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Disclaimer

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



•
.
`

<tQL3.
--.ir   -i.

\\\\

o
\,\,

=Ttal . .  -

I

____I___ -__

1
1

...-
-
-
-
    '  -

...-
...-

-
-
-
-
.-

.-
   1

1

1
1

. _ _ _ - =_ -_ -_ -_ -_ J= I



KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

I.          PROTECT DESCRIPTION

Project Name:                        Seismic Reflection survey at punkin center

Location:                                  East of Hutchinson, Kansas

Site safety officer:                 Richard D. Miller

Plan prepared By:                 Richard D. Miller

Estimated Duration of Field Work:   4 days

11.        STATEMENT OF WORK

This will be a shallow reflection seismic survey in the area shown in Figure 1 on
the next page.  A single line 4.2 kin long with a 5 meter station spacing (840 stations)
will be run with a split spread geophone array.  Twenty-four fold data will be collected.
A single walkaway test will be run to determine the source/receiver offset

High resolution reflection seismic data will be used to study natural and
anthropogenic salt dissolution along the eastern edge of the Hutchinson Salt in central
Kansas.  The Punkin Center area, Reno County, is ideal for the study since both natural
and anthropogenic dissolution features have been identified in the area (Steeples et al.,
1984).

A single seismic line (840 stations at 5 meter intervals) will be run along the E-W
county road starting 1 mile east of Punkin Center and continuing 2.5 miles to the east.

The purpose of the study is to map the present morphology of the Hutchinson
Salt and overlying sediments in the area of the salt dissolution front.  The information
will help in understanding the timing of salt dissolution with respect to the deposition
of overlying sediments.  The data will also increase our understanding of the
mechanisms of salt dissolution and gradual subsidence by comparing the deposition of
sediments overlying the salt with the sequential subsidence of those sediments.

References

Steep]esgD#,¥yE7;E¥ioanev:&Dri*=r;]ioui'£#iL=tl£Tal?f#ct?]##¥flA#°3al#ena,
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Timetable

Data will be collected beginning April 17th and should be completed by April
21st.  These dates are constrained by other deadlines of KGS personnel, but could be
modified if necessary.

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 Kansas Geological survey, including those in this
document.

IV.       SAFETY PERSONNEL

Safetv Personnel and Emergencv Contacts

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

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

4.         Jerry Keithline (KGS)-Line Manager

5.         Tom weis (KGS)-KGS Representative and project coordinator
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

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

The following people were present today:

Name /PRINT\                                ComDanv Signature

Site Safety Officer
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specific Safetv Reauirements

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

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

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

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

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

Au will be required to comply with rules outlined with this plan.  Failure 6r inability of
any personnel to comply with the site safety guidelines presented herein will be
grounds for suspending all project work until compliance can be assured.

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

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

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

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

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

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

5.         Use the safety equipment specified for the job.

6.         Practice good housekeeping in the work area.

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

with site specific emergency response plans.

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

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

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

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

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

Ambulance:

Hospital Emergency Room:

Poison Control Center:

Police:

Fire Department:

Airport,

Explosives Unit:

State Environmental Agency:

Client:

Emergencv Contacts

Safety Ccordinator:

Project Manager:

Reno Countv 911

316-665-2000 Hutchinson

HosDital

Sheriff 911 (316-665-2735 Adm)

911 (316-662-5891. Station #1\

Hutchinson Aviation (@airDort 316-662-7113

Sheriff (see Police above`
KCC 316-263-3238
Federal 1-800-424-8802

Kansas Geolorical Survev 913-864-3965

Phone:  913-864-3965

Phone: 913-864-3965

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

HOspital:

Punkin Center Page 6 April  1993



Procedures

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

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

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Fire/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.

Punkin Center Page 7 April  1993



VI.       ACTIVITY HAZARD ANALYSIS

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

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

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

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

Specific shotgun ammunition safety measures as follows:

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

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

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

•      Firing communication:  Rick Miller shah establish a 'series of warning signals to be
used prior to and following each shot.  One short horn blast or whistle blow will
signal the beginning of a blast,  He will review the precise warning procedures
with all project participants at the initial site safety meeting, and will monitor
compliance with these procedures.
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•      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.

operating Environment.  The .50{aliber 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 power auger can drill holes to a depth of three feet at the test site.

Enerrv Release.  The energy release of the projectile is approximately 14;00 footpounds
at 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 military-style ammo boxes.  The ammo boxes are locked in 10-gauge steel boxes
that are permanently bolted to the truck bed.  The gun is transported with the bolt
removed.  A steel tube is bolted under the frame of the 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

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

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

VII.     SAFETYANALYSIS

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

VIII.   ENVIRONMENTAL IMPACT ANALYSIS

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

IX.       REFERENCES

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

From the United States Department of Energy:

DOE Order 5480.16, Fz.rc¢r7?'ls Sfl/cry.

DOE Report DOE/EV/06194-3, DOE £xpzosz.zJcs Sa¢fty Mfl7tMJ.

ID Appendix 0550, Sf¢rzdard Opcr¢£!.o#aJ Sa¢fy Rcqwi.re777c7'its, Part IH, Subpart I,
"Explosives"
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From the United States Department of Defense:

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

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

We, as members or visitors of the Seismic Reflection Survey at Punkin Center conducted
by the Kansas Geological Survey, have read the previous accident prevention plan and
understand its content in whole.

Name (PRINT\ ComDanv Signature
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Attachment 4.

SAFETY   ANALYSIS

Potential  llazard

LOst/Stolen  Ammun]tion

Durinq   LoadinqMnloadinq:

Drop|]ed  cartridge

Introduction  of  foreign
material   into  breech  or
barrel

During  rirlnq:

Muzzle   Air  Blast

Ricochet

Flashbums

Con sequences

Personal   injury  or  property
damage  from  unauthorized  use.

Personal   injury. from
accidental   discharge.

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

Personal   injury  from  flying
rocks,   soil,   debris.

.

Personal   injury  from
ricocheting  projectile  or
fragments.

Burns   from  muzzle  flashes

Page   1

Mitiqatlon/PrevenL±ion   Mechan{ sin
i

lmplementation  of  syst`!m   to   issue  daily
ammunition   allotment  alid  control
inventory,   in  addition  to  physical   control
of  alrmunition  at  all  tines.

Assure  training  of  personnel   tn  pro|]er
handling  of  live  almiunition.

Assure  training  of  personnel   in  proper
handling  of  ammunition  and   ln-process
lns|)ectton  of  amiiunition  and  seismtc  gun.

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

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

Discharge  tnt.o  earth  a?`  contatrment  device
suppresses  muzzle  flasli.



SAFETY   ANALYSIS
Page   2

Potential  llazard

M i s f i re

Accidental   discharge  of
seismic   gun

Plugged  barrel   -  dirt

Plugged  barrel   -  water

Barrel  disengagement  from
pl ate

Breech  disengagement  from
barrel

Ourinq  Transport

Accidental   discharge

Consequences

Personal   injury  from
subsequent  accidental
discharge   of  misfired  round.

Injury  to  unintended  target.

Damage  to  barrel   and
resultant  .pe.rsonal   injury.

Damage  to  barrel   and
resultant  personal   injury

Personal   injury  to  crew
member(s)   l]y  flying  rifle

Personal   injury  to  crew
member(s)   t]y  flying  breech
and  t]olt  groups.

Injury  to  unintended  target.

Mitiqation/Prevention   eye.c.h.apisq!
(

Assure   trailting  of  personnel   in   proper
handling   and  disposal   of  misfired
amlln i t i on .

Assure  that  operating  procedures
prevent   transport  of  loaded  seismic   9ul`.

Assure  that  operating  procedures
include  thorough  bore   sighting  between
shots   and/or  I)robing  with  dowel   after
installation  in  borehole.

f:8:T:et'::p:::?::i# g:::#:eior water.
and  sealing  of  end  of  barrel  with  tape  or
balloon  tf  water  is  encountered  in
borehol e .

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

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

AssLlre  that  operating  proctidures  permit
loading  only  after  seismic  gun   is
instaned  in  borehole.



SAFETY   ANALYSIS

Potential   Hazard

Accidental   drop  or  collision

Consequences

Damage  to  barrel   or  firing
mechanism

Page   3

Mlttqation/Preventl(In  Mechanism

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



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

I         Handling (always assume loaded and ready to fire)

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

1.          In field:

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

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

8.        Cleaning

1.          Daily:

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

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

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

least 3 times a day.

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

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



C.        Firing

1.         Assumptions

NONE

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



March    24,    1987

llANDATORY     SAFETY     RULES     FOR    USE     OF    THE

.50-CALIBER    SEISMIC    GUN

The   .50-cal   selsnic   gun   is   powerful   and   nusc   be   securely   positioned  when
fired.     Danger  exlscs   not   only  with   the   ballet   projectile,   true  also  with   the
recoil  of  a   loose  gun.     Be   sure   that  all  m6untlng   bolts   are   tight.     Never
strike   the  gun  or   t)olt  with  a  tnetal  object.     If   the  gun   is   jamming  or   stick-
ing,   clean   lt   thoroughly   with  WD-40.     Wiping   down   cleaned   parts   will   help
avoid   the   cohesion   of   dirt   and   sand   to   the   parts.

Operational  Saf ety  Rules

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

2.     Arm   the   gun  ONLY   when   the   gun   is   in   poS`itlon   to   be   fired.

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

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

5.     ALVAYS   retnove   the   bolt   completely   from   the   giin   for   transportation  and
Storage.

6.      ALWAYS   double   check   safety   proc.edures.

7.      Use   common   gun   sense.

Dowhole  Mode

Be   sure   all   mounting   halts   are   Ci8hc.     Do   not   .force   [`[`e   gun   do.in   an
augered   hole.     Re-auger   the   l`ole,   if   necessary.     Be   siire   t\`at   the   base   place
rests   on   the   ground.      tla`-e   two   people   stand   on   the   plate   'w.men   firing   (flex
tcnees   to   absorb   the   shoctr`).

If   the   hole   has   water   ln   1[,   seal   the   muzzle   of   tt`e   gun-w.i.[h   tat)e   or   a
balloon   to  keep   water   f ron  seeping   iiito   [t`e   barrel.      Avoid   th.is   situ..iEion,    it-
possible.     Water   in   the   barrel   may   seriously   damage   the   giin  when   fired.
Injury  is  possible.

Surface  Node

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



OPEPIATIONISAFETY PIULES AND BEGULATIONS
FOF} THE

AUGEF}  GUN

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

Operation    and    Safetv    Reciulations

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

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

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

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



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

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

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

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

An  improved design  of the buffalo gun,
incorporating hole  drilling and  shooting into  one
operation with almost total blast containment,
provided nearly 50 percent more recordable  seismic
signal than the traditional buffalo gun.   The 'auger
gun' is  designed  to optimize  field  efficiency,  source
couple, and safety.   The auger gun consists of three
main  parts:   power source,  auger/screw,  aLnd
modified buffalo gun.   Amplitude spectra indicate the
auger gun deli`.ers approximately 20 percent more
total energy and 50 percent more reflection energy
with no noticeable increase in recorded ground roll  at
a test site in Lawrence, Kansas.   Subtle changes in
source environment. such as a 15 cm gap between the
detonat,ion point and the base of the hole or inclusion
of water as opposed to air at the detonation point,
ha`.e a significant effect on the quality of the recorded
data.   The  auger gun should increase  field  efficiency
by over 50 percent on most shallow surveys, while
improving the signal-to-noise ratio and  total energy
in comparison  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  environment.al  and  engineering  studies
(Steeples and Miller,  1990).   Resolution can be
increased by boosting the recorded frequency and the
signal-to-noise ratio of reflection wavelets.   Recent
advances in  engineering seismographs  have  made
possible cost-effective acquisition of 15-bit or greater
floating point data.   Generating a high-frequency
seismic source  pulse  has been  accomplished  in  a
multitude of different ways in the past (Miller et al.,
1986).

The  most commonly  used  seismic
sources on shallow engineering surveys  have  fallen
under  two main categories:   explosives or weight
drops.   The 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  hammers,  malls,  and
thors).   Recer,t advances in high-frequency
engineering sources  have  come  predominantly under
the 'gun' classification.   Development of a  downhole
shotgun capable of generating a consistently high
frequency source wavelet with only minimal  increase
in expense and effort o`'er hammers, spurred the
shallow  seismic-reflection  industry.    Downhole
shotgun  sources  possess  significantly  more  energy in

the 200 to 600 Hz range in comparison to hammer
sources  (Pullan  and  MacAulay,  19S7).

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 downhole explosive source) can be related  to
efficienc.v in generation of broad-band,  high-
frequency energy.   Improved  energy t,ransfer is
obtained when downhole placement of the shotgun
shell includes  a water stem and  restricted  recoil
(Miller et al.  1989).   Containment of the air-coupled
wave has been at least partially accomplished for
downhole  projectile sources  with a steel  containment
plate (Steeples et al.,1987).  To obtain proper
downhole  placement of existing gun  sources,  a
minimal diameter pilot hole (generally 6 cm,  or so)
approximately 80 cm deep must be bored.   The auger
gun  described  here  incor'poi.aces  all  the  pre`.ious
opei.ations  and  configurations  into  a  single  pass
source.

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

Operation of the auger gun is a three-
step process:   (1) screwing the auger flight into t,he
ground, (2) loading and  firing t,he gun,  and (3)
unscrewing the auger  flight  from  the  gi.ound.   Once
the 4-wheel-drive loader is in place,  the containment
plate is lowered to  the ground sui.face with the weight
of the loader placed on  the plate.   The  hollo``.-stern
auger flight is  then screwed into  the ground  using a
gaging device designed to ensure  the  night is  screwed
int,a the ground at a fixed rate and no material is
removed from the  hole.   Screwing the auger flight
into the gi.ound accomplishes  both exceptional blast
containment and minimal  residual borehoie.   After
the auger flight is securely screwed into the ground
80+ cm.  the  modified  buffalo gun  is loaded  (by sliding
the gun over a shotgun shell), lo\`'eri>d down the
center of the hydraulic drive head, through the
hollow  stem  auger flighting,  and  seated  i[`to  a  sleeve
at the base of the auger flight.  Water can be poured
through  the hollow stem auger prior t,o  downhole
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placement of the buffalo gun to improve souri`e
couple.   Once positioned. the gun can be fired by
eit,her a  hammer impact on the  top of the riring pin or
with  an  electric  solinoid.

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

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

RESULTS

Data acquired for this test `vere recorded
on an Inpuvoutput DHR-2400 seismograph with no
analog low-cut filtering.   The sampling interval was
U2 ms and record length was 500 ms.   The receivers
were three L28E Mark Products 40-Hz geophones
wired in series and aLrranged in a  1 in in-line array.
The source-to-closest-receiver was 20 in with a
geophone station inter`.al of 4 in.   The shells used for
this test were 8 gauge, 400 grain black powder blanks.
The recording environment was consistent
throughout  the  comparison.

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

ground  I.oll  are  st.ill  prcsenl  on  nlli`i.ed  rili`s.   'l`l`ii
general  characteristics  of the 80  ms  reflcclion  seem  to
be  consistent for both  sources.

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

Subtle  changes  in  source  en`'ii.onment
make considerable  diffei.ence  in the  amplitude
spectrum of auger gun data.   Lea\ing a  15-cm air-
filled space bet,ween the base of a shell loaded in the
auger gun and the bottom of the screw hole reduced
total recorded reflection enertgy 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 t.he  screw  hole  increased  recorded
reflection energy b.v over 50 pl`i.cent.   Sigt\ific`anl
variability in frequency and amplitude of the i.ecorded
energy  resulted  from slight changi`s  in  the  do\`.nhole
environment.   These  subt,le changes ai`d  their
resulting effect on the seismic dat,a ai.e indicati`'e 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 \`.hen compared to the
traditional buffalo gun.   The auger gun is a
modification of the  original  buffalo gun  design
(Pullan and MacAulay,  1987), and at some sit,es will
represent an improvement.   As  with all  seismic
equipment and  techniques,  site  chat.acteristics
dictate relative effectiveness.   One characteristic of
the auger gun that is not site-dependent and does
represent an improvement over the buffalo gun is
overall safety.   The massive nature of the auger gun
should allow detonation of series charges totally as
much as  1000 grains of black powder.   Pi.eliminary
testing indicates  t.hat at some sit,cs it may be possible
to acquire over 500 shotpoints a day \`.hen station
spacings  are  5  in or less.
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Fig.  2     Auger gun field file (left) compared  to the
buffalo  gun  (right).

containment plate
screw guide

Fig.  1     Diagram represents  the  auger gun in above-
ground  position.   Modified  buffalo-gun
portion of the auger gun is  not shown, but is
conceptually the  same  as  previously
documented  (Pullan  ai`d  .\IacAula.v,  1987).
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Fig. 3    A 150 Hz dicri,rital low-cut filter enhanced the 80
ms reflection event on both the auger (left)
and buffalo (right) guns.
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Fig. 4    The darkened area represents the difference
between the lower curve (t)ufralo gun) and the
upper curve  (auger gun).



l}ovnl`olc   .50-c.llbcr   H.1f lc-.n   ^ilv.i`cc   ln

llLy,I.-rceoL`.clo.i    ScL8IILc    Sourcl.I)

I)on    W.    Scceplcs.    Rlcl`ard    D.     Hlller.    tt,.lph    W.    KI`app,

KJ.`r,.is    cot)logic.il    Survey.

suunRy

ln   A   dlrccc   co.parl8or`,    the   downhole    .SO-cal[ber
sel8oLc   eource   produced   riore    seLBolc   energy.    a
broader   body-vave   frequency   speccrutB,    an   ad)pl.ICude
dt'op   ln   the   air-coupl.ed   vave.    and   .   higher   dodlt`at`c
i requency   o(   the   [ecot'ded   body-vave   ef`er8y   than   the
•Llenced   ®ut'f.cc   .50-caliber   .ource.     The   recorded
•elgdlc   energy   of   Cl`e   dovnhol.e   rlf le   Shoved   an
lnc[c..cd   anplL[ude   of   6   to   12   dB   over   [hac
recorded   by   (I`e   811enced   .urf.ce   rifle.      The   dool-
f`4nc    I requency   of   tt`e   recorded   I.ef lec[1on   ef`ergy
Wag   congls[encly   20   to   40   Hz   hl8her   thai`   the   8ur-
face   rlfle.     Tl`e   .L[-coupled   v.ve   .dpLlcude   vac
decrc..ed   over   12  db   by   .ub.utf.ce   I l[1t`8  of   the
rLf le.     The   frequency   .p.c[r`--of   the   body-Wave
fiul.e  va8   b[o.dened  by  .1fio.t   .  half  occ.ve  on   [t`e
hl8l`   e1`d.     The  ..fc[y   of   oper.tloo  of   the   eource   le
not   cot.proel.ed.     Refleccot..  vlch  .  dolLld.t`t   fre-
qu.ficy   lt`  .xce..   of   180  tlz   c.fi  be   e&.1ly   ldeftclf led
oa  field  I lie.  .[  dcpch.  of  I...  [h.a  30  a  u.log
Cha   do`rnhoLc   .50-c.11bez'   TLf le.      Idediclflc.[loa   of
loo-tlz   re(Lcctot..   frota  I,loo  -1.   po..lble  on   field
[1le8   of  nuLclple  vertlc.1ly   .C.eked  domhole   .50-
c.1tbet.  .hot..    "e  .ource  vlll  operate  lti  .n
ef i LCLent   namer   colleccl[\g   COP   d.ta,   cooLn)on-of fsec
d.Ca,   or   epo[-correla[LOTi  doc..

lNTRO0UCTION

II`crl.;`"tni:   eiwtroiliil.}nc®1.`r`d   en8lnecrtng   .iipll-
i-i.lL.ii*   a(    rt!(LeccLoi`   .eLel]olog]r   liovc   epurred
re8c,ircll   nl`d   develo[mei`E   of   .hallov   hl8l`-re8olu[1on
rcrlccclu.`   tt!cl`nlqu¢g   u.`d   cqulit.€n[.      R¢solu[l®i`   ou
tlie  order  a(   A  .eceT   1.   riece8.at.y   [o  de[ec[   ultra-
•l`aLLov   tor8ec9   vl`Lcl`   are   generally   cl`e   goal.   of
•o8C   envlroii.entAL   `1i`d   cnBLoeerln8   a[ud(e8.      This
L[`credllcd   resoLu[1on   can   bc   ob[aLned   by   boogclng
tl`.`   r[i..i`ici`cy   o€   [l`c   ®ource   i>ulse   .htcl`.    In   [uf,i`.
Lf`creaaeg   [ha   doitln&nc    I requency   o£    Che   recorded
eeLsnLc-reflecclon   crler8y.      CeTieracln8   the   l`18h-
f requei`cy   seL8toLc   source   pulse   necessary   for
•hallov   oppllcacLorie   hag   been   acco-pllshed   li`   a
aulcl[ude   of   dLf feren[   vays   ln   the   past   {.1lller   ec
al.'    1986).

Recent   seLsliLc   Source   advances   ac   the   K2na,18
C€ologlcal   Survey   (KCS)   have   .alnly   revolved   around
surface   I..ojecclle-type   6ource5   (S[eeples   &t`d
Kt`app,    1982:   Hlller   and   Steeples,    1986;    Seeber   and
Steeples,1986).     A   .50-caliber   rl[le,   tJhlct`   was
designed   and   built   [o   Oaf ely   f ire  a   750-gt'alr`   bul-
let   verctc.lly   taco   [l`e   ground,   has   more   recently
b€el`   adai.ted   [o   operate   parclally   underground  vlch
otlLy   llie   flTLng   apf}ar&Cus   above   ground.      Thl8   al-
loys   eafe   operaclong,   a  hl8her-i reqtiency   source
pulse,    and   an   li`ct.eased   9lgnal-co--noise   t.a[1o.

pr..?.t.I:.N..4.N.t!.:I.x:.€Li.N.t.q¥.F..

Tlii.   I:/:iil`r;il   desl8i`   centers    aroui`d    oi.Clmt7.tl`i:   [l`e
col`vcr.`lu.`   tt[.   cl`i.rgy   iiroJucl.d    ljy   a    .5u-c.|llbcr
rtf I-`    h`ill`?[    li`c`}   ..elsm[C    (acr.us[lc)    w.1ves.       Tl`|.

majorlcy   of    the   energy   produced   b,J   a    .50-caltber
round   gocg    li`Co   acceleracln8   tl`e   projec[lle   ,ii`d
lnco   exhau8c   g.ses.      Prevlou6ly,   vl[l`   above-ground
8oiirces,    we   have   slleiiced   and   dlspersed    the   exl`ausc
8a®ee   ln   hope.   o(   elloLi`acln8   or   a[    lea8[   greatly
reduclr`g   the   ef f ecc6   a(   the   air-coupled   v.ve   on
sel8nilc   data.     The   do.nhole   .50-caltber   rlf le
ne.fly   91mul[aneously   excl[es   Ct`e   earth   .1[1`   €i
projecclle   at`d   vL[h   e){l`auec   gases   vhlle   con[aLnLn8
nlo®C   o[   the   air-coupled   vave,    resul[lrig   ln
lncreeeed   frequency   .nd   sl3ml-Co-noise   racLo   ol`
8el8oLc   record   secclons.

The   downhole   .50-callber   9elsnlc   source   con®lgts
of   a   .50-callb€r   rlf le   bolted   co   a   0.6-ctil-Chick
•tecl   place.     The   rifle   lce.elf   Ls   a   ®Cand.rd   .50-
c&11ber   b[eecl`   and   bole,    buLIC   by   Te*a8   Cub   ar`d
M.cl`1ne   CotBpany,   .[t.chcd   [o  .   sC.Aderd   .50-callbe.
a.chll`€-gur`   b.rtel.     HAchl.ned   8[ooves   ln   the   barrel
•re   ueed   ln   conjuAc[Loa  vlch   .   pTes.Ore   clamp   [o
•tcacl`   the   t'Lfl.   co  a   30-cq]  by   90-co  steel   ple[e.
The  [lfle   bat.rel   13   lovered   Ln[o  A  60-   to   80-cn-
deep   borehole   4   ca   Ln   dlanece[   on:tl   the   plate   I.s
f lu.h  ulch   the  gt.our`d   surface.     This   sceel   place
&cC8   a8   a   ground   Seal   and   A   placfom   [o   scarid   on
vhlle   I lrlng   the  8ut`.     The  vel8h[   of   the   shooter   oo
the   plate   af)d   the   .i`ug   [Lc   of   [h€   barrel   to   [lie
borehole  valle   help   feel   cl`e  gun   to   [l`e   groiLnd.
The   rlf le   cad  be  equipped  vl[h  a   source   Sensor   or
cl.ocurc    #wltch    t®   I;|`Iicr..[I:   ;I    Llii`c.    hrl...`k.        Ftl.li`!:
can   bc   uo``e   eltlil.c   all.cirlc;`ll}.   by   s.>lci`olJ   or
d].in`.^l`y    by    p.ill(ni..    I.Ii.`    rrli.,i...:r.       Tli`.    Il.wiil``ilo     .5u-

callber   veLglis   4boul    .j{l   .`t;   ;iiiJ    L*   |.;isiLy    lvo-ii€rsuti
portable.

lJ.t`E{)Ul{NCY    ^Nl)   A-J'l. Illll)I:

1.l`c   dov.`l`oll`    .`0   c;.llh.:r    lil.u`lu`:i.i    I-ru`u    b    lo    12   (111

8reacer   recot.Jable   sets.`lc   ei`ergy   3:   equivalent
offsec8    Clian   [I`e   silenci.i   surcace    .50   calLbe[    (tlg.
I).      The   lr`crea6€d    recor:ed   cner6;..   boosts    the
signal-Co-noise   ci`ou8h   Co   s`ibscdn:iaLly   clean   u!.
the   record   secclon.      The   Source-co-closest    geopl`one
of feet   ln   fig.    `i   ls   43   a.      Besides   :!`ls   i`c[lcedible
li`crease   in   I.eco[ded   Seisilc   ener3:..,   a   car.slscei`C
20-40112    hoos[    ln   Llie   doa(i`Ai`C    i re.:`I¢I`c.v   of    [l`|i
Source   w..valet    ls   cl`..`r.cccrl.qc[c.

Ir`   prevlaus   shallov-soijrce   co.lps:1sons   (Xlller   ec
al.,1986),    the   surface    .50-c`ilLbe:   per€or]ed   com-
parably   [o   tllnl-?rizracord   and   ,1   L®-gauge   3uf falo
8iln   ln   [o[al   erlerg:J   aml    i rcqiiei`cy   speccrilt.      Tl`e
noccd   increase    ln   f reiiuency   .1.`J   cr`er5y   would   in.`ke
the   do.nhole    .50-callb€[   rl€le   co..?.irabLe   co   [l`e   8-
gauge   But faLo   gun   vhLch   vas   .1q}ong   :he   best    sources
Cesced    for   t'efle::loo   e...±r3y   ve:s'Js   3rou``d    roll,
[ocal   erier8y,   and   freq..ency   cui`cei`:.

S^1.`'.:`1`Y
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I)oul`lI.i``i     .50-C.llhur    R(f  Lc

mo`ii`lc(I    oi`    n    O.6-cltl-Cl`Lck     rlteel     pl^[e     tt)    I.r.)Ci`..I

[I`c   oiil`r.itor    iron    frA8mt!.`[B    ^nd    [o   help   hold    Clic

I;`i..    i...`.`Iri.ly     l.i    I.lI.cl..        .iLnci.     ll`c     iiroj`.c[llc     Li.
[lrcu    fro®   a   bolt    and    bret!cl`.    orlglnally   dcal8neil
•1S    a    HC.ind.ird     [lreArm,     Cl`..    ucmo`qc     ln    ®A€ety    l`.1S
.ilrl..``Iy    lii.«i`    `Ii!nlBI`c.I     Into    tl`c    nccu^l     f lrlnr.
•u`!cliiiiilB .... l`lic    hol[    d.IJ    brul.ct`    iiiui`uiAcl`i.|.r
desL8ned    the   apparacu8    iiot    Co    fraga€n[    even   Lf    [l`e
barrel   va8   conplecely   obBcrucced.      The   barrel    181n
*[/`I``li.ril    .iul!    by    tl`c    U.    S.    I.tll[i.ry    oi`    .50-cALthl.[
d.cliLI`a   I;uno.      Tlie   excr4   [hlckneae   of   a   mchlne-gul`
bat.I.el   eervee   co   die.1pace   heat   and,   eopeclally   ln
our   caee.   procecte   f ron   blot+out   1f   fo[eL8ri  I)acer-
1al   8ec.   Ln[o   the   bat.rel.      Thla   niates   con[lnuoue
oi}er.[loT`e    ®afe   .nd   coTieleteT`C.

CASE    STul)Y

Silenced   .urface   .50-caliber   v8   I)o`+nhole   .SO-
caliber.

Tl`e   dlrccc   coniparl8on   of   [Iie   8url.ce   n``d   [l`c
dovnhole   .50-c&11ber   rLf le.   v.8   pecforned   near
Wlnccr   P.rL,   Color.do,    1n   .A   .[Cetap[   [o   de[ecc   Cl`e
Hof fee   I.llro.a   tunnel,   8S  a  beloi.  the  eu[f.ce.
The   receiver.  vere  .1n8le   loo-Hz  geophotlee  vl[h  .
I.2n  .(.[Lon  lf`ccrv.1.     The   .ources  vere  43  -f[ol]
tl`®   cloee.C   receiver   .C.[1ol`.     Tt`e   rc.ultlT`8
recorded   field  £Lle.   plotted,   u.Lf`g   true  .qiplltude,
cleArly   .l`ov   (he   lncre..ed   4I]pll(ud.  And   [l`e
Lncreaeed   el8r].I-to-f`ol.e   r.[lo   of   the  dovnhole
rLfle   &e   codip4red   to   the   eurf4ce   eourcc   (fig.I).
A  gL®rLn8   dLf ference   le   the   4b®ence   o£   .l[-coupled
vave   ofi   the  field   I lle  uelng   the  do`rahole  rifle.
The   f requency   dLf ference   1®   obvious   on   the   aflipll-
Cude   8pectra   (fig.I).

Do.nl`ole    .50-c®11ber   Field   F11e®   .nd   S

The  dovnl`ole   .50-caliber   rlf le   c.a  produce  a
eource   pul.a  vlch  .  doq]1n.nE   [eflec[1ot`   frequency
lrl   exce..   of   180  tlz   (fl8.   2)   vhen  uSed  vlch  .nllog
lov-cut   I Llter®   th.t   have   a   -3   dB   poLnc   of   220  Nz
.1.i.I   A   24   du/oc[Avc   rollo(i .      Clean   .LnLouo-pha.e
re(LeccLoli  vavele[J],    ea$1ly   ln   exce.s   of    L50   llz),
can   bc   ldci`[lf Led   dovn   [o   270   aLeec   dlreccly   of I   the
field   file   (fl8.   3).     The   8peccrun  of   the   rellector
AC    85   fBscc    Lg   41eio8[   3   occaveg   across   wlcli   corner
trequcncles   of   40   and   290   Hz   (fig.   3).

The   dounl`ole   .50-caliber   rlf le   has   not   only   been
|jrovc.`   [o   be   a   u3¢fuL   8l`allov   hlgl`-[esolu[lol`
ref leccLon-selsmlc   Source,    1t   &1oo   po®8esses   the
capab(1L[y   [o   perietrace   ae   ouch   ®e    I,LOO   Ii)   of   eedl-
mei`[Ary   vcnecr   oveTlaln   by   15   [o   30   a   of   vea[hered
all.uvlui-(fig.   4).     TI`e   re[lec[1on   .c   720   I.®ec   oa
the   I leld   i Lle   18   ^rbuckle   dolodlce   &c   a  depth   of
I,LOO  It]   Ln   central   K4nsa8.      Thl8   elgh[-®hoc   et.ck
w.S   recorded  with  30-tl2   lou-cue   fllcer8   and   ten  40-
Ilz   8eophoneg.     The   doli]Lrianc    frequency   of   the
reflecclon  energy   18   .bout   loo  Hz.
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Surface   50~caliber   Bifle   -vs-Downhole   50-caliber   Pjfle
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this  single  shot  ccmparison  plotted  true  amplitude  v;ith  ider.tical  recording
parameters  clearly  shows  the  increased  signal-to-noise  and  the  improved  freed



Downhole   50-caliber   Bifle

Field   File

10  meters

FIG. 2.   This  Single-Shot  field  file  '+Jit..'i  an  AGC  ap£Liie{:   illustrates  the  hiqh  freg±±=pLci€.
and  therefore  the  resolution   easily   obtairia:~jle   .t..:I.ri  a.down.rlole   .50-Gal.



85   msec  F}eflector  Wavelet

Amplitude  Spectrum

250                  500                  750                1000

frequency   (Hz)

FIG.  3. =E±Le_amplitude_spectruri` the  ref lection ulse  at  85  msec   is 3L£Ctaves



Eight   Shot   Vertical   Stack

Downhole   50-calirjer   Flifle

20  meters
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FIG.  4.
-This  stacked  field  f ile

r,.as    loo   :ir. rcjf |r=ctior.   energy as  deep  as  1100  meters.
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~JLJLJLL   SAFETY DATA

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

sEerloN  I  -iDENTIFicATioN

SECTION  11  -NORMAL  HANDLING  PROCEDURES
Pf`EC^uTIOHS TO  BE T^KEH  "  H^HOLIHG ^NO STon^CE

Store  in  a  ccol,  wen-ventilated  place  away  from  all  soul.ces  of  ignition.    If  damaged,  do
not get dust in eyes,  on  skin  or  on  clothing.   Do  not  take  internally.   Avoid  breathing  dust
or  fumes.    Upon  contact  with  skin  or  eyes  wash  off  with  water. Avoid  breathing  fumes
during discharge.

PFIOTECTIVE  EOulpwENT VENTluTION  I)EOulFIENENTS

Ey..                 Safety glasses or goggles I.ocal mechanical exhaust
ciov..               N one necessary ventilation recommended during
cxh.r                Hearing protection recom mended confined space discharge.

during discharge

SECTION  Ill -HAZARDOUS  INGREDIENTS

B^sic unTERi^i                                                    °±WL^                    io co                  Lc so                      SicwiFic^wT EFFECTs

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

sEerioN  Iv -FIRE AND  ExpL.OsioN  HAZARD  DATA
Push POINT         Not OSH^ Ct^SSIFIC^TIOH•.- Fi^wN^eiE         iowEF`      I      UPPER

EXPLOSIVE - -•.               `..       i.. |'Wlts
EXT"ouisH"c HEbl^                               Deluge  wit-h  water,  material is self-oxidizing.   Flood  With  Water

to  fifpht  fit.e  and  to  a®ol  shall.<_
SpEci^L FIRE  H^2j`no I FinE FiGHTIHG  pRocEouflEs

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

SECTION  V --HEALTH  HAZARD  DATA                 ----  : ,--.   `   `   .  `t' . -



s€cTloN  vl  -ToxlcolulT  trrooucT/          \.i,idj.L   A`.,.    {Lj,Lu,Lu.    ,

SECTION  Vll -Splll AND  LEAl(ACE  PROCEDURES  (Control  Procedures)

^cTioN Fofi N^TERi^i aEL£^SE oR SpliL
Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  non-sparking  utensils  during
cleanup.    If  containers  are  damaged,  wear  NIOSH/MSHA  approved  dust  respirator.    Fouow
OSHA     regulations     for     respirator    use.    (See     29     CFR     1910.134).         Minimize    powder
contamination.   Clean  up  and  place  in  an  approved  DOT  container.    Isolate  and  do  not seal.
Label ''Small Arms.Ammunition".   Wash an 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  EMERGENCY,  CONTACT CHEMTREC 50CL424.93cO
WASTE  OISPOSAI WETtloo

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

SECTION  Vlll  -SHIPPING  DATA
a.o.T.cues                                             Class c Explosive        Om{-D

sECTioN  Ix -REAerivlTy  DATA

sEerioN  x -  pHysicAi DATA
MEITIHG  POINT               N/A v^POR PAESsuf`E                   N/A VOuTILES                                       N /A

Boiiit.a roIHT              N/x soiuf)liltt in w^TER         N /A Ev^pof`A.rioH RATE             --. N_.JA, ___

ispECIFICCF`^VITY  (I+,O.1)          N/A pH                                              N/A v^ro. oENslTT l^lr.1}        fi7T

iNFOFiMATION  Fuf`NISHED  BY:                   C.  C.  Nconan
(203)  789-5436

1475

DATE         Novemberl6,1985

D®pertm.nt ol Envlronm.ntel Hygl.n. and Tollc.
(203)  789.

olin  cOF`pOpATION
120  long  f]idge  Poad. Slamlord, Connecticut 069C

OCEAN®   N®twork
EMERGENCY  PHONE  1.80C}OLIN-911



in.alchal  Saldy Data Sh.oat  .      .
W.y be u..a ro whr wh
OSH^.. rt~d CarTmulca.m' sordivd.
20  CFf)  1®10.12cO.  St.nd.rd  mud  I-
con-Il.d b p.cde rmi]m-

U.S.  D.pertinent ol L.bar
OcaJp.`ior`.I S.I.tv .nd He.Ith ^dmlnlitr.tlon
(Nod-M.nd.tory Fonl
Form Ape.oved

OIJlo  No.12181}072

. +fz} .

®®lTTTl  |^- lh-a on LID.I .r`d IJ®
All  Shotsh®ll  Amunltlon

~B~",*mHon==LELr#=%r==k:r*===
Scakm I    ..-small  ^r"s  A-inltlon.
Ll.nLJ.Eltlr.r'. Ilo. Emapert7 T-Mldr   .

Refninc|ton  Arms  Co. ,   Inc. (Sol)  .   676-3161
^LIE..-.  O*Imb.I. Sbe* C\i. Sno` riLI ZIP Cod.I T.lephon. NLde- b. Inbm.th

I-40   .  Hlqhway  15.        . (Sol)      374-2246

I,onok.,   Ark.ansa8        72086               .    .    `               ..
Ch', P'ryd.      8-12-86    .

•0, Siq^.\+Ir. ol prty.I-(qub       .       .
V.G.   Bell,' Chew  Lab  -Technical  Section

S.ctJon I - tti=.rdou. lnghdl.r`ti^dontlty hlom.tJon

11-I-rdaLJ. Ccjjij=jiiii= Go.dt chhlcal tl.rthc cornfm NIJT|t»        OSH^ PEl
Lead.,   Inorganic  and  i.Cad  ccapo`inds.                     50mg/M

^r8enl.c  and  ccpeo`inde                                                    long/M
and  conAntiron nd8                                                          500  in

Bariun  and  coB`pounde                                                            5o0  ng/M3.
tlitroglyerln   (0.05  rm  akin)   500. nlcrograns/M3  of  air

t"  -  "Small  Arms  Aminition"
Cla8ar  C  Explo.iv®

•  OOu-D

S.¢tlori ql - Ptrydc.I/Ch.mlc.I Ch.r.ctort.tJc.
BolLno pod                                            . s%Effilt£;:)

I.ot  applicable
V.par pT--ilr. (mrTl tlo.I     . qu Pdd

Not  applicable Not  applicabl.
Vpr a- pe . I)

ELvyA-I_Tn^otApft`.caLLeNot  aipllcabl®
sO¥dh#ead styphnate  -|nso|ublei  I,Cad Nitrate -"  g"/100cc Water -loo.C

--rdCb
Grayioh,  Gray,  S11v®ry  Hat.rlal  i  No  odor

S.cllon rv - Flr. .rid Explo.loo l1|zird D.I.
fl..h Point O*.thod u..d} FL- Urnb uL ra

Not  appllcdble Not  applicable »^ t'^
EdLp+qu Lm

Material  18  8elf  oxidizing/   flood  vlth  vater  to  fight  £1re.and  cool  .hell..
Sfhel Fh Fiprq P".dLlr-  .

ur#eiT8r:iHt#tg#e when  exposed  to  flan.  and high  temperature..



S.dlca V - A..cthrrty D.t.
Squty ur- Couiucrak}AY°d         riatne8,   sparks,   percussion  or   Shock   and  hlgb  .

SLth
X telnperatures   (130.C)

lncomo.llblllty (A/./.I/./. /a Arod  .. Strong  mineral  acldg  and  alkali-
H.zrcaJ. Ong'dttm -BYf'txha   cb<ides  of  carbon,  nitrogen  and  lead  fup®9.I- Ltry Cho CC~k'^ut       Heat,  fire,  static,.  friction  and  PerougsIon.

WU Ncl Cky
X

S.ctJon Vl - He.l`h Hazard b.ta
f`cl.Hl)  ol  Entnr.                             Int`.I.Iion? runes Sin?   cuts  or  abrasiong  -REtri7cles

hFn#E `ffigTEengctoria ,  ehoryotoxin ,  malnutrition ,
weaJ{ness,   mental   confusion, allor  -

tr.eat  per  general  lead  expogure}.  headrche  and  nausea

ciFir=+OEifa-g-in.             NTp7 lAf]C wrfijfi[i?                             Ost+A P±e±±d
Lead  -  Yes

Sir-edst-O'E-"     .      Ftefer  to  health.hazard  above ....

LL± Cardho
G+r=Ft;f Acrutd try E-I- Castrointestinal  tract;   kidneys,.  blood  and  central  nervc)u8

8ygtem.           (CINS)

Ent-rd fHAIptoc-         skin.  £iuoh  with  water|   if  Swallowed  geck  medical  attention

inediately.
S.ctlori Vll - Pr.c.utlon. for S.I. H.ndllng .nd u..
Sl.p. I) a. TL[-h C... LJ.A.I I. Pet.._.ed cr SpAd                                                                                                          .

Use  nan-sparking  equipment  tc)  cleanup  and   store  shells  -  avoid  ignj.tlon   sources.

rrat¥1¥ __P£ _burned  pe__r_ 'appr_op_I_1±te__ £ederal7  state  and  local  reg_u|a±_o¥a_gfpg[=
corltact

Pbc±fe- ro a. T.I.n 1` til.nEanq .nd Storlnq

Refer  to  releaeed  or  Bpllled  data. abo`r®.Ch P-tr,
I,abel  containers  -  "Small  Arng  Amminitlon"  rear  gloves  and  6hrapr.el  protection.

S.ct)od VllI - Control lll...u...--E=-OiriiniredrT\b-i-
osm   sA/Hit/sc"

v,a,a. ,-®,,'~,r,/,,'',



aENEFtAL MOTORs cOF`pOF`ATioN
MATERIAL SAFETY. DATA SHEET

SECTION  I

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

C^S  P{CISTflY  NO. NW ^V CHfwco NANf{S)
lJ,'#,dilS:.`Sjifn#.I

7664939 37 Sulfurlc   ^¢1d _NA_

77)2185 e& •    Wat¢t' N^

7 4 3 922 I 90 Leld       _     _ t]^_

S e p ` r a t a ,. I --
D4,emt¢

-   ___ -    -_~

-_      _-+-- -_

-.                `            .                             `.           .       .`                                  .       `.

SECTION IV - FIRE AND EXPLOSION HAZARD DATA



sECTioN vl.REACTrviTy DATA

ST^,'|lTY

uNST^,_|I CoholTtoNsto^VOIO       --

tA,|(
X r

"COWPA allltY`m.I.tl.l.lo.YO`d)      oxtdi2.,A   or    reduclnR   rna.teri.lg.

HAz^Fioau   OlcoMrasltloN110°UCTS:   Th.h  heated.   ein   em|[   hlchlv   tatcIC   {un.9.

I+AIAIOOpr\'yHctlluS2Jnow T   MAY o¢cufl
CorlDITIO~S  TO ^VOIO  -

I-w`unaTO¢¢u. Lri

SECTION VIl.SPILL OR LEAK PROCEDURES



tiJ.;   =:     ''3|     |J:C:T   CH`3`J   ['IST    ItlFOJ.lGT   OF-C_CEIli-.L-Ill

(MATERIAL  SAFETY DATA  SHEET
PfloDuCT SA   825    0012

SECTION  I
WITCC)  MA^Uf A t uaii` a civ is ION R 6uBsloiA A y

Aooagss  tNUMaEfl. STa£ET. city. STATE. ZIP  CC)nf .

EMEf`GENcy  T£LEprioNE

t4ey3F,ACTURER       762_5sOO
1.(8001.24.9300

ChEMICAI NAME Ofl FAMILY
Petrol eum  Hvdrocerbon

'SE CTloN  11  -.CHEMfcAI AND PHY8lcAl.PROPERTIES fcHEMICAL.                                              I PtilYSlcA|.
t.^2Afioous OEcOMposiTioN paooucTs FORM8         Seml-sol  ld

6 Carbon   monoxlde.   carbon   dioxide Ooofl
'N COMPATiBiLiTv |KEEe ^w^v Fao~,I Mi hera Oil

Strong   oxidlzlng   agents   such  as:      hydrogen   peroxlde, ^p.EAn^NCE
6 cr.rc)mlc   actd.    bror.ir`e 10 Grease
Lust ALL tax ic ^NO HAz^noous iNaAEDiENTs7t\'C,ne LOB"I        Amber

P'2 ECIF`C  GRAWTViwAtER-11RT 0 . 92 ¢

`BEciioN ill.=~FmE.ANo`ExpLo8ioN t]ATA. OOILING  PT.'S
NDA                 ,r,g

spEclAi Fif`E I iGHT iNG f8clceoitaEsFireflghtersshould   weer   an F|ASH POINT IMETHOO USEolAboveC.O.C.2cJ.9Q_.CJZL.c

MELTING PT. NI.c
eDproved   self   cont±Ined   bresthlng fl^MMABl£ LIMITS toNDA27|oWER~UPPEfi-

I,
C

I aoparaTus`
soiuelifTyNW^T(A

Ne.I  i r I A 1  a
UN llsu^l FIRE ^NO EXpiosIC)N H^Z^AOSDenseSmoke £xTiNGul8HING^aENT5

8 t)flYCH€MICAI    X CO. ^T             ?C5    .c

= WATEftspaAy    ¥ fo^M.w^TEBfacRSANo/!^q"„|OTH€R '®

*  VOLATILE'a(lYWT"I
NA

2e
evAp. RATEI,(.''

NAsECTioN rv  -HeALTH HAZARD DATA
PEftMISSIOIE CONCENtfiAtloNS (AIAi v^pol pflEssufle NA

9            NDA
',lmm Ho it 20 .Cl

NAEFFECTS Of OVEPEXPOSu.I I, '^'1,  '1

a May  cause  skin   i  eye   irrltation  wlth   prcllonged  contact. ®H ^S  IS
NA

I ol lcoLooic^L pnop[I I i£ S
JO oH'1

3' NC\,4. sT.oNC^Cro                                       .         ii::::LNE¢aASE.a,(
EM€PIG£Nct FlasT ^1o PflocEDufiES

32 EVEs     Flush   With    large   amounts   of   water   for   at    least    15   mln.
Call    a   ohvsicien    Immediately.

2'
UNst.ale                                                       II

33J€J| SKINCONTACT        wasn   thoroi'gh|y   with   soap   and   water. VA':%;:FY               too<o'fl°#'X          I£2

lNHALATioN                  NDA.

3'           NA

iFswALLowED         Call     a    PhYS!CiEr.     Immediately.

NA   -NOT  AppLic^eig                                               NOA.  NOOATAAVAiiABiE                                          <.  iEssTHA.\.                                         >.MctaETt`^N

Paa6  I  ot  2

=cq',.  ,tc.  es'.   .'=   i



Fli'Jl:`   il     '9|    1J;a:i   CH':`-I    L'I'=T    INr-OJ.lc`T    Clr-C_tEl`lil_-1U

MATERIAL  SAFETY  DATA  SHEET      pRooucT SA   825   0012

§_i_CTTONvll=SPECIA[PRECAUTIONS
PBECAUTioNS To eE TAKEN iN HANoiiNG ^NO SToaAGE

Keep   cc>ntainers   closed.                                                                                                                                      .
)

8ECTloN Vill -TnANsroFTAtloN DATA
uNR€G`ll^T€O  a u.S. a.a.I. .f`Optf` 811lpfllNC NAME

"                 ,Y a.a.T. 7

F               aE:UoL.^oT€°  E
u.a. O.O.I. HAZAf`O CIASS I.a. NUM8gB

a

tpANspoaTAtloN€MERG£NCYINfoAM^tloN
::                       ffiBEL`S'A£QuiaED
fB EiGHTciAssiFicATlai`.

CHEM  TBEC1.taooi434.9300 9Z
Petroleui   Lubricatin§  l.re8se

a r€CIAi TA^NSpol]T^Tlo N NOTES

|J
SECTION IX -COMMENT§

:,                                                                                       KEEP   OUT   OF   i:AC.ri   OF   CHIL9REN!!

W.   beli.Ve  th.  6tatem®r`ts.  technical  Information  enc]  .®commendatlon®  ContELinod  h.I.in  .To  r®liabl..  but  they
are  given  wltr`out  w.rranty  cir  guer.ntee  of  any  klnd,  express  or  lmplj.d,  end  we  asaum®  no  reaponalbllitv  for
any 1066.  damooo.  or expen88,  dii8ct or consoquontlal.  arising out ot th®lr use.

P,36   2   0'   2



MATERIAL  SAFETY  DATA  SHEET      pRooucT SA   825   0012

SECTION VI L'HANOuNG.OF SP+LIB Ofl LEAl{S
rROCEOuRES FOP Cl£AN.up

Tren5fer   bulk  of   material    into  another  container.      Absorb   remainlng   residue  wlth
Proper   absc>rbents   such   8s   sane,   earth,   vermiculite.      Sweep   up   and   dlspose  as   Sollc!
waste   ln  accordance  tct   lclcal,   state  ancl   federal    regulations.

a.

WAS TE OIS?C)SAl

By   methc)ds   ccnslste.nt   with    IQCEl,    state   and   federel    reaulatlons.
I

§ECTroNvil-i+spEciA(.pRECAUTioNs
pagcAUTioNs To a€ TAKEN iN ti^NoiiNG ^NO STOEAGE

.3        Keep   containers   closed.                                                                                                                                   .

SECTION Vlll -TflANS.OFTA"ON DATA

a        uN.a;%¥gttTt°  E
u.s. a.O.T. .f`opEa 8HipFiNc NAME

7

:.             a:?uo`.A.T!o  I
u.8. a.O.T. HAZAflo CIASS I.a. NUMB€B

a 9

TBANSPOITATION Ra LAaEL`Si R£QuiREO

EMERGENCYlNFOAM^tloNCHEMTREC1.18001434.$900 60 6'
fft EIGHT CuSsiFicATiaN

92 Petroleu.   Lubricetln§  C-rease
a.€CIAL tRANSpoflT^TION NOTES

I, 13

SEctloN IX - COMMENTS

KEEP   OUT   OF   i:AC'n'   OF   CHI  L9REN!  !}t

\^/a  b.li.ve  th.  giatem®nt9.  technical  information  end  t®comm.ndatlon®  cant.ined  h.Jein  are  r®li®bl..  but  they
are  given   without  warranty  or  guarantee  ot  lny  klnd.  expr®88  or  lmplj.d,  end  W®  ®Ssum®  no  lefpanfibllity  for
any  loss.  damage.  or expense,  diiect or cons8qu®n{lal,  arising out of th®Ir use.

03;6   2   Ct   2



`...\_`=  `_n..   L--'    +     `--q5ZfEa'

MATERIAL   SAFETY   DATA   SHEET

tax   no.     :    042840
Pr'nt   Olt®

LIst   A.vlewed
Port   Type   and   Number                                                            Part   name
----------., 11 , I ,--,------ I ----------- I1 ~ ,-------,,----,-,,, ~ ---,,--- ~ ---,,,--,,,,
Ford    -U.S.    BATTERY    -All                                                      BATTERY    ELECTROLYTE

Hotorcr&f t    -U.S.    BATTERY    -ALL                                BATTERY    EIECTROLYTE

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

naterial     type                            LIQUID
Sp.clfic   Gravity                 I.25a
BolHng   point                          >135   C
flash   polnt                             Not   AppHcable
pH                                                               2.0

----.. I ----.- I.-HAZARDol'S   AND   OTHER   0lscIOSE0   lNGREDIENTS   ------- Ei ---.- I ------

P.rcent           Expo8ure   Llmlts   -TWA
Range               ACGIH/OSHA(where    e3t.)    CAS    number             Cheitiicll    Name

~,-~--------,1-------~----,~,----~,,,----I,,,,~,----,,,~,----,,,---,,~---
>3o-60               1/1      mg/m3                                      7664-93-9               SUIFlmlc   Aclo

Expo.ure   Limlt   Abbreviatlons
-~------~----,,----,,,~---,,,,I---,~-,

TWA-tine  W.loht.d   ^var.ge     I-C.llIng
S-Short  T.rm   Expo.ure        Sk-Skin

Sol-Solubl.   Compoundi             Fu-Fumes
ln]ol-In.olubl.   Conpoiindc        Du-Duet +..

+I

----------.--------------  REGULATORY  I NFORAAT I 0N  --------- il ---------------

This   product   cent.lns   a   toxic   chemicel   or   ch.mic.`f   lubJcct   to  the  reportln¢
rcquironcnt€   of   Sactlon   313  of   Tltle   11  I   of   th.  Supcrfund  Amendm.nts   end
R.authorlzation   Act  of   1986   .nd   40   CFR   Part  372.

DANGER    --CORROSIVE

-----------.n-----n--------.HAZARDS---.-.-----...----.---------g=a---=
Contact   w(th   thlS   in.terial   wlll   cause  biJrns   to   the   Skirt,   .yes   &Ad  mucous
in.mbran®8 .

Wh.n   thl.  mat.rlal   com.s   into  contact  with   the  .y.a,   Serious   d.mag.  may  occur.
Thi8   product   ls   h.rmfu.I   by   llihalatlon,   wh.n   in   contact  with   th.   3kln
•nd   if   lt   is   .waHow.d.

Th:a   product   lg   irrlt.ting   to   the   .yes,   reipir.tory   €yitou  and  .kln.
This   prc}duct   ITi]y   b¢   fatal    lf    lt    1$   8waHowed.

FORD   MotoF`  COMPANY
DEAflBORN   Ml   48121



Flu.3   €1 '911J:GIS    CHGJ    ['I:T     Il(rl:I_M.:`T    C'rTI:_(_ET_rl_I_-u'i
•..

MSDS
(CONTINUEt))

Tax   no.     :    042840
Prlnn`t„oE/ao92e/9o2

-I ----- I -----------  TARGET  ORGANS   AND   ME0lcAI   CONDITIONS   --------- I--11 ---.---- a

Ov.rexpo8ure   to   com.   h]zardclu8    lngredlente    in   thl[   product   hag   been   found
to   affect   certain  body   organs   and   Sy3t®m    ln   cxp.rim.nt®l   &nim.lt   .nd/or
humanB.   The.e   include:

Lungs
Teach
Skln,    Ey.9.   and   R.!pir.tory   SySt®m

----. I ---- lil -..-- b ------  ACUTE  Tax I C ITY  I HfoRMATl oN  -----------.------------ I

Based   on   th.  cc]mpo€Itlon  of   th.   product   ld.ntlf led  by   th.   .uppller,
Selected   portlon.   of   the   .cute   toxicity   Information   froni  RTECS   are
35   follows:
7664-93-9          SUIFURIC    ACID

Inhalatlan,   ldutt   rat,   LC50   .   510   mg/m3    (2   Hour.)
Oral,    adult   rat.    L050   -2140  mg/kg                                                            .

----- I--J'---d--±±±±±I--SAP I  HANDl I NG  AND  STORAGE ---- Jlil---±=L=====±--IiiL.--

Oo  not  breath.  g&s/funae/v.par/Spray.
ui6   thls   prciduct  with  &d.quata  v®ntll.tion.
Do  not  g.t   thls  mit.rlat    ln  your  eyes,   on  yotJr  .kin,   or  oo  your   elothlng.
Thlt   ls   an  oxldl2lno   .!.nt  -&vold  brlnglnq   lt   Into  contlet  wlth  .a
organic  material.

Stol.  thie  product   in  .lr-tloht  contaln.r&  aw|y  fran  lourc..  of  h.at  .nd
I  ight.

-----------.-- Ii  F IRE ,   £XPLOs lan  AND  REACTIvltY   INFORMTION  .---- =======-I -----

Brinqlng   thlf   product   Into  cor`tact  wlth   codLbuttlble  mat.rill   mly   cauee  4   I Ire.
EXTINGUISHER    INFORHATION:    Dry   chemical,    foam.    carbon   dloxlde.
I)te  w.tor   to  cool   f lr.-.xpos.d  cant.lners  and  to  protect  p.I.onnel.
W..r  salf-cant.in.d  br..thing  app.r&tui.
Thl.  product  can  ra.ct  vlol.ntly  wlth  reducing  lgentf  and.organlc  mat.rlils.
Exploclve   HYORO¢EN   GAS   ITtey   be   r.lea..d   lf   aqu.cue   .olutlon&   ol   thl.   mat.rlal
come   :nco   contact  wlth   reactlv.   metll!    (lRON,   ZINC.   ALUHIWU")  .

Irrltltlng  and/or   toxic  fun.I  and  g.Se5  may  b.  .fiiltt.d  upon  h..tlnq  of
this   product.

The  decompci8jtlon  of   thl.   prodllct  wllr release   toxlc   ga.6S.

FORD   MOTOR   COMPANY
DEAF`BORN   MI   4€121



HU,3   =1 ':-llJ:U..i   lHbu   LJi]i ""-'.-ua5EB-
MSDS

(CONTINUED)

Tax   no.    :    042840
Prlnt   Date   i   o4P/aoo299o3

--------------------  PROTECTIVE   H£ASURES   AND  TREATMENTS   I ----------------------.

Use   of   an    impervious   apron    15   r.Commended.
U®e   gen.rat   v.ntltation   ]nd   u8®   local   exhaust.   wh.re   posslble,    ln   cor`flned   cir
enc`osad   8pace£,

Wear   eh.mlcal   goggl.8   and   fac.   ehleld.
The  ute   ol   naopr.ne   glov.e   is   reconm.nded.
In  c..e   of   contact  wlth   .y.a,   rln.e   imedlately  with   plenty  cif  water   and   leek
medical    advice.

Imm€dlat.ly   t&k.   off   all   ¢ontanln&t.d   clothing.
If   th.  mat6rlal    7t   .w.llowed,   get   lfmiadl.te  medical   attention  or   advice   --
Giv.  Sav.ral   gll8ses   of   witer  or  mHk.

It   qaa/fume/vapor/dust/mlst   fran  the  materlal    is   inhaled,   remove   th.   affected
person    lmmediat.`y   to   fresh   air.

for   &kln   contact   flu.h   with   large   amounts   of   water.
Wash   thoroughly   after   h.andllnc.

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

If   the   product   ic   Ingested.   prob&bl.  ITiuco!al   d.in.qe  may   contraindlcate   the  use
of   ga&trl¢   l&vage.     Tr.at   th.  affected   p.rson  aoproprlately.

----.-.----------------  SP I LIs i  LEAKS  AND  D I SPOSAL  ---------.----.----- =f;=

EIImin.t.   e]]   .ourca&   of    lgnitlon   or   fl&mm&blei   that   iTlay   ceJTi.   Into   contact         .
wlth   .   .pill   of   thls  mat.rlal.

Avoid   .kln   cont]ct   and   lnhalatlon  of   vapors   durlng  di.polil   of   SpHIS.
OI.po.a  of  wast.  matarl.I   .ccordlng   to  Loc.1,   Stet.,   .nd   F.d.I.I
EAvlronm-nt]I   R.gulatlone.

In  ci8.   of   larg.   .piH®,   foHow  all   faciHty   Em.rg.ncy   Re!ponSe   Procedur68.

I .---. I ----.----------------- S P E C I AL  REMARKS  -..-------- I .-----.------. ===--

Thi!   i.   .n  .eldlc  mlt.rlal.

---------- I ----   11.   S.   OEPARTAEI\lT  OF   TRANSPORT^TloN   INFORMATION   ---- I==±±±i ------ =

Shlpping   n.me:    BATTERY   FLUID,    Aclo      uN:    27$6
Ha:ard   Clas!i   Corrollv.  matarlal                  Hazard   Labels   Corrosive

The   ch.mlcal   name(i)    appearing   below.under   `'NAME"   must   .ppear   &e   part   of
Shipplng   n.me   lF   the   amount   being   Chipped   in   each   coAtalner   exc.ed&   the
quantlty   .horn   under   "fiQ"   below.     The   l®tter5   "RQ"  must   ®l.a   app®lr   as.  plrt
of   the   Shipplng   name,    ln   th.   form

•hlpp:ng   name.    ch®mlcal    name,    RQ.
for   U.S.      shlpm.nt]   fran   Ford   F8ciHties,   consult   the  `'Ford

Hazardou.  I.terial   Tran!portation  Control   Progr.in"  A.nual,   oth.rwis.
con8ult   49CFR172.
------ CA5--RQ (Iba)   -NME ------------..----------.------------------------------

7664-93-9         2777         SuLFURIC   Aclo

FORD   MOTOR   COMPAN.Y
DEARBOBN   MI   48121



5114:10   CHGO   U1511llrl;_H-I _i_-=-=   -` `

MSDS
(CONTINUED)

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

-------------------------.-  PREPARAT I 0N   I NFORMATI 0N  ------------------------ =1--

Health   and   safety   Information   ha®   been   evaluated   by:

Environmental   t   Occupational   Toxicoloqy,      Occupational   Health   6   S.I.ty,
Ford   Motor   Company
goo   Parklan.  Towers   W.9t,    0.arborn,   Hl      48126        ..

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

Thls   il   tli.   last   page  of   thi.   HSOS.

FORD   MOTOR   COMPANY
OEARBOEN   MI   48121
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HEALTH   H.izAro   ]NFORiiATION   -   CoNTINUED

ING£S?ION

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

FIRST  AID:         If   swallowed,   do  NOT   lnduc8  vomi'ting.      Get   lrmadiate  medical   attention.

FIRE   AND   EXFLOsloN   INroRATION

FLASHPOIRT:                  -450F

FLAI®{AELE   LIMITS:       uPPER3       7.6%      LOWERS       I.3t

AUTO{GNITION   TEMPERATURE:                       495®F

EXTINGUISHING  MEDIA:      Agents   approved   for  Class   i   hazards   (..g.,   dry   cheJnlcal,   carbon
dioxid.,   halogcnated  agents,   foam,   st.an)   or  Water  fog.

UNUSUAL   rlR!  AND   EXPLOSION  !IAZARDS:      Extr.in.ly   flammable  vapor/air  ni*tufe8   form.
.Extlngulghnent  of   f ire  before  source  of  vapor   ls  shut  off  can  create  an
exploglve  mixture   ln  air.

.PRECAUT]OWS:     Kocp  avey   from   lgnltLcin  Sources   (e.g.,   h.et,   Sparka   and  open   flane8).
K.®p  coAtoin.r  closed.     Use  With  adaquat®  v.ntilatlon.

REACTIVITY   INFOR}<ATION

DANGEROUS  REACTIONS:     Avoid   chlarlne,   fluorlne   and  oth.r  Strc)ng   olldizers.

HAZARDOUS  DECOMPOSITION:      E!urning   can  produce   carbon  monoxide   and/ar   carbon  dioxide
.        and  other  harmful  products.

STABILITY:      Burning   can  be   Started  easily.

CHEMICAL   AND   PHYSICAL   PROPERTIES

BOILING   POINT:                       80°F   TO                 430oF,    Range

8OLUBILITY   ]N   WATER:      Negllgibl®,    b.low   a.1%.

SPECIFIC   GRAVITY    (WATER   a    1):                       Oi7S

VAPOR   PRESSURE!      7-151b   RVP    (A8"  D-323)

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

STORAGE   REQUIRE:MEN.TS:      6tc)r®    in   flamit`able   llqulds   stordgo   area.      Ka®p   cctntairior   closed.
Store   dvay   from  heat,    ignltlon  sources,   and  op®n   fl8ne   in
accordance  with  applicable   federal,   atdte,   or   local   regulatlc)ns.

SPILLS  AND   LEAXS!      R®mov®   or   shut   of i   all   sources   ctf   ignition.      Use   water   spray   to
disporBe  vapors.      ]itcr®as¢  ventilation,   if  poa8lble.     Contain  on  an
absorbent  material   (..9.,   Sand,   savdu8t,   dirt,   clay).     Keep  out  of
Severs   and  vatervay8.

WASTE  DISPOSAL:     Residues   and  splll®d  material  are  h82ardou8   waste  duo   to   ignitablllty.
Di]poS&1  nugt  be  ln  accordance  vith  applicable  federal,   state,   or

ulations.     =Aclo&ed-controll-ea   lnclneration   1g  recomended:::::sr:i rected  oth.rwi..  by  appllcablo  ordinances

SPECIAL   PRECAUTIONS:     Keep  out   of   sewers   and  wet.rvays.      Avoid  strong   oxi6izers.
Report   aplllg   to   appropriate   authorlti.s.      USE  AS  MOTOR  FUEL
ONLY .

TOXICOLOGICAL    INFOENATION

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

SXIN:     Primary  dernal   !rrltation  Score  1.i/8.0   (rabblta)
than  5nl/kg   (rabblt8).     Practically  nontoxic  for

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

.     Acute  derDal   LD50  greater
acute  cxpo3ure8  by  this   route.

INGESTION:     Acute  oral  LD5018.8nl/kg   (rats).     Practically  nontoxic   for  acute
expo8ureg  by  this   route.

Excegaive   .xpc7.Ore  tc>  vapors  nay  produce  h.adeches,   dlzzin.ss,   nausea,   drovs1-
ness,   irritation  of  eyes,   nose  and  throat  and  c.ntral  nervous  system
depreg81on.

In  a  long-ten  lnh41dtlon  .tL)dy  of  vhole  unl.ad®d  ge.Cline  vapors,   cxpoauro-

i!i!;:::!i:;:!v#:::g:;::i:i:::::i::8;:::::::i::;::::ni:::::;:!!!!ii,::ar

!g;i;:::i:i::i:?i:i:i::{!§;i::##;i;;i:::::;a::!#:i:h#::nit:I:;€::yThe
queg t lonabl® .

Inhalation  of  whole  unlcaded  9asol!ne  vapors  did  riot  produce  birth  defectg   in
lehorator}'  animals.

Gasoline   ls  a  complex  nlxtur.  of  hydrocarban8  and  c
volum.  t),   toluene  and  xylene.     Chronic  expagure  to
been  shown  to  cause  cancer   (leukenla)   in  hunan&  and

tain€  benzene   (up  to  4
igh  levels  of  benzene  has
thor  adverse  blood  ef I ectg

(anemia).      B®nzcne   ig   considered  a  human   carcinogen   by   IARC,   NTP   and  OsiiA.

:::;.:?::::eh::d::i:n:ninfa::::i:: C::a:.i::eir5i:::!°:ni°]:i; #i::n£:#::a-
ver.  a.en   ln  chronic  atudies  on  *ylene   ln  guinea  pigs  but  not   ln  rats.

Aspiration  of  thl8  product   into  the  lungs   can  cause  chenlcdl  pneunoni.  and  can
be   fatal.     Aspiration   into   the   lungs   can  occur  While   vomiting   after   ingestion
of   this   prc)duct.
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SUPPI-EMENTAL    INFORMATION   -   CONTINIED
n-H®ptane    (GAS   142-82-5)    ACGIH   TLV   too   ppm,    STEL   500   ppm;
OSH^   PEL   400   ppn.,    STEL   500   ppm.

n-Hexane    (GAS   ilo-54-3)   ACG}H   TLV   50   pp:a;   O§m   PEL   50   ppm.

P®ntdn.    (CAS   109-66-0)   ACGIH   TLV   GOO   ppn,    8TEL   750   ppm;
OSHA   PEL   GOO   par,   gTEL   750   ppn.

Toluene   (CAS   loo-88-3)   ACGIH  TLV  loo   ppn,   STEI.150  ppn;
OSHA  Pal   loo   ppn,   STEL   150   ppm.

Trim.thyl   b.nzene   (GAS   25551-13-7)   AcalH  TLV   25  ppn;   Osm  PEl-   2S  ppm.

Xylene   (GAS   1330-20-7)   ACGIH  TLV   100   ppn,   STfl,150   ppn;
OS!.IA   PEL   loo   ppn,   STEL   150   ppm.

ISSUE   INFORATION

BY:

7e G€a-
R.   G.   Farm.r,   Director,
Product  §af.ty  a  Toxicology

ISsum:     .une  09,   1989
5UPERSEOESS      March   18,   1988

This  pateriol  Safety  data  Sheet  af`d  the   lAforzpation   it  contains.  is  o££ered  to  yc>u   ln
good  faith  as  accurate.     We  have  revleved  any  lnfomation  contBlned   in  thlB  data  Sheet
Which  v.  rec.iv.d  free  Sourcea  outside  our  company.     W.  believe  that   infomatlon  to  be
correct  but  cannot  guerent.e  lt-s  accuracy  or  coqplet®n.5e.     Health  and  .afety

og:rg::io:.t:a:S::::t:a:£[:.!n€i{:d3:*u::a!::aiy andprecautlon&  in  this  data  !h..t
91tuations.     It  1!  the  uB.r's

!i.:::!i:::i:a:::!::i:i::;::g!::ii::i:;.::::;;:f!£1!:::::i:;i!e:i::,i:,:#:!i:::s
or  laplied.
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P^i.iT8. mE9EAv^trveS. . 8oLVENT£ * tlv'Unl',' ^llor8 "o MEtAliic coATINa8 TIV'U^l'I'

roL'EN,, I,/A AI, Wtt^| h,/A
CATALT.T

N/A MO,3 N/A
colt ',/A W.TALltc CO^Tl..CS N/A\

"VtNT8
N/A

Ill(A WET^|
N/Aiius CO^llllo Oa Cof`€ flul

^eo,',tt,                                                              .   .  ` •N/A . •o'Ht't...-.
N/A

a 'wt`®       .
l'/A

}t^ZMcoue wixTUFiE8 oi oTiitf] iiouio8.eoiios, oA o^SE8    .     . * |VOun'',I

'.

H.t,'Jl .Aicohol                   ,         .                                   .    .                    . . .   "     .   .         . . .      `  . 38 200p

Nonv.1bhenol  gurfaotant              a^9  #    6erl2-grJ 001
__,I

rrTit]henvlmethane       C^8  #  2650L{8-2              EP^  TSC^  List-Yes Tr,
'        '1.''I,

SECTION  Ill     PHYSICAL  DATA
•Oriw®.OiNT rF.I                                                   .1'          .`. •rliA.....-. 8PECIIICOA^VIT.|Hchl|:    I       I    '      '      `

•g51"   I
^" httflJllt I- W,I

N/A
ttnc,W, t'O|^,|I N/AvO|"t I,I

y^m oc.I..ty |Ai.. . i                             .         .. , ..     , .
N/A.  .  .

fv~OA^7lo.I A^T (
N'/A.',''

•Oiu.n.iiy iN w^TtA
I.    ,        i         i

I

^p.E^AMic( ^no OOOR
=i.-...

SECTION  IV     FIFE  AND  EXPLOSION  HAZARD  DATA                             ,     i  '
ii~HrolHT(W~.""        T,a.a.112  F |^l.I,A.`'`w,'e   "    . |ul                            u,I

ttttwaullw"dwEOM   in  chonia&i.cO,  Or  Alocihol  fo

MciAimemH"a"fecEF1:'®If.corfulned."troothina

.I,..   t..      --
.                    .,   ,         .

WvyiLt,fo.I `|3'X`.°a:+°r®H¥^{EL  .1r  and  nay  t£&'+el

aonBlderabl.  dlBtanco  tc]  &n  lgnltlon  8o a,
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PROPERTIES At`';` SPECIFICATIONS

EXCELLENT FOB  "MINl-HOLES"
AND VERTICAL STACKING

These  non-nitroglycerin  emulsictn  PrcIC!uC:S  are  p2ckaged  in  ccirivenier,:
one-pound.  ctne.half,  one-thircl.  and  one-qua.r!er  pound  caririciges  anc!
formulatec]  to  prctvic!e  a  seismic  Pulse  equa'  to  dynamite  for  ciear.  sharp
se!5mic recctrc!.s.

Al:hough  classified  as  high  explosive,  seispBIME/E  emulsions  are  nan.
headache ar`d  have excellem  resistance  tc)  accicler.:al  c]etcination by frictic]n  or
im.pact.

Spiral.wcund  1,'4  to  1`t'2-pound  Paper  cartridges  .are-easily  capped  and
waxed to Sleep well.

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

Weight
Slze
S,yle
Density (gin/cc)
Velocity  {fps)  (unconfined.)

De:onation pressure
(kilc,i,are)

Absolute  Bulk Strength

(cal,cc)
Peiative 3.ulk S{rengt,I.

(ANFC)=100`,

One pc)uno.1/2 Pouncl
21f'4X81r'211;'2X8

49SW
1.18                       i.15

16.5C)0                16,C)00

100                      100

885                 775

leo                   10S

1t3 Pound  1/4 Pound
11/8x8           1x8

SWSW
1.15                    1.15

15.000          14,500
100                  100

775              775

05                 105.

PACKAGING
Available  in  fc]ur sizes to  meet vertical stacking  and

-mini-hcile" applications. §eis,PF3IME/E in the one-pound

size  is  packaged  in  thin-walled,  easy  coupling
cartriciges  for  vertical  s{acking  or  larger  downhole
shots.

In  the  1/2  to  li'4-pound  sizes,  seispF}!ME,''E  is

packaged in spiral-vyouncl ?aper car{ricigeg.
All sizes have exceilem v.'a[e.. resistance and can be

initiated with a #8 strengt.n STATICMASTEB aetonator.

5rfl7lTCAdH5FEF=.€.`.  =ie3tri= [istc!riat.3rs for Seismic :xpio,.atior!
DESIGNED  FC)a  SEISMIC  WC)P,K -  Exclusive  Atlas  electric  rr,atch  provides  reliable

detc]naticI.1  with  minimum  lag  time  and  scatter.  Full  #8  strer`gtr.  explosive  output to  help
insiJre initiation of the seismic ciiarge, even under severe conditions.

UNEXCELLED  PEBFOFiMANCE  -  Fiigid statjstical quality cc]ntrol tests are  perfomed
on  all  components  and  cln  the  completed  detctnator to  assure  reliable  and  consis:ent
performance.  A  tc>ugh,  hard  enamel  coating  under the  plastic  outer jnsulation. provides
additic]riai prcttection agairist snorting of legwires under extreme cono.itions.

WATEB  AND  WEATHEB.PBC)OF  .  Legwire  insulatic)n  is  designed  to  withstand
extremes Of .neat arid cold  and the severe conc!itions encountered iri  deep-hole lctading.
All  detonators  contain  a  double-crimpeci  rubber  plug  to  provide  a  water-tight  seal.
Excellent firing characteristics permit use in single-hole or multiple-.nole pattern shooting.

PROPERTIES AND SPECIFICATIONS
• .D§tc>natc]r strength - #8
•  Fur`ctioning time.scatter -Less than 0.OC)1  second; even

lower as firing c'.rrent is increasec]
•  Recclmmendec! firing ciJrrent -3 to  i 0 amps DC, 4 tct  10

amp3 AC
•  Wa.,er immersion c]epth (max. tested) - 500 feet
•  Bridge\^'ire resistance . a.9 Ohms
•   Detona{or shell  - Gilding  metal

REDUCED SENSITIviTY
TO EXTRANEOUS ELECTRICITY

i.  specia!  bricjgeuiirE  and  the  SF  teature  in  the  electric  match
pro`.ic]e  rec7uc:ec.  serisiti\.i{y  to  static  electricity.

OPERATING AID§
With  recctmmended  riring  currents.  STATICMASTEB .electric

dE!toriators mEet all requirements for series firing.
WAF{NING  -  Dct  not  use  STATICMASTEB  electric  dctonators  in
tlie same circuit with ctther types ctr brancls of electric detonators.

PACKAGING
STATICMASTEB  electric  detonators  come  with  spooled

duplex  copper  lead  wires  (yellow color)  in  lengths  of 40'.  60'`  80`,
1C)0..120.,150',160`.  200.,  250',  300',  and  400`;  and  in  shorter
legwire  lengths  (folded  duplex  wires,  yel!c>w)  measuring  12',  20..
and 24`.



EAZ   A   RD   0   U   S         C   H   E   M   I   C   AL      MAT   E   R   I   AL      S   A   F   I   TY      D   AT   A      S   H   I   I   I

ATLAs  pounER  cormANy
15301   DALLAS   PARICWAY
SUITE   1200
DALLAS,   TEXAS      75248
TUX  910-860-5237

2.     PREPAREI)  BY:        P.I.   Therriaulc            I)ATE:        06-24-88 REVISION:      Otie

3.     MEDlcAL  "ERCENcy  TELEPHONE  NunERs:

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

4.      TEE  MATERIALS  DESCRIBEI)   IN   THIS   I)ATA  SHEET  ARE:

RAZARI)OUS   CHEMICAL   INGREDIENTS

5.     CH"ICAL  AND  Co"oN  NRE(s)   oF  RAZARDous   cEnilcAL  MlxTURE/INGREDIENTs:

ApexLAll  Grades,   RXL  614,   RXL  6ls,   PoverAN-All  Grades,   Bulk  Eaulsions-All  Grades

Major  Hazardous  Ingredleats  Include:
Amoaiuai  Nitrate
Diesel  Oil   (In  Some  Formulas)

TSCA                        GAS                             RTECS
LISTED                      NO.                                  NO.

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

Note:     See  MSDS  for  Armoniun  Nitrate  Plus  Fuel  Oil

6.      PHYslcAL  ALm  cE"ICAL  CHARACTERISTICS:
Vapor       Flash    }!elting

Pressure     Pc>inc     Point°C
Boiling     Specific      Mol.
Point°C     C=avitv !ZEi      Q4±E    Appearance

inoalun  Nitrate           0                 d              155              190              I.725         83         None    White  soli£
Diesel  oil                       fld               nd                  nd       147.371          0.87            nd     Pungeac  Broun  Liqci
Mixture                                Meg.           nd                    nd             1251.I   to   1.3     NA          None     Whi:e  cress

nd  =  t`.o  Data           d  =  Dissociates       na  I    Not  Applicable
7.      PHYSICAL  HAZARDS:

Amoniutn  Nitrate  -DOT:     Oxldizer
Mi3l.cure     DOT  Explosive,   Blasting  Agent

8.     HEAI."  tlAZARI)S:
•.-.-

Carcinogen
Corrosive
Highly  Toxic
Irritant
Sensitizer
Toxic
Target  Organ  Effects

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

10.      PE"ISSIBLE  EXPOSURE  L"ITS:        No  Data

Diesel  oil:     Flanmable

--'--_-.+-r  -
Ref:   Regls[r:`.   of   Tc}xic  E££ects

of  Chemical   Substances   {RTECS)
N  =     No  C:iceria  Match
Y  E    Poslclve  Crlceria  Match

per   RTECS
nd   I     No   Data



11.      LISTINGS:

RATERIAL

Enulsioris/.i}`:FO   5lerids
Page   2

NIP   ANNUAL   REPORT                    IARC                              0StIA
ON   CARCINOGENS                         MONOGRAPHS            CARCINOGEN

12.      cERERALLy  AppLlcABLE   pRECAUTIONs   roR   SAFE  IIAlroLING  ANI]   USE:

FTCIENIC  PRACTICES :

Avoid  Skin  and  Eye  Contact.     Avoid  Breathing  Blasting  Fumes.
pROTECTlvE  lnAsl7REs   DURING  REPAIR  AND  RAINrmANCE  OF  cONTArmNATED   EQulpRENT:

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

PROCEDtJRES   FOR   CLEANUP   OF   SPILLS   AIO   I.EARS:

Bulk  I'roduc[:     Isolate  and  contairi  spilled  macerlal.   Contact  Discribu[or
c}r  Atlas  Powder  for  Spill  Response  Assistance.
The  disposal  of  damaged  or  deteriorated  explosives  "sc  be
carried  otic  in  accordance  With  all  Federal  and  S[a[e  Regulatior.s.
In  the  event  of  a  major  spill,   contact  the  National  Response
Ceacer   (800-424-8802)   and  the  local  Police.

13.      CONTROL.  IflASURES:

ENclREmlNc:

WORK   PRACTICES:

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

Wamlngs"  -fouTid  in  every  shipping  case.
See  Institute  of  Makers  o£  Explosives  Pu.Dlica.t:ions.

Follow  OSEA  Scaridards   for.Storage   and  Use   (29   CFR   1910.109)
Except   for  Bulk  products.   see  "I)o's  and  Don'ts  -Instructions  and

Warnings"  -  £ouad  in  every  shipping  case.
See  Inscicuce  of  rrakers  o£  Explosives  Publications.

PERSONAI,   PROTEC:TIVE   EQUIPRENT:

Avoid  toxic  fumes  from  blasting,  wear  normal  protective  equip.ent,   .
such  as  Safecy  glasses,   hard  hats.   eec.

14.      ERERCEh'CY  AND   FIRST  AID   PROCEDURES:
-.,...-            ~-«    _

Do  not  attetnpt  Co  fight  fires  involving  explosives.
Irmediately  evacuate  the  area.     Avoid  coy`ic  fumes  frc>m  fires.
Ia  cage  cif   skin  contact,  wash  affect:ed  area  vi.ith  water.     Eye  cot`tact  -
flush  eyes  for  ac  least   15  ninu:es  and  cotisult  a  Physician.

15.     DISCLARER;         The  above   lnformtion  taket`  from  varlctus  published  and  ur`published
sources  is  believed  t:o  be  accurate  and  ref.resents   the  best
infciraecion  currently  available   tc]  us.     However,   ue  tnake  no  uarrat\t}.
of  the  accuracy  of   such  informaclon,   express  or  implied,   and  assutle
no  liability  resulting  frc)in  lcs  use.     Users  should  tDake  their  our

±E:::ts8=:±83£a:°p3:;8::±Te  the  Sultabillcy  of  the  imf ctrtn£:ion  fc,r
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INVOICE
iNvoroE o^TE )       mvox=ENo` PIC'.

11/18/91 40849 1

•-,... @

8lllp      Fort   Bend   Co.    Delivery
TO

I   .#&   i     .    :'l-;.3?.;r:cE. SHIP V'A Sh.lp DATE TEqus
I      .,                 ``

Our   Truck 11/15/91 Net    30   Days

rrEw DEsc8IPTloN
a:....`r`.r:i.`..3L=r.::f`E:C` Cl.`,aNTrivsHIPPEC. ="<.uNiT  !              I.wit paicE PO.lee 'JN DISCCLiRT      i                   EXTENDED PF]ICE

550408000 80'    SW   STATICM STER c,rf
CUCLB..*sALCLBCU;.,.,`i.......,`. '•:,;I'.:-,,,`-,`,~`.`,,.•:`!i.-,.

.I_.   ,           ,-..:..``-;;..:i`'.'...:...:..'•I.'.:i•..-,.`.`..'".....``I.'..!I..;...:..=-r-'__fJ:g_±

97  .  986.56•,.I-'giv,14.26.78,e-..'-,12.000 12.000 EACH 816.50

10812533 SEISPRIME   E   1- /8X /3
I. . ..4 .000t'- I    `   -.    ..        .        `4.000   . LB -¢€.. ......     .164 . 00

`,9o.oo.ooo5i.:.............`...,.:....I .`.

riAz.AriDOus . `inTF{ Hril)I;
•cHG                ..

§ooo-ool•.1..000  ,

•.,.       ..I.      .I,     .1.000 .%SAL ...   ...      ..   3  ;  1.4.

E..R.C.C.-HIGH EXPLO IVES
4.000 4 . 000 LB 8;506.50I,'•t.r.? ,.,

900000006 i=.R.C.C.    -BET NATOR-
12.000,II.`....:...-... ,;.':.:.....:,.+`..`.:..., 12.000,.•,. EACHI.

. : ,. : ..;`.`,\.
•lf;..i    ;.:,i:(.:•-`:.',,..,ii.(:,.73  J//7•-,i)J3/4```.

•~

11-'..E:3\-\ \,
SALES AMCun 108 . 72

MISC. CHARGES .00

SA
Ff]ElaHrrLESTAX .00

TOTAL a

PAYMENTBALA BEC'DueEDUE




