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KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

PROTECT DESCRIPTION

Project Name:                        USGS-NEIIRP
Approximation of age, extent, and risk potential of
late-Quaternary faulting along the Chadron-
Cambridge Arch in south{entral Nebraska using
geomoaphic and shallow seismic-reflection
techniques.

Location:

Site Safety Officer:

Plan Prepared By:

Harlan County Lake, Harlan, Nebraska

Richard D. Miller

Richard D. Miller

Estimated Duration of Field Work:   3 days

11.        STATEMENT OF WORK

Recent geoarchaeological and geomoaphological research in the vicinity of
Harlan County Lake, Nebraska, has led to the discovery of faults with late Quaternary
displacement.  The faults are have been observed in loess exposed by wave action along
the shoreline of the Harlan County Lake, a large U.S. Army Corps of Engineers project
reservoir constructed on the Republican River, south-central Nebraska.  The loess is
entirely of late Pleistocene and Holocene age and rests unconformably on Cretaceous-
age bedrock.  The fault is presumably associated with seismic activity on the eastern
flank of the Chadron-Cambridge Arch of Kansas and Nebraska.  This represents only
the third documented late-Quaternary fault zone with surface expression within the
midcontinent, the other two being the Meers fault of southwestern Oklahoma and the
New Madrid fault zone of Illinois, Missouri, and Arkansas.

The scope of this project consists of an evaluation of the Harlan County Lake
faults, both geomorphically, via an analysis of the late Quaternary sediments, and
geophysically, using shallow seismic-reflection methods.  Both Pls, along with their
respective research assistants will at times be on site simultaneously and work closely to
errsure integration of the two data sets and a full involvement in both aspects of the
research.

Shallow high-resolution seismic-reflection profiles can be useful in characterizing
shallow structures and extending features identifiable in outcrop and surface excavation
into the upper several hundred meters of the subsurface.  High-resolution seismic
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reflection has only recently developed as a practical and effective method for identify-
ing shallow (<50 in) faults and structure (Miller et al., 1990; Treadway et al., 1988; Myers
et al.,1987; Miller and Steeples,1986).  The shallow seismic-reflection technique is
inexpensive (relative to drilling) and can often decrease the need for drilling by an order
of magnitude.  While the seismic-reflection method shows fault locations and strati-
graphic relationships, it can give only estimates of depth and it does not explicitly
identify lithologies without confirmation drilling.

The proposed high-resolution seismic survey at the Harlan County Lake will
consist of 2-31ines totalling approximately 1.2 kin.  The proposed target depth range is
between 5 and 300 in.  Proven high-resolution techniques will be used to both acquire
and process the lines that compose this survey (Steeples and Miller,1990).  The data will
be acquired in a standard Common Depth Point (CDP) format using a roll-along type
acquisition technique similar to conventional petroleum acquisition.  Selection of geo-
phone spacing, analog filtering, seismic source, geophone type, spread geometry,
sampling interval, total samples, shots/points, etc. will be consistent with proven
acquisition philosophies.

Walkaway noise tests will be conducted near the proposed seismic lines.  Walk-
aways will consist of source-to-receiver offsets ranging from 1 in to 300 in.  To avoid
spatial aliasing of noise during the testing phase, the receiver interval will probably be
around 1.25 in.  The downhole .30-06 and downhole .50-caliber rifles will be tested to
determine the optimum source for the near-surface conditions.  The receivers tested will
included both single Mark Products L-40A 100 Hz geophones and triple Mark Product
L-28E 40 Hz geophones wired in series.  The 40 Hz geophones will be tested first, and
from previous experience will probably produce the best response.  Analog low-cut
filter tests will include:  low-cut out (all-pass), 50 Hz, loo Hz, 150 Hz, 200 Hz, 250 Hz,
and 300 Hz.  The low-cut filters will have a 18 dB/octave roll-off.  If at any point during
the noise testing an optimum parameter or component is identified, the affected
portions of the remaining tests at that site could be by-passed.

The production data will be acquired using a standard CDP roll-along technique
that will result in a nominal 12-fold CDP stack.  The particular source and receivers, as
well as station interval, shot interval, source/receiver geometry, optimum recording
window, and repeat shot count will be determined for the CDP line after analysis of the
walkaway noise tests.  The choice of source and receiver will be qualitative and depend
on frequency, quantity of ground roll relative to body waves, and near-surface condi-
tions.  Parameters such as sampling interval, record length, and analog filtering will be
determined after examination of the dominant frequency and useable bandwidth of
reflection energy recorded during the noise tests.  The sampling interval chosen will
ensure at least 10 samples/wavelength of the dominant reflection energy.  The total
number of samples will be chosen based on maximum time (depth) of interest as deter-
mined by both the sampling interval and approximated average velocity function.  The
analog low-cut filtering will be determined based on qualitative evaluation of the
recorded reflection energy using the various low-cut filters.  The analog low-cut and
high-cut filter will balance the spectrum toward the higher frequencies while main-
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taining the largest possible bandwidth.  If deemed necessary, spectral analysis of the
walkaway data will be done to determine the spectral characteristics of the recorded
information.  The parameters chosen to record the CDP line will incorporate the results
of the walkaway noise tests and geomorphic studies.

Vertical and horizontal resolution will be considered during final design of the
field geometries and equipment parameters.  The 1 /4 wavelength criteria of Widess
(1973) will be used to determine the maximum vertical resolution with available equip-
ment and near-surface conditions.  Horizontal resolution of the CDP data will be based
on the radius of the theoretical Fresnel zone.  Oversampling of the first Fresnel zone will
not exceed 15 times (Miller et al., 1990) while a minimum of four times will be main-
tained throughout the survey (Knapp and Steeples,1986).  Awareness of resolution
requirements during parameter design is critical to successful seismic surveys.

The production data will be processed into a CDP stacked format.  The basic
architecture and sequence of steps followed during the generation of the two final
stacked sections will be similar to conventional petroleum exploration processing flows.
The main distinctions will relate to the emphasis placed on velocity analysis, lack of
extensive wavelet processing, care and precision placed on muting, analysis of the
effects of each operation on reflected energy, limitations placed on statics operations
(maximum shifts less than 1 /4 wavelength of the dominant reflection energy), and
coincident iterative velocity and statics analysis.

Special emphasis will be placed on all the analysis portions of the processing
flow.  Many times variability in near-surface materials and/or conditions require
changes in processing parameters over distances of less than 50 ft (Miller et al.,1990).
To insure the highest quality, geologically representative stacked section, velocity
analysis of every CDP may be necessary.  In association with point-by-point analysis,
care must be taken to ensure that coherent events on stacked sections interpreted as
reflections are not refractions.  Biasing processing parameters to enhance events
interpreted as reflections that are actually coherent noise must be avoided at all cost.
Differentiating reflections from direct waves, refractions, air waves, and ground roll in
the early portion of a stacked section is an extremely difficult task and must not be
taken lightly (Steeples and Miller,1990).
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Timetable

Data will be collected beginning June 7th and should be completed by June loth.
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 (KGS)-Site safety officer

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

4.         Jerry Keithline (KGS)-Line Manager

5.         Bill Johnson (KU Dept. of Geology)-Project coordinator

6.         Don steelpes (KU Dept. of Geology)-Project consultant

Harlan County, Nebraska Page 4 June  1993



Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

E      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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SI}ecific Safetv Requirements

Personnel Safetv EaulDment:  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 EciuiDment:  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 emergeney.

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

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

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

All will be required to comply with rules outlined with this plan.  Failure or inability of
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 Safetv Rules required by KGS for all staff and
subcontractors in all operations.

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

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

3.         Always maintain a safe distance away from any of the explosive seismic
materials and devices unless you are specifically authorized or trained to 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 waming 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 your job,
ask your Supervisor, Department Head, Site Safety Officer, or the Survey Health
and Safety Officer.

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

Ambulance:

Hospital Emergency Room:

Poison Control Center:

Police:

Fire Department:

Aiaport:

Explosives Unit:

State Environmental Agency:

Client:

Emergencv Contacts

Safety Coordinator:

Project Manager:

Phone:  913-864-3965

Phone:

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

HOspital:
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Procedures

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

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

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

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

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

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

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

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

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

Specific shotgun ammunition safety measures as follows:

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

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

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

•      Firing communication:  Rick Miller shall establish a series of waming 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-caliber seismic gun is a single-shot rifle that fires
stindard~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.

Energy Release.  The energy release of the projectile is approximately 14€00 footpounds
at the bottom of the hole.  The gas pulse energy is not known, but there is very little
audible sound at the earth's surface.  Under most soil conditions, the bullet penetrates
24 to 36 inches beyond the depth of the hole.  If the bullet were to strike a hard object at
the bottom of the hole, it is highly unlikely that it could come out at the surface.  First of
all, the bullet would be deformed upon contact with hard materials.  Secondly, the
collision would be less than perfectly elastic, so some energy would be lost in the
collision.  Thirdly, projecting to the surface at angles that would not strike the plate
would require a less energetic, deformed bullet to traverse more than 36 inches of
undisturbed soil, which is highly unlikely.  In previous experience, when the bullets
have hit hard materials such as solid limestones or cemented sandstones, examination
revealed that either the bullet disintegrated, or the rock shattered, or both.
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TransDortation.  Transportation of the auger gun, the seismic gun, and ammunition is
on a standard one-ton flat-bed four wheel drive truck.  The ammunition is carried in .50-
caliber military-style ammo boxes.  The ammo boxes are locked in 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{oming traffic.  Care will be used while working on or around driveways.
If appropriate, signs and/or flagmen will be used to alert and slow traffic through the
survey area.

VII.     SAFETY ANALYSIS

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

VIII.   ENVIRONMENTAL IMPACT ANALYSIS

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

IX.       REFERENCES

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

From the United States Department of Energy:

DOE Order 5480.16, F1.7`e¢l`77'cs S¢J?fy.

DOE Report DOE/EV/06194-3, DOE £xpJos!.z7cs S¢/?ty Mfl7towJ.
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ID Appendix 0550, Sf¢7tdflrd apcr¢£i.o7t¢J S¢/cfy Reqw!.rcme7tfs, Part Ill, Subpart I,
"Explosives"

From the United States Department of Defense:

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

A;:Rr385-63, Safety Policies and Procedures for Firing Ammunition for Training, Target
Practice, and Combat

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

Name (PRINT\ C omD anv                              Si fnature
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Attachment 4.

SAFETY   MAIYSIS

Potential  llazard

lost/Stolen  Ammunition

Ourinq   Loadinq/Unloadinq:

Dropped  cartrtdge

Introduction  of  foreign
material   into  breech  or
barrel

Durim  firinq:

Muzzle  ^tr  Blast

Ricochet

Flashl]ums

Consequences

Personal   injury  or  property
damage   from  unauthorized  use.

Personal   injury. from
accidental   discharge.

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

Personal   injury  from  flying
rocks,   soil,   debris.

.;.    ..

Personal   injury  from
ricocheting  projectile  or
fragments.

Burns   from  muzzle  flashes

Page   1

Mitiqatlon/Prevention  Mechanism
`

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

Assure  training  of  personnel   ln  proper
handling  of  live  aimiunition.

Assure  training  of  personnel   in  proper
handling  of  ammunition  and   tn-process
ins|)ectlon  of  afmunition  and  seismic  gun.

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

Design  and  use  of  setsmtc  gun  prevents  the
escape  of  projectile  or  fragitents   from  the
borehole  wttli  sufficient  energy  to  cause
personal  .injury.

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



SAFETY   ANALYSIS
Page   2

Potential   llazard

Misfire

Accidental   discharge  of
seismic   gun

Plugged  barrel   -dirt

Plugged  barrel   -  water

Barrel  disengagement  from
pl ate

Breech  disengagement  from
barrel

Durim  Transt}ort

Accidental   dtschange

.       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)   by  f)ying  I)reech
and  bolt  groups.

Injury  to  untntended  target.

Mittqation/Prevention   greg_h_ants_in
\

i'

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

Assure  that  operating  procedures
prevent   transport  of  loaded  seismic  gun.

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

f:;#:et]::p::#::i# g:::#:eior water.
and  sealing  of  end  of  barrel  with  tape  or
balloon  if  water  is  encountered  in
borehol e .

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

Implement   an   inspectio.n/maintenance
procedure  for  the  breach-to-barrel
attacl`ment.

Assure  that  operating  proc[idures  permit
loading  only  after  seismic  gun   is
installed  in  borehole.



SAFETY   ANALYSIS

Potential   Hazard

Accidental   drop  or  collision

ConseaLlences

I)amage  to  barrel   or  firing
mechanism

Page   3

mt{c]ation/Preventit«|_M_ee_ba_rlLsp

Assure  that  operating/tra;nsportation
procedures  require  tliorou.gh  lnspectlon  of
seismic  gun  after  drop  or  collision
tnctdents.     Seismic  gun   is  disassembled
and  stored   in  special   compartment  durlng
vehicular  transport.



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

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

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

1.          In field:

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

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

8.        Cleaning

1.          Daily:

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

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

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

least 3 times a day.

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

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



Firing

Assumptions

NONE

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

2



March    24,    1987

llANDATORY     SAFETY    RULES     FOR    USE     OF    THE

.50-CALIBER    SEISMIC    GUN

The   .50-cal   selsnlc   gun   is   powerful   and   must   be   securely   posi[ioned  when
fired.     Danger  exists   not   only  with   the   ballet   projectile,   bit  also  with   the
recoil  of  a   loose   gun.     Be   sure   that  all  m6unting   bolts   are   tight.     Never
strike   the  gun  or   bolt  with  a  metal  ot)jecc.     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.

Opera[1onal  Safety  Rules

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

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

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

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

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

6.      ALWAYS   double   check   safety   procedures.

7.      Use   common   gun   sense.

Dowhole  Mode

Be   sure   all  mounting   b)Its   are   ti8hc.     Do   not   .force   Ct`e   gun   down   an
augered   hole.     Re-auger   the   l`ole,   if   necessary.     Be   sure   t't`at   tl`e   base   plate.
rests   on   the   ground.      Ha`-e   two   people   stand   on   the   place   'w.hen   firing   (flex
tr`nees   to   absorb   the   shoctr`).

I.£   the   hole   has   t7ater   ln   it,   seal   the   muzzle   of   tt`e   gun  w.i.Ch   tape   or   a
balloon   to  keep   water   f con   seeping   into   tl`e   barrel.      Avoid   this   situ..icion,    i£-
possible.     Water   in   the   barrel   uLay   seriously   damage   the   gun  when   fired.
Injury   is   pos§1ble.

Surface  Mode

Be   sure   all  mounting   I)olts   are   Clght.     Carefully   protect   the   breech,
trigger,    and   bolt   when  moving   the   apparatus.      THE   TRIGGER   IS   EASILY   BROKEN.
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OPEPATIONISAFETY BULES AND BEGULATIONS
FOF3 THE

AUGEFt  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   handlei.s
must  always  assume  the  firing   rod   is   loaded   and  the  safety  is  off.

ODeration    and    Safetv    Reaulations

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}IARY

An improved design of the buffalo gun,
incorporating hole  drilling and  shooting into  one
operation with almost total blast containment.
provided nearly 50 percent more recordable  seismic
signal than the  traditional buffalo gun.   The 'auger
gun'  is  designed  to  optimize field efficiency,  source
couple, and safety.   The auger gun consists of three
main  parts:   power source,  auger/screw,  and
modified buffalo gun.   Amplitude spectra indicate the
auger gun delivers approximately 20  percent more
total energy and 50 percent more reflection energy
with no noticeable increase in recorded ground roll at
a test site in Lawrence, Kansas.   Subtle changes in
source environment, such as a 15 cm gap between the
detonation point and the base of the hole or inclusion
of water as opposed to air at the detonation point,
ha`.e a significant effect on the quality of the recorded
data.   The auger gun should increase field efriciency
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  reflection techniques  and  equipment.
Resolution on the order of a meter is necessary to
detect ultrashallow targets-generall.v the goal of
most  environmental  and engineering studies
(Steeples and Miller,  1990).   Resolution can be
increased by boosting the recorded frequency and the
signal-to-noise ratio of reflection wavelet,s.   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 explosive category includes both high
explosives  and  'guns'.   Weight-drop  sources  include
everything from mechanically assisted vertical mass
impacts (usually >20 kg mass) to human-assisted
vertical  mass  impacts  (sledge  hammers,  malls,  and
thors).   Recent advances in high-frequency
engineering sources  have  come  predominantly under
the 'gun' classification.   Development of a downhole
shotgun capable of generating a consistently high
frequency source wavelet with only minimal  increase
in expense and effort o`'er hammers,  spurred the
shallow  seismic-renection  industry.    Downhole
shotgun  sources possess  significantly more  energy in

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

DESIGN AND TECHNIQUE

The  auger gun is designed  to optimize
field efficiency,  source  couple,  and  safety.   A measure
of success with  the  downhole  shotgun  source (as  with
any downhole explosive source) can be related to
efriciency in generation of broad-band,  high-
frequency energy.   Improved enei.gy  transfer is
obtained when downhole placement of the shotgun
shell includes  a water stem  and  restricted  recoil
(Miller et al.1989).   Containment of the air-coupled
wave has been at least partially accomplished for
downhole projectile  sources  with a steel  containment
plate (Steeples et al., 1987).  To 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  incorpoi.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-steer loader),  auger/screw,
and modiried buffalo gun (Figure  1).   The power
source for testing described here is a 25 hp, 4-\t.heel
drive,  1.2  in w.ide,  h.vdraulic loader.   The  auger/screw
is a modified  hydraulic auger that  receives its
hydraulic drive  power from the loader.   The buffalo
gun used for these tests was 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  downhole  sensor.   The
riring pin has  an aut.omatic (spring-loaded)  safety.
These  components  when  assembled  represent
approximately 1500 kg and are ti.ansportable in the
bed of a standard pick-up truck.

Operation of the auger gun is a three-
step process:   (1) screwing the auger flight into t,he
ground, (2) loading and firing the gun,  and (3)
unscrewing the  auger flight from  the  g!.ound.   Once
the 4-wheel-drive loader is in place, the containment
plate is lowered to the ground sui.face with the weight
of the loader placed on  the plate.   The  hollo\`.-st,em
auger flight is  then screwed into the ground  using a
gaging device designed to ensure  the  night is screwed
into the ground at a fixed rate and no material is
removed from the  hole.   Scre\ving the  auger flight
into the ground accomplishes  both exceptional blast
containment and  minimal  residual borehoie.   After
the auger flight is  securely screwed  into the ground
80+ cm, t,he modiried buffalo gun is loaded (by sliding
the gun over a shotgun shell), lo\`'ered do\`'n the
center of the hydraulic drive head, through the
hollow stem  auger fligl`ting,  and  seated into  a sleeve
at the base of the auger flight.   Water can be poured
through  the hollow  stem  auger prior to downhole
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placement of the buffalo gun to  improve source
couple.   Once positioned, the gun can be fired by
eit,her a  hammer impact on the  t,op of the riring pin or
with  an  electric  solinoid.

Safety must be of the utmost concern in
any  operation  involving seismic  sources.   Designed
into  the auger gun are several 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 t.he  shell either during loading or while the live
shell is in the  firing chamber.   Another improvement
is related to containment of the entire gun
mechanism in its downhole position throughout the
firing operation.   Finally, the firing-pin lock or safety
is spring-loaded and does not require operator
intervention prior to firing.   The entire design and
operation of the auger gun revolves around
rna.ximizing the  recorded  reflection  energy  without
compromising the safety of the operator or
bystanders.

The auger gun incorporates several key
characteristics designed and previously shown to
enhance  high-frequency seismic signal  at  the
expense of air-coupled wave and ground roll  while
maximizing mobility,  operator safety,  field efriciency,
and ground coupling.   Containment of the  explosion
is optimized 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 Input/Output DHR-2400 seismograph with no
analog low-cut filtering.   The sampling interval was
1/2 ms and record length was 500 ms.   The receivers
were three L-28E Mark Products 40-Hz geophones
wired in series and ananged 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 t,he auger gun with very little differelLce
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
un filtered files.   Some subtle indications of 50 Hz

ground  roll  are  still  prcsenl on  (illct.cd  rili`s.   'l`l`i.
general  characteristics  of t,he  80  ms  rcflcct.ion  seem  to
be consistent for both  soiirces.

Amplitude  spectra  suggest  the  auger
gun  produces  more  useable  seismic  energy  per  grain
of explosive than the traditional buffalo gun (Fig.ure
4).   Almost 25  percent more energy is present on the
auger gun spectra in the 30- to 70-Hz range t.han 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`.ironment
make  considerable  diffei.ence  in the  amplitude
spectrum of auger gun data.   Leaving a  15-cm air-
filled space between the base of a shell loaded in t.he
auger gun and the bottom of the screw hole reduced
total recorded reflection energy almost an order of
magnitude.   A water column placed in the  hollow
stem auger flight just prior to loading the shell tight
against the base  of the  screw  hole incrciascd  recorded
reflection energy b.v over 50 pci.i`ent.   Sigt`irica[`l
variability in frequency and amplitude of the I.ecorded
energy  resulted  from  slight changi`s  in  the  do``.nhole
environment.   These  subtle  changes  ai`d  their
resulting effect on the seismic data ai.e indicative of
how the near  surface  acousticall.v responds  to  gun
powder  explosions.

CONCLUSION

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

containment plate
screw guide

Fig.  1     Diagram represents  the  auger gun in above-
ground  position.   Modif]ed buffalo-gun
portion of the auger giin is  not shown, but is
conceptually the  same  as previously
documented (Pullan  and  .\Iac`Aulay,  1987).
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Fig. 3     A 150 Hz digital low-cut filter enhanced the 80
ms reflection event on both the auger (left)
and buffalo (right) guns.
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Fig. 4    The darkened area represents the difference
between the lower curve (buffalo gun) and the
upper curve  (auger gun).
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SuunR¥

In   i`   dlrecc   coiiiparl8on.    the   do.nhole    .50-callbe[
sel6nlc   8ou[ce   produced   more   sel6nlc   energy.   a
broader   body-Wave   frequency   speccrua,    an   .mpl.1Cude
drop   Ln   the   all-coupled   vave.   and   .   higher   doolnanc
I requency   of   the   recorded   body-vave   energy   Ch®r`   the
•Llel`ced   eurface   .50-col.1ber   .ourcc.      The   recot'ded
•elsd]lc   energy   a(   [l`e   dovtlhoLe   Elf le   Bhoved   aA
Lncrea®ed   adplLCude   of   6   to   12   dB   over   that
recorded   by   [``e   81leTiced   8u[f.ce   [Lf le.      The   dooL-
nanc    f requer`cy   of   c``e   recot.ded   ref lectlon   energy
vag   consLs[ently   20   [o   40   Hz   higher   [ha(`   the   aur-
face   rLf le.     The   all-coupled   v.ve   .4FiLlcude   Was
dect'ea.ed   over   12  du   by   .ub.utf.ce   f lrlng  of   the
rlf Le.     The   frequency   .pecc[`jl-of   the   body-vave
pal.e  vae   bt'o.dened   by   .1d]o.[   .  half   OCC.vc  ori   the
hl8l`   eTid.     The  ..fe[y   of   opeT.[1oa   of   th.   .ource   le
not  coopro-1.ed.     Raf lec[ot.  vltl`  .  dodLla.nt   fre-
quency   ln  .xce..  of   180  Hz  c.A  be  e..1ly  ldentlf led
oa  field  I Lle.  .[  dcpch.  of  I...  Ch.a  30  I  u.1tig
the  do`+ithole   .50-c.11bet'  rifle.     Ideaclflc.[loa  of
loo-llz   ref l€ctot'.   froti  I,loo  -1.   po..1tilc  on  fl.ld
I llcs   of   ouL[lple   vercLc.lly   8ticked   doirt`hole   .50-
c.ltber   8ho[..     The  8ource  will  opec.Ce   ln  .a
ef f Lclenc   dLanner   colleccLf\g   COP   data,   cotuBon-of fse[
d.Cdi,   or   .pot-correl®Clon  data.

INTROI)UCTION

Inr.rl.;`*tni:   ei`vtro.in.!ncA`   .lad   engtnccrlng   .ppll-
L.I.llonH   u[    r..[lec[loi`   ®el8®olog]r   `iavc   ®purred
re8e.ircli   ni`d   dcvelopniel`C   o€   .hallov   hlAh-re8olutlon
ccrlccclui`   t:¢clmlqut!8   di`d   cquli>.en[.      Regoluclol`   ou
tl`c  o[dcr  o(  A  I]ecer   I.   nece8.aTy   to  dccect   ulcra-
•l`aLLov   Corge[a   vl`Lcl`   are   generally   cl`e   goal   of
i.o€C   ei`vlroiiq]entAL   .`i`d   cngLneerlng   8[udtce.      Thl3
i.`cre.let:d   rcsolu[1on   con   bc   ob[alf`ed   by   boogtl.ng
tlii`   rrl.Iiiit!i`cy   ol   [lic   oource   pulse   .hlcl`.    Ir`   turn.
Iocreaae9   the   donlnar`C   f requency   of    the   recorded
selsnlc-ref lectlon   energy.     Ceneraclng   the   I`18h-
€rcquei`cy   selsnLc   source   pulse   necessary   for
shallov   oi}pllcA[Lone   hag   been   acco®pllshed   Ln   a
®ul[l[ude   o€   dlf ferel`C   tJa.v§    1r`   the   past    (Hlller   ec
al.,1986).

Rcceri[   9eLsmLc   4ource   advances   a[    [t`e   Kane.1s
Ceolo8lcal   Survey   (KCS)   have   aalrlly   revolved   around
Surf ace   I)cojeccLLe-type   eou[ces   (Steeples   arid
Ki`app,    L982;    MLller   end   §[eeples.    L986;    Seeber   and
Steeples.1986).     A   .50-caliber   rifle,   which  .as
dcslgt`ed   and   bollc   to   sat ely   fire  a   750-8t.aln   bul-
let   verclcllly   taco   [l`e  ground,   has   .ore   recently
beer`   addi}Ced   [o   operate   parclally   undergrouT`d   vlth
oaly   t``e   flrlng   apparacuc   above   ground.      This   al-
loys   eafe   operaclon3,   a  higher-f ceqtiency   source
pulse,   and   an   Increased   signal-to-noise   raclo.

¥.?.I.{:.N..4.N.I!.:r.H:.€Ll.N.I.qtLF..

Tl.a    I:(!iil`r.`l    dcsltii`    cei`Cers    arouiid    o|iclml7.Ir`i..    Ct`c
culivl.L..`Lul`   t]L    ci`i.r8y    ii[oducl.d    by   a     .5u-c.|llLil'r
rif li`   h`illtt[    ln[o   #elsmtc   (acrjusclc)   v.i`/es.      TI`c

I-ajorlty   of    the   er`ergy   produced   b,/   a    .50-callber
round   goes    lnco   acccleractnt:   tl`c   projecclle   ,1nd
Lf`Co   exhaue[    gases.       PTevlou6ly,    vl[li   above-ground
oources.    we   have   sllenced   ai`d   dlspct.sad   the   exl`ausc
gal)e.   1n   hopes   of   eLlnlnacln8   o[   ac    lea8C   8.e4[ly
reducLr`g   the   cf i ecc8   of   the   air-coupled   v.ve   on
sel®olc  data.     ne   dovnhole   .to-callber   rLf le
nearly   3lrl)ul[&neously   excLce3   tl`e   earth   vLcl`   j`
projeccLle   and   vLch   exhauec   gases   vhlle   con[aLnln8
dio®c   oC    the   all-coupLed   vave,    resul[Lng    Ln
lr`crea8ed    frequency   and   318I`al-Co-rlolge   raclo   o``
8eleaLc   record   secclons.

The   dovnhole   .50|callber   SeLsnlc   source   con819[s
of  a   .50-caliber   rlf le   bolted   Co  a   0.6-eta-thick
ace.i  plate.     The   rlflc   lc..elf   ls   a   ®C.rLd.rd   .50-
c.lLbe[   breech   .nd   bolt,   buLIC   by  Texa&   Cub   and
H.chlne  Coop.ny,   .cc.cl`ed   co  .  etlf`d.rd   .50-calLbe[
ti.chlne-gun   b.r[el.     MAchlTLed   g[ooveg   Ln   the   barrel
are  u.ed   ln  coftjuAc[1oa  vlch  .   pTe.lure   clalip   to
•[C.ch   Che   rL£1.   co   .   30-cB  by   90-co   Sceel   pl4[e.
The  rifle   barr.1   1s   lowet.ed   Into  .  60-   co   80-cn-
deep   borehole  4   ca   ln  dl.aecer  unctl   the   place   Ls
I lu.h  vlch   the  groond  surface.     This   steel   plate
4c[g   ae   a   gt'ound   Seal   and   A   pla[[ornL   Co   scaod   on
vhlle   f lrlt)8   the  gun.     1t`e  velgh[   of   the   shooter   on
the   pL&Cc   end   the   .nag   (Lc   of   the   barrel   co   [l`e
bo[ehole  Walls   help   Seal   cl`e   gun   (a   tl`e   ground.
The   rlf l®   can  be  equlppcd   vlth  a   source   Sensor   or
clogurl`   *.l[cl`   to   t;|`iicr..ti?   ..I   ttmc.   hrl...ik.       Flrti`i:
can   bc   Jo.`e   eltli..c   all.cirlc:`ll}.   by   s`)lci`olJ   ur
in.inu^lLy    l}y    pli``lni..    r.I`..    rrli.,i .... r.       Tli`.    .I.iv.ill`iLa     .iu-

callbcr   .elglls   .boul    JIJ   .<t;   ;IilJ    1*   i...Isily   l.Jo-|Iccsui`
portable.

lJ.kEt)i/r:NC¥    ^Ni.   A-I.I.(

1.lic   dowi`l`oli`    .`0   c;`lih.:r    Ill.uJ`il:i.i    t.ru.a   b    lo    12   illl

greact!r   reco[JabLe   seis.`lc   ci`et'gy   a:   equLvalenc
offsets    Cl`an   tl`e   silenctJ   suc€ace    .50   callber    (€1g.
I).      The   increased   reco:€ed   ei`er6;..   boosts    the
§1gnal-Co-noise   er`ou8h   Co   s`ibstdn:'.ally   clean   u|}
the   recot.d   secclon.      The   source-[o-closesc    geopl`one
ofcset   ln   fig.    `i   ls   43   =.      Besides   :!`ls   nccLceable
increase   ln   recorded   seisllc   eners:..,   a   cor.slscei`C
20-40   l{z    hoos[    Lri    [lic   do..Li`AI`C    f reiLiei`c.v    of    Clii`
®oilrce   w,.vele[    is   cl`,-irdccerl.qclc.

In   previous   shallov-sol.I.ce   coapa:tsong   (.V.iller   ec
al..    L986),    the   surface    .50-c,ilLbe=   I)erfor]ed   com-
parably   [o   Hlnl-?TinacorJ   and   ,`   L®-6aoge   SUE falo
gun   lr`   total   energ;J   and   f req`ieiicy   speccrus.      Tl`e
noccd    LncTease    I.1   f ret|uen=y   .ii`J   t!r`er5y   vould   in.`k€
[hc   do.nhole    .50-callb€r   rl€le   co..F`irabl.a   [o   Cl`e   8-
gauge   Buf f alo   guti   which   rag   .iDong   :he   begc    sources
cesced    for   ref le::!or`   e...±r3y   ve:sus    3rou``d    roll,
[ocal   energy.    and   freq.iency   r.ol`cel`:.
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Downhole   50-caliber   F"fle

Field   File
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FIG. 2.__ +his  Single-Shot  field  file   '+/it..'i  an  AGC  a_pp_iie±   illustrates  the  high  freouL±==j|ci
and  therefore  the  resoluti3r,   easily  c)bta.inaiie   .~.==h  a.dounhole   .50-cal.



FIG.  3.

85   msec  Pleflector  Wavelet

Amplitude  Spectrum

250                  500                  750                1000

frequency  (Hz)

-The  amplitude  spectrun\ the  ref lection ulse  at  85  msec   is   a 3   octavej



FIG.  4.
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Eight   Shot   Vertical   Stack

Downhole   50-calirjer   Bifle
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Jlin MAl tKIAL~JILJl|``   SAFETY DATA
OCEAN®   Network
EMEf]GENCY  PHONE  1 -80C+OLIN.911

SECTION   I.  IDENTIFICATION
CHENIC^l N^NE . SYNONYMSIndustrialAmmunition  8  Gauge         (Small   hms   Ammunition)

CHEWIC^L f^ullY F0f'Muu TF`^OE  N^WE

Not  applicable Mixture Not appucable
OEscF«fr10N C^S  NO.

Container  with powders and projectile Not assigned

SECTION  11  -NORMAL  HANDLING  PROCEDURES
Pf`EC^uTIONS TO  BE TAKEN  "  N^NollNG ^NO STofl^CE

Store  in  a  cool,  well-ventilated  place  away  from  all  sources  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 dischnge.

Pf`OTECTIVE  EOulpIIEllT VENTIL+TION  REOulAENENTS

Ey..                 Safety glasses or goggles Local mechanical exhaust
ciov..               N one necessary ventilation recommended during
oth®r                Hearing protection recom mended confined space discharge.

during discharge

SECTION  111  -HAZARDOUS  INGREDIENTS

a^sic w^TEfii^i                                                     osH^                    io co                  ic 5O                      siGNiFlc^NT EFFECTsP€|
Lead 50ug/m3 No Data No  Data Eye irritation,  fatiguedisturbanceofsleep

sEerioN  iv -FiRE AND  ExpiosioN  HAZARD  DATA
Push rolNT        Not Ostl^ CuSSIFIC^TIOH<,,- F`+Nw^eiE|      iowEF`      I      UPPER

EXPIOS'V€ - -wE"OO             A Dblicable |'"'ts
EXT"ouisH"c HEbl^                               Deluge wit-h  water,  material is self-oxidizing.   Flood  with  Water

to  fitrht  fire  find  to cool  shall,a.
SPEcl^l FIRE  H^2J`AO &  FIFtE FIGHTING  Pf`OCEOuRES

Evacuate area.   Fight fire  from  an exDlosion  resistant .1ocELtion.

SECTloN  V --HEALTH  HAZARD  DATA                -----,    ~  `-   -   . +` . -



SECTION  vl  -TOXICOLOGY  (Product)           (Sl,tall   A:i:.,a    i-.n.Luii'cL.

SECTION  Vll  -Splll AND  LEAKAGE  PROCEDURES  (Control  Procedures)

^cTioN  For  N^TEFtl^i RELEASE aft Spill.
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.    Follow
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  EMEf]GENCY,  CONTACT CHEMTflEC 60CL424.93cO
WASTE OISPOS^L WE"OO

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

SECTION  VIH  -SHIPPING  DATA
D.a.T.cues                                               cinss c Explosive        OHM-D

SECTION  IX -REACTIVITY  DATA

SECTION  X -  PHYSICAL  DATA

wEiTiHG roiNT              N/A v^POFt pAESSuRE                   N/A VOL^TllES                                        N / A

BolllNC poltlT               N/A soiuBliltt in w^TEn         N /A Ev^roRAtion fate         -- ..j!JL
'SPEciFicca^VlttiH,o.1)        N/A pH                                              N/A v^roFt DENSITY (^lr.1)               N/A

iNFOBMATloN  Fuf`NISHEO BY:                  C.  C.  Nconan
(203)  789-5436

1475

DATE         Novemberl6,1985

D®partm®nt ol Envlronm.nt.I Hygl.n. end Tc
(203)  7

olin  cOF]pOF]ATioN
120   Long  f]idge  F]oad. S`amloid, Connecticut 01

0CEAN®   Network
EMEflGENCY  PHONE  1.80®OLIN-911



in.alchaJ  Saltry  Data Sh.o®l  .
w.y t» u..d u> arty wh
OSH^'. ftyrd Ca.'rwTulcdth. Sdydrd,
20  CFF`  1010.12cO.   Sllnd.rd  rTiuct  t-
con-Iled lcr pdi rmJ]m-

U.S.  D.pertinent ot L.bar
OcciJp.`iofi.I S.I.tv .nd He.Ith ^dmlnlltr.tlon
(Won-M.nd.tory Fom)
Form App.out

OMB No.12180072

• +rJt `

O®mTT  t^- lh-a cm I.b.I .r`d lJ®
All   Shotoh®11  AlrDunltlon

unB~H,*mHon-b=LELrgT=="nut=#rapfE±
S-I . -Snail  Arms  Arminltlon-
ll.nJ.ctilr-r. Nm Em.rper`cy T-t`dr`t}-    .

Renincrton  Arms  Co. ,   Inc. (Sol)  .   676-3161
^aar.-\ (llnb.r. S\r..L C./. Sn\ .I.a ZP Cde| T.l®phon. Nilut>- tr, lnbrrT`.tJorl

I-40   a  Highway  15.        . (SO1)       374-2246

I,Onok. ,Ark.ansa.        72086               .    .    `    .          ..
0,I, P,pud`      8-12-86    .

Sign.lun ol pt.p./-/dpdrl-O        .        .
W.G.   Bell,'  Chen  Lab  -Technical  Section

Sceden I - 11|=-rdo+I. Ingri.dl.ntl^dontlty hlom.tlon

t+-I-rtbl. caifij=fiiir= Go.d-Chimlcal I).rutic ccmrrm N-do|       OSH^ P€l
Lead.,   Inorganic  and  1.Cad  ccopounds.                     50mg/tt

^r8enl'c  and  c \|nd I,                                                          10

Antiron and  con ndo                                                          SO0  n
Bariun  and  compounds                                                           500  mg/M3,
tlitroqlyerln   (0.05  rm  chin)   500  nicrograng/M3  of  air

txJT  -  "Small  hms  Aminition"
Cla8ar  C  E*plo.iv.

.  OOu-D

S.ctlori Ill - Ptry.lc.I/Ch.mlcal Ch.I.ctort.tJc.
Bclno pob                                      . S#E#L°c{cfi:)

Wet  applicable
V-par pT.-.Ir. (in HO-)     . Lrty Pdrl

Not  applicable Not  applicable
vtr orty pe . I) ELqu~-Tn^oTApfti.calLeNot  ainllcabl®
sof#dh#ead  styphnate  -|nsolublei  Lead Nitrate  -127  g"/100cc tlater -loo.C

--edCb
Grayleh,  Gray,  Sllvory  Xat®rlal  i  No  odor

S.ctlon rv - Flr. .nd Elplo.loo l1|zird a.b
fwh Pch 0~ qu FL-|M un UEL

Not  applicable Not  applicable W^ t'^EJ-Lu
_Material _18  8elf  oxidizing/   flood_ V_1th_rate_r  to  I lght____£i=e. an_d  cool  .h.11._.
Sfrsl Fh Fprg Pet.d`m  .

un#eiFi".TiRTtg#e when  e]{poBed  to  flab.  and high  tenperaturee.



s.¢iloo v - p..clhrrty D.tii
Strtyty u- Cch`Lm®^"        riane8,   Sparks,   percussion  or  shock  and  hlqb  .

SLth
X temperatures    (1JO®C)

lncort`o.llbJllty (A/./.I+./. /a AroLa   .. Strong  mineral  acids  and  alkall8
t`.Z]`ca-€=iF`-tj" Byt'tnd   oxid®8  of  carbon,  nitrogen  and  lead  fm®S.- rty Cho Con~k'^ut       Heat,  fire,   static,.  £r|ctlon  and  Perou9910n.

Vvlrty " Chi
X

SectJon VI - H..lth Hal.rd b.t.
F".| ol ErtJir.                       Inn.I.IcO7      runes                        S*Jn7   cuts  or abrasions  -ffitr|7cieg
t¥n##`#igTge?V:€1ctoria,chryotoxln,

malnutrition,   veaJ{ness,  mental  confusion, allor

treat  per  general  lead  expooure}.  headache  and  nausea

Cjf==5=F=?g-in..             RIP?                                                unc L*onocn®h.7 OSJIAP-_-
Lead  -  Ye

Siqr-d3\1"bl'.a/E-''      .      Ftefer  to  health.hazard  above.           `

Ll.dc±±  Car`dtt)on.     .
Giiii=r==F ^qmdd try E-Ir. Ea_:_trolntestinal  £r!ct_;   kidneys,_'  bloo_d  and  central  nervou.

System.          (CNS)
Efl-ul fHAH pttt~         skin.  fiu8h  vith  wateri   i£  Swallowed  sect  medical  attention

inediately.
Si.ctlorl Vll - Prceautloo. for Sel. tll.ndllng .nd U.®
S].f] I) a. Tutor h C... W.A.I I. Ftete._ted cr SplAd                                                                                                                .

Use  nan-sparking  equipment  to   r:1eanup  and   store  stiells  -a`roid  ignj.tlon  sources.

]Fat¥1¥ b_e burpe_3=pe_i 'appr_opr_l±t_e  £Fderal.,  state  and  local  regulato[\rap±pg[=
contact

Pbc±£c- b a. T.bn A l1.nEpno .nd Storlng

f`efer  to  rel®aeed  or  Spilled  ddtI. abo`/e.Ctw -ho
I.abel  containers  -  "Small  Amg  AJnmunition"  tJear  gloves  and  ghrapr.el  protection.

S.ctlorl Vlll - Control lI...ur..•--Fi.i\ri:pwii-is=E;nfi5-
Osm    sA/Hti/SCBA

Qr`- PtacaJ`. Cahinq ® Eardcih---I U8e  he.rhg  protection

2ka_C_E=
Pap)

when  dl8charging  caLrl.rldg...



-\.---.-\,u
aENERAL MOTofls cORpof`ATioN

MATEniAL SAFETv. DATA SHEET
SECTION I

SECTION 11 - lNGflEDIENTS
(ll,t  ,11  lng,®dl®ntS)

C^S  F]€CISTflY  NO` XW tw CHfwwiLI N"t(Sl

---, --    -`J|'#,diiS:I,!if%®#.i

7664939 37 Sulfurlc   ^¢1d _NA_

773218S 1&1 .    Water NA

74J992l 90 -. _  tl^      _-,-`
S€p`ra-to,`,                         _      -     ---

D4remt¢

~

--   ---_-_

-.                .            .                              `.           .       .'            -                     .       `.

SECTION Ill - PHYSICAL DATA
|oillNC PO`^'23i.I  -± -.I...-

Av aar.1.280   ±   .01 L_
¥,A5±ii€SSu.I¢  dr+i3fa 0. mttNT v-oLE^tiii .y voLFM€ mi

`. ut?-gH¥T,£9Uo.y
VAPOR  5ENSITY  IAIR.1|

LNA
rv^roMTroN A^Tt I  --         . ii

\.
soli.OIL..n  '%T3ACTE81e        --          I-- PH-{ . [__ i
"Ja€cA#\S!|+Hpt8°e!qutd  (acid_¢on±£nt)                                       _       __   |"ffiRAt       __uauIO     #!!±

€E¢TION IV - FIRE AND EXPLOSION HAZARD DATA



I.  'c'o'£€tasc8' 3Y€[Ch€'`jcf;£Er i-ctre.'i`|a"r'.°a`u'i¢:a.   in-Hold    _!dcsmtlonofbodytlgeu.(burtt).     '. RTELsffiu#'ELLffl#=v:,I,t¥#:IO"«|"r, D  _

•AIM^AY  F]Ou Sol ENny   im.I.tion q   Slincontld I   Oth..(...¢ifyl   Inte`tlon
cE..etr AHO fiAST ^io ..OC(Ouu3dJ-- Do   not   .*c®ad A,movt)   to   I

ttentl INCESTtoNi       cO   NOT   lnduc®   vowllln8. Clv.  Bilk  Ilk.d  vl¢h  .8t

SECTION VI-REACTIVITY DATA

ST^e'|ltt
uNst^®_|t coh6TTroNs to ^volo         -

7A,|[
X I__

'NCOWPA allltYlm.I.o.`.la-.`a`d'      oxtdi2in.   or   reduclna   ma[erl.1g

HAZ^AOOu   oECowrasmoNIIOOuCTS:   Than   heated.   c|h   em|[   hl.hlv   taxIC   {un.9.

HAZAIOOpalyuff]IuSZ^"ON WAY  O¢Cufl ¢ONDITicws TO ^VOIO--
w`ii I.at ce¢u-.

___    XX

s€cTioN viii.spEciAL moTECTio_N INFORMATioN



tiJi=`    =:      ''3|     |i:OT   CH`j!:I    [!IST    IHr-OJ`lGT    C/FC_CElll:\=-Ii:

(MATERIAL SAFETY DATA  SHEET
PBOOUCT SA   825    0012

F'.=

HAZ^AO  flATINC
4  _  CXT.ewe
3  -  H'GH
2  -  MOOEA^TE
'  -  8|loHT

iN8iaNiFlc^NT
WP    GBEASE                   I   |O -lNtMUNlrl.ANT                        v   ,a.<.,

V.''I T Ccj MA^uF Ac t uali` 6 Civ is io N cm 6UBSIcnA n y EMgaGENct  TELEptioNEy¢y!F,ACTunm762 -5S0°EfiEETAEC1.(8ooi424.9300

AOof`gss  tNUMBEfl. sTaEET. city. STATE. zlp conf.

1

cHEMicAi NAME afi F^Miiy FORMULA

Petrol eum  Hvdrocarbor` NA

'SE CTION  11  -.CHEMICAL AND  PHY8ICAl.PHOPERTIE8 tcHEMICAl"                                           `PHYSICAl.
h^:AAOOuS DECOMPOSITION PRODUCTS FORlv\.        Sent-soUd

6         Carbon   monoxide.   carton   dloxide Ooofl
IN coMPATi8iLiTy i*€ee ^w^y FaoMi e Mineral    Oil

Strong   oxid(zlng   agents   such  as:      hydrogen   Peroxldei ^P,E^R^NCE
6 chromlc   8cld.    bror.ir`e '0 Grease
LIS7 T ALL toxic ^NO iiAz^AOOus INaAEOIENTsNone loo,,I       Ambe.r

P'2 ECIF`C  GRAVITYiwATEa-11RT 0 . 924

`BEctioN Iii.i.FinE.AND-ExpLo8ION t]ATA `      ®O,l,NGPT.'9
NDA                    ®r®C

SPECIAL FIF`E FIGHTING PROCEollRE6 F|ASH POINT (METHOD USEolAboveC.O.C.EB-.

Fire   flghters   should   wear   an MELTING PT. RA.c
eoproved   self   contflned   breathing fl^MM^BIE LIMJTS toNDA27|oWER_UPPER-

', C

24
aoDaraTus`                .

9oiueliTTyNW^TEf'

ec=  1  ; c  I  A I  a

UN usuAi FinE AND Ex?|OsioN H^zARosDensesmctke exTiNGuleHiNG ^aENTs

£ D.YCHEMICAI    X: CO. ^T          ?5   .c
=W^TERSPRAY     ± fo^M.W^TEf]focRSANO/EAF`TH,a-OTH€I '1

*  VOLATILE'a(.YWT*'
NA

29
evAp. flATEI,(.''

NAsECTioN rv  -  H€AiTH HAZARD DATA
PEftMISsl8lE CONCENTfiAtloNS (AIA.

VAPOR PAESSIJA(
NA

'9           NOA
I,    'mm  11®  ,I  20,C'

NAEFFECTS Of  OV€BEXPOSuRE '^m  ,  ''

ao Mev  cause  skin   a  eye   irrltation  wlth   prolongeo   contact. ®H ^S  IS
NA

TOXICC)LOGic^ipnopfnTiES
30 ®H'1

I NC\,4. STnoNO ACIOsTRONcaASE
EMEflG£Ncy F last ^io pf`oCEDufiES

32 EyEs     Flush   with    large   amounts   cif   water   for   at    least    15   mln. sTAeiE                                                     -x

Call    a   ohysicien    lmmed:ately.
I

uNSTieLE

33j¢3! SKINCONTACT        wasr,   thorc>i'gh|y   with   Soap   ar`d   Water. VA':%::              `oo<o'R°g;..^'=Z

lNllALAT|oN                  NDA

3'           NA

ifswAiLowED        Call    a    Physician    Immediately.

N+  -NOT ^ppLic^eiE                                            NOA.  I.OOATA^vAiiABiE                                        <t  iEssTHAN                                       >.MoaEih^N

Paq6  '  ot  2

c cci I,.  i`. 3 .  e  S  .....



Ill_lI:-=|      'e|     |J:tj:-i    I:Hi_``I    Lli'=T      Il`ir~OJ`lc`T    I:ir~i:_tEl`lcl:-Il.I

MATERIAL  SAFETY  DATA  SHEET      pBooucT
SECILION  V-   -SP€CIAI PFtoTtcTION tNf]OFIMATt

F.I

SA   825   0012

.                   .             .      .  .  .                .            -.  .       .      .
vet.1iiATloN Typ[ iicumEo |iocAL. MEcti^tjic^L. spEciAu                                                  I            INoneaequlred PfioTicTIVE CLOVESRijbberor    plestlc36allreslstant                     i

€tEm05icfT6aTNy   gogg I es   end                I
36

R€SPIAATORV  PROTECTION  ISPECIFY  TYPE) u           ace   s   ie

Nc)ne   Becuired
OTHEa pfloTECTivE £QupMENT,aNoneReauirec'

3?

Vll = §PECIA[ f.ftECAUTIONS
paecAUTioNS To e€ TAKEN iN H^NoiiNG ^NO STOAAGE

Keep   cc)ntainers   closed.

sEcnoN vfli - TFIANsrofITATloN OATA

a         UNE;Got.'5ttTt°  a
u.s. a.a.T. .f`opta 8HippiNc NAME

47

`.            aE:u.I.A.|!o I
U.a. a.a.I. tlAZ^f`D CIASS I.a. NUMB€I

4a

TP^NSPO.TATIONEMERG€NCYiNfoaM^tioNCHEMTPEC1.(Cool43..9300
::                     #BELisia£QuiAED
FaEIGHTCLA5SIFICATION

5Z
Petroleu.   Lubricatine  i`rease

S.£Cu`l TRANSpoflT^TION NOTES

I, JJ

SECTION IX - COMMENTS

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

\^/C  beli.ve  th.  6tatem®nts.  technical  Information  end  r®commendatlonS  contained  h.r.in  &ro  I.liabl.,  but  th
are  given   without  warranty  or  gu®r.ntee  of  ]ny  klnd.  expr®s8  or  lmplj.d,  and  W®  a83um®  no  lelpon9lblli{y  (
any loss.  damage.  or cxper`8e,  cliiect  or consoqu®ntlal.  arising out ot th®lr use.

P®:6   2   0!   2



Fiul=     :i        ._-`11.;:I._      l=}i`_`t.I     L'1=I       IH.'`'_li`3i      uri._iLliii      |11

MATERIAL  SAFETY  DATA  SHEET      pRooucT SA   825   0012

SEclloN  V---SrtcIAl pftoTECTION INPoflMA"oN
veNTiiATiot. Typ[.ioui.[3 iiocAi. MEcii^NicAi, spEciAii                                                 I           INoneReaulred pf`OT:cTivE clovesRubberor   plestlca8ollreslstant

EY EPRO#F#y   .qc)gg|es   and,fuHfaceshield
36

RESFlf`ATOF)Y  PF]OTECTION  ISPECIFV  TYpt| 11

None   Required
OTHER paoTECTivE EQupMEN7NoneRequired40

J1

sECTioN Vi -HANDLING.oF splii8 aft LEAKs
•ROCEOuf`ES fc)8 Cl£AN.uP

Tren5fer   bulk  of   material    into  another  container.      Absorb   remainlng   resldue  wlth
Proper   absorbents   such   es   sand,   earth.   vemlculite.      Sweep   up   and   dlspos6  as   Solld
waste   ln   accc>rdEnce   to   local,   State  ancl   federal    regulations.

:

WAS Te Oispcl5Ai

By   methods  ccnslste'nt   with   lQcel,   state  and   federal    regulatlons.
I

vii-LTspeciAt.pflECAutloNs
f]aECAUTioNS To a€ TAKEN iN HANoiiNG ^No sToaACE

Keep   containers  closed.

8ECTloN vlli - TnANsroFTA"ON DATA

a         uN.a;GOY8tTTO  E

U.S. a.O.T. .BOPEA 8HIPPING NAME

47

;.                REeuoi.^OT€D  D

U.a. O.a.t. HAZARD CIASS I.a. NIJMBEB

48 e

TPANspoaTAtioN Ra LABEL(SI AEQulREO

EMEPIGENCYlNfoAM^TIONCHEMTREC1.{800143...goo 60 '
Ffi EIGHTCu5SIFICATION

92 Petroleul   LubricEtin§   C`rease
SIEcl^ L TRANSpoflT^TION N OTES

I, I,

SECTION IX - COMMENT§

KE=F   OUT   0F   a:Act   OF   CHI  L9REN!  I

\^/e  b.li.ve  th.  6tetem®nts.  technical .information  end  recomm.ndatlon®  contt)in.d  h.i®in  ere  r.liebl..  but  th.
ale  given   without  wlrfan{v  or  gu8rant¢e  o{  any  klnd.  expr®88  0r  Implied,  and  W®  a9Sum®  no  lelponi!bllity  (I
any  loss.  dam.oo.  or cxpen8e,  direct oi congoquontlal.  arising out ot th®lr use.

C13;6   2   Ct   2



ti,utl  il 'Ei    lJ:I:l=   (:ti,jJ    i,I=,iir\r-ci"Tan-Ill

MATEFIAL   SAFETY   DATA  SHEET

Tbx   no.     :    042840
Prlnt   Oat®

Last   R.vlewed

a

P4rt   Typei   and   Number                                                             Part   name
----------------.,------ ~ --.-..--------.- I I ,------.-----------,-----------------,, ~ -
Ford    -U.S.     BATTERY    -ALL                                                       8ATTERY    ELECTROLYTE

Hotorcraf t    -U.S.    BATTERY    -ALL                                BATTERY    EIECTROLYTE

I ------ I -------- tl ----  CHEHI GAL   AND   PHYS I CAL   PROPERTI ES  ----------.. I ---- I -------

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

---..- I ----.----   HAZARD0l'S   ANt)   OTHER   DISCLOSE?   lNGRE0l ENTS   ------- I ----.- I-I ---.

P.rcent            Expo®ure   Limits   -TWA
Range               ACGIH/OSHA(where   eat.)    CAS   number            Chem:cll    Name

-,----,- ~-    ~1-~ --,-------- ~ ,---- I ,,,,- I.I,I,I,,         ,1,~ ---- ~ ,,,,--- ~1 ,---- ~ ,,---
>30-60                1/1       mg/m3                                         7664-93-9                SUIFURIC   ACID

Expo.ure   Limlt   Abbreviatlons
------,----1I,---,,,----,,,-----,,~,
TWA.Tlme  W.lght.d   Aver.9®     C-C.llliiq

S-Short  T.rm   Expo.ure       Sk-Skin
Sol-Solubl.   Compoundi              FLi-Fiimcs

ln&ol-ln.ollJbl.   Compounds        0u-Oust..,
+'

--------------------------  REGIJLATORY  I NFORAAT I 0N  ----- I ----------- il -.------

Thls   product   contains   .   tcixic   chemic&l   or   ch.micatf   lubject   to   the   report!n¢
rcqLlironent€   of   Sactlon   313   of   Title   Ill   of   th.   Superfulld  Amendm.nts   and
R.authorlzation   Act  of   1986   .nd   40   CFR   Part   372.

n---I-I-__====IE±±-+=J[±-------SIGNALWORO===':-===---i-=====±===--.-=====L=

DANGER    --CORROSIVE

.........a----------n---I--...HAZARDS-------------.---------------===---=

Contact  wtth   thle   miterial   wlll   cause  burns   to   the   Skin,   .yes   &nd  mucous
m®mbran®8 .

Wh.n   thl.   in.t.rlal   com.s    into   contact  with   the   ey.a,   serlou9   d&mag.  may   occur.
Thi8   product   ls   h.rmfu.I   by   lnhalatlon,   wh.n  .in   contact  wlth   th.   akln
•nd   if   lt   is   .w]now.d.

Th:I   product   ls   irrltiting   to   the   eyes,   respiratory   €y€ten  and   .kln.
This   product   iTiay   bc   fatal    lf    lt    ls   Swallowed.

FORD   MOTOR   COMPANY
OEABBORN   Ml   48121



CIU`3   :1     '91    14:09   CHGCI   Ill:T    Ilif-Ci_Mi=`T   CifT_i.='ET==`Ifli--
MSDS

(CONTINUED)

P.6

Tclx   no.     :    042840
Pr1n`D-t...oip/ao92e/802

-I ----- I---i]I ------  TARGET  ORGANS   AND   ME0lcAI   CONDITIC)NS   ----------- 11 ----.---- a

OV.rexpogure   to   &om.   h]zardou8    lngredlent&    in   thl(   Product   A.3   been   found
to   af feet   certaln  body   organs   and   Syaton8   ln  exp.rlm.ntet   &nim.lt   .nd/or
humane.   The.e   include:

Lungs
Taath
Skln,    Ey.S.   and   R.8pir.tory   Sy8t.in

----.-------.-.---.----  ACUTE  Tax I C ITY  I NFORMATl oN  --------------- I ------- I

Based   on   th.  compoeltlon  of   th.   product   ldentlfl¢d  by   th.  .uppller,
Selected   por[lon.   c]f   th.   acute   toxicity   Information   froiil  RTECS   are
35    follows:
7664-93-9         SUIFURIC   Aclo

lnhal.tlon.   Idult   rat,    LC50   -;10  mg/m3    (2   Hour])
Oral,    adult   rat.   L050   -2140  mq/kg                                                           .

----- I ----- I ----- ±±J±+-I---SAP E  H^NDl I NG  AND  STORAGE---±J±=J±-=====T--==±= -------

Oo  not  breath.  g.a/fim../v.par/®pray.
ui.  thls  product  with  ad.qulte  v®ntll]tion.
Do  not   g.t   thli  in.t.rlal    ln  your   eyeS,   en  your  thin,   or  on  your   clothlng.
Thl]   ls   an  oxldl2Inq   .I.nt  -&vold   brlnglnq   lt   Into  contlct  wlth   aA
organic  materi.I .

Stol.  this  product   in  .lr-tloht  contaln.r&  aw.y  fran  lourc..  of  h.&t  .nd
I ight.

---- I ---- "'lLI-I  F IRE.   EXPLOsloN  AND  REACTIVITY   INFORMTION  nld-====== ..-----

Brinqlng   thlf   product   Into  contact  wlth   combu8tlble  mat&ri.Il   in.y   cauee   4   f Ire.
EXTINGulsHER    INFORMTION:    Dry   chemical,    foam.    carbon   dloxlde.
LJ&e  water   to  cool   fir.-.xpo..d  cent.lners  and  to  protect  p.r]onnel.
W..r   salf-contain.a  br.&thing  appar&tu..
Thl8   product  can  ra.ct  violently  wlth   reducing  ]gentl  and.organlc  fnat.rlils.
Explo€Ive   HYOROGEH   GAS   may   be   I.I.&..d    lf   aqu.eu.   .olutlon&   ol   thl.   mat.rlal
come    into   contact   with   reactlv.   metal!    (lRON,    ZINC.    ALUMIWU#)  .

Irrltltlflg  and/or   toxlc  fun.I  and  giaes  may  I.  onltted  upon  h..tlnq  of
thl]   product.

The   d®compo&itlon   of   thl8   prodllct  wl 11.  rele&s.   toxlc   la.&S.

FORD   MOTOR   COMPANY
DEARBORN  Ml   48121
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Tcix   no.     :    042840
Prlnt   O®te   :   o4P/aoo298o3

---------------- I---PROTECTIVE   MEASURES   AND  TREATMENTS   I -------..- I-I -----------

Use   of   an    impervious   apron   ls   r.commended.
Ule   a.n¢ral   v.ntHation   .nd   u8®   locll   exhaust.   wh.re   posslb`e,    In   ccinf lned   er
enc`osad   8pace&.

Wear   eh.mlc&l   goggl.a   and   fac.   ehleld.
The  liee  of   naopr.rie  glov..   is   recom.nded.
In  c.se   of   contact  wlth   .y.a,   rln.e   imedlately  with  plenty  of  water   and   .eek
mcdic&l    advice,

Im.dlat.ly   tlk.  off   all   contanlnat.d  clothing.
If   th.  mat6rlal    IE   ewallowed,   g.t   lmedl.te  medicll   attention  or   advice  --
Giv.   Sev.rat   gll8ses   of   water  or  milk.

It   g=&/fume/vapor/dust/ml5t   fran   the  mat®rlal    is   inhaled,   remove   th.   affected
per.on   lmmediat.`y   to   fresh   air.

For   skln   contact   f lllah   with   `erge   amounts   of   water.
Wash   thoroughly   after   h.andllnc.

........ _ ...... _...I ..., [m. NC,TES T0 PHys , C , ANS  ..I ..... _ ..... _ .......... ==..

If   the   product   i&   lnge&ted.   probabl.  mucosal   d.in.ge  may   contraindlcate   the  tis6
of   gaatrl¢   `av.ge.     Tr.at   th.  affect.d  person  aoproprlately.

-----------------------  Sp I lLs i  LEAKS  AND  D I SPOSAl  ----- n ---.---.----- d==:

EIImin.t.   all   .ourc®&   of    lgnitlon  or   flammablef   that  fttay   ccm.   Into  contact         .
wlth   .   .pHl   of   thlS  mat.rlal.

Avoid   .kin   cont]ct   and   lnhalatlon  C)I   vapors   durlng  di.po.il   of   SpHIS.
018po.®  of   wast.  materl&I   .ccordlng   to   Loc.I,   Stet.,   .nd   F.d.r.I
Envlrorun.nt.I   A.ou`atlone.

In   ¢aBe   of   larg.   .piH®,   foHow  all   faciHty   Em.rg.ncy   RelponSe   Proeedure8.

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

Thi81.   .n  .cldlc  mit.rlal.

------. I|--I ----  u.   s.   eEPARTHENT  OF  TRANspORTATioN   INFORMTioN  ---II .--. I ----- [=

Shlppino    name:    BATTERY    FLUID,    ACID       tJN:    1796
Hazard   Clasti   Corrollv.  matarlal                  Hazard   Label:   Corrosive

The   chonllcal   nlme(i)   appearing   below.under   ``NME"   must   .ppear   a6   part   of
Shipplno   n.mc   lF   the   amount   being   Chipped   in  each   contalner   .xc.eds   the
quantlty   .horn  under   "RQ"   below.     The   letter:   ''RQ"  mu6[  allo  app.lr   as.p.rt
of   the   Shipplnq   name,    ln   th.   form!

•hlpp:ng   name,    ch®mlcal    Lame.    RQ.
For   U.S.      Shlpm®llti   fran   Ford   FaciHtieS,   consult   the   `'Ford

Hazardou®   M.terial   Tran8pertation   Control   Progr.m''  A.nual,   oth.rwisa
consult   49CFR172.
------ CAS--RQ (Ib5)   -NAME -----------------.------.------------------------------

766J+-93-9          2777         SuLFURIC   Aclo

FORD   MOTofi   COMPAN.Y
nEAaRr`pN   MI   48121
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Tox   no.     :    042840 °     prir\t  D.te  ,   oF/aoq2e/9#

---------------------------  PREPARATl oN   I NFORMATI 0N  ------------------- I---E=il--

H.alth   and   safety   Information   ha®   been   evaluated   bye

Environmental   6   Occupational   Toxicology,      Occupational   Health   6   Sat.ty,
Ford   Hotor   Company
900   Parklan.  Towers   W.9t.    a.arborn,   Hl      48126        ..

for   .margen¢y  can:       (SIS)    337-3182   -or-(313)    323-0045    (for   24   hour   ..rvice)

Thls   i.   th.   last   page  of   thi.  HSOS.

FORD   MC)TOR   COMPANY
DEARBOEN   Ml   48121
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VATERZAL   SAFETY
DATA   SHEET

AMOCO   REGULAR   LEAD-FREE   GASOLlh.I

MSDS   NO:        02003992

P.9

MA+ltJFACTURER/SUPPLIER:
A]Boco   oil   Company

2£!c::::  i:#::?: D;i:8l

EMERGENCY   HEAL"   IRTORMATION:        (800)    447-8735
ERERGENCY   SPILL   INFORMATI0N:       (800)    424-9300

CH"REC,  U.S.A,
OTHm  PRODUCT   gAFETT   INFORATloN!       (312)   856-3907

IteoRTANT  COMFOREuts:      Ga8ollne   (C^S   8006-61-9)   ^CGIH  TLV  300   ppn,   STEL   500   ppn;
OSII^  P=L   300   ppn,   STEI.   500  ppn.

!§:i::::§A¥£e::::3#i#::io:i:;::1:::;  OSIA PEL  1 ppn
WAENING  STA?EMENT :    E::a::i®::t5:::;Xe::r::::: in::gha::P::u::::eE:I:!i:A:£C::a:::::a

and/or  asplreted  into  lungl.  Can  produce  skin  lrrltation  on
prolonged  or  repeated  contact.   U.e  ag  motor  fuel  only.   Long-term
exposure  to  vapors  has  caused  cancer   ln  laboratory  &nlDals.

"IS/NrpA  CODES:.(HEAI.";I) (FL"AEILIT¥;3)(REACTIVITT;O) ,   Chronic  h.alth  hazard

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

tlEALTH  RAZ^RI)   INFORMATION

EFFECT :

FlrsT  AID:

PRC)TECT I ON i

EFFECT :

rlR§T   AID:

|YE

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

5:::?g:g::  Vlth  Plenty  of  vat®r.    Get  aadical  attention  if  irrltatlon

Non.  r.quired;   however,   use  of  ey.  protection  ls  good. industrial  practice.

.SXIN

Prolonged  or  repeated  contact  can  defat  th.  Skin  and  lead  to  lrrltation
and/or  dernatltls.

!§:::ii§§a:!oi:;:::i:::::§§:i:;s:i:::.an:end:;Cb:?::=i::::?C:::hi:3ifai
PROTECTION:    :I:;:8P;:i::::8n::dr::.::;:a::inc::::::tis  i:i:L§?Otective  Clothing  and

EFFECT !

INiELATION

Vapour  hdrDful.     High  vapor  concentrations   can  cdufe  headacheg,   dl2Zlneas,
drovginea&  and  nausea.     See  Toxicology  S.ction.

FIE£T  AID:        If   adverse  effects   occur,   remove  to  uncontonlnated  area.     Give  artif lcial
respiration  if  not  breathing.     Get  in.dical  attention.

PROTECTION:      Use  With   adequate  ventilation.     Avoid  br.athing.  vapor   and/or  mist.      1£
ventilation   ig   inadequate,   use  NIOSH/MS!IA  c®rtif i¢d  respirator  Which  vlll
protect   against   c]rganlc  vapor/mist.
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HEALTH   H.IZARE    INFORMATION   -   CONTINUED

P.10

INGESTION

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

FIRST  AID:         If   st/allowed,   do  NOT   induce  vomi'ting.      Get   lmm.diate  medical   attention.

FIRE   AND   ExpLOsloN   INroRM^TloN

FL^SHP0INI:                 -45®F

FLAla{AELI   LIMITS:      UPPER:       7.6%      LOWER:       I.3t

AUTOIGNITION   TEMPERATURE :                      495®F

EXTINGUISHING  MEDIA!      Agents   approv®d   fat.  Class   a  hazards   (..g.,   dry   chemical,   carbon
dloxid.,   halogenated  agents,   foan,   st®ou)   or  voter   fog.

UNUSUAL   rlR=  IND  EXPLOSION  fIAZARDS:      Extr.in.ly   flammable  vapor/air  ni*tufe8   form.
.Extlnguighment  of   f ire  before  sourc.  of  vapor   ls  shut  off  can  create  an
explo81ve  mixture   ln  air.

£RECAUT)ONS:      Keep  away   from   ignltlon  Sources   (e.g.,   A.®t,   Sparkl   and  open   flanea).
K.®p  contain.r  closed.     Use  With  adequate  ventil&tlon.

REACTIV[TY   INFOR}{ATION

DANGEROUS  REACTIONS:     Avoid  chlorine,   fluorlne  and  oth.r  strong   oxldiz®rs.

HAZARDOUS   DECOMPOSITION:      Burning   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                 430®F,   Range

Sol.UBILITY   IN  WATER:      Negllgiblo,   b.low   a.1%.

SPECIFIC   GRAVITY   (WATER   a   1):                      a.7S

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

VAPOR   DENSITY    (AIR   .1)i                   3   TO               4
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REGULATORY    INFORMATION

I.1=

CERCL^   RE:PORTABLE   QUAVT!TY!
This   product   is   exempt   f ron   the   CERCLA   reporting   requir®m.nt8   under   40   CFR
Part   302.4.     How.v.r,    if   Spilled   into  Waters  of   the  Unit,ed  Statog,    it  may
be   reportable  under   40   CFR  Part   153   if   lt  produc®g   a   Sheen.

DOT   PROPER   SHIPPING  N"E!      Gasoline,   Flamnabl®   Liquid,   UN1203.

OsrIA  HAZARE  CounNICATION  STANDARD :    ::#£b!§n:i#?:  ::i:ii:;:i::::i:§!:#:::A£;ts

RCRA   STATUst
This  product   i6  Subject   to   the  40  CFR  Part  268.30   land  ban  on  the
disposal  of  c.rtain  ha2ardoug  wastes  becdus.  it  contains  th.  £ollovlng
Substance ( a ) !

cOMpONENT/cas   NUMBER--------------------------------------------------
Ethylt)en2ene   (loo-41-4)
Toluene .  (108-88-3 )
Xylene   (1330-20-7)

.SARI   STATUS:
This  product   i8  rGgulat.a  under  the  following  a.ctlon(a)   of  SARI  Title  Ill,   42
Use  9601.   Spills  or  releases  of  the  product  RAY  b.  reporteble  a3  a.t.mined  by
the   informatlcin  given  below!

SECTIONS   311   ANIJ   312   0F   SARA   AND   40   CFR   PART   370:
This   prc>duct   ig   deflr`ed   a8   hazardous   by  OSRA  under   29   CFR  Part  1910.1200(d).

SECTION   313   0F   SARA   AND   40   CFR   PART   372:

#::  ?:O€8C:F£Og:::n:;i?a   following  substances,   which  are  on  the  Toxic  Chenlcals

COMPONENT/GAS   NUMBER

Ber`zene   (7l-43-2)         .
Ethylbenzene   (loo-41-4)
Toluene   (108-88-3)
Cyclohexane   (110-82-7)
Xylene   (1330-20-7)
MTBE    (1634-04-4)

WEIGHT   PERCENT----I,.I,-,,-----

TSCA  STATUS!     All  of   the   components   of  thl8  product   ar.1iSted  on  the  TSCA.Inventory.

su.PPLEHENTAL   INroRATION

Gasoline   ig   a  complex  mixture  of  hydrocarbons.     Those  riajor  cc}nponents  having
occupational  .xposur.limits  are:

Butane    (GAS   106-97-8)   ACGIH   Tl.V   800   ppn;   OSRA   PEL   800   Par.

Cyclohexane   (GAS   ilo-82-7)   ACGIH  TLV   300   ppn;   Osm  pal,   300   ppm.

Ethylbenzene   (GAS   loo-41-4)   ACGIH   TLV   loo   ppm,   STEL   125   ppn;
OSHA   EEL   loo   ppm,    STEL   125   ppm.
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suppLEMENTAL   INFORMATION   -   coNTlmuED

P.13

n-r€;®ptane    (GAS   142-82-5)   ACGIH   TLV   too   ppm,    STEL   500   ppm;
Oshi   PEL   400   ppn.,   STEL   500   ppn.

n-Hexane   (GAS   ilo-54-3)   ACG{H  TLV   50   ppm;   Osm  Pal   50   ppn.

P®ntdn.   (cAs   109-66-0)   ACGIH  Tl.V   600   ppm,   STEL   750   per;
OSIIA   Pal   600   ppm,   STEL   750   ppn.

Toluene   (GAS   108-88-3)   ACGIH  TLV   loo   ppn,   STEL   150   ppn;
OSHA  Pal   loo   ppm,   STEL   150   ppm.

Trim.thyl  b.nzene   (CA8  2§§51-13-7)   AcalH  TLV  25  ppr;   06m  PEl.  25  ppn.

Xylene   (GAS   1330-20-7)   ACGIH  Tl.V   loo   ppn,   STfl.150   ppn;
OSHA   PEL   loo   ppm,   STEL   150   ppm.

IssuE   INFotatATION

BY:

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

ISSUED:      June   09,    1989
5UPERSEt)BS:      March   18,   1988

This  nateriol  Safety  data  Sheet  and  the   lnfornatioA  it  ¢ontalns.  is  offered  to  you   ln
good  faith  as  accurat..     We  have  revleved  any   information  cantBlned   in  thLB  data  Sheet
vhlch  v®  rec.iv.a  from  Source.  outside  our  conp.ny.     W.  b.lieve  that  inforBatlon  to  be
correct  but  cal`not  guar®nt.e  lt-S  accuracy  or  coxpl®t®n.a..     Health  and  .afety
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or   implied.
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EAZARI)OUS         CHEM   I   GAL      MATERI   AL       S   A   F   ETY      DATA      SH   EET

ATIAS   POWDER   CO.XPANY
15301   DALLAS   PARICWAY
SUITE   1200
DALLAS,   TEXAS      75248
TWX   910-860-5237

2.     PREPAREI)  BY:        P.I.   Therriault            I}ATE:        06-24-88 REVISION:      One

3.      MEDICAL   E4ERCENCT  TELEPHONE  mlMBERs:

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

4.      "E  RATERIALS  DESCRIBEI)   IN  HIS  I)ATA  SHEET  ARE:

RAZARI)OUS   CHEMICAL   INGREDIENTS

5.      CH"ICAL  AND  CO"ON  HARE(S)   OF  EAZARDO8S   CE"ICAL  MIXTURE/INGREDIENTS:

ApexiAll  Grades,   RXL  614,   RXL  615.   I'ot?erAh.-All  Grades,   Bulk  Emulsions-All  Grades

Major  Hazardous  lngredlea[s  Include:
ArmopiuQ  Nitrate
Diesel  011   (In  Some  Fozmulas)

TSCA                        CAS                             RTECS
LISTED                      NO.                                  NO.

1.                6484-52-2             BR90S0000
Y            68334-30-5            NO  Listing

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

6.      PHYSICAL  AND   CHEMICAL   CHARACTERISTICS:
Vapor       Flash    }1elting    Boiling     Speci£1c

Pressure    Pcinc    Point°C    Pc|int°C     Gravitv
Mol,
j!Ei     £4±E    Appearance

Amoalua  Nitrate            0                 d              155              190               I.725         83         None    White  soli
Diesel  oil                       Dd               nd                   nd       147.371          0.87            nd     Pungent  Broun  Liqu
ltixtu=e                                Neg.           ad                    nd            125        I.1   to   i.3     NA          Ncttte     lthi=e  cre€

rid  =  No  DaLta            d  =  Dissc>ciat:es       na  I     Not  Applicable
7.      pEryslcAL  HAZARDs:

Amoniutn  Nitlace  -DOT:     Oxldizer
MixcuTe    DOT  Explosive,   Blasting  Agent

8.     HEAI."  HAZARI)S:
.-`     .    -    -

Carcinc]gep
Corrosive
ELghly  Toxic
Irritant
Sensitizer
Toxic
Target  Organ  Ef i eccs

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

10.      PERMISSIBLE   EXPOSURE  LIHITS:         No   Daca

Diesel  oil:     Flamable

--.--- |J-A.+ -,   ._

Ref :   Reglstr:`'  of  Toxic  Eff eats
of   Chemical   Subscarices   (RTECS)

N  =     No   C:icerla  Match
Y  =    Poslclve  Criteria  Match

per   RT£CS
nd   I     No   Deca



11.      LISTINCS:

RATERIAI,

£mulsiotis,/.i};FO   5ler}ds
Page   2

NIP   ANNUAL   REPORT                    IARC                              0StIA
ON   CARCINOGENS                         MONOGRAPHS             CARCINOGEIN

12.      cENERALLy  AppLlcABLE   pRECAUTIONs   FOR   sArE  HANDLING  AND   USE:

HYGIENIC  PRACTICES:

Avoid  Skin  and  Eye  Contact.     Avoid  Ereachirig  Blasting  Futnes.

pROTECTlvE  lnAsuREs  I>uRING  REPAIR  AND  RAINrENANCE  OF  cONTAmNATED   EQulpHENI :

Use  nan  sparking  tools,  avoid  open  flame,  wear  nor"l  safety  equipment,
such  as  8afety  glasses  and  hard  hat.

PROCEDtJRES   FOR  CLEANUP   OF   SPILLS   AIO  I,EARS:

Bulk  Product:     Isolate  atid  contain  spilled  macerlal.   Contact  Dist:ribucor
or  Aclas  Powder  for  Spill  Response  Assistance.
The  disposal  of  datn.aged  or  deteriorated  explosives  ntist  be
carried  out  in  accordance  `'ith  all  Federal  and  Scale  Regulatiof.s
ln  the  event  of  a  major  spill,   contact  the  National  Response
Cetiter   (800-424-8802)   and  the  local  Police.

13.      CONTROL  lflASURES:

ENclNEnlNc :

WORK   PRACTICES:

Follow  BATE   standards   for   scctrage   (27   CFR   151   Subpart   3)
Except   for  Bulk  products,   see  "Do's   ar}d  Don'cs  -Instructions  and

Warnings"  -found  in  every  shipping  case.
See  Institute  of  Makers   of   Explosives   Pu.Dlica.I:ic>ns.

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

Wamlngs"  -  found  in  every  shipping  case.
See  lnstltuce  of  rrakers  o£  Explosives  Publications.

PERSONAI  PROTEC:TIVE   EQUIPRENT :

Avoid  toxic  fumes  frota  blasting,  wear  nortr.al  protective  equiptBent,
such  as  Safecy  glasses.   hard  hats.   eta.

i4.     RERCEhlcy  AND  FIRST  AID  pROcmuREs:

Do  t`ot  actenpt  to  fight  fires  involving  explosives.
Imediately  evacuate  the  area.     Avoid  toxic  funes  frctta  fires.
h  case  of  skin  contact,  wash  affected  area  `.1ch  water.     Eye  contact  -
flush  eyes  for  ac  least   15  ainuces  and  consult  a  Physician.

15.     DISCIJIIRER:         The  above  lnfornation  taken  from  various  published  and  unpublished
sources   is  tielieved  Co  be  accurate  and  rep.:esents   the  best
infc)ruction  currently  av€ilable  to  us.     Houever,  we  taake  no  uarranc
of  the  accuracy  ot.   such  -:nfortnacion,   express  or  implied,   and  assume
no  liability  resulting  from  lcs  use.     Users  should  make  their  our

±E¥=:CS82:i:3£a:°p3:S8::i?e  the  Suitabillcy  of  the  inf ortne:ion  for
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