recorded
reflection energy at most sites when compared to the
traditional buffalo gun.   The auger gun is a
modification  of the  oriSnal  buffalo  gun  design
(Pullan and Mac.\ula.v,  19ST), and at some sites will
represent an improvement.   As  with all  seismic
equipment and  techniques, site  characteristics
dictate relaci`.e effectiveness.   One characteristic of
the auger gun that is not site-dependent and does
represent an improvement over the buffalo gun is
overall safety.   The massive nature of the auger gun
should allow detonation of series charges totally as
much as  1000 grains of black powder.   Preliminary
testing indicates that at son`e sit,cs it n`a.v bc possible
to acquire o`.er 500 shotpoir.ls a da.v ``.hen station
spacings  are 5  in or less.
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auger gun                              buffalo  g'j,-,

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

containment
screw guide

Fig.  1     Diagram represents  the  auger gun in above-
gTotLnd  position.   .\(odiried  buffalo-gun
portion of the auger L7un is  not shown. but is
conceptually the  san`e  as  previousl.v
documented (Pulhn  lird  .\hi..\ula.v,  1987).
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auger :.jn                                 buf{alo gun

Fig. 3     A 150 H= diarital low-cut filter enhanced the 80
ms relleccion e`.ent on both the auger (left)
and bcffalo  (right) guns.

050 loo                150
froqutry quz)

200               250

Fig. 4    The darkened area represents the difference
between the lower curve (buffalo g\in) and the
upper curve (auger gun).



t}ovrll`oLc   .3(}-c.lL..r   kl{lc-.a  ^dv.ncc   Ln

llL8l.-rl..oLu((or.  S..l.-Lc   Source.

Don   W.    Sceci.lc..    RI.cl`ard    I).    .1tll®r.    Ralph   W.    Kii.pp.

kA.`..1.   Ccolo8Lc.`l   Survey.

Su-I
ln   A   d(.eec   coop^rL.on.    Ch.   dovi`hoLe    .SO-c.lLb€r

I.I.-Lc   .uu.ce  pcoduced   not.e   ..I.oLc   One.8y,   .
bra.d.I  body-v.v.   I requ.f`cy   Speccru..   in  .aplL[`id.
atop   tn  th.  .Lr-coupLed  v.v..   .ltd  .  hl8h.r  do.lf..tlc
I I.qv.ncy  of  [h.  I.cord.d  body-v.v.  .a.t8y  tl`.r.  Ch.
•LL.need  .u.I.c.   .30-c.lib.I  .ourc..    Th.  I.cotd.d
I.1..1c  .a.r8y  ®f   tl`.  do`mhoL.   .Lf I.  .l`av.d  .A
lf`ct...ed  ..pLL[ud.  of  6  Co   12  dB  ov.r   th.C
r.cord.I  by  the  .Ll.nc.a  .u.I.a.  rlf I..    th.  do-L-
n.f`[   fTaqudl`cy  of   tl`.   r.cot'd.d   t'.I I.ccloo   ef`.r8y
v..   cor`.I.c.rL[ly  20  Co   40  Nz   hl8h.I   Ch.ri   Ch.  .ur-
f.c.  .Lf 1..    Th.  .1[-coupL.d  v.v.  .-pLltud.  v..
dect' .... I  ov.I  12  de  by  .qb.u.I.c.  I lrltie  of  th.
•1f I..    th.  [f.qu.ficy  .p.ctt`-of  th.  body-v.v.
pul..  v..  bra.def`.a  by  .I.a.C  .  l`.lf  occ.v.  on  Ch.
hl8h  .nd.    Th.  ..f.ty  of  op.r.[1oa  of  ch.  .ou.c.  1.
not  co.p.a.1..I.    A.I 1.c[ot.  vlth  .  do.1a.AC  ft.-
qu.ocy  Ln  .*c...  of  leo  11.  c.A  b .... 1ly  ld.t`clfl.d
®a  C1.ld  I ll..  .c  d.p[h.  ®f  I...  [h.a  30  .  u.1a.
[1`.  demhol.  .30-a.lib..  rLf 1..    td.acLflc.[1ot]  o[
looitlz  I.(L.cco..  fro-  I,loo  .1.  po..1bl.  ofi  fl.ld
[11..  of  .uL[LPL.  v.rtLc.lly   .t.cked  dovthoL.   .50-
c.lib.c  .hoe..    Th.  .ouTc.  vlll  oper.Ce  ln  .a
•f I LCL.I`c  -on.r  coil.cclfLg  COP  d.[|,   co-noti-of I.e[
d.c.,   or  .pot-cor[.1.clori  d4c..

IutRO0uCTION

tocrl.."(ni:  a.`vtrolin.tn[^`  .`nd  cn8ln.crhg  .flpll-
c..lLo.I-o(   r¢(Lec[Lu.`   .el..oLoa}  `.ava   .puE'r.a
T..a.ircli   and   dcvcLopoan[   of   .h.lLov  hl8h-rc.olu[Lol`
•erL¢ccL..`   t¢cl`nLqu¢.   wlrd   cqul|>-ent.      R¢3oLucLo.`   oo
tl`.  ot'd®r  o{  .  ..Cet'  I.  n.c .... [y   to  da[.cC  uLcr.-
•Itl`LLo`+   tarteta   whLcl`   .t.   &erl.r.lly   [I`a   8o.I  of
•o.t   ef`vlro.`-ancAL   .ind   ®n8Loccrl^8   .Cud(e..     thla
LI`ccea.ad   resoLu&Lon   earl   bo   ob(aLaed   by   boogcLn8
Cl`|.   lc¢.i`.¢I`cy   of   tl`e   .ourc€   i>uls.   .l`lcl`,    ln   Cufi`.
1ncrea.c.   cha  do.1rt.nc   f requcticy   o£   Che   [ecotdcd
I.Lsnlc-(efleccloo   cn®rgy.      Cenera[Lr`g   the  l`1st`-
f requeL`cy   ..i.faLc   9ourc.   pulse   r`ece98ary   for
•h.Llov   appLlc.clone   h4.   beer`   acco.pllsl`ed   ln   a
aul[lcude   of   dl:ferenc   va,vs    lrL   the   pa5C    (Miller   ec
al..1986).

Recent   Se(SoLc   Source   advances   ac   the   K4n..18
C€olo5lcal   Survey   {KCS)   have   -alriiy   revolved   arout`d
SuTf ace   pcojeccLLe-Cyp.   .ourc..   (Sceeple3   .nd
Kn4pp,    L9ez;   HLller   at`d   Steeple.,    1986;   S.ebet'   .nd
Steeples.19e6).     A   .50-caliber   rl(le,   vhlch   v.a
de.1gned   and   bull[   Co   .4f ely   f ire  a   750-8t'aln  bul-
lee   vercLc.lly   loco   Cl`.   8rourid,   has   I-ore   recericly
beei`   Adai:ted   Co   opcrace   p.r[l.L1}   undergt'ound   vlch
only   Clie   flrlng  appera[Lis   abov.   ground.     nl.   al-
lo.S   .afe  operl[lon.,   .  t`1gI`er-€[equency   .ource
pulse,   ar`d   an   Lncreaeed   glgr`al-:a-nolge   ra[Lo.

2±.5.I.I:.N...^.N.P..T.I.:E|I|l.qt!.P..

Tli¢   r.J!.I|.r;.I   deslBn   ccntetg   lround   oiicl-17.Ini:   the
cui`vi.r..lu.I   Iil.   ei``.ray   ii.ouucl.J   by   a    .Su-c.`llbur
rtf li.   h`ill.`c    Ln[o   .cL.otc   (acou.cLc)   v.ives.      TI`¢

I..jo.Icy   of   the   et`cr3y   ?roduced   b/   4   .30-caLtber
round   8oa9    Lnco   ^cccle..ctn8   Cl`c   p.oJeccLLe   drld
Lf`Co   .thau.c   €.se..      Pr.vLou.ly.   vlcI`   .bove-ground
•ourc...   vc   h.ve   .Ll.need   .nd   dl.perscd   the   €xl`aulc
8..c.   1tl  hope.   a(   elloLA.(1f`8  oT   .[   lea.I   8r..CLy
I.ducLng   [h€   .ff .cc.   of   ch.  .Lr-coufil.d  v.v.   oi`
•.1..1c  d4c..    n.  dovnhoL.   .to-c.1(b.r  .Lf le
nearly   .1ouLC.n.ov.Ly   .*cl[e.   the   .Arch  vLcl`   .1
projec[1l.  .nd  vL[I`  .xl`.a.c  S ....  vhll.  cone.LOLn8
•o.[  a(   the  .lr-coupL.d  vav..   .esulclf`8   Ln
locr...ed   fr.quency   .nd   sl3nAL-to-rlolse   t'.CLo   oi`
eel.-Lc   record  sectloo..

Th.  dovnhoL.  .Sole.lib..  ].I.olc  .ourc.  cof`.i.c.
o£  .   .50-c.11b€c  rlf I.  bolt.I  co  .  a.6-c--tt`Lck
Ice.I  pl.c..    n.  rlfl.  L[.`.lf  1.  .  .c.r`d.Td  .50-
c.lLb..  b[..cJ`  .tid   boL(.   buLIC   by  I.x&.  Cud  .nd
N.chlo.  Co-p.ny.  .[t.ch.a  to  .  .c.f`d.rd   .30-c.LIB.r
•.chin.-Sua  b.t[.1.    X.chlned  .€oov..   Ln  ch.  b.rr.I
•r.  u..d  ln  coojul`ctloa  vl[h  .  pr...ur.  cL..p  Co
•cclcl`   ch.  rlf I.  Eo  .  30-ci]  by  90-ca  .t.el  pl.ce.
n.  rlfl.  b.rr.11.  lo`+.I.d  Ln[o..  60-to  80-cd-
deep  borehol.  4  ca   lft  dl.a.te[  UACLI   Ch.  pl.[.   i.
I lu.h  vlth  Eh.  iro.lad  .a.face.    Thl.  steel  pL.[e
•cC.   a.  a   €.outid   seal  .nd  4   pl.[fom  Co   .Cand   oi`
vhll.   f lrln8   the  8ud.     The  v.18hc  of   Ch.   Shooter  on
Ch.   place   .nd   [h.   .nug   (LC   of   Ch€   b.t.TeL   to   tl`e
bo[eholc  vall.  h.1p   ...I   CI`e  guf`  [o   tl`e  groul`d.
Th.  rlf 1.  c.a  be  equlpp.d  vL[h  a  .ource  ..n.ot  or
clo.ur¢   H.ttcl`   [®  I;ei.cr.`[.!   ..I   [llii.   hri.:`k.      Flrti`8
cun   b¢   doi`a   elcliec   all.c`rlc;illy   by   a.)lcl`olJ   uc
a.1®`I^lly    by    pi.11II`r.   [1`..   rrl}:I:I.r.       Tli..   .I.i..il`.i`.    .iu-
callbl.r   welBIIs   .bout   ]11.{c   ;iiiJ    1*   |...isily   luo-ii€rSuii
pocc.bLa.

+`k€('ul:NCY   ^„''   ,|,i,I.(

"`a   do..`l`olc    .io   c;Illli.:I.   ii`.uJ.I.:|.i    `.rum   b   to   12   illl
8rc&Eet.   record.bLe   sets.`lc   €i`ergy   a:   equLvaLenc
o[€secg   Cl`.n   tl`e   .ilencl.I   sur€ac€   .50   cilllber   (tl8.
I).     The   lncrea.€d   reco:3cd   ci`e:6;..   boosts   [he
$1gn.i-ca-noise   enough   :a   s`Ibscdn:iaLLy   cleaTl   ui.
the   record   secclott.      The   3o`irce-cc-closest   deaplione
of fse[    LT`   flg.    `i    1$   43   =.       besides    :!iLS    nc[Lce.1ble
lnc[ease   ln   t'ecorded   sei5`lc   ener3:..,   a   cot.sis:el`C
20-40   H2   hoos[    lr`   [I`e   do.lnai`[    i rc.:`iei`c.v   of    tl`e
Source   v..velec    ls   cti;ir.ccerl.icLc.

tn  previous   Sh.Llov-.oljrce  cos?.:isons   (t!1lLer   e:
al.,1986),   cne   sucface   .50-c`llbe:   pecforled   conr
p&rabLy   Co   HLnl-?t.iaecord   and   a   Le-jaus¢   3uf f4lo
gun   ln   Co[al   erierg:.   arhl   €rcq`ielicy   speccru£.      Tl`e
noccd   Increase   La   I reliue==y   .ii.I   cn€r5y   vould   m`*¢
Chc   dovrlt`ole    .50-€aLLb€T   rlfle   co..;`irable   Co   El`e   8-
g®ugc   Buffalo   g`Jn   `rhlch   vas   .1QonB   :he   best   Sourceg
Cesced    for   re!1e::ion   e-.a:3y   ve:s'Js   3rou``d    t'oll,
Cocal   energy,    .nJ   freq.ieney   r.a.`cei`:.

S,\l'`'t'l`Y

Sj,ll.ty    t,I,u`,1J    51.    .,I     1!` ..,, I.".',,11: .,., `.1.,.,,     i' ,,,,, y

o|icrAc(on    Li`vo`.:n:;    ``..i`;`lI:    #.i.i..I:c`.       Tl`|.    .{rL`!    (.1 11
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•^u.`tcd   oli   A   a.6-ci.-cilLck   .cccl    ril^[c   to   ii..]cl.ct
(I.c   oi.®rA[or    I To.   f rA8o®nc.    .nd    Co   help   l`oLd    Cha
i:`..`    w..`:`.ri.I/    ln   p`..c®.       *l..cu    ll`c    rroj..ctllc    lw
l.rod   (ro-.   bolt   And   b..ecl`,   a.lBtrl.LLy   d..Len..I
a.   a   .I,`nd^rd   f Ire.rl..    [l`c   uc.a.c    LA   .Afecy   ha.
•`lru;I.ly   h`.`.a   I.!.l|i`a.I    tnco   tl`c   nctu.L    Clrtnr.
-«cl`..I.t.n.     rl.a   l}olc   .iiu   lir¢|.cl`   "®nul.clufur
de.L8ncd   cha   app.I.(u.   not   Co   fr.8..nc   cvon   lf   Clt®
b.tT.I  v..   colipLe[.ly  ob.cructed.     Tt`e   b.rrel   I.   lA
•C..I..I..ril   `I.1.   by   [l.a   u.    a.    .lllcnry   oi`    .SO-cll`har
I.Cl`lii®  cud..     tl`.  .xcr.   EhLCLn...   of  .  -.chin.-.un
b..I.I  .etv..  co  dl..1p.t.  he.t  and.  ..p.cL.lly  ln
ou.  c ...,  p(oc.cc.  fro.  blo`-out   Lf  for.lea  ..c.r-
1.1  ..C.  (Ate  tl`.  b.[..i.     Thl.  I|.I..  cootlouou.
oi)...clofi ...... nd  cori.I.C.nc.

Case  S"OY

Sl1.f`c.d   .urf .ce   .30-c.llber  v.   Do`.nholc   .SO-
c,|Lbe,,

The  Ill.-cC  co.p.rL.on  a(   [1I.   .u.I.ce  n``d  tllo
dovohoL.   .50-clLlb.t  .Lfl..  v..  p..fo...d  f`..r
Vln[Iir   P..I,   Color.do,   11`   .ri  .cce.pc   Co  d®Cec[   tll.
Hot f.c   I.Llfoed  cuafi.1.   ®3  -b.Lol.  th.  .u[£.c..
".  r.c.lv.I.  v.I.  .1atl.  Loo+HI  8.®phon..  vlch  .
L.2-.(.[Loo  lnc.rv.I.    Th.  .ou[ce.  v.I.  4.  -fro.
th.  cLo...I  ..c.1v.r  .I.clof`.    ".  t..ultlf`.
I.cord.d  fl.ld  fll..  pLocced,   a.1f`(  [ru.  .apllttld..
cL.Arty  .l`o`.  cl`.  lncr .... d  .-pLL[ud.  md  th.
Lne .... cd  .18f`.I-co-tiol..   r.tlo  of   Ch.  dovt`hol.
rlfle  ..  co.p.t.d  to  th.  .ut'f.c.  .ourc.  ((1&.   I).
A  .i.rlf`8  dlf I.tef`c.  i.   th.  .b.enc.  o£  .1[-coupl.d
v.ve  on  Ch.  fL.1d  fll.  u.1n8  the  do`nhol.  tlfl..
Th.   fT€queficy  dlff.rcnc.   I.   obvlo`i.  ori  th.  .apll-
tud.  .p.ccr.  (fl8.I).

Dovnliole   .30-c.lib.T  F1.ld   Pl1..   .Tid   S

Th.  dovrLhoLe   .50-c.llbe.   rlfl.  c.a  produce  a
•ourcc  pul..  vlth  .  do.1fi.nc  ..£l.cclot)  f[apu.acy
ln  .xc...  of  leo  Bz  (fl8.  2)  vtl.n  u..a  vlch  .tl.lot
1ov-cue   I Llc.r.   th.I  h.ve  .  -.   dB   pot.n[  o£  220  tlz
•il`II   A   24   du/OCC.vc   rollo(C.      CLe^n   -LrlL.u.-ph...
re(L.ccLo.`  v.vet.c ..... lly   LI`   exce..   of   L50  ltz.
c.a   b€   Lden[1f led   dovt`   Co   270   ...a   dLreccly   of£   [I`e
fL.ld   fllc   (fl8.   3).     The   .peccrurt  of   the   [.fl.c[o.
At   85   dBcc   LS   alao.C   J   OCC.ve.   .cro..   vL[l`   corn.I
€requenclcs   a:   40   .nd   290   Hz    (fig.    3).

The   d`)vnliole   .SO-caliber   [lf le   has   not   only   been
pcovc``   [o   b`!   .   ugeful   .I`allou   hlgl`-re]olu[lo.`
refleccLon-SelgqLc   Source,1[   .leo   po..es.e.   [h.
capabllLEy   Co   penecr.[c   a.   ouch   a.   L,LOO  .  of   .edl-
d..ncAry   vet`.er   ovet.i.1n   by   L5   co   30   a  of   veach.I.a
•lLuvLun   (£1g.   4).     Tli.   I.(lecclon   .c   720  ...c   oA
[I`c   £1eld   i lLe   13   ^rbuckle   dololal[e   ac   a   depch   of
I,loo  a   lA  ceoc[.I  K4fi8a..     Thl.   el8hc-9hoc   IC.ck
v..   recorded  vlch  30-llz   lov-cue   £11c.I.  .nd  ten  40-
11z   8eophol`e].     Th.   doolrianc   £Tequency   of   the
I.£lecclon  energy   19   .boot   loo  Hz.

^cKilowLEDCHfms

rul`dlng   for   [I`1g   I..e.rch   va.   p[ovlded   Ln  p.rc   by
N.clori.I   Science   Pound.[1oa  Cr.fic   h'o.   EAR-8218735.
We   .pprecl.ce  B.Cher  Pt'lce'.   .fforcs   ln  dLlnu.crlpc
p[ep*r.clod  .i`d  N.rla  ^dkln.-Helje8oc'.   edltorL.I.
•ug8®.Clon..
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H||la.,   * .,,.,   ''"'1",`,   #.#.,   W..,'`' ,,.,',.   .I..t..   "',.I
11..Ill.   r.r..1986,   rl.W   co.imrl.a.  ol   .lullo.
•.I..Lc   .ourc..:      C®opl`y9(a..   v.   SL.   p.   Z067-
209Z ,

HILL.r.   I.D..   .nd   S[..plo..   Il.W.1980,   Sl`allou
•c[vc.ur.   (.a .... I.nlc  I.I I.c[Lon  p.of ILO
•cro..   cl.a   Ilo.ul.   I.aiih,    ldi.l`u.    I...ult   .a..r|.:
C.of.I`y.Lc.I  I ..... cl`   I..(C.r-.   v.   I.,   p.   95J-956.

3..b..,  A.D.,  .nd  st..pi...  I].w.,19e6,  s.1..ic
I.C.  ®b(.1f`.I  vltti  .   .30-c.lib ..-. chltl.  ouo  a.  .
hl.h -... olucloo  ..I..1c  .outc.:    ^^PC  Bull..  v.
10.   ,.  910-916.

St..pl..,   D.tl..   .nd  K..pp,   R.W.,198Z.   Refl®ctlon8
f[a-2S  I...  or  i...:    P.per  pt...nc.d  .[  19e2
SBC  Conv.ocloo  (Exp.   ^b..),   §€1`  p[o8r.-vole.e,
p.   ,69-,,I.



Downhole   50-caliber   Bifle
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Surface   50-caliber   Bifle  -vs-D.ownhole  50-caliber  Bifle
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85  msec  Beflector  Wavelet

Amplitude  Spectrum

250                 500                 750                1000

frequency  (Hz)

FIG.  3.     -I.JLt= alr\plitude  spec tru!i` of  the  ref lection ulse  at  85  msec   is 3£ctave=
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Olin MATERIAL~JLJLJLL   SAFETY DATA
OCEAN®   Network
EMEF)GENCY  PHONE  1 -80CLOLIN.911

SECTION  I  -IOENTlflcATION

SECTION  11  -NORMAL  HANDLING  PROCEDURES

SECTION  111  -HAZARDOUS  INGREDIENTS

B^sic untERi^L                                                  o=wL^                   io co                 ic so                     sicHiFic-iwT EFFECTs

Lead 50ug/m3 No Data No Data Eye irritation, fatiguedisturbanceofsleep

SECTION  IV -FIRE  AND  EXpl.OSION  HAZARD  DATA
F|.^SN POINT          Not OSH^ Cli`SSIFIC^TIOH•,,,      - FL^wN^eiE|      iowEfi      I      uf.PEFl

EI,|OSIV€ - -..;....-
LIMITS

Ex"oulsH"c.Eol^                             Deluge wit-h water,  material is self-oxidizing.   Flood  with water
to  ficrht  fire  and  to eaol  sh.lle_

SPECIAL Flf`E  H^ZI.AO .  FIFtE FIGNTINC  PROCEOuflES

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

SEerloNV-.HEALTH  HAZARD  DATA                -_--: ..-..-   `.`r,..



SECTION  vl  -TOXICOLOGY  (Product)          (i}l,tall   A.I.,a   i-.r..dj``it i.`.-

SECTION  Vll -SPILL AND  LEAKAGE  PROCEDURES  (Control  Procedures)

ACTION Fofl N^TERl^l lEIZ^SE OR Splll
Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  non-sparking utensils  during
cleanup.    If  containers  are  damaged,  weal.  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 au contaminated clothing before reuse.

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

TRANSpof]TATION  EMEflGENCY. CONTACT CHEMTflEC 500L424.93cO
wrsTE Oispos^L iiETNOO

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

SECTION  VIll  -SHIPPINC  DATA
a.a.T. cues                                             Class c Explosive        OEN-D

sECTioN  ix -REAeriviTy  DATA

sEerioN  x -  pHysicAL DATA

MELTING roINT              N/A v^POR PRESSURE                   N/A vouTIl€S                                N /A
BolllNC polNT              N/A soiuBliltt " w^TEa        N/A Ev^roRA.i.ioN RATE          .-.|l±L

ispECLFicca^Vltt  iN,o.ii        N/A pH                                              N/A v^roR OENsiTT i^Ii.1l             N/A

1_

I

I
-

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

1475

DATE         Novemberl6,1985

O®partm®nt ol Envlroom.nt.I Hygl.i`. and To]
(203' 7'-EE|in Coflpof]ATION

120  Long  Pidqe f]oad. Stamloid. Connoctlcul 06'

OCEAN®   Network-------, I-I ,-,,-,, I ,  a^^ ^1,`|-all



ina|chaJ  sa/ety Data sh.co(.     .
w.ybeui.dtoedrlh    .
OS".. Ill.I.rd Carnrnunlcalion Sllnd.rd.
29  CFF`  1®10.1200.  SIInd.4d  mu.a t-
con-Il.a b p.cde rqilifiiiiiia

U.S.  D.partment ol L.bar
OcciJo.`iorul S.I.Iv .rid He.lth ^dmlnlllr.IIo^
(Nori-M.nd.lery Fam|
Form App.out

Owe NO.12Ieco72

.<».

®®mTl  |^. lL.-a cn Ilb-I .r`d IJ-
All  Shoteh®11  ^munlclon

~""mnon-bg:LELT#=%r==k:r*=L=
S-I •. .Snail  Ams  Aminltlorr

ll.nf.a`r-r'. Mm Em.OeJt7 T-. lh-T`b-    .
Reninoton  ^zns  Co. ,   Inc. (501}  .   676-3161

^L*r.-. O*nb-. S\r.* C\/. St.* .Pd ZP CeL-1 T.I.phar`. NLh-I B. Ir`bm.th
I-40   e  l]1ghvay  15 .    .   . (Sol)      374-2246

tonok® , Ark.ansa8        720e6               .    .    `    .          ..
O,I, P'ryd`      8-12-86    .     . .     .

Sign.tLn ol pnp-in /tryd       .       .
V.G.  Bell,' Chen  I.ab  -Technical  Section

S.ctlon I - 11-ardou. Inqhdl.riti^dontlty hlorm.tlon

I+.z]ratll. Caii]c=i== 6o-c)t ciihlcal I).ndt`c CcMTm N.rn-On        OSH^ PEl

Lead.,  Inorganic  and  i.Cad  ccapounds.                    50mg/X

^r.enl.c  and  ccneo`ind.                                                1
^ntiBtony  and  ccmpo`ind.                                                    500  nq/M
BariuB  aria  compounds                                                            500  mg/M3.
tlitroglyerlA   (0.05  in  ckin)   SOO. zblcrograns/M3  of  .1r

Dcn  -  "Small  Arms  Arminition"
Cla&.  C  Explo.iv.

I  OR]1-D

S.ct!on Pl - Ptrydc.I/Ch.mJcal Ch.ractorLetJc.
etrty put     woe  applicable. s¥Effi|tfie"
V.pEr pT--.Ir. (in HO.)     . Wdinq Put

Not  applicable Not  applicabl.
veg arty pe . .)

EL-At-Tu^otAPEL`.caLLeNot  airllcabl®
sO¥dh#ead  styphnate  -|nsol`]blei  Lead Nltrat.  -127  gTb/100cc  Water  -loo.C

--rfCb
Crayleh,  Gray,  Sllv.ry  rtat.rlal  i  tlo  odor

S.ctlon rv - Flo .nd Explo.loo l1|zard a.I.
fth Pch qou uq Fuvtv"Eb un u ra

Not  applicable Not  applicable tt^ N^
Edh- Lrty
__  Material  18  .elf  oxldlzlng)   flood_ vlth_Tater  to  £1gtlt __£1re. and  cool  .h.|±j±
stroll Fh Fgivg pine.d` --.-

ur#eiFi"8T:iETt*t¥e when  exposed  to  flan.  and high  temperature..



s.ciioa v - fl..ciivrty D.I.
Srtyrty ur- Co`]luou®^Va-        rianeg,   sparks,   percussion  or  shock  and  hlgb  .

SLer
X temperatures   (130.C)

Strong  nlneral  acldg  and  alkali-
I+-nnb- Cidriiin-J5ri ® OirFrtbJb Oxldo8  of  carbon,  nitrogen  and  lead  f\p.a.
HLtJrtm rty Cho Cct~k'^ut       Heat,  fire,  static,.  £r|ctlon  and  Perousglon.

W4 Nd -
X

S.ctJon Vl - He.l`h llazard b.t.
FhJ|.I oJ EJlnr.        .             Vh.I.Im?      Fumes                       Sho7   outs  or  abrasions  -'REE?i?clog

hFn#E `ffigT:e#ctoria ,  efroryotoxln , "1"trltion,
Weakness,  fnental  confusion, allor

tr.eat  per  gen.ral  lead  expos`irer.  headache  and  nausea

G=ae±-in..           NTp7                                           unc lAanoqrl®h.7                          osH^ Re®lld7   Lead.  y®

Sjqr-eds)fTtb-OJEEFn'.       .       F`efer  to  health.hazard  above.            `                                            .      ..

Ll.c±±!  CondTbor-`GEriiri=; A-~d b|/ E±- Gastrointestinal  tract; kldz`eys,.  blood  and  central  nervou.
8ysteD.        (evs )

Effi-iFj-jric} md fH Ale ft5aeir- Skin  -  £1ueh  `dth  vaterj   i£  8valloved  geelc  medical  attention

immediately.
S.ctlori VII - Pr®c-utlori. for S.l. H.ndllng .nd U..
St.-I) 8. Tl*n h C-.. W.A-I b P±±e+_`e® cr SpAd                                                                                                                 ~

Use  nan-sparking  equipment  tc)  c:1eanup  and   store  shells  -avoid  ignj.tlon   sources.

W- Oi± W"
_¥eteL=+_ial_ pay _b_.  bu.mod_ p!€.epj.I.cp.:i:te _£e€eral.   state  and  local  fequlatoryageFig±

contact
Pbafm b fro T.bn I }1.ntfroq .nd S{arlng

Refer  to  released  or  gpllled  data. abo`/e.ChpTt-a-h
I,abel  containers  -  -Small  Artas  Amminition"  rear  gloves  and  shrapr.el  protection.

S.ctlort VllI - Control W...tir..-Ainri.err-fr---- Osm    s^/HiE/SCRA



~
aENERAL MOTofls cof`pof`ATioN

MATERIAL SAFETY. DATA SHEET
SEctloN I

SECTION 11 -INGflEDIENTS
(ll,t ,'1 lng,edl®ntS)

C^S  f]€CISTflY  NO. *W *V

-    CHIWcO "f{Sl ------,,#'#'di'#,!i##.#

7664939 37 Sulfurlc   ^€1d NA_

773218S 8& .    Water N^

7439921 00 Leld       _     __ HA_

S€para±Ot.,-_     -

D,r,mt¢

*_

-    --,---__

- ¢aSo_.nd   foveri      PolyDro.oylene   (Pl]£[[cl

SECTION Ill - PHYSICAL DATA
OIL,N¢ ,a,^tm.I  _S ..`..-.-

Av •   .                   i,                  '

¥,AEiitsflN¢  a.Al-3fl E ou HActNT vounii .y vcLUM€ mi
`- #tl=#Tt£9uO.t LAI-

V^POAO-(NsltYIAIR.1)
`.

rviroMTrow MTt i            . ii
\.

soil.OIL:rHNMr3^ci8ie      --        I--- "-<
I

"ta€cA#`s!,1Hpteng!qutd  t,cid_ cant.net                     ___._   _     _   |ttlMrdmtinuauio    #_

SECTION IV - FinE AND ExpiosION IIAZAF[D DATA



:  t'a'£€t^Sc?I 3Y€E3h"'Ci}'£Eri=cTErc.i"a_n.r'.°q`u'fEd.   in   I..I,id       _     ,,idcs[.ru£¢lonofbodytli®u.(burn|). "€3H     --„',V||Ut TT=V€T-=®J  _lTEIM1£urlc^£1inN     lnJ"m,_O"«uwit  D   _

sECTloN vi-REACTrviTy DATA

ST^,'|ltY
uNst^®|t CorioiTTroNs to-^Voio         -

tA||t
X

'NCOW,A alutY(in.I.0.I.la-.`.`d'     oxtdi21.ng   or   reductnl   rna.erlll..

HAZ^AcOu   O!COHrasmowle°T_¢TS:  th.n  heat.d.   cin   en|E  hlchlv  taxle   fun.9.

I+unloop^lyuc,,uS2^"OW VAy accuA ¢owomaNs To Avoio
w`iL .at ce¢un

XJ(

--

SECTION Vll.SPILL OR IEAK PROCEDURES
\r, CAS8  M^ttAl^| 1&Aluirsto oi

Conc4in   .
St|ow!Fctt.   ,tace| •nd   fedet'.1   re&ul.tlofty  ior  .cid  or  lj±1d_ .crl



tiJ.S   :1     '9|    1J::CT   CHisIJ   DIST    INFO_MGT   CIFC_CEllcc-:l.,

(MATERIAL SAFETY DATA  SHEET
PRODUCT sA   e25   Ooi2

F.=

H^Z^AO  AATINC
4  -  (XT|(ME
3  -  HIGH
2  -  MOO(A^TE
I  - 8|'aHT

8loNIFIC^NtWL.P   GREASE                  I   |O -lNaloNiFlc^wT                     v...,

W'I Tcci MA^ufActufiit`G clvisioN ofl fu8sioiAny €MEflGENCY TELEptioNEre¥3F,ACTUAER762.5eooEEEFTaEcIulaaol.2..93aa

^Oof`.SS I~uM..ft. STa!ET. clTt. STATE. ZIP Conf.

cheMic^i N^M€ aft f^Mu.y FOAMUIA
3 Petrol eum  Hvdrocerbon NA

i`:,

'SEcTioN ii  -.cHEMlcAi AND pHy8ICAl.pRopErmEg •:CWEMICA L..                                                I PHYSlc.Al..
hi:^AOOuS OECOMPOSITION PRODUCTS FOAM.        Seml-sol  ld

6          Carbc>n   ir.onoxtde.   carbon   dloxide Ooof'
iNcoM.^Ti.iLiTy ik!e. ^w^y f*OMi Mi nera Oil

Strong  oxidlzlng   agents   siich  as:     hydrogen   peroxfde, A,,E^R^NCE
6 chrcmlc   Bcl!.   bror.ire 10 Gr.ease
list All TOxic ^NO HAz^ROOus iNaREDiENTs7Nc)ne loft,,I        AITlber

P'2 ECIFIC  GRAVITYIw^TEB-11RT 0 . 92 4

`BEciioN III=:=Fm€.AND.e<pLO8ioN O^TA. lou-,NC PT.'3
NDA                 .c',C

SPECIAL fwhE FIGHTING Pfloc£OuRES F|^SH POINT IMETHO0 uSEolAboveC.a.C.3,leo.CJIL.`

Fire  flghters   should   weer  En MELTING pT. RA.c
eoproved   self   contalned   breathlng fl^MM^.Lf l"JTS W}NDA]'lowER_U.PER_

I,
C

4
aooaraTus.              .

3aiueq,rrvWW^T(A

Ne. I  ' c I b I a
UN uSu^l FIRE ^NO EX?iosION H^Z^AOSDensesmoke €xTINGLii8HiNG^aENT5

8 OflYCH£MICAI    X: CO. ^T          ,i   .c
=W^TEASPRAY     ±fo^M.W^TEl=FC)aRSANO/tAR"3,-OTH€i I,

*  V0uT'LE'a(aYvn*l
NA

2e

",`w"E."I    NAsECTioN  rv  -  HEALTH HAZAfio DATA
PERMISS`8lECO.NCEN?RA7loNS(^lA. v^pon pflfssuf`€

NA

g            NDA
1.   (mm Wc it 30 .Cl

NAEFFECTS Of  OV€88XPOsulE I, '^m  ,  '1

a May  cause  skin   a  eye   irrlta+ion  wlth   prctlcnged   cclntact. H ^S rs NA

T O^lcoIC)CICAI PAOI'£A Tll S
JO OH'1

I N54. STION6 ^CIOsTAONcaAs:
EMffiG£Ncy fij`sT ^io pROcEDuags

32 EVEs     Flush   with    large   8lnounts   c)f   water   for   at    least    15   mln. st^elE                                           .X
Call    a   ohysicien    Immediately.

I

UNstlBLE

3J€,i SKINCONT^C7        wasn   therc>i.§hly   with   soap   and   water. VA':€,:i::              `oo<o`A°*..^.32

lNHAl^Tio N                ND.4.

31            NA

gswAiLow€D        Call    a    PhYSIciEr.    Immediately.

-
N+  -hoi^ppiic^eL€                                        NO^.  ~oO^TAAv^iiABie                                   <.  i€ssTHA.`.                                    >.MOBE"^N

Paa6  I  o'  2

ccq,.`  ,..c.  e S ..  .'i



Fiui:-:1     '5:    iJ:G`S   CHl:.I:I    Ill:T    INr-CJ_rl|:T   Cir-C_CEI`lc':-Il.I

MATERIAL  SAFETY  DATA  SHEET      pRooucT
SEclloN  V -i-SptcIAI PftoTtcTICW

sA   e25   0012

v€tlliiAlloN Ttpt llcum!3 iioc^L. MEcti^NicAi. SPECIAL'                                                                 I               ,

None   Requlred

ffloticTIVI CLOVES
Riibber  c)r   plestlc
all   reslstanT

PRY:CfT6°TNy
goggles   end

fl€SPIAA f`oTectioN lFY TYpt'

None   F3ecuired

full    face   shield

OTHER PROTECTIVE £OuPMENT

None  Reaui red

"ON Vl' = SPECIA[ f]RECAUT]ONS
Pa8CAUTIONS TO aE T^xEN IN ti^NoilNG ^NO STOAAGE

Keep  containers  closed.

3ecTioN vili -TFANsroFTA"ON DATA

.i        uN:#`.'5tTT[°  E
u.s. a.a.I. .f`op€a 8HippiNc NAME

7

:.            a::uo`.tT:a  I
U.S. O.a.T. t`AZAf`O CIASS '®. NUM88a

a

TPANSpof`TATION€h`Eac€NcylNFOAM^TION

::                     fiBEL`Slfl£QuiaEc
FBgiaHTci.L5siFicATia^....

CHEM  TBEC1.{800143...300 5Z
Fetroleu.   Lubricetih€  I-Tease

S.£CL^l TR^NSPORT^TION NOTES

I, 53

SECTION tx - COMmENTs

KE:i   OUT   0F   i.:AC.ri   OF   CHI L9REN!  I

WC  beli.ve  the  6tatem®nts.  teclinical  Information  .nd  .®comm.ndatlon.  Contain.d  h...in  ...  reliabl..  but  th{
are  given  wlthout  warranty  or  guer.ntee  ot  lnv  klnd.  express  or  Implied,  end  w.  assume  no  .e]pan.]blli<y  f
any  loss.  damogo.  or cxpenB®,  direct or consoqu®ntlal.  arising out of th®lr use.

PJ56   2   a(   2



I,ul:`   ::     ..i:    ii:I::   I:HG¢   [il.:T    Iii.--l.|`iisT   ore_cEHcc-IIi

MATERIAL  SAFETY  DATA  SHEET      pf]ooucT

F.i

sA   e25   Ooi2

Vll-=SP€CIAl`.flflECAu"ONS
pflecAUTioNs TO a€ T^i€N in ti^Noi"C ^No STOBACE

Keep   containers  closed.

8ecTioN vili -T#ANs.OflTA"ON OATA

a        uw.a;%YgttTD  a
u.s. a.a.I. .aopefl 8HippiNc NAME

7

„           A:?u=l^oT:°D
u.a. O.a.T. tl^ZAf`O Cl^SS I.a. NUM6ER

4a e

tBANSpoflTATION Aa LAaEusi A€oulAEO

eMERc£.`cylNFOAM^TIONCHEMTREC1.(800143...goo bo I

FREIGHT Cl^SslFicATiaN

93
Petroleuii   Lubricatin§   C-rease

SIECIAL TRANSpoflT^TION NOTES

I, 9J

sEctioN ix -caMM€NTs
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W.  beli.ve  th.  stat®m®ntg.  technical  inform4tion  end  r®Comm.ndatlon.  Contain.d  h.r.in  .ro  reliebl6.  but  the
ale  given  wlthou{  wdrrantv  or  guer.nt¢e  ot  any  klnd.  .Xpr.88  0r  lmplj.d.  end  W.  esaum®  no  .e]ponaibllitv  {c
any  loss.  damage.  or expcn8®,  diiect oi consoqu®ntlal.  arising out of th®Ir use.
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MATEf]IAL  SAFETY  DATA  SHEET

P.5

T6x   no.     :    042840
Prlnt   Oat®

L.st   R.viewed
oF,aogze,9o\
05/03/89

Part   Type   end   Humbar                                                        Part   nape
------,--- I ,--, ~ --,---,-,---- ~ ------- 1® -1 ,------,,-- + -* ,,,,,--,,,,-,----,,,--,,,,
Ford    -u.S.    BATTERy    -ALL                                                   e^TTERy    ELECTROLYTE
Aotorcraft   -u.S.    BAnERY   -ALL                             BATTERY   EIECTROIYTE

---------------------  CHEHI GAL  AND  PHYS I CAI  PROPERTI ES  ------------------------.

Haterial    type                         LIQulo
Sp.clfic   Gravity                 I.250
Bonlng   point                       >]35   C
flash   polnt                             Not   Appllcable
pH                                                           2.a

----. 1[ ----.- I.-HAZARDOUS   AND   OTHER  0lsclosE9   lNGR!DI ENTS  ------. I ------ I -----.

P.rcent          Expo.ure   llmlts   -TWA
ftlnge              ACGIH/OSHA(where   est.)    CAs   number           Chenicll   Name

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

Expo.ure   limlt  Abbreviatlons---,-,----,I,,--,,1,---,,,,~---,,,,
TW^-TIIn.  W.loht.d   ^v.r.g.     C-C.I ling

S-Short  Term   Expo.ure       Sk-Skin
Sol-Solubl.   Compounds             Fu-Fumes

ln]ol-ln.olubl.   Compounds        Ou-Oust ~,
+.

I--------- n ------------  RE GIJIATORY  I NFORAAT I 0N  ------------- ][ ----.--.

This   prodt[ct   contalns   a   toxic   chemicel   or   chonic.`f   .ubJcct  to   the  report!nc
requironeA[s   of   Sactlon  313  of   Tltle   Ill   of   th.  Supcrfund  AmeAdm.nts   and
R.authol.Ization   Act   of   198£   .nd   40   CFR   Part   372.

------ ±±-=====-±===--== --------  S I CW^L  WORD  =------ ~-I____= =======T--_=== ---- i-+L-

OANGER    --CORROSIVE

-d---I---.-nl----P--------.HAZARDS-.------------.----.---------===-.-=

Contact  with   this  in.terial   wlll   caw.e  burns   to   th.   skin,   .yes   &Ad  nucous
m®mbrane8 .

Wh.A   thls  in.t.rlal   con.s   into  contact  with   the  .y.a,   .eriou.  d.mag.  may  occur.
Thi8   prc}duct   ls   h.rmful   by   lnhalatlon,   wh.n  -in   contact  with   th.   akln    .

•nd   if   lt   is   .waHow.d.
This   product   ls   irrlt.ting   to   the   cye=,   respiratory   systou  &r`d   .kln.
This   product   may   bc   fatal    lf   lt   ls   SwiHowed.

FORD   MOTOR  COMPANY
^E^at]^E)N   MI   48121
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MSDS
(CONTINUED)

P.6

Tax   no.    :    042840
Pr1n`D`t®..oip/ao92ei802

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

Ov.rexpoaure   to   &om.   h]z&rdou8   lngredlentf   in   thls   prodlJct   A.a   been   found
to   affect  cert.ln  body  org]n3  and   Syston.   ln  cxp.rlm.ntal   anim.lt   .nd/or
liuman..   The.e   include:

lungs
Teatt'
Skln,   Ey.a,   and  R.8pir.tory   System

I --.-------.-- n ----.-  ACUTE  Tax I C I TY  I NFORMAT I oN  ---------------..------ I

Based  on   th.  compoeltlon  of   th.  product   ld.ntlf led  by  th.  .uppller,
Set®cted   portlon.   of   tl`.   ecute   toxicity   lnforD&ticn   frod]  RTECS   ar.
3S   follows:
7664-93-9        SulfuRIC   Aclo

lnhal.Clan.   .dult   rat,   lc50  -;10  mg/m3    (2   Hour.)
Oral.   adult   rat.   L050  -2140  mg/kg                                                         .

•-In ------- b--±±++±±l--SAf I  HAND| I NG  AND  STORAGE. -±±±±-===T==---==±I ------

Oo  not  breath.  g®s/fun../v.pot/.pray.
111.   thl§  product  with  ad.quata  v.ntll]tion.
Oo  not  g.t  thla  b.t.rlal   ln  your  eyes,   on  your  .kini   or  oo  your  clothlng.
Thl]   I.  an  oxldl2Ino  .g.nt  -&vold  brlngloq   lt   Into  cant.ct  wlth  an
oroar`i¢  materi.I .

Stol.  this  product  in  .lr-tloht  contalner&  .w-y  fran  lourc..  of  h.at  ind
I  ight`

-------- qu--F IREi   £XPIOsloN  AND  REACTIVITY   INFORMTION  n-====== -----

Brinqlng   thlf   product   Into  contact  wlth   cefnbu8tlble  m&tari.I   n.y   cause   a   f Ire.
EXTINGulsHER    INFORHATION:    Dry   chemical,    foam.    carbon   dloxlde.
ut.  water   to  cool   f lr.-.xpo..d  coot.lners  &Ad  to  prat.ct  p.raonnel.
W.ar   s611-contain.d  br..thiAq  app.ratui.
Thl.  product  can  ra.ct  vtol.ntly  wlth  reducing  ]gentf  and.organlc  mat.rlil5.
Exploelve   HYDROGEN   GAS   Ill.y   be   r.I.&s.d   lf   &qu.cu.   .oliitlon&   ol   thl.  mat.rlal
¢eme    into   contact   wlth   reactlv.   metllS    (IRON,    ZINC,    ALUHIHUH)  .

Irritating  and/or   toxlc  fun.I  .Ad  g.Ses  in.y  b.  onltted  upon  he.tlnq  ot
thl]   product.

The  a.conpolitlon  of   thl.  product  wllr release  toxlc  ga.6..

FORD   MOTOR   COMPANY
DEAF`80RN   M(   4€121
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F.7

Tax   no.    :    042840
Prlnt   Date   i   o4P/aoo298o3

--------------------  PROTECT I VE  MEASURES   AND  TREATMENTS  .-.- I ----.--------------

Use   of   an   impervleus   apron   ls   recommended.
u.e  gen.r&l   v.ntllation  .nd   uee   local   .xh.ust.   wh.re  posslbl.,    ln  conflned  or
®nc`os.d   .paces.

Wear   el`.mlc.I   qoggl.a   .nd   fac.  .hleld.
Tnc  u8e  cf   naopr.ne  qlov..   :S   reconm.nded.
IA  c..e  of   cont&¢t  wlth  .y.a,   rln.e   imcdlately  with  plenty  of  water   and   ..®k
medical   advie..

Im€dl.I.ly  tlk.  off  alt   contamln&t.d  clothing,
lf   th.  materlal   li   .w.llowed,   g.t   limi.dl.te  medical   attention  or  adv:ce  --
Giv.  S.v.ril   gl..ses  of  w.ter  or  milk.

It   qa&/fLime/v.oar/dust/mlst   frem  the  mat.rlal    is   inhaled,   renove  th.  affected
p.I.on   lonediat.`y   to  fresh  air.

for   Skln   coritect   f lLiah   with   14rge   amounts   of  water.
Wash   thoroughly  after   h..ndllnc.

.........,.. r.u.._ ........ in. NOTES To PHys , C , ANS  ........ _ ..... _ .......... ==..

If   the  product   i&   lnoeft.d.   prob&bl.  miicosal   a.in.qe  may  contraiAdlcate   th.  tis6
of   ga.trl¢   l&v.ge.     Tr.at   th.  .ffect.d   p.rson  &oproprlately.

-inn -.----.--------  SPI LLs i  LEAKS  AND  D I SPOSAl ------.---.---. [[--==

Ellmin.t.  ®]1.ourc.a   of   lgn:tlon  or   fl&mm&ble.   that  may   con.   Into   contact        .
wlth  .   .pill   of   thls  mat.rlal.

Avoid   .kin   cont]ct   and   lnhalatlon  c)I   vapors   durlng  dispel.I   of   SpHI..
OI.po..   of   wa&t.  matarlll   ]ccordlng   to   Loc&l,   Stet.,   .nd   Fad.ral
Envlroon.nt.I   a.etJlatlone.

In  cog.  of   larg.   .pin.,   foHew  all   facillty   Em.rg.ncy  RelponSe   Procedures.

----- lJII ----.---------------- S P E C I AI  REMARKS  -.---------..----....---.. ===--

Thii   i.   .n  .cldlc  mlt.rlal.

..._ ...., ro .....  u.   S.   OEPARTAERT  0F  TRANSPoRT^T,oN   ,NF0RMT,ON  ..... _..I ...... =

Shlppinq   f`ame:    BATTERY    FLUID,    ACID       uN:    27SC
Ha:ard   ClasSi   Corro&lv.  matarlal                  Ha:ard   Label:   Corrosive

The  ehonlcal   name(.3)   appearing  below.under   ``NM["  must   .ppear   ae   part   or
shipplnq   A.mc   lF   th.   amoiJnt   being   Shipped   in  each   colitalner   .xc.eds   the
quantlty   .horn  under   "RQ''   below.     The   letter=   "RQ"  must  el.a  app.ir   as.pirt
of   the  .hipplng  n.m®,    ln   th.   form:

•hlpp:ng   name,    ch®mlcal    hlme,    BQ.
For   u.S.      Shlpm®ntt   fran   Ford   Fecilltiel,   consult   the  ``Ford

Hazardou.  n.terial   Tr.n8portation  Control   Progr.in"  Aanual ,   oth.rwise
con8ult   49CFR172.
------ CAS--RQ (lbs)   -NAME ------------..------------------------........--......

7664-93-9         2777         SuLFURIC   Aclo

FOBD   MOTOP   COMPANY
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MSOS
(CONTINUEDl

Tax   no.    :   042840 a     pri^t  D.te  i  oE/.oq2e/9#

------------.-------- I-I--PREPARAT I ON  I NFORMTI 0N  ------------.---------- a---

H..Ith   and  tafcty   Information  ha.   be.A  evaluated  by:

Envirorun.Atal   .   Occupation.I   Toxicology,     Occup.tional   Healtl`   I  Saf.ty,
ford  Motor  Conpany
goo   Parkl&n.  Tow.r3   W.st.   O.arborn,   Hl      48126       ..

for   .in.rgency  c.ll:      (313)   337-3182   -or-(313)   323-0045   (for   24  hour   I.rvlce)

Thl.   i.   tli.1.st  p.ge  of   tlii.  HSOS.

FORD   MOTOR   COMPANY
OEARBOEN   Ml   48121
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AVOCO   REGULAR   LEae-FREE   GASoL{h.i

FJ.9

M^+iurACTURER/suppL]ER:
troco  oil  codpany

2!!c:::: i:#::i: D:;:81

EMERGENCY   HEAL"   I}TORMATION:       (800)    447-8735
ERERGENCY   SPILL   INFORAT]ON:       (800)    124-9300

C"REC,  U.S.A.
OTRER  pRoouer  GAIETY   Irmo"ATloN:      (312)   856-39o7

IMPORT^llT  COMFolmfTS:     Ga&ollne   (C^S  8006-61-9)   ACGlfl  "V  goo  ppn,   STEL  500  Ppn;
Osll^  P!L   loo  ppn,   STEL   500  ppzB.

:i::::::§^%e§#3:::fEL::::o:I:;:: i:=;  OSIA P€L 1 ppn
WENING  STAtREN"   E::a::i.::t5:::!X.::r::::: in:::hax:P::u:::fez:=!!:n§ £C4ia:::::a

And/or  &8plrated  lAto  luAg4.   C.A  produce  skin  lrrltation  on

::::::::dt:rv:::::tfgsc::::::.c:::e:41:a::5o£:::I;A:Kin::::-tern
"IS/NFPA  CODES:.(HEALTH;1) (rLAmtAEILIT¥;3)(REACTIV[TT;O) ,   Chronic  h.alth  hazard

APPEARAllc£  AND  ODOR!     Clear,   bright   liquid.     Charact®ristic  odor.

!mALTH  !nzmD   INFORMAtloN

EFFECT:

FIRST   AID:

PROTECT I ON !

EFFECT :

|T=

High  coAcentration4  of  vapor/nl&t  Day  caus.  ere  dl]couf.ort.

;:::?s:!::  Vlth  Plenty  of  vat.r.    Get  a.dical  &ttentlon  if  irrltatloA

Won.  I.quired;   hovever,  use  of  eye  protection  la  good. industrlel  practice.

.SKIN

Prolonged  or  r®peat®d  contact  can  defat  th.  .kin  and  load  to  lrrltation
a...a/or  dematltls.

FIRST AID:     !§;::ii§§ai!o::;:::i:i::::i:i::s:i:::.4n:¥:;.b::::=i::::? C:::hi:gifal

PROTECTION:    :I:;:3Pi:1::::8A::dr::.::;:.::inc::::::tis  i:i:i;:Otective  Clothing  and

=FFEC, :

INHALATION

Vapour  hamful.     High  vapor  concentrations  can  caufe  headaches,  dl2zlneas,
drovsine&&   and  nausea.     See  To3[icoloqy  S.ction.

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

PROTECTION:     Use  With  adequate  ventilation.     Avoid  br.athing  vapor   and/or  his+..     1£
ventilation   ig   inadequate,   use  NIOSH/MS{IA  c.rtif ied  respirator  Which  vlll
protect  against   organic  vapor/mist.



tJICca]UG   £1    '9i    iJ:  10. €j]GO-fit-ST-.I-N.C-O_Met   C.r~C_cLN||-ii.I
MSOS   NO:        02003992

PAGE   02   0F   05

HEALTH   H.izAro    {NFORMATION   -   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   lam.diate  medical   attention.

FIRS   AND   EXFLOszON   INroRATION

Ft.^smolm:            -45.I

FLA}O{^ELI   i,lMITS:      UPPER:      7.6&      LOWER:      I.3&

AUTOIGNITION  TFT!RATURE :                    4950F

EXTINGUISHING MEol"    i!::::.:p£:::::A:::dc::::t:,hi::?Ss{:£i ,a:r!a::ri::?,  Carbon

UNUSUAL  MRS.#£n¥:i:£::#tH:iAlf?::  b:;:::in::3r::a¥a::;o¥ai:I:£i: :i:t:::Sc::a|;  an
explc81ve  mixture   ln  air.

PRECAUTIONS:    £::;  :::¥ai:#  :i:::i?A  6::r:::h(:i:&&a::aS:A:i::::a:?d  Open  flane3).

REACTIV[TY   INFOEX^TION

:

L``

L

I

DANGEROUS  REACTIONS:     Avoid  chlorine,   fluorlne  and  cth.r  strong  olldiz®rs.

i!AZARDOUS  DECO.VPosiTION:      Eurnir,g   can  produce   carbon  monoxide   and/ar  carbon  dioxide
.        and  oth.r  herr.:ul  prod.Jets.

STABILITY:      Burning   can  be   Started  easily.

CHEx]cAL   A+RE   pirr§ICAL   PROFERT{ES

BOILING   POINT:                       80®F   TO                  430°F,    Range

SOLualL]TY   {h.  WAt!R:      Negligible,   b.low  O.IS.

SPECIFIC   GRAVITY   (fu.ATZR   a   I):                      a.75

VAPOR  PRESSURE!      7-151b   RVP    (A5"  0-323)

VAPOR   DENSITY   (AIR   -1):                   3   TO              4



iul:-::      .a:     I.I:  ||    t:HI;I:I    DI.3T     [Jlr-`:I+:.:`T    I:Iri:_CEr.li:I=+I.:
A+1uiu    t{£iluLAr{   Lt;AL)-I.ft£=   G+.SuLlt`i
MSCS    NO:        02003992
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STORAGE   ANI)   ENVIRO"ENTAL   PROTECTION

StoaAG!  R£QulREM=h.TS:      Stor.   in   flammable   llqulds   scorag®   area.     Ko.p   cantain®r   claged.
on  sources,   and  op®n   flane   inStore   avdy  from  h.dt,   ignl

accordance  wl:h  applicabl. e6eral,   atdte,   or  local  regulations.

SPILLS th LEAJ{S i   :.::i:::::v:i::::::I:::;:;::i::::::i:i;: :?:;i::::!!;;:rci:::i::§no:a

levers  and  vat®rvay8.

WASTE  OZSPOS^L:     Re$1due4   and  spilled  pAterlal  ere  hazardous  v8Ste  du.  to   ignltablllty
O1]po.&1  nu&t  be  ln  &ccord4nce  vith  .ppllcebl®  federal,   !¢ate,   or

ulations.     !nclo.ed-controlled  lnclneration  1g  recoanendedlocal
unless

r:i
r®cted  oth.rvi..  by  &ppllcabl®  ordinances

SPEC:AL  PRECAUTIONS:     Keep  out   af   severs   .nd  wat®rvays.     Avoid  strong   oxi6izers.
Report   spills   to  appropriate  authorlti.s.     U§£  AS  MOTOR  fuEL
ONLY .

tox{COLOGICAL   INFO"ATION

EYE::     Pri"ry  eye  irritation  score  a.0/ilo.0   (rabbits).

SHIN:     Primary  dernal  lrrlt.tion  lcore  I.1/8.0   (fabblts)
than  SalAg  (r®bblta).     Practically  nonto*ic  for

INllALAT[ON:      Acut®   LC50   20.7mg/1   (rats).

icu::u:=:::::: 5;5:h!:e::::e.

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

::=::Si::i:#::r:ft:y:::a::a:a:nEr:5:::th::ga::::£a€1::i3::: i s;:::.:a/  dr°VS !-
depre881on .

!i:i:i:;!!!;:i#!::;fi:!!:i!:;::i!i:;:i::;:i!!:!ii;:i:i::i;i:i!!;:!!:::::

!g:i!;::;::::i:?:;i:i:::!§;i::£¥::;i;;i:::::;a::!#:;:h£::n:i:[!i€::rThe
que8 t lonabl a .

Inhalation  of  whol.  unlcaded  gasoline  vapors  did  not  produce  birth  defects   in
l®toratory  animals.

Gasoline   ls   a  complex  dlxtur.  o!  hydroc&rbaA&  and  contein€   benzene   (up  to  4

:::#:h:ii ::i::3:ea::A:::a?:;uk::i:?;:Ae;P=:::ea:: :!E:rL:::::s:£b!:::e::I:::s
(anenla).     a.nzene   i]   considered  a  human  carcinogen  by   IARC,   NIP  and  OSHA.

:::;.€!::::eh::a:Ei:a:n3nfa:::::::  c3al€a:;;eir:i:::!O:nio}:E: T£!:a::!!:e-
wer.  a.en  ln  chronic  studios  on  *ylene   ln  gulnoa  pigs  but  not   ln  rats.

i:pi:::i:A ::pt:i:i::of:::  :::o|:::sl:::so:::rc::::ec3::i:::gp::=:ni:g:::i::n
of  this  product.



^tlocciu.i   =i    '91    lJ:12  CHGO   D15T   Irlr-OJIC-T  OF|_|Liii.I-iu
MSDS    NO:         02003992

PAGE   04   0F   05

REGULATORY   ]NFORATION

caRCL^   R=pORT^ELE  Quantity i
This   prcduc+.   is   exempt   f ron  the  C=RCLA  reporting   requir.in.nts   under   40   CFR
Par:   302.4.     How.v.r,    if   spilled   lnta  Waters  of  the  United  States,    it  may
be   reportable  under   40   CFR  Part   153   if   lt  produc.I   a   Sheen.

DOT  PROPER  SHIPPING  N"E!      Gasoline,   Fla"bl.  I,iquld,   UN1203.

OsrIA  RAZARE  CormNICATION  STANDARE :    ::£:b!§n!i#!?:  :!§:ii§:::#§:¥:i:::::::n£;ts

RCRA   STATUS :

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

COMPONENT/C^S  }"BER------------------------------I,~------------------
Ethylben2ene   (loo-41-4)
Tc)luene .  ( loo-88-3 )
Xylene   (1330-20-7)

.SARA   STATUS:

!§:a:!§:d:!§{!:a::::::i::::!d:;:#:i::i::!n:;®::1::i:it#L:A#::::=!i:&£!
SECTIONS   311   AND   312   0F   SARI  AND   40   CFR   PART   370:
This  product   is  defined   a8   hazardous  by  OSHA  under  29  CFR  Part  19lo.1200(a).

SBC?ION   313   0F   SARA   AND   40   CFR   PART   372:
This  product  contains.  the   follcving  substances,   which  are  on  the  Toxic  Chenlcals
List   in  40   CFR  Part   372!

CCMPORE.VT;'CAS   Nl"EER                                                                                            WEIGHT   PERCENT------------------~-------------------------,~-----------,,,----
Benzene   (71-{3-2)         .
Ethylbenzene   (loo-41-4 )
Toluet`e   (108-88-3)
Cyclohexarie   (ilo-82-7 )
Xylene   (1330-20-7)
MTBE    (1634-01-a)

TSCA  STATUS!     All  of   the   components   of  this  product  ar.1iSted  on  the  TSCA.Inverltory.

S.u.PPLEHENIAL   IN?ORA'II ON

Gasoline   is  a  complex  nlxture  of  hydrocarbons.     Those  hdjor  coxponents  having
occupational  .*posur.  linltg  are:

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

Cyclc)hexane   (GAS   ilo-82-7)   ACGIH   TLV   300   ppm;   OSEL  EEL   300   pen.

Ethylben2ane   (CAS   loo-41-4)   ACGIH   TLV   loo   ppn,   STEL   125   pp";
Osm   P=L   loo   ppm,   STEL   125   ppm.
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SUPPLEMENTAL   INFORl{^TION   -   CONTINIED
n-H.ptane   (CAS   142-82-5)   ^CGIH  TLV   too   ppn,   STEL   500   ppm;
OSIIa   EEL   too   ppn,   ST!L   500   ppn.

n-Hexane   (GAS  Ilo-S4-3)   ACGIH  TLV   50   ppa;   Osm  P£L   50   ppn.

P®ntan.   (CA5109-66-0)   ACGIH  TLV   600  ppn,   STEL   750  pen;
OsiIA   PEL   GOO   ppq,   STEL   750   ppa.

Toluene   (Cas  loo-88-3)   ^CGIH  TLV  loo  Fpn,   ST=L  150  ppn;
Osm  PEL  loo  ppn,   STEL  1§0  ppm.

Trim.thyl  I.n2ene   (C^S  25§51-13-7)   ^CGIH  TLV  25  ppq;   06m  PEL  2S  ppn.

Xylene   (GAS   1330-20-7)   ACG]H  TLV  loo   ppn,   ST£L  150  ppn;
OSIIA  P!L   loo  ppn,   STEL   150   ppn.

ISSUE   INFORATION

aY:

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

I.SSUD!     June   09,   1989
SUPErsso£S:     March  18,   1988

This  material  Safety  data  4heet  and  the   lAfornation  it  ¢ontalns.  is  offered  to  you   ln

3£::hf:: t:e:: i::5u;:£. So::c::V:u::Yi:V:3r`::Di:i;ra£:°8€:i:S: 1?i:t i?n!::a€!::  ::e::
correct  but  cannot  guar&nt.e   lt-s  accuracy  or  coxplet.n.5].     He4lth  and  ®afety

::::::i::::  ±!tt!:St£:t:a::::to::Yg:::a:.t:a:S::::t:°L:1:s!n€#:a;:ku::d£:;eiy and

!i.i:::;:::i:8::;:::i:i::::;g!:!i::i:;®!:::i;::;:i:::i:i::®i:e:i,::,i:1i:i:P:;;i::s
or  lnplied.
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•.  5e-Es;E.FelME/E =mu!sior, seismic :;:D

PROPERTIES Al``[. SPECIFICATIONS

losIV

EXCELLENT FOB  ''MINI-HOLES.'
AND VEBTICAL STACKING

These  non-nitroglycerin  emulsion  Prctduc:S  are  packaged  in  conven
one-pound.  one.half.  one-third.  and  one-quarter  pouncl  cartric)ges  ;
(ormulated  to  provide  a  seismic  Pulse  equal  to  cynamite  for  clear.  sh
seismic records.

AI:hough  classified  as  high  explosive,  soispalME/E  emulsions  are  n
headache and nave excellent resis:ance to accider,:al detonation by frictioi
im.pact.

Spiral-wc:und  1,'4  to  lt'2-pounc!  paper cartricges  are, easily  caoped
waxed to sleep well.

p BOD UCT                                        E-1                 E-1/2           E-1 ro           E-1/4

Weisr`:

Stze
Style
Derisity (gin/cc)

One pound    lrepound   1® Pound  1/4 Pound
21.'4x81i211i2x811/8x8           1x8

49
1.18

Velocity  (fps)  (unconfined)             16.SOO

Detonation pressure                         loo

(ki'cba,,s)
Absolute  5ijlk strength                     685

(calycc)
.Peiative 3'ulk strengtri                      120

(ANFC)EIOO.I

SNV                   S;IN                  S;NV
•i.15                    1.15                    1.15

16.000          1 S.000          14,SO0
loo               loo               loo

775              775              775

1CS                   IOS     .             105

PACKAGING
Available  in  four si:es to  meet vertical s.Lacking

-mini-hole. applications. seis.PFtlME/E in the one.pc

size  is  packaged  in  thin-walled,  easy  coup
cartridges  tor  vertical  s:acking  or  larger  downl
shots,

ln  the  1/2  to  li'4-poLjnd  sizes,  sejspRIME'..
packagec! in spiral-wound ?aper cartridges.

All sizes have ekcellenT w'aie.. iesistance and ca
initiated with a #8 strength STATICMAST=.i oetona

5rH7YCA4L45FEF!.€`'  =iectri: [Ieter,aters for Se!simis Exp!ora±ioi-:
DESIGNED  FOB  SE!SMIC  WO.PK  -  Exclusive  Atlas  eiec{ric  rr,atch  provides  re!

oetonatlo.1  with  minimum  lag  time  and  scatter.  Full  £8  streng?r.  explosive  output tc
insure initiation of the seismic cjiarge, even iJnder severe cc)ndiiicns.

UNEXCELLED  PERFORMANCE  .  F3igid s:atistical  quality control tests  are  perr.oi
on  all  components  and  on  the  compleLecj  detonator  to  assure  reiiable  and  corlsi:
perfctrmance.  A  tough,  hard  enamel  coating  under  the  plastlc  out3r insulation  pro\
additionai protection against shorting of legwires under extreme conditions.

WATEB  AND  WEATHEB.Pac)C)F  .  Legwire  insulation  is  designed  to  withs
extremes of heat and cold and the severe conditions encountered. jri cleep-hole lea
All  detonators  contairi  a  double-crimped  rubber  plug  to  provide  a  water-tight  I
Excellent firing characteristics permit use in single-hole or muhiple-hole pattern shoo

PROPEF]TIES AND SPECIFICATIONS
•  Detonator strength . #8
•  Fijr,c:ioning tir7le scatter . Less than a.001  second; even

lo\\.e.. as firins  c'Jrrent is increased
•  i.e:3mmendec firing current -3 to 10 amps DC, 4 to  10

amcs AC
•  V`'a..,er irr,mersior`, c!epth (max. tested) - 500 feet
•  Briclge\`'ire resista.lee . 0.9 Ohms
•   Detonator sne!!  - Gjlciing  metal

REDUCED  SENSITIVITY
TO EXTBANEOUS ELECTPllcITY

;.  s]ec:a.  brjcse``'ire  and  the  SF  (eature  in  the  electric  match
pro`.!c]e  rec:ucec  `c`€r:€,i{i\Jity  to  statlc  elec{ricity.

OPERATING AIDS
With  recommended  firing  currents.  STATICMAST:F] .el€

detonators meet all requirements for series firincl.
WARNING  -  Do  not  use  STATICMASTEa  electric  detonato
the same circuit with other types or brands of electric detona:(

PACKAGING
STATICMASTEB  electric  detonators  come  with  spot

duplex  copper  lead wjres  (yellow color)  in  lengths of 40'.  60',
10C)..120.,150..leo..  200',  250.,  300',  anc]  400`;  and  in  Sh
legwire  lengths  (folded  duplex  wires,  yellc>w)  measuring  12.,
and 24`.
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EAZ   ARI)   OUS         CHEM   I   CAL      HATER   I   AL      S   A   F   ETY      DATA      SHEET

ArLAS  potom  coREANr
15301   DALIAS   PARKWAY
SUITE   1200
DALLAS,   IEXAS      75248
TWX  910-860-5237

PREPAREI)  BY:       P.I.   Therriaulc           DATE:        06-24-88

3.     ImlcAL  Bq:RCENcy  TELEptioNE  NunERs:

EAST   OF  THE  MISSISSIPPI:      717   -386   -4121
REST  Or  "E  Mlsslsslppl:     417  -624  -02i2

"E  RATERIAI.s  DEscRIBm  IN  "Is  DAIA  SREH  ARE:

RAZIREOUS   CERECAL   INGREDIENTS

REVISION:      Otie

5.      CHE2{ICAL  AND  CO"ON  IIARE(S)   OF  EAZAREotjs   C"ICAL  MIXTURE/INGREDIENTS:

ApexiAll  Grades,   RXL  614,   RXL  615,  PowerAN-All  Grades,   Bulk  Eaulsions-All  Grades

Major  Hazardous  Ingredleats  Include:
Amotiiua Nltra,te
Diesel  Oil  (Ia  Some  Formulas)

IS CA                      GAS                           RIECS
LISTED                     NO.                                 NO.

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

Note:     See  MSDS  for  AmoniuB  Nitrate  Plus  f.jel  Oil

6.      PHYSICAL  A+so  c-aE£ICAL  CEARACTERISIICS:
Vapor       Flask    }!elting    Boiling    Specif ic

Pressure     Pein:     PolrL€.C     Poinc®C     C=avicv
Mol,
Wt.        Odor Aottearanc€

Almoaiun  Nicrace            0                  d              ls5               190               I.7£S          83          None     White  sol:
Diesel  oil                       ad               n6                  nd       147.371          0.87            tld     Pungetlc  Brotm  Liq'`
Hixtv=e                                Meg.           tLd                    nd             1351.1   to   1.3     h.A          None     Thi:e  c:e€

nd  =  t{.a  Da.ca           d  =  Dissociates       na  a    Not  Applicable
PHYSICAL  HAZARDS :

Amoniua  Nitrate  -DOT:     O:[1dizer
Mix.cure    DOT  Explosive,   Blasting  Agent

8.      HEAL"  IIAZARI)S:
•--.-..-.....    _

carcin08efl
Corrosive
Hghly  Toxic
Irritant
Sensitizer
Toxic
Target  Organ  Ef feccs

9.      PRn4ARY   ROUTE(S)   OF   ENTRY:               No   Data

10.      PERMISSIBLE   EXPOSURE   LILHITS:         NO   Data

Diesel  oil:    Flamable

------ i- _
Ref :   Reglgcr:`.  o£  Toxic  Effeets
of  Chenicai  Substances   (RTECS)

N  =     No  C=icerla  Match
\.  I    Poslclve  Crlceria  Match

per   RT£CS
nd   I     No   De[a
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11.      LISTINCS:

unnlAL

Enulsions/A};ro   Sler`ds
Page   2

NIP   ANI7UAL   REPORT                   IARC                              0SRA
ON   CARCINOGENS                        MONOGRAPHS            CARCINOGEN

12.      cENmAI.L¥  AppLlcABLE  pRECAUTIONs  ron  sArE  EANOLING  ANI>  USE:

trrclErlc  pRACTlcEs :

Avoid  StEla  and  Eye  Contact.     Avoid  Breathing  Blasting  Fumes.
pRotECTlve  mAsuREs  DUR"c  REPAIR  AND  IAIN"ANCE  OF  coRTAmNATEI>  EQulp!ffm :

Use  I)otL  gparklng  tools.  avoid  open  £1ane,  wear  nor"l  safecy  equlpDenc,
such as  .afety  glagses  and  hard  hat.

pROcEDtJREs  FOR  cl.EANup   or  splLLs  AND  I.EAKs:

Bulk  Producc!     Isolate  and  cotitaln  spilled  naterlal,   Contact  Dist:ribucor
or  Atlas  Powder  for  Spill  Response  Assistance.
The  disposal  of  datBaged  or  deteriorated  explosives  zBtist  be
ear=1ed  out  in  accordance  With  all  Federal  and  Scace  Resulatior.s
In  the  event  of  a  major  spill.   concacc  the  National  Response
Cetlcer  (800J24-8802)   and  the  local  Police.

13.    coNmoL insuREs:

ENclREn"c:

WORK  PREHCES :

Follot.  BATE  staridards   for  storage   (27   CFR   151   Subparc  3)
Except   for  Bulk  products,   see  "Do's   and  Don'Cs  -Instr.dccioris  and

W.arnlngs"  -found  in  ever,'  s.nipping  case.
See  Iasti[uce  of  Makers  of  Explosives  Pu.01ica.cictns.

Follow  OSEA  Scaridards   for.Stc]ra3e   and  Use   (29   CPR   1910.109)
Except   for  Bulk  products,   see  "I)o's  at`.d  Don'Cs  -Instructions  and

Warnings"  -  £oQad  in  every  shippltig  case.
See  InscICuce  of  rLakers  o£  Explosives  Publications.

PERSotIAL  PROTECTIVE  EQUIPENT :

Avoid  Coxlc   fumes  frota  blascirlg,  wear  no=tr.al  protective  equipaenc.
such  as  Safety  glasses,  hard  hats.   eec.

14.      ERERCENCY  AND  FIRST  AII)   PROCEURES:
-...-

Do  tiot  attetnpt  to  fight  fires  involving  explosives.
|medlately  evacuate  the  area.    Avoid  toxic  funes  fron  fifes.
h  case  of  skin  concacc,  Wash  affeeced  area  `.ich  Water.     Eye  cot`cact  -
flush  eyes  for  ac  least  15  ainu:es  and  cotisulc  a  Physician.

15.     DISCLAIRER:         The  above  lnformcion  taken  from  various  published  and  unpublis.hed
Sources  ls  believed  co  be  accurate  and  rep:esents  the  best
lnfor-Liacion  currently  avcilable  Co  us.     HotL.ever.   L.e  aake  no  uarran!
of  the  accuracy  o=.  such  ;nformatlon,   express  or  ltaplied,   and  assut]<
t`o  liabllicy  resulting  frotl  lcs  use.     Users  should  Bake  their  oun

±E==:ts82:i83£a:°p8:S:::i?e  the  Sulcat]illcy  c]f  the  inf ortn€:ion  for
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`y'an All:burgh/'A;amo,  Inc.
i2ecop~an

qifeunifetwTco,

INVOICE
lwok3E O^TE MVOC€ NO. P.,(

11/18/81 40848 1

ITEM ro.                      I                                                                                                             ITEM DEscFtipnoN

a:;..I.vr:I..3rir.::.Ct:a cl.... urrfy sHipps:. =|<'JNIT I              ,Jt'rr.oa,Cg Pqlcs 'JN OlsccL:pr     I                EXTENOEB p?icE

550408000 80'    SW   STATICM s'TER c,rf
CUCLB;*sA|,.CLBCUI•,..,•.i.....?,i,i.....,'..!...-:;..-I,i;.:,;.:,.:(.:•`,..•`:.',;.Jji.(±i.

....•....,-,..'..'.S-..  =,.......``•.,,•.,,.,•;.-:..::;.:i.•...r.-...i...•:.:::`...•....-::..:..`.,,.,..¢'_•.i..:..:..,`,:..:i--j-,,

97  .  98....`6..5612.000 12.000 EACH 816.50

10812533 SEISPRIME   E   1- /8X /3
I. . ..4 . 000 .,..... •..    I.   ...   ...        .         -4  .  000.  . LB.. •.¢S..-.....lea...00

90-oo.o6o5.ic.:..:..:.:...:.......:..i..:::`

•..  ....   .   .-           .,,....•HAZARDOu§. .inTR

Hrib`E
•.?.CHG.  .  .  .   .

•   ,       .'     ,-..              .   3/,14•...-.-`.--_..:.--..I....,..26.78,3...-.,`,-,..o•-.•....

§oo.o=ool-90,
•.?-       .-..     ..   `:     .'    1.000,,.'t • .*sAL •....  ....  ...   -..    ..I.  .   S  ;  i.'4I,.

...  . ..i..R.C.C .-    IIIGH

EXPLO IVES
4.000 4 . 000 LB 8;506.50:..,..,,'+.-. .•...='..•r.;.+I,,.:,.:'.i+`'\.

900000006 i}.R.C.C.    -BET NATOR-
12  .   000,.•,,,,..;,'.•.,..-......•.,....;'.`....:.`...;F.`.:-............ 12roooq,,.,,.,..,•,,,EACHI.

r-iJEL£
T:.  _,JJ_jJ/•-;y)J3/4,.......`,

`ttc `         I               S^LESAMOuRTl                                   108.72

aocu
I             Miso. cHAf]cas I                                         . oo

S^LESAM~ 108 . 7£
Mlso. cHARers .00

FFREIGHrr .00
SALES TAX

TOTAL ~^

PAYMENT F`ECO
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