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KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDEI\IT PREVENTION PLAN

PROTECT DESCRIPTION

Project Name:                       Feasibility of High Resolution 2-D seismic Reflection
to Delineate Faults and Image Stratigraphic Units
Within the Upper 200 in in Mason County, Texas

Location:

Site Safety Officer:

Plan Prepared By:

Mason County, Texas

RIchard D. NIer

Richard D. NIer

Estimated Duration of Field work:   5 days

11.        STATEMENT OF WORK

A properly designed and executed high resolution seismic reflection survey
should be capable of delineating faults and imaging acoustic contrasts/geologic con-
tacts within the upper 200 in in northern Mason County, Texas.  This seismic reflection
study will focus on:  1) stratigraphic and structural characteristics of this site, 2) feasi-
bility of the technique to delineate faults and other structural features in the upper 140
in, 3) resolution potential (vertical and horizontal), 4) optimum geometries and equip-
ment, 5) nearrsurface variabhity and its effects on recorded data, 6) nearrsurface static
effects, and 7) necessary QC to eliminate artifacts and maximize data quality.  Proven
high resolution techniques will be used to design the data acquisition parameters and
determine optimum equipment and methodologies (Steeples and Miller, 1990).  Maxi-
rfuzing the resolution potential and signal-to-noise ratio will be an emphasis of this
survey.  The continuous CDP profile lines will be acquired using either a conventional
roll-along technique, resulting in nominal 24-fold or 48-fold stacked sections (Mayne,
1962) or a fixed spread consisting of up to 180 live stations.  The seismic source, geo-
phone type, spread geometry, shots /point, and acquisition philosophy used to acquire
the CDP profile lines will be based on the results of walkaway noise tests.  The primary
goal of this study is to determine the utility of stateof-the-art shallow high resolution
seismic reflection techniques to detect, delineate, and evaluate local stratigraphy and
structural features at this site.

Shallow sandstone aquifer systems such as the Hickory Sandstone in Mason
County, Texas, represent field laboratories for the study of fault-influenced fluid
behavior.  The aquifer system present in this 140 in thick sandstone unit is strongly
influenced by both normal and strike slip faulting.  Provided fluid characteristics of
aquifer/ aquidude systelns are analogous to petroleum reservoirs, this faulted sand-
stone unit provides a low{ost alternative to studying actual petroleum reservoirs when
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a large number and diversity of in-situ measurements are necessary to analyze fluid
properties.  Secondary, but still significant, is the potential at this site for developing
and testing a variety of characterization techniques.  Shanow, high resolution seisnric
reflection represents a non-invasive method of imaging faults in two and/or three
dimensions.  Shallow seismic reflection has effectively extended geometries and charac-
teristics of faulted rock away from boreholes and surface exposures in previous applied
research efforts.  Enhancing vertical and horizontal resolution and signal-to-noise ratio
has become a forefront area of apphied shallow seismic reflection research and tech-
nique development.  This effort will emphasize both effective and accurate imaging of
faults present at this site and optimizing resolution and signal-to-noise ratio.

The project will consist of two major acquisition phases:  testing and production.
The testing phase will commence as soon as a mutually agreed time can be arranged
between the Kansas Geological Survey (KGS) and Conoco.  A tentative start date of
July 13, 1998, has been proposed and mutually agreed upon, forgoing any unforeseen
mobilization delays.  The testing phase will consist of walkaway tests near planned
survey lines.  The walkaway noise tests will be gathered according to common shot
station and receiver offset and separated into distinct groups according to recording
parameters (source, receiver, recording parameters, etc.).  The quality and potential of
test data will dictate the acquisition approach taken during the production portion of
the project.  If both KGS and Conoco agree that the walkaway test data warrants
continuation of the project, the production phase will commence.

The production data will fill the remaining portion of the week (3 to 4 days
depending on necessary effort dedicated to testing and field conditions) and will fouow
weu established shallow high resolution data acquisition procedures (Hunter et al.,
1984; Knapp and Steeples, 1986; Steeples and Miller, 1990).  Data acquisition will be
roughly structured and designed around the findings of the preliminary testing.
IdeaLlly, an uphole or check shot and VSP survey should be acquired in monitor wells
along survey lines to enhance confidence, preliminary event identification, and eventual
correlation to the stacked data.  Step-by-step analysis during the acquisition and
processing phases of the survey will be continuous with appropriate modifications
made to ensure the quality of the final product.

Outline of Proposed Program
1)  An extensive series of walkaway noise tests including a minimum of two

unique near-surface settings; several low energy, high frequency seismic sources; a
pseudo{ontinuous spread with 0.5 in receiver spacing spanning source-to-receiver
offsets from 0.5 in to over 180 in; comparison of at least two different geophone types;
and an analysis of shot gathers incorporating geologic and any borehole information
available.

2)  Contingent on the walkaway noise tests, 2-D profiles will be acquired
approximately along lines proposed by Conoco.  The data would be acquired on 96
recording charmels (with the exception of any vibroseis data which will be acquired
with 95 recording channels, reserving one for the pilot) if a roll-along method is
employed, or 180 recording channels if a fixed spread proves optimum.  Nominal 48-
fold redundancy is anticipated for roll-along profiles and a variable 45- to 90-fold for
fixed-spread data.
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3)  The walkaway noise survey data and possibly the CDP reflection profiles will
be analyzed and, if appropriate, brute processed during the field portion of this project
(on-site or in motel room).  Processing and analysis will be done to ensure project
objectives can be met with acquired data.

4)  If necessary, walkaway noise test data will be processed into final display
format with justification for acquisition methods, parameters, and equipment com-
pleted at the Kansas Geological Survey in Lawrence, Kansas.

5)  At least one and possibly more VSPs will be acquired (if permitted by
Conoco) in monitor wells at key points along the survey lines.  The intent of these
profiles will be to better correlate the seismic data to both the synthetic seismograms
and borehole geology.

Table 1-Summary of Proposed Survey

1)      Seismic system to be used -240channel R60 Strataview from Geometrics

2)     Equipment and Testing parameters
• 100 Hz L40A Mark Products Geophones (180 strings)

::+PfL:c:9EF#8oEieM3%:#6P;:£::£eGseo°Et:nes(210strings)
• variety of combinations

-hammer (20 lb, 16 lb, 8 lb, 2 lb) and
-plate (1 sq ft x 1", 0.25 sq ft x 1'', 2" shaft,1" shaft, _" shaft)

• slide hammer impact source
• IVI Minivib (15 to 500 Hz, ~300 lb reaction mass, 8,000 lb hold down)

:K8ffi8(eRauub8beerrgTandAssistedweightDrop)

:S=ogs|#arthkrepe;::=cptso:eo::i:|*y:lreogiooEtone
• several linear up-sweeps 30400 Hz
• optimum vertical stacking
• 0.5 in receiver station spacing
• 0.25 msec sampling interval
• 360-trace, pseudo{ontinuous waltaway w/source offsets from 0.5 in to 180.5 in
• digital filtering

a)     Cption#1*
48-fold, 96channel roll-along recording

b)    Option#2*
24-fold, 96channel roll-along recording

c)    aption#3*
45- to 90-fold, 180 channel fixed spread recording

3)       VSP

:3£°:Pm°:#:LevLe°r*cgLe;Poh£:eorsinglehydrophone

:;:m=:!|:i|:;:ii::Zfaf:F:i::|Lq:onng:rvey
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Table lHontinued

4)      Planned Field schedule:

Mobilization
Travel
Walkaway noise testing
Walkaway noise testing/VSP
Production Data Acquisition
Travel
Demobilization

ADDrox. Dates
ul
ul
u
u
u
u
u

5)      Da±a shipped from KGs  in 96-or 180-channel SEG-Y format on or by July 24.
Prelininary Report (including all walkaway tests and safety report) approximately
August 1, 1998.
Final Report after review and comment by Conoco.

*Depending on results of testing.

Seismic Reflection Philosophy
Unequivocal identification and verification of reflections on shot gathers is not

only necessary, it is mandatory for meaningful interpretations of shallow seismic data.
Matching modeled NMO curves based on borehole velocity information with reflection
hyperbola interpreted on shot gathers is the most conclusive means to both verify and
analyze reflections.  This combination incorporates ground truth ®orehole velocity),
geometric curve fitting (forward and inverse modeling), and event identification
directly from single-fold shot gather data.  Data from this project will go through
rigorous verification techniques that include modeling, event verification, and cross
comparisons of borehole and surface seismic.  Modeling reflection arrivals as inter-
preted on shot gathers is not only critical, it should be required by law.

Quality Control (QC)
QC is critical and will be continuous throughout acquisition.  Near-surface

inconsistencies, vehicle noise, an extremely narrow and changing optimum recording
window, and poor receiver coupling conditions win require strict comphance with QC
guidelines and meticulous monitoring of data, an absolutely essential aspect of the data
acquisition.  Based on subtle changes in the near-surface, minor adjustments to some
parameters (e.g., source-to-near offset) may be necessary to maintain the optimum
recording window (Hunter et al., 1984).  The seismograph CRT display, nearly real-time
digital filtering, and real-time graphical display of noise levels will permit
instantaneous monitoring of cultural, air traffic, vehicle traffic noise, cable-to-ground
leakage, and geophone plant quality.  After each geophone is planted, it win be tested to
insure a cable-to-ground resistance greater than 1000K ohms and individual geophone
continuity within 5°/o of nondnal string impedance (including consideration for cable
offset).  As well, each geophone will undergo a modified tap and twist test.  No shot
will be recorded if background noise voltage levels on active geophones is greater than
0.05 mv.  The ability of the seismograph to real-time monitor noise levels, signal quality
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(through digital filtering), and unacceptable geophone plants as well as the roll-switch's
built-in earth leakage and continuity meters minimizes the chances a recorded shot is
not maximized for the site and equipment.

Walkaway Testing
Unique shallow data characteristics expected to be evident during the walkaway

testing will exemplify the utility of a good testing program and demonstrate the need to
have a sizable repertoire of acquisition equipment available for testing.  A shallow
seismic reflection program needs to be tuned for the acoustic and logistical conditions at
a particular site.  As previously stated, identification and confirmation of reflection
hyperbola on walkaway noise tests is essential and best accomplished through mathe-
matical curve fitting, matching to borehole-derived velocity structure, and observation
of file-to-file consistency.  Walkaway noise tests will be designed so the subsurface is
over-sampled horizontally and the source-to-farthest-receiver-offset is at least equiva-
lent to the primary depth of interest.  This allows all aspects of the complete wave field
(especiauy the reflections) to be thoroughly appraised.

The primary intent of a walkaway noise test is to allow the comparison of
various source, receiver, and instrument settings and configurations as they relate to
overall improvements in the signal-to-noise ratio and frequency content.  Walkaway
tests are ideally sulted to the identification of individual events within the full wave
field.  Phase velocity and wave types are a couple of the most important pieces of
information extractable from walkaways.  The relationship of velocity and wave type to
spread geometries and offsets needs to be completely analyzed and understood for
acquisition parameters and equipment to be optimized (Pullan and Hunter, 1990).
Assumptions or partial analysis of these key properties could result in artifacts or im-
properly recorded data.  Processing of walkaway data for this study will be limited to
trace organizing, gain balancing, and digital filtering.  Walkaway data from each source
configuration or comparison parameter will be displayed in a source-to-receiver offset
order.

The evaluation/feasibhity portion of the study is designed to allow analysis of
acoustic characteristics and, more generally, the reflection method, which in turn
permits accurate estimations of resolution and optimization of acquisition equipment
and parameters.  The walkaways will consist of source-to-receiver offsets ranging from
0.5 in to approximately 180 in or 225 in, if necessary.  The receiver interval will be 0.5 in.
The 12-gauge auger gun (Healey et al., 1991) (requiring only class C explosives), an
accelerated weight drop (Bison EWG or equivalent), IVI Minivib, various hammer and
plate combinations, slide hammer, and 30.06 downhole/surface will be evaluated (if
conditions permit) so the optimum source for the near-surface conditions, target depth,
resolution requirements, and environmental constraints can be determined.  Each
source will be evaluated with as near equivalent conditions and parameters as possible.
Experience with source testhg (Miller et al., 1986; Miller et al., 1992; Miller et al., 1994;
Doll et al., 1994) will greatly enhance both the quality and the efficiency of source
evaluations at this site.

The receivers available for testing will include both single Mark Products L-40A
100 IE geophones and triple 40 liz Mark Product L-28E geophones wired in series.  The
40IEgeophoneswillbetestedfirst,andfrompreviousexperiencewillprobably
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produce the best response.  The need for a strong signal from geophones with a high
spurious noise threshold is paramount and from previous experience, lower quality
geophones will not produce the desired output within the desired frequency band.  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.

Data collected during the experimental phase of this survey will be displayed in
the appropriate format on site.  All walkaway noise tests will be displayed according to
source-to-receiver offset with separate displays for each source, receiver type, and low-
cut filter tested.  The final walkaway sections will be trace balanced and displayed in a
variable-area wiggle trace format.  Spectral analysis will be used in conjunction with
curve modeling to determine the basic characteristics of reflection data collected with
each of the sources tested.  Determination of source configuration and field parameters
for the CDP production lines will be based on analysis of all walkaway tests.

In summary, the walkaway noise testing will be designed and executed to allow
evaluation of acoustic signature, optimum acquisition equlpment and parameters, near-
surface velocity structure, horizontal cousisteney in reflection character, general resolu-
tion potential, signal-to-noise ratio, and impact of cultural noise (i.e., jet aircraft, indus-
trial facility, vehicle traffic, etc.).  Walkaway noise tests will guide the definitive selec-
tion of equipment and parameters as well as optimum station spacing and recording
geometries for the production profiles.

Production Phase
The production acquisition phase of this project win begin as soon after the

testing phase is completed and both Conoco and KGS are satisfied with the parameter
design.  A total of 5 field days are available for data acquisition.  Time remaining after
the VSP/testing win be used to acquire as much production data as possible.  Source
and receiver selection will be a qualitative choice based on frequency, potential pene-
tration depths, quantity of ground roll relative to body waves, and physical site and
near-surface constraints.

The equipment and parameters used to acquire the production lines will be
based on the results of the individual walkaway tests performed at the site during the
testing phase of the survey.  The data win be acquired on a 240<hannel (Quad 60-
channel machines networked), R60 Geometrics Strataview floating-point seismograph.
Parameters such as sampling interval and record length will be determined after careful
examination of the dominant frequency and usable bandwidth of reflection energy
recorded during the waucaway noise tests.  The sampling interval will be chosen to
insure at least 5 samples/wavelength of the upper corner frequency and 10 samples/
wavelength of the dondnant reflection energy.  The total number of samples will be
chosen based on maximum time (depth) of interest as determined by both the sampling
interval and the uphole survey (if possible).  Once the seismograph's variable settings
are selected, the settings win not change for the duration of the particular line being
acquired.  This is to insure consistency in phase and to avoid confusion relating to
plotting scales, anas values, and system response.

Based on experience at sites with a similar near-surface and target interval, the
most probable source used for production will be either the IVI Minivib or some con-
figuration of hammer/plate.  Triple L-28E 40 liz geophones with variable damping
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capabhity will likely be the preferred choice for the receivers on the production line.
The equipment parameters chosen to record the CDP lines will incoaporate the results
of both walkaway noise tests and uphole surveys.

The data win be acquired using a standard CDP roll technique with either a
constant source/receiver offset, resulting in a nominal 48-or 24-fold CDP stack, or a
fixed 180-station spread producing a 45- to 90-fold variable offset section.  Geophone
station spacing will be confirmed by computations and qualitative judgments made
from data acquired during the testing phase.  The most probable geophone spacing is
1 in.  The data will probably be acquired using an end-on and/or asymmetric split-
spread source/receiver geometry, depending on the necessary fold of shallow reflec-
tions balanced with the need for continulty, maximum imagable depths, need for
velocity control, and the recording technique.  The source-to-nearest receiver offset will
probably be 0.5 in for the 180-station fixed spread and on the order of 2 in for the rolling
spread.  The maximuln source-to-receiver offset will range from 180.5 in to 90.5 in for
the 180-station fixed spread and approximately 96 in for the rolling spread.  Modifica-
tious to the source/ receiver geometries and offsets will likely be necessary after anal-
ysis of the data acquired during the testing phase.

Fine tuning of the field geometries and equipment will be based on analysis of
potential (using physical properties derived from the test data) versus required resolu-
tion (NIller et al., 1995), balanced with maximum signal-to-noise ratio.  The 1 /4 wave-
length criteria of Widess (1973) will be used to determine the best vertical resolution
with equipment and near-surface conditions present during the acquisition of the test
data.  The potential versus actual horizontal resolution of the production lines will be
based on the radius of the theoretical Fresnel zone.  Oversampling of the first Fresnel
zone win not exceed 15 times (Miner et al., 1990) while a minimum of four times will be
maintained throughout the survey (Einapp and Steeples, 1986).

In-hole seismic studies should provide an improved image of structural and
stratigraphic features in close proximity to the borehole.  Walkaway vertical seismic
profile (VSP) techniques will be designed and used to complement and appraise both
walkaways and high resolution seismic reflection data, providing information for
correlation to geophysical and fithologic logs as well as estimation of some material
properties.  This VSP survey will be incorporated into and hopefully be used to improve
the interpretation of the seismic reflection data through more accurate time-to-depth
conversions, correlation with existing electric and geologic logs, and horizontal
extrapolation of geologic information from the borehole.  A geologic model derived
from interpretations that incorporate the geophysical logs, the VSP, the shallow seismic
reflection profile, and borehole logs (lithologic), should improve the spatial understand-
ing of structures controlling the hydrology of this area.  The design and implementation
of the VSP is intended primarily to improve the correlation of reflections recorded
during CDP profiling and walkaway surveys to lithology.

The acquisition of VSPs win be consistent and follow well established metho-
dologies (IIardage, 1983).  As with all acoustic methods, application of petroleum
industry developed methodologies to shallow targets generally require considerable
attention to detail and skepticism related to rules-of-thumb and assumptions (Steeples
and Miller, 1990).  A walkaway VSP oriented perpendicular to any known structural
features will be acquired with source offsets ranging from near-vertical to several times
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the maximum depth of interest.  The near-zero offset VSP (ZVSP) profiles will be used
to determine precise ties between log data and reflection events on CDP stacked surface
seismic sections.  The offset VSP (OVSP) profiles win assist with estimation of lithology
and structural changes in geology around the wells.  VSPs will help correlate drill/log
defined geology with reflections interpreted on CDP stacked sections, allowing
verification of reflections on shot gathers.

The 2-D reflection lines will be elevation surveyed, maintaining a relative
elevation accuracy of at least ±0.25 in.  This level of accuracy is appropriate considering
the accuracy with which near-surface velocities can be determined.  The line survey will
not include x and y.  The lines will be laid to insure the station spacing is within ±0.1 in
of the selected interval.

Final Products
The raw data will be transferred from computer hard drives to CD-ROM and/or

8 mm tape at the KGS's Lawrence, Kansas, facility.  Data recorded by the 240<hamel
Strataview is natively stored in a SEG-2 format and as four separate 60-channel files.
Each recorded field file will be appropriately grouped (either 96 or 180 channel,
depending on acquisition method) and converted to a SEG-Y format.  Standard archival
procedures at the KGS involve burning the data to a CD.  If Conoco so chooses, the data
can be written to an 8 mm Exabyte tape drive currently integrated into a SGI work-
station running ProMax.  All field notes (08 and survey) win be scanned and loaded
onto the CD as well.  The KGS will ship the raw digital data in SEG-Y format on
CD-ROM and/or 8 mm tape with all digital and analog field notes to Conoco within 5
working days after leaving the field site.

The acquisition report will provide a chronological and technical accounting of
field activities associated with design and collection of these data.  Discussions in the
report will include dialog and associated figures covering the following topics:  walk-
away tests, testing procedures, decisions regarding optimization, data acquisition
observations, and the full safety plan/report.  Walkaway data will be gathered accord-
ing to unique equipment and/or parameters.  Digital fflter tests and event identification
and analysis will detail and justify parameter and equipment selections.  The completed
safety plan (with daily signatures) will be consistent with OSHA and DOE standards,
with copies of all MSDS and a detailed description of Health/Safety risks associated
with the environment and equipment.  The report will be considered final when review
comments and questions provided by Conoco have been addressed.

Overall Project Goal
The goal of this study will be to determine the feasibility of the technique to

image and resolve structural and stratigraphic features and characteristics within the
upper 200 in at this site.  The results of this study will include a thorough comparison of
several high resolution seismic sources, an empirically based estimation of horizontal
and vertical resolution potential, evaluation of acquisition effort, determination of
optimum recording parameters, and several hundred meters of fun-fold shallow seismic
reflection data.
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Ill.     REspoNslBILmEs

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 Conoco as well as those included in this document.

In addition to the safety procedures indicated herein, we will adhere to the fouowing:

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

2          If conditions become excessive (i.e., temperature > 100° < 30° F), continuous day
operations will be modified to minimize chances for heat- or cold-related medical
problems.

3.         Appropriate field boots will be worn and due caution will be exercised with
respect to snakes, ditches, swampy areas, and ground debris.

4.         At least one gallon of fresh water will be on hand at the beginning of each day for
each crew mender.

5.         In the case of excessive cold weather, a sheltered area will be available with
inside temperatures above 32° F.

6.        The seismic crew will operate with an estabhihed written protocol for initiating
seismic sources.  The safety plan will be approved by the EPR Representative prior to
initiation of field operations.

7.        Appropriate drivers licenses will be held by operators of vehicles at all times
qu regulatiorLs).
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IV.       SAFETY PERSONNEL

Safety Personnel and Emergency Contacts

1.        RIck Miller urGS)rfite safety officer

2.         David Laflen (KGS)apperations

3.        Dale cox and/or Damian Herrick (Conoco)-
Delegated Representative(s) and Site Consultant(s)

4.        John siceloff a(GSLLine chief
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Safetv Meeting at survev site                                             Date: I,';g,.,.'`ff

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

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

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

rf    Civilian/bystander safety (safe distances, visitor check-in)/,/ Site requirements (PPC) (gloves, hats, shoes)

Emergency procedures (injuries, property damage, potential problems)

B'    Equlpment hazards (safe use of ATV, loader, augers, etc.)

/FirstAid(heatstroke,frostbite,animalbites,etc.)

The following people were present today:

SvwiJ-   L. I,ut`-ULPINJ)£¢    )AH

Site Safety Officer
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Safetv Meeting at survev site                                             Date:
`      `.     '.,',

fl'Gun/explosivessafety(handlingofammo,useofsources,cleaningand
maintenance)

E'Environmentalhazards(heat,plants,animals[snakes,etc.])

E'Vehiclesafety(roadtravel,wamingsigns,trafficcontrol)

rf'Civflian/bystandersafety(safedistances,visitorcheck-in)

/Siterequirements(PPC)(gloves,hats,shoes)

r'Emergencyprocedures(injuries,propertydamage,potentialproblems)

rf'Equlpmenthazards(safeuseofATV,loader,augers,etc.)

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

The following people were present today:

I cl..  st#' ~+`         yle;i                -2T7AI  1:i

5Oh^ s ; c c I oF¥           K 6s                 `:4#en¢„.4zz%¢z=-i

(

Site Safety Officer
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IRm----- gTgr¥+g:¥g"                              EMPLOYER's REpoRT OF` A+^€iDETc~ys caNR++2z]                                                                                                                                                          I _             r   I
IIIIIIE-

DONOTWR,        rSubmit OSLIA Case of Fuo Number
OriginalCoplesOnly lN THIS SPACys           employsr'. reoeBThisformcontainsallItemsreqLi®stodonOsl+AFomNumber101.-Supplomemary Recordedap a 0* -ofCk"petkrml lnjurfes

ed lmes.._ :I-±l.|IL]l¢Jl:IIL-|[.]L`L:I:]]=.I:I-IIIIIL`[C|.]l|||:Ikll.I:-L'i
7_

.     edonl Employers ldenuncatlon NLimber                      486029925

2.  Name ol Emplo)/er          Unlv®rsfty of Kalisas. Lan/ronc® Campus                                       T.Iophon® Number                   (785) e64{965

3.  Maung Address               Lawronc®, KS                                                                                               Zip code                         66045 AGE                              I

4.  Location. ifdirferent fro lmalling address            Moors Hall,1930 Constant Avenue, Lawrence, KS    66047

5.  NaturoofBush.ss           R®e®arch                            S.I.C.Code             919?„.  ,,,.,,.,:     Dept.  orDiv.          Ka,€#sG®ologlcalsurvey

6.  NameofEmployee         Joshua                        4C..   jasTE|Nt:AGE          ,                       Age                23               Sex              M ODYN

First                                                    Middle                         last

7.  HomoAddress                1111  SW OTTAWA TER, TOPEKA,  KS                                               Zjpc°d°                      666158.Scesee#Birtho5.15.75Employe®'SENGRTECHHomophone9134783289

Date                                         Ocaipation                                                            Number

9.  Date o/ Injury or oocupatlomal Dlseaso            o7.19.98        /          The of Injury                     1 :30  PM                                   Aun]M CAUSE

Date DisabilftyBegan                                                                   GrossAveragoweeklywage s           NA      (8.39/HR no leg  sked.)

io.  placeofAeeidentorfastexposuro           20 in outs|de   Brady        (Katemcy)                                                                  TX NATURE

Cfty                                             County                                                                                                 sq(.
11.  Was accident or last exposure on employers premises?                No

12.  Howdid accldentouJr?          Hit hand with hammer while on a KGs geological field team doing

research in Texas.  (Team returned to Lawrence at 9 pin, 07-23-98.)

SEVERITY0-NOTIMELOST1-TIMELOST2-MEDICAL3-FATAL

13  whatwas employeedoingwhon Injured?.                  Hammering |2# sledge hammer head onto new handle.   Holding

` sledge hammer head on top of handle with left hand while hammering head onto handle

;ith 2nd hammer in right hand.
14   Name siibstanc® orobjea that dir®ctly caused injury                2nd  hammer

15.  Describe in detail nature and extent of injury: indicate part of body lnvolved.                      Flesh  on  left hand  between thumb  and

index finger severiy mashed and lacerated:  5 stiches required. SOURCE

16, wasworkeradmltedlohosphal?                     No       Date            07.19-98             Hosphal&Address         Heart of TX Mem  Hosp

Emengoncy Room onbff           Yes

17.  Name and address of cttonding physlclan                  Dr. Jeffrey p. Mays, MD,  Brady Doctors. Clinlc, Brady, TX MEMBER

Rec®lDts totallina S34.38 attached for medica(ion & first aid suDDllos Purchased by Patient durina trlD.

18.  Has employee retumcd to reoudr dud)P                NO            Lisht duty?                    YES                                           Date                                          07-20-98

19.  Is compensation nonr being peid?                      NO       Date frst/inhial payment

DO NOT WRITEIN"ISSPACE

2o.  weekly compensation rate  s                                                 ls further medical aid needed?              Yes, follow-up and stitch  removal

21.   Did employeo die?                            No                               lf so. give date ol death

22 NaFLle:Tde::a:er=pesrtof:=5n:::tssrf(ddee::usbesse:::y:t'y"rs                tsrt€`-ifefiFdei=PetFT

23. Insurance carrier:                STATE SELF INSURANCE FUND                  (785) 296-2364

`ddress:                         goo SWJACKSON,  RM 951  SOUTH. TOPEKA, KS    66612-1251
'olicy Number                                                                          Name of Agent

Clain Number                                                                      Name of claim Representative

24  DateofReport               07-24-98            Comple`edb_±iHARONCOX         P_.   Trtle          PERSONNELCOORDINATOR

K-WC  1101-a (Rev 7-97)  --SUBMISSION DOES NOT CONSTITUTE ADMISSION OF LIABILITY
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Safetv Meeting at survev site                                             Date:
P

/Gun/explosivessafety(handlingofammo,useofsources,cleaningand
maintenance)

rf'   Environmental hazards (heat, plants, aninals [snakes, etc.I)

/Vehiclesafety(roadtravel,wamingsigns,trafficcontrol)

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

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

rf'    Emergency procedures (injuries, property damage, potential problems)

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

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

The following people were present today:

t»whL.6Eq4A               \¢/2rii                                            v.       .
€F:EL:     ift=s             d±A _22e±Fwi       #v-/I  __ -

Site Safety Officer
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Safetv Meeting at Survev Site
n/2,  q'

fl'Gun/explosivessafety(handlingofammo,useofsources,cleaningand
maintenance)

fr/Environmentalhazards(heat,plants,animals[snakes,etc.I)

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

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

rf'   Site requirements (PPC) (gloves, hats, shoes)

/Emergencyprocedures(injuries,propertydamage,potentialproblems)

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

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

The following people were present today:

Site Safety Officer
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Safetv Meeting at survev site                                            Date:// Gun/explosives safety (handling of ammo, use of sources, cleaning and
maintenance)

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

F'Vehiclesafety(roadtravel,warningsigns,trafficcontrol)

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

E'Siterequirements(PPC)(gloves,hats,shoes)

rf'Emergencyprocedures(injuries,propertydamage,potentialproblems)

rf'Equipmenthazards(safeuseofATV,loader,augers,etc.)

rf'FirstAid(heatstroke,frostbite,animalbites,etc.)

The fouowing people were present today:

Site Safety Officer
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St)ecific Safetv Requirements

Persormel Safety Equipment  All personnel will be provided hard hats, safety shoes,
hearing protection, and eye protection while working in the field during the seismic
data acquisition phase of this project.  Equipment appropriate for the site will be won.

Vehicular Safetv EauiDment:  All KGS vehicles and the ammunition vehicle will be
equipped with .a dr;t aid kit and a fire extinguisher.  A portable cellular phone will also
be available in a 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 €arrying the blasting ammunition.  The blasting vehicle will be equipped with a
fire extinguisher.  The blasting vehicle will not be left running and unattended.  The
shotgun ammunition will be kept in steel ammunition cases which win be stored in a
locked steel container inside the ammunition vehicle.

Time of Work:  Attempts will be made to expedite all work during clear dayhght hours
under unrestricted visibhity, 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
EPR or KGS personnel to comply with the site safety guidelines presented herein will be
grounds for suspending all project work until compliance can be assured.

Copies of this Accident Prevention Plan will be on the dashboard of project vehicles.
EEmergency call numbers and evacuation routes are included in the safety plan available
in the seismic trailer.

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

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

2.        Know how to do your job.  Check your work area to determine what problems or
hazards lnay 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 warning 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 operat-
ing a company vehicle.  Failure to obey this policy may result in immediate
termination of employment with KGS.

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

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

Mason County, Texas Page 18 July 1998



D

D

D

I

V.        EMERGENCY INFORMATION

Ambulance:

Hospital Emergency Room:

Poison Control Center:

Police:

Fire Department:

Airport:

Explosives Unit:

State Environmental Agency:

Client:

Emergency Contacts

Safety Coordinator and Project Manager
RIck Miller, Kansas Geological Survey

Ceuular (in the field):  785-766-8636

KGS Safety Officer
Kathy Sheldon, Kansas Geological Survey

Office:  785-864-3965

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

Hoapital:
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Procedures

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

Several members of the KGS crew have certification in CPR/First Aid through 2/6/01.
This certification was received through participation in the "Standard First Aid" and
"CPR for the Professional Rescuer" programs presented by the Red Cross of Lawrence,

KKansas.  These classes are approved by the U.S. Department of Labor, Mine Safety, and
Health Administration and meet or exceed OSIIA requirements.

The following persons are certified as indicated (please circle area[s] of certification):

Certified in:

Certified in:

First Aid

First Aid

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

RIck Miller

David Laflen

Fire /Explosion:  Upon notification of a fire or accidental explosion on site, the fire
department shall be notified and all personnel shall leave the area.  Since only Class "C"
shotgun ammunition may be used as part of the program, local fire, police, and other
governing authorities will not be contacted prior to the use of such devices.  In the case
aass "A" explosives are used, prior consultation and contact will be made with the
appropriate emergency response groups.

At least one KGS vehicle will be onrsite during the performance of all work.  This
vehicle will be used for medical evacuation of project personnel, if necessary.
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VI.      TASK SPECIFICHAZARDS

The purpose of the geophysical investigation is to delineate subsurface structures
and image significant stratigraphic characteristics at a test site in Mason County, Texas.

One of the geophysical tests proposed to be employed requires the use of an
auger gun (shotgun t)pe device) to introduce energy into the ground.  This device
consists of a small skidrsteer loader with an attached auger/screw.  The operation
consists of (1) screwing the auger, which houses the shotgun device, approximately 3 ft
into the ground, (2) loading and firing the gun, and (3) unscrewing the auger from the
ground.  The auger gun uses a bhe#k 12€auge shotgun shell fired under the ground
surface in a downward direction.  The device is built to minimize any danger to the
person handling the device, and avoid any residue materials left in the ground.  The
shotgun shells will be secured in a specially designed steel, lockable, explosives box in a
vehicle at all times.  The operation/safety rules and regulations for the auger gun are
presented as an appendix to this plan.

Experiments will be carried out with a downhole projectile source.  This source is
a modified 30.06 rifle which has been designed to be loaded and fired while secured to
the ground in a downward direction.  The firing tube is lowered down a 1" hole about
one foot.  A standard 30.06 rifle shell is loaded in an above-ground breech and then
detonated in such a way that all air coupled wave @last), gas, projectile, and shrapnel
are contained within the 1" hole.  The procedure calls for 1) drilling a 1" x 1" hole, 2)
placing the firing tube in the hole (covering the end of the tube with a finger cot), 3)
loading a 30.06 round into the above ground breech, 4) covering the bolt, 5) securing
firing position, and 6) detonation.  The device has successfully and safely fired over
20,000 rounds since 1985.  All rounds are stored in a secure steel box.

Field operations will consist of geophysical investigations to determine the
effectiveness of shallow seismic survey methods at this site to delineate the structures
and stratigraphy.  The introduction of acoustic energy into the ground in a controued
fashion involves equipment or material with the potential to do harm if not properly
handled and operated.  Good common sense, training, and experience are the rule for
seismic field operations.  These can usually be easily accomplished if manufacturers`
operating and use instmctious are fouowed.

The field investigations will involve prc>ject personnel performing geophysical
surveys of the study area utihizing other non-intrusive seismic sources.  These sources
indude a vehicle mounted vibrator, accelerated weight drop, and hand operated
hammers.  The principal hazards associated with this t)ape testing would consist of
handling or moving the equipment, fragments from high velocity impacts, and high
sound levels.
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ACTIVITY IIAZARD ANALYSIS

AL.       Worklte".  Use of class "C" Shotgun Ammunition

Specific.HazardsJITe specapc haprds involve try.uries to persons or property damage
arising from normal or accidental detonation or inproper handling of the shotgun
a-urition.
CQntrol 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, communicatioh, 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 shotgun ammunition to be used.  He will review the blasting communications and
ssafety procedures at the initial site safety meeting and again prior to the initiation of the
first seismic shots.  All prq.ect personnel must become familiar with and abide by these
protocols.

Specific shotgun ammunition safety measures are as follows:

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

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

•   Handhig:  Only Rick Miller, KGS, will be allowed to access, handle, and load the
shotguns.  Shotgun loading and firing will be conducted in accordance with the
attached "Operations / Safety Rules and Regulations for the Auger Gun. "

•   Firing Communication:  RIck Miller, David Laflen, or Joe Anderson shall establish
a series of warning signals to be used prior to and following each shot.  tine short
horn blast, whistle blow, or other audio signal will indicate the beginning of a blast
(or prior site specified requirements).  He will review the precise waming pro-
cedures with aLll 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 handie 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.

Transportation.  Transportation of the 50{al., auger guns and ammunition is on a
standard one-ton flat-bed four-wheel drive truck and gooseneck trailer.  The ammuhi-
tion is carried in .50{aliber militaryrstyle ammo boxes.  The ammo boxes are locked in
10-gauge steel boxes that are permanently bolted to the truck bed.  The arrmunition is
classified as "Class C Explosive" by the U.S. Department of Transportation.  No more
than 2,000 rounds of ammunition will be transported to this project, packed in quan-
titles of 160 per ammo can.

8.       Worklte!":. Traf fic control

All regulation concerning rightrof-way and traffic directions will be observed.

specific Hazards-The specific hazard involves accidents with vehicular traffic within
tie 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.

C.        Work_Ite_".  Bolt LSS-6 Land Air Gun

The Bolt Land Air Gun has been in routine use in oil exploration for more than
20 years.  The device consists of a 3<ylinder diesel engine, a fourrstage air compressor,
and an enclosed water filled chamber thousing the "gun").  The safe operation of the
gun is well documented in the operator's manual.  The entire device is transported as
the bed of an F-350 4-wheel drive truck.  The 3-cylinder diesel engine powers not only
the air compressor but also a hydraulic system designed to raise and lower the gun
chchambertotheground.Thegunchamberishydraulicallyloweredtothegroundwith
the weight of the tmck used to hold the device to the ground.  The gun is electrically
detonated from the cab of the truck with no moving parts exposed during detonation.
The engine and air compressor are enclosed in a protective shroud.  The gun generates a
thump to the ground surface approximately equivalent to 1 /8 of a pound of high
explosive buried 3 to 4 ft beneath the ground surface.

Control Measures
1) The careful and safe operation of the standard 4 wheel drive tnick is well docu-

mented in the owners lnanual.
2) It is critical to always be aware of anyone near the device.

Mason County, Texas Page 23 July 1998



D

D

D

3) The raising of the gun for transport and lowering of the gun just prior to detonation is
done with only part of the gun visible to the operator.  It is critical that no one
comes within 50 ft of the gun while in operation.

4) Hearing protection (down 30 dB) is required by anyone within 50 ft of the truck.

D.         Work Item:  Mz'7zt.Vz.Z7

The Minivib is a hydraulically powered vibrator designed to shake the ground in
a very controlled fashion over about a 4 to 8 second time duration.  The device is
hydraulically powered with no moving parts that possess an entanglement potential.
Energy is delivered to the ground by this device through a hydraulically powered pad
approximately 3 ft in diameter mounted on the belly of the vehicle.  The pad is lowered
from beneath the vehicle using the vehide's weight as holdrdown pressure.  The pad is
vibrated by a hydraulic servo delivering frequency-varying energy to the plate over a
preset time duration.  No moving parts are exposed with the maximum movement of
the pad relative to the vehicle less than 2 in.

Control Measures
1) This vehicle is center articulating and requires care when turning that no one is with-

in 20 ft of the vehicle.
2) Safe operation of the vehicle is documented in the operator's manual provided by the

-ufacturer.
3) Hearing protection is required within 50 ft of the vehicle.
4) All shields are to remain in place while the vehicle is in operation
5) Hydraulic pressures of more than 1500 psi are routine during operation.  No main-

tenance or service will take place while vehicle engine is running.
6) Quick inspection is necessary prior to lowering the pad.

E.       Work \te". Accelerated weight Drop

The accelerated weight drop (AWD) generates acoustic energy by accelerating a
50 to 100 lb weight through a 2 ft stroke impacting an 18 in diameter steel plate held to
the ground surface by the weight of a skidrsteer style loader.  The weight is accelerated
within an enclosed steel guide.  The drive mechanism consists of a hydraulic motor
turning a set of sprockets that deliver power to a eycling lift ami that pulls the weight
against the resisting force of an industrial rubber band.  Simply envisioned, this device
is analogous to a slingTshot.  All moving parts are shielded, with the contact area
between the weight and plate sufficiently enclosed to avoid and possibility of debris
becoming airborne and representing a risk to the operator or bystanders.

Control Meastus
1) The operator wears hearing protection (30 dB down) while the loader is running.
2) No bystanders can be within 30 ft of the device while it is in operation and within

50 ft without hearing protection.
3) All shields are to remain in place while in operation.  Routine maintenance, requiring

removing shields, can take place only when the loader engine is off.
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4) The operator can exit the vehicle only when the weight drop is in the full down posi-
tion and solid contact is made with the ground surface.

5) Operation of the loader will be consistent with those pubhihed in the owner manual
of the Case 1225 Uni-Loader.

F.          Work Item:  AJJ Tc7`.r'fli.# VefefoJes (AITVs)

ATVs that could be on site include the Yamaha Terra Pro, Kawasaki Mule, and
Polaris 4x6.  These ATVs all serve a very specific purpose and are critical to smooth and
efficient operations.  The ATVs never obtain speeds in excess of 15 mph and therefore
do not represent risk of injury due to excessive speeds.  The tipsover potential is min-
imized by the 4-wheel design of the vehicles, but tip-over potential does exist.  Care is
always taken to properly load the vehicles and only traverse grades within the
acceptable limits of the vehicle as defined by the manufacturer.

1) The Yamaha has a specially designed cable winding device.  The Yamaha has a
Power Take-Off that is used to power a winding device mounted on the front of the
vehicle and is used for the rolling of seismic cable.  Operation of the PTO requires the
operator to be on the seat and traveling in the lowest speed range (this is controlled by
safety overrides that "kill" the engine when these conditions are not met).

2) The Ga!Q± is designed to carry the seismograph and 12-volt batteries.  This vehicle
never travels more than 10 mph and spends over 990/o of its time parked along the
survey line.

3) The PQ±aris is the primary work horse of the ATVs.  It transports cables and geo-
phones in a 3x3 steel box mounted behind the seat.  The vehicle has 6 wheels with 4
drive wheels.  The 6-wheel design makes the vehicle very stable with a large safe pay-
load capacity (>700 lbs).  This vehicle never travels more than 15 mph and is therefore at
low risk of injury from excessive speed.

All ATVs have blinking yellow hghts for increased visibility by other traffic.

VII.    TRAINING

At least one KGS personnel working at the site in cormection with the project
shall have received hazardous waste worker training in accordance with 29 CFR
1910.120(e), be certified in First Aid, and CRP trained.  This indudes 40-hour initial
training and yearly 8-hour refresher training.

VVIII.PERSONALPROTECTIVEEOUIPMENT

Personal protective equipment q'PE) protects employees from the hazards and
potential hazards they are likely to encounter as identified during previous site
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characterization activities.  PPE consists of a combination of protective clothing and
respiratory protection equlpment.  Selection of PPE is based on an evaluation of the
performance characteristics of the PPE relative to the requirements of the site and the
task specific conditions and duration.  The level of protection is upgraded when site
monitoring or conditions indicate that increased protection is necessary to reduce
employee potential for exposure.

Based on the available information assessing the current condition of the sites,
minimal skin protection is required for general access.  The prescribed working uniform
for all personnel engaged in activities related to the project is a modified EPA level D
and sham consist of:

Long-sleeved shirts and full-length pants
Leather steel toed safety boots
Hard hat (when site requires)
Eye protection
Hearing protection as required by OSHA
Orange vests along roadways

No respiratory protection equipment is required.  At the present tine based on
all available information, the atmosphere contains no known hazards.  There is no
expected potential for inhalation or contact with hazardous levels of any chemical.

IX       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).

X.        ENVIRONMENTAL IMPACT ANALYSIS

The environmental impact of this activity has been evaluated and determined minimal
at more than six U.S. Government facilities 0/-12 0RNL, Oak Ridge, TN; WAG-10,
ORNL, Oak Ridge, TN; Paducah Gaseous Diffusion Plant, Paducah, KY; Nevada Test
Site, Las Vegas, NV; Fort Ord, CA; INEL, Idaho Falls, ID) as well as BLM and DOD.

XI.       HANDLING AND DISPOSAL OF UNEXPLODED ROUND_S_

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

XII.     REFERENCES

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

From the United States Department of Energy:
DOE Order 5480.16, F!.rco7.7'7'!s S¢¢fty.
DOE RLeport DOE/EN /06194-3, DOE Explosives Saf ety Manual.
ID Appendix 0550, Stondrd aperflfro7Mj S¢/€f3/ Requg.re77te7'!fs, Part IH, Subpart I, 'Explosives"

From the United States Department of Defense:
DOD 6055.9-S:TD, Ammunition and High Explosive Safety Standards
AR:385-63 , Srfety Policies and Procedures for Firing Ammunition for Training, Target

Practice, and Combat
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Employee Name:

MEDICAL EVALUATION FORM

Kansas Cieological Survey
1930 Constant Avenue
Lawrence, KS  66047

DateofExam:_f2±?_a__=g_7

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

Clearance for Hazardous Waste Site Work

As per OSIIA Hazardous Waste Qperations and Emergency Response Standards (29
CFR 1910.120), this individual was examined for medical conditions that would place
him/her at an increased risk of material impairment of health from hazardous waste
site work.  Based on this examination I certify that this individual:

EE

Comments:

has no medical contraindications to full participation in hazardous waste
site work, when conducted under the conditions of adequate training and
a health and safety plan.

has medical linitatious that restrict full participation in hazardous waste
site work.  (Describe work function limitations, i.e. Ifting, temporary
limitation, pending medical follow-up work, etc.)

is medically restricted from any direct work with hazardous waste or
hazardous waste sites.  (Describe work limitations.)

Name of Physician:

Address:

Please P

€±ORe,£¢%c€±ed4TF
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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.          Dafly:

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

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

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

least 3 times a day.

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
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e C.        Firing

1.         Assumptions

NONE

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



March   24,    1987

MANDATORY    SAFETY    RULES     FOR    USE    0F    THE

.50-CALIBER    SEISMIC    GUN

The   .50-cal   seismic   gun  ls   powerful  and  must   be   securely   positioned  when
fired.     Danger  exlscs   not   only  with   the   tullet   projectile,   tut  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  object.     If   the  gun  is   jamming  or  stick-
ing,   clean  lt   thoroughly  with  WD-40.     Wiping   down   cleaned   parts  will  help
avoid   the  cohesion  of   dirt   and   sand   to   the   parts.

Operaclonal  Safety  Rules

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

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

3.      ALWAYS   unlock   the   bolt   when  moving   the   gun   (disarm   ic).

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

5.     ALWAYS   remove   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  nout`ting   tx)Its   are   Ci8hc.     Do   not   force   Cl`e  gun   down  an
augered  hole.     Re-auger   the  l`ole,   if  necessary.     Be  sure   t``at   the   base  plate
rests   on   the   ground.     Hat-e   two   people   stand   on   the   plate  w.nen  firing   (flex
knees   to   absorb  the   shoctr`).

If   the  hole   has   water   ln   i[,   seal   the   muzzle   o£   Cl`e   gun  w.1..ch   ta}.e   or   a
balloon   Co  keep  water   from  seeping   itito   tl`e   barrel.     Avoid   tt`is   situation,   i£
possible.     Water   ln   the   barrel  may  seriously   damage   the   gun  when   fired.
Injur}'  is  possible.

Surface  Mode

Be  sure  all  mounting   I)olcs  are   tight.     Carefully   protect   the   breech,
trlg8er,   and   bolt   when  moving   the   apparatus.      THE   TRIGGER  IS   EASII.Y   BROKEN
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opEPATioNISAFErv puLEs AND pEGULATioNs
FOF3 ll|E

AUGEF]  GUN

5  /   ,  .`'  / c] z-

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

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.
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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.



hproved Shallow Seismic.Reflection Source: Building a Better Buffalo

John Healey, Jce Anderson, Richard Miller, Dean Keisu)etter,  Don Steeples,
and  Brett Bennett, Kansas Geological Survey

SUMMARY

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,
have a significant effect on the quality of the recorded
data.   The auger gun should increase field efficiency
by over 50 percent on most shallow surveys, while
improving the signal-to-noise ratio and total energy
in comparison to the buffalo gun.

INTRODUCTION

Increasing  environmental  and
engineering applications  of reflection  seismology
have spurred research and development of shallow
high-resolution reflection techniques and equipment.
Resolution on the order of a meter is necessary to
detect ultrashallow targets-generally the goal of
most environmental and engineering studies
(Steeples and Miller, 1990).  Resolution can be
increased by boosting the recorded frequency and the
signal-to-noise ratio of reflection wavelets.  Recent
advances in engineering seismographs have made
possible cost€ffective 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).   Receri. advances in high-frequency
engineering sources have  come predominantly under
the .gun' classification.   Development of a downhole
shotgun capable of generating a consistently high
frequency source wavelet with only minimal increase
in expense and effort o`'er hammers, spurred the
shallow seismic-reflection industry.   Downhole
shotgun sources possess significantly more energy in

the 200 to 600 Hz range in comparison to hammer
sources (Pullan  and MacAulay,  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
efficiency in generation of bl.oad-band, high-
frequency energy.   Improved energy transfer is
obtained when downhole placement of the shotgun
shell includes a water stem and restricted recoil
(Miller et al.1989).   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 incorporates  all the previous
operations and configurations into a single pass
source.

The auger gun consists of three main
parts:   power source (skid-steer loader),  auger/screw,
and modified buffalo gun (Figure 1).   The power
source for testing described here is a 25 hp, 4-wheel
drive,  1.2  in wide,  hydraulic 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 over
2 in in length, is designed for bottom loading (a§
opposed to the  standard scre`v-on head),  solenoid
firing, time break from a downhole sensor.   The
firing 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)
unscl.ewing the auger night from the ground.   Once
the 4-wheel-drive loader is in place, the containment
plate is lowered to the ground surface with the weight
of the loader placed on the plate.  The hollow-stem
auger flight is then screwed into the ground using a
gaging device designed to ensure the flight is screwed
into the ground at a fixed rate and no material is

::=°tvheedfr:umnih:ccho°|e;I;Sfreesi:t8htfxec:;t:::afl|£8F:st
contailiment and minimal  residual borehoie.   After
the auger flight is securely screwed into the ground
80+ cm, the modified buffalo gun is loaded (by sliding
the gun over a shotgun shell), lowered down the
center of the hydraulic drive head, through the
hollow stem auger flighting, and seated into a sleeve
at the base of the auger flight.  Water can be poured
through t,he hollow Stem auger prior to downhole
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placement of the buffalo gun to improve source
couple.   Once po§itioned, the gun can be fired by
either a hammer impact on the top of t,he firing 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 than a meter
from the shell either during loading or while the live
shell is in the firing chanber.   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
marimizing 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 t,he
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 maLximized 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 arranged in a 1 in in-line array.
The source-to<1osest-receiver was 20 in with a
geophone station interval 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 anplitude of the data is noticeably
I;.gher with tile auger gun with very little difrere.lee
in the dominant frequency on either field file.
Reflection information is not directly interprefable 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
arival clearly dominating the upper 120 ms of the
unfiltered files.  Some subtle indications of 50 Hz

ground roll are still present on  rillcred riles.   Tlie
general characteristics of the 80 ms reflection seem to
be consistent for both sources.

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

Subtle changes in source environment
make considerable difference in the amplitude
spectrum of auger gun data.   Leaving a 15-cm air-
filled space between the base of a shell loaded in the
auger gun and the bottom of the screw hole reduced
total recorded 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 increased recorded
reflection energy by over 50 percent.   Significant
variability in frequency and amplitude of the recorded
energy resulted from slight changes in the downhole
environment.   These subtle changes and their
resulting effect on the seismic data are indicative of
how the near surface acoustically responds to gun
powder  explosions.

CONCLUSION

The auger gun should represent a 50 percent
improvement in acquisition rates and recorded
reflection energy at most sites when compared to the
traditional buffalo gun.  The auger gun is a
modification of the oritri,rinal buffalo gun design
(Pullan and MacAulay,  1987), and at some sites will
represent an improvement.   As with all seismic
equipment and techniques, site characteristics
dictate relative effectiveness.   One characteristic of
the auger gun that is not site-dependent and does
represent an improvement over the buffalo gun is
overall safety.  The massive nature of the auger gun
should allow detonation of series charges totally as
much as 1000 grains of black powder.   Preliminary
testing indicates t,hat at some sites it may be possible
to acquire over 500 shotpoints a day when station
spacings are 5 in or less.
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2    Auger gun field file (left) compared to the
buffalo gun (right).

or          I contaFig.1Diagr
']

me{tpl:te            `--scr:ulderepresentstheaugerguninabove-

ground position.   Modified buffalo-gun
portion of the auger gun is not shown, but is
conceptually the same as previously
documented (Pullan and  MacAulay,  1987).
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auger gun                            buffalo gun

Fig. 3    A 150 Hz digital low-cut fflter 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).



®

®

®

e
®

Itovnl`ole   .50-caliber  ltlfle-aa  ^dv.nee   ln
lIL€lI-rt:eoLucloo   Scl®i]Lc   Source.

Don   W.    Scceplcs,    Rlcl`ard   D.    .Illler,    Ralijh   W.    KI`app,

Kdl`s.1s   Ccologlcal   Survey.

SutlunY

Ill   A   dtrect   col.parl8on,   the   dourihole   .50-caliber
selsnlc   Source  produced  dote   selgolc   ene[8y,   a
broader   body-vave   i requency   speccrud,   aT`  adpll[ude
dt'op   Ln   the   all-coupled  vave,   and   a  higher   dotnlnanc
f requeocy  of   the   recorded   body-rave  energy   than   the
911enced   ®urface   .50-caliber   ®ource.     The   recorded
€el8elc   eliergy   o£   the   dowrihoLe   rLf le   Shoved   an
lncre®8ed   an|]11Cude   of   6   [o   12   dB   over   Chat
recorded   I)y   the   811enced   Burr.ce   rifle.      The  dodil-
nant   frequency  of   tl`e   recot.ded   ref lecclor`   energy
wag   consl8ter`Cly   20   to   40   Hz   higher   than   the   Our-
face   rifle.     Tl`e  al[-coupled  vave  aepll[ude  vas
decreased  over  12  dB   by  eubeutface   flrlne  of   the
rl(le.     The   f requency  8pectr`a  of   [t`e  body-vave
pulee  vac   broadened  tiy  .lqoet  a  half  occave  ot)  the
hl8l`  end.     The  ..fe[y  of  oper.tloo  of   the  ®ource  16
not  cooproel8ed.     Reflector.  vlth  .  dodldanc  frc-
queflcy  ln  excee®  of   loo  Hz  c.a  be  e.ally  ldettclfled
oo  field  f llce  .C  depth®  of  lee.  [haa  30  a  uelbg
the  dot+i`l`ole   .SO-caliber  rl€le.     Ideticlflc.Cloa  of
loo-11=   re€1ector8   trot.1,loo  .i.   po.81ble  on  field
files   of  Bultlple  vertlc.1ly  sC&clced  dotmhole   .SOL
callbec  8t`ote.     The  eoorce  vlll  operate  ln  art
ef [Lclef`t   Dant`er  collecting  COP  data,   coonon-of fsec
d4Ca,   or  epoc~cortela[lon  dac4.

imRODucTloN

lncrl..if.Lni:   ciw(roliman(AL   and   en8LneerLr`8   appll-
ciilLoim   o(   rl.[Lectlol`   Bel8aolog]r   liovc   Spurred
reee.ircli   and   dcvelo|mcn(   of   ehalLov  hl8h-re8olu[1on
t.crlt!ccloi`   tt!cl`i`lquc8   a.`d   equl|tnent.      R¢solucluii   ou
tlie  order  of  a  aecer   L®   nece88ary   to  dc[ect  ultra-
eliaLlo`+   targece  whLcl`   are  generally   cl`e   goal  of
•o€C   envlrolmencAl   `1i`d   engtoeerLng   8Cud(eB.     This
lnc[ea8ed   regolu[1on  coti   be   obtained   by   boo9[Lng
tl`.`   lrctiut!i`cy   o€   tl`e   ®out.ce   i>iilse   vhlcl`.    In   turn,
1acreaae€   [l`a  doaln4Tlt   I requeocy  o£   the   .ecorded
6eL8BLc-[eflecclori   ei`ergy.      CeTLer4CIAg   the   tilgh-
f requency   8eL8f8tc   Source   pulse   r`ece88ary   for
6hal.Lou   appllc&tLon8   has   beeTi   acco®pll6hed   Lr`   a
aul[1[ude  of  dLf ferent  vay8   1n   the  past   (Xlller   ec
al.'    L986).

Recent   8eLsfoLc   source   advances   ac   the   K.ao8a8
Ceolo8(col   Survey   (KCS)   have   tLalnly   revolved   around
surface   p[ojeccLle-type  6ou[ce€   (StcepLe8   8f`d
Knapp,    L982;   Miller   at`d   Steel)lee,   L986:   Seeber   af`d
Sceeple8.1986).     A   .50-callbcr   rl[le,   t.l`1ch  .as
dc81gned   and   I)ull[   to  8&fely   fire  a   750-8t'alt`  bul-
let   verc(cAILy   Lnto   the  8rour`d,   has   iaore   [ecer.cly
been  adai.ted   [o  operate   partl411}  underground  vl[h
only   Clte   flrlng  appar&[u8   above  ground.     This   al-
love  eafe  operatlon8,   a  hl8her-f[equet`cy  Source
pulse,   ai`d   8fl   lnct'eaoed   eLgnal-Co-nol8e   Ta[Lo.

¥..?.(i:.N..4.N.Q.I.H;€il.N.(.q9.I:.

Tlie   I:¢I`|`r;.l   de8lgn   ccnter8   around   oi)tla[J.Irli..   the
coi`vcr..lui`   iiL.   t!i`|.rgy   iiroducl.d    liy   a    .5U-c.`11bl.r
rtf li`   h`il.It!t    .nco   8el§mtc   (acou6clc)   waves.      Tl`c

majo[1Cy   of    the   er`ergy   produced   b/   a    .50-caltber
round   goes   lnco   acceleracln8   tl`e   projec[lle   and
lnco   echau6C   gases.      Prevlou61y,   vl[l`   above-ground
Sources,   we   have   sllenced   ai`d   dlspersed   the   exl`ausc
ga8e8   1n  hopes   of   ellnlnacla8   or  ac   least   greatly
reducln8   the   ef i ecc8   of   the   air-coupled  Wave   on
9el8nlc  data.     The  do.i`hole   .50-callber   rifle
nearly   91multaneously  excl[es   the   earth   wl[h   .1
proJec[11e   and   vl[h   echau8t   gases   uhlle   concali`1ng
iaoet   of   the   air-coopted  rove,   resulting   lt`
1I`crea8ed   frequency   arid   sl8nal-Co-noise   ratlo   ol`
8el8olc   record  sections.

The   dowl`hole   .50hcallbet.   8el§nlc   source   con818Cs
of  a   .50-caliber  rifle  bolted   to  a  a.6-col-[hlck
®teal  plate.     "e   rifle   leo.el[   1§  a  ®Candard   .SO-
c®11ber   breech  and   bolt.   bullc   by  Texas  Cult  and
Mact`1ne  Coop&ny,   .CC.ched   to  a  Standard   .50-c&llbe[
tBachlne-gun  b®rtel.     Hachlned   grooves   ln   the   barrel
are  q8ed   ltt  cqdjunctloa  vlch  a  p[es€ure  clamp   [o
attach   the  rl.fl.  Co  a  30~co  by  90-co  Steel  plate.
Tl`e  rifle  barrel  ls   lot7et.ed  into.4  60-to  80-cn-
deep  borchole  4  ca   lt`  dlaaeter  uf`cLI   the   plate   1S
f lu8h  wlch   the  ground   surface.     This   steel   plate
acts   a6   a   ground   seal  and  a   plat[ori.   [o   8Carid   ol`
tthlle   flrli`g   the  guti.     The  welgh[  o€   the  shooter  on
the   place  and   tl`e   4nilg   (lc   of   the   barrel   to   tlie
borehole  vall6  help  Seal   clie  gut`  Co  ttie  ground.
TI`e  rlf le  can  be  equipped  vlth  a  source  8en8or  or
cl.osure   #wtccl`   to   6ci.I.r.ici:   ;I   tlm.   hrl...lk.      Ftrll`B
ctm   b¢   do`ia   elcI.a.   clccirlci`uy   by   si>lci`olJ   o[
ii).1r``i^lly    t]y    p`I`llnr.    tl`..    rrl)..I...!r.       TII..    tl{}-iili.iL®    .iu-

callbcr   tJelt;Iis   aboul   I(I   t8   ;INJ    1*   a..islLy   ltJo-iiuct;oil
porcabl¢.

h.t{E(|UE;NCY   ^Nl)   ^vJ'I.I |llI)I:

Tlic   dov.`l`oLc    .50   c;.I.Ih.:I    lil.uJ`i.:|.i    (roid   b   (o    12   (Ill
greater   reco[dable   8elseLc   cl`ergy   a:   equlvaLenc
offsets   Cl`an   [l`e   sller`ceJ   sur€acl.   .50   caliber   (fig.
I).      Tt`e   lncrea6ed   recorded   ci`erg}.   boo§Cs   the
slgoaL-Co-noise   eriou8h   co   8`.bscdr`:iaLly   clean   up
the   record   seccloti.     The   source-to-closest   geop``one
of f8ec   ln   fig.   i   ls   43  a.      Besides   :Ills   noclceable
lr`c[ease   in   recorded   seisllc   enet.8:..,   a   cor`slstenc
20-40   nz   ltoos[   ln   tlic  do..lnai`c    f rei`iei`cy   of   Cl`|`
Source   vavele[   1s   cl`#rdc[erl..qLlc.

In  previous   shlllo`+-gou[ce  coaperlsoa9   (.Ylller   ec
al.,1986),   the   sucface   .50-callbe:   i]er{or,.ed   com-
p&rably   co  uLnL-Prieacord   and   a   LO-gauge   auf falo
gufi   ln   Local   energLv   and   f req`iel`cy   s?eccrurE.      Tl`e
f`oced   Lncrea8e   La   frequency   .ii`d   cAer5y   vouLd   n,1ke
the   dovnl`ole   .50-col(bet   rlfLe   co.Tp``rabLe   to   the   8-
geuge   Buffalo  gut]  vhLch  va8   .`oof`g   :he   best   sources
[eeted   for   refle::loo   energy   versus   g[ou``d   roll,
[oC®l   energy.    ®rid    ft`equei`cy   ..oi`Cei`t.

S^'.'':'l`Y

S,,LIL.ty    61,a,,1J    hl.    ',,     I,,'.    ,,1` ,,.,, ill ,,.,. :1.,.,,    ( ,,..,,, ''

oi.|.rtit(ol`    i.`vo`.:a::    `i.iii.I.:    i{.i.ir`:c`.       TI.c    r{rL.i    LS



I)ow``li`ilti    .50-C®lthor    RLf la

moui`tcd   oi`   a   O.6-cn-tl`lck   fl[eel   plate   to   iir()Ccct
tl`c   oitec,i[or   [[om   f I.agmen[8   Ai`d   [o   help   hold   tl`e
i:`I.I    i..?`..IIrl.Iy     Lrl    pl.`ci..        `iLi`cl.     lI`c    proj.!cCLLc     Li.
I lred    frod)   a   bolt   and   breecli,    ot'1glrlalLy   deal.gnetl
ds   a   8[nndard   f lreArrB,    Ct`e   u[mo9[    la   oof ety   hag
•llrl...I.ly   lici`n   Jant8l`cd    tnco   Cl`c   nc[ual    ft[[ng
m¢clil.I`lIIm.      .I.lil.    I)ol[   tl``d    I)r¢ecl`   manufActutcr
de8Lgned   the   appara[ue   f`oC   Co   frag.ent   evci`   1f   tl`e
barrel   va®   completely  obecrucced.      The   barrel   18   1n
#Ci.i``li`ril    .mt!    by    tl`c   U.    S.    m[llcAry   o``    .SO-caLII}|.r
aacl`1i`e   8uno.     Tl`e   extra   tl`1ckne®a   of   a  ..cl`1ne~gun
barrel   eerve8   to  dl.eLpace  heat   and,   e®peclally   ln
our  c&ee,   p[o[ecte   frolB  blotrouc   lf   fo[elga  dater-
1al   8e[®   Lnco   Cl`e   barrel.      Thle   bakeg   conclnuoue
oi}eracloi`e   8afe   and   corieL®[ent.

CusB   STUDY

Silenced   8urface   .50-caliber   ve   Dovahole   .50-
caliber.

Tl`e   dlrcct   coltiiiarleon   of   [l`e   eurf.ce   ol`d   tl`c
dovnhole   .50-caliber  rlf lee  vee   pe[fo[f8ed  near
Wlntcr  P®.i,   Color.do,   Lt`  en  etteapc   to  detect   [lie
Moff®t   I.1lroad  Cuonel,   8S  a  belor.  the  eu[f.ce.
The  receiver.  vere  elfigle   loo-Bz  8eopt)ot`ee  vlch  a
I.2q  et.Clod  lf`Cetv.I.     The  .out'ces  vere  4.  .  froa
cl`e  cloee®[  recclver  -I.clod.     The  teeultlng
recorded  field  file.  plotted,   uelng  true  .eplltude.
clearly   ®l`oi.  CI`e  lncre.eed  al]plLtud.  and  the
Lncreaeed  .18nal-to~fiolee   [atlo  o[   the  dovnl`ole
rifle  ao  codpatcd  to  the  eurf.ce  Source  (fig.I).
A  glaring  dl£feref`ce   le   the  ab®ence  o£  .1r-coupled
vave  on  the  field  I lle  uel.t`g  the  doirtihole  rifle.
The   frequency  dLf ference   le  obvious  on  the  aqpll-
tude  8peccra  (flg.I).

Do.nhole   .50-caliber  Field  rlle8   .ltd  S

The  dovnl`ole   .50-caliber   [lfle  c.a  produce  a
eoutce  pul®®  vl[h  .  doolr].nt   ref lecclon  frequency
ln  exce8e  of  loo  Hz   (fig.   2)  when  used  vlth  .utlo8
loo..cut   I llcer®   thac  t`ave  a  -J   dB   polf`t   o£   220  l{z
•i.`d   a   24   dLI/occAvc   roLlo(I .      Clean   -Ln(qua-pha®e
ref Lec[Loii  v®vele[.,   eaelly   li`   exce®s   of   L50  ttz;,
can   be   ldcntlf Led   dovn   Co  270  Iaaec  dLrectly   off   the
fleld   £1le   (fl8.   3).     The  .peccr`iii  of   tl`e   re!lector
ac   8S   discc   L8   alqoac   3   occaveo   acro66   vlcl`   corner
frequer`cles   o£   40   and   290   Hz   {flg.   3).

The   dovnl`oLe   .50-caLtber   [Lfle   has   r`oC   only   been
I.[ovcl`   co   be   4   useful   el`alLou   hlgli-resoLu[1oli
ref lecclol`-§eL.Iplc   cource,   1t   .leo  poeee6se8   the
capabLILty   [o   peoe[r&Ce   ea   ouch   ®e   I.LOO  fB  of   eedl-
dien[Ary   verLeer  overlain  by   15   to   30  a  of  Yea(hered
aLLuvLufa   (flg.   4).     tlie   reflecclori  .c   720  I.eec   on
the   I lcld   f Lle  Le  ^rbuckle  dolottilcc  .t  a  depth  of
1,loo  a  1n  central  K4ncae.     Thl8   clghc-®t`oC   ec.ck
v.8   recorded  vlch  30-llz   lo..-cue   flLcere  end  ten  40-
Hz  geophones.     The  dolBIAant   frequency   of   the
Teflecclon  energy  18   About   loo  Hz.

^CKJIotJLEDCHENIS

I ufidlng   for  thl®   re8e.rch  vac   provided   Ln  I)arc   by
N.CLonal   Science  Found.tloa  Cran[   l`'o.   EAR-8218735.
We   .ppreclace  E®tt`er  Prlce'®   efforcs   ln  ml`uocrlpc
I)reparaclor`  and  H4rla  ^dkln6-HeljeBoa'8   edlco[1al
eugge8[1oi.8.
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-this  s-ingle  shot  ccmparison  plotted  true  amplitude  with  identical  recording
pararieters  clearly  shows  the  increased  signal-to-noise  and  t.he  inproved  fregu€
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Downhole  50-caliber   Bifle

Field   File
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FIG.  3.

85  msec  Peflector  Wavelet

Amplitude  Spectrum

250                 500                 750                1000
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=ELe_ampE±±i!±±|±£:eL±nectrur`q2£therefler±ig± ulse  at  85  I.secjs  almost  3_octaves
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FIG.  4.
-This  stacked  field  f ile has   100   Hz  ref lc=ction energy as  deep  as  1100  meters.





a                                                          sEerioN  ii -NORMAL  HANDLING  PROcEDUREs

SECTION  Ill -HAZARDOUS  INGREDIENTS
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SECTION  vl  -TOXICOLOGY  (Product)          (Slilall   Arts   Ai-.]Tiu`iit i`.`r`

SECTION  VIl -SPILL AND  LEARAGE  PROCEDURES  (Control  Procedures)

^CTioH Fon u^TERi^L nELE^SE ofl Splu
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.    Fonow
OSHA     regulations    for    respirator    use.    (See    29    CFR     1910.134).         Minimize    powder
contamination.   Clean  up  and  place  in  en  approved  DOT  container.   Isolate  and  do  not seal.
Label "Small Arms.Ammunition''.   Wash au contaminated clothing before reuse.

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

TRANSPOF`TATION  EMERGENCY,  CONTACT CHEMTREC 50CL424.93cO
wrsTf Oispos^L IiETwOO

Dispose  of contaminated  product,  empty containers   and  materials used  in cleaning up Spills
or leaks in 8  manner approved for this material.   Consult  appropriate federal, state and local
regulatory agencies to ascertain proper disposal procedures.

sEerloN viii -sHippiNG  DATA
a.o.T.cues                                             Class c Explosive       OEN-D

sEerioN  ix -REACTiviTy  DATA

SECTION  X -PHYSICAL  DATA

[wEiT"c ro"T             N/ABolllNGPOIHTN/A        ``     .ispEclFicGa^VITtiii,o.1)N/A v^PoR PAESsuf`E                  N /A vouriigs                             N /A
Solu€1llTY lil w^T€fl          N /A Ev^roRAT low RATE           -~..|{ 4L.v^roftoENsiTy(^Ii.1lN-/A
pH                                            N/A

iNFopMATION  FunNISHEO BY:                 C.  C.  Noonan
(203)  789-5436

1475

DATE         Novemberl6,1985

O®partm.nt ol Envlronm.ntel Hygl.n® end Toxlc
(203) 789

olin  cOF]pORATioN
120  Long  Pldge Poad. Slamlord, Connoctlcut 069C

OCEAN®   N®twork
EMEf]GENCY  PHONE  1-80CLOLIN-911
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•   in.aichai inloty Data §h.oat  .
W.ybe `Il.d tochriwh     .
Osl1^'. 11.I.rd Conmiinlc.lior` Stand.rd,
2® CFn 1®to.1ae.  SIInded r" I-
cm-Ited tr qD.cue ..qul.rn.ritL

u.S. D.pertinent ol L.bar
a:clip.`iocol S.I.tv .nd Hc.Ith Admlnlitr.IIon
(Nod-M.nd.iory Foul
Form App.oed

OM8 No.1218cO72

.¢»`

®®m u\ u\.a on li\b* ct i).®
All  Shoteh®11  Amunltlon

RAe~"_rfu-b=LELTgr=#%F=EfitrgE#L=
'.    Sedkml    ..-snail hms  Aminltlon'

W~unr. Nm Errw-T-. Numb.r   .
Remincrton  Arms  Co. ,   Inc. (Sol)  .   676-3161

Adam OlmL>-. S" C*h Sn+ pd ZP CL*| T.legivon. Nlmber tr. Inlorm.tlen
I-40.  Hlghvay  15.       . (SOL)      374-2246

Lonok®,   Ark.ansa.        72086               .    .    `    .          ..
a,'® P'ryd`      8-12-86    .

•,, Siot\-lilr. ol tr®.I-Ibt*^.O        .        .
W.G.   Bell,' Chen  Lab  -Techr`1cal  Section

S.ctlort 11 - 11.zirdou. lngfi.dl.nti^d.ntlty hlorm.tlon

l{.I-rda`I cafiijiafiiifi:i Go.clt chirnlcal le.rthc cornrnorl N.in-(g|        Osl1^ Pet             AcaH TIV

and  1.Cad  ccapo`ind8 '                     50mg/MI,Cad.,

Argelil.c  .nd \|nde                                                   10
Antlron and  con nd8                                                       500  in
BariuzB  ona  conpound8                                                           500  fbg/M3.
tlltroglyerln  (0.05  in  chin)   SOO. tRlcrograns/M3  of  air

Exit  -  "Small  hms  Aminitlon"
cia.. C Z*plo.1v.

t 0"-0

S.ctlon ql - Prty.lc.I/Ch.mlc.I Ch.Tact.rt.lJc.
eaLng pob     I,ot  appi|cable. s#Effi|tfie"
V.ptr pn-o. (mm Ilo,)    . Wuti,v tw

Not  appllcabl® Not appllcabl.
veg arty pe . i| ELqui-r„wotAmi.caL[etlot  einllcable
S¥dhttwLead styphnate  -|nsolubiei  Lead Nitrate -127  g"/100cc Water -loo.C

Afpry- |d co
E::ZL§11Y®ry  14at.rlal  -  No  odorCrayl.h,

S.ct!on rv - FIT. .nd Expleelon l1.z&rd Cats
Fwh PoH 0~ udy Furrv"Eb ut- un LJE|

Not  applicable Not  applicable »A t'^E-LLd
haterlal  18  .elf  oxldlzliicri   flood  vlth vater  to  flghc  £1re. and  cool  eh.Ilo.

D          .  Sp.ci. fh Fipro froe.am.                                                                                -

I           un#eiFi".TiET¥tg#e when  exposed to fldm. and high tenperature..
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S.ctioo v - F..cthrrty O.I.
Squt, ur- Cotdiucra®^"       riane8,   sparks,  percussion  or  shock  aJ`d  hlgb  .

SLgiv
X texperatures   (130.C)

lricomo.IlbJIIty {A/.I.I/./. lo Arold "     Strong  mineral  ecldg  end  alkali.
t+urful. Dciji]iiii2¢iiE:ei] g BirFrdd

Oxld®s  of  carbon,  nitrogen  and  lead  ft]p®s.- rty Cho C~'°^"      i]eat,  fire,  static,. frlctlon and Perc`]g8ion.
Wu ra -

X

S.ctlori Vl - lie.ltli Hazard beta
F".) ol EJtry:                     W`.I.lth?     runes                      Sth?   oats  or  abrasions  -!REE1?cles

tTn#* `#igTreapctorla,  efroryotoxin ,  "lnutrltion,  veaJ{ness,  mental  confusion ,
allor  -

tr.eat  per  general  lead  expos`]rei.  headache  and  nausea

crErmin..           urpt                                           unc l*onogr-ph.7                          osl4^ fleqLJl.at   Lead.  yes

Sinedsyn-a/Eml.     .      Refer  to  health.hazard  above.          `                                     .     .   .

Lledc±! Cor`d"or`.    .
C-jrt=r=;F Aoqr.rued try E±- Gastrointestinal  tracti kidneys,.  blood  and  central  nervooe

8ysten.         (CNS )
Ejiilijj6ticir .nd " All P75edi- §kln  -  flush  `tith  water|   if  8ttallowed  geelc  medical  attention

inediately.
S.ctlori VIl - Precautlori. for S.I. H.ndllng .nd ue.
S].p. I) 8. Two A c... W.rfl b pete._.ed or splAd                                                                                                        +

Use  nob-sparking  equiment  to  cleanup  and  store  shells  -d`roid  ignj.tlon  sources.

=M±a±¥1¥___pe___burpe_a=per__'approp_I_ts±_E___:_Eqer_a_1?_stateepd|p_c_al__£_egu|ator¥agen_cr__-
contact

pbe±±£c- e 8. Tod.fi 1` I+.rtry .nd strty

Refer  to  r®l®aeed  or  apllled  ddt&: abov..-ri=-ul
I,abel  containers  -  "Small  Amg  Amounltlon"  wear  gloves  and  6hrapr.el  protection.

S.ctlotl VllI - Control W.Our..
odrty in-/Srty rMrty             osm   §A/Hd/SC"

1ng  cart:rldg...o^- pTt]i.cth. clcihino ® Eau±iFf=i: Uae  heorlJig  protection  when  dl8cherg

Jlii-act_P., u,a,a .,-,,, ',,r ,,,, ',,



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

C^S  B€CISTflY  NC}. xW bv CHEWcO NANt(Sl Lh'ffl'ditS:At€#®#£

7664939 37 SulfuTlc   ^¢1d _NA_

773218S eel .    Water HA    ___

7439921 90 Leld      _    _ _W^_

S€paratot. ,   --        _    -     -

D4remtc

-_-------
-_   --- -_

•'                  .              .                                 `.             .        .t              .                        .        `.

SECTION Ill - PHYSICAL DATA
•.-

•-`'...-- ^v flo.1.28a  I   .ol

¥,AffipiESSURE€  dA|-3fl I rd mc£HT voLlrmi€ .y vouM€ (*i
tl^ #£1gHTTf£9Ue€v

V-APOR--O!NSITYIAIR.l|. hA tvrmMTroN k^Tt I            . `i
\.

soti.Bii..n lNMv3Acieie     --     -I "._{ 1,a
^tra€t^{fLSE.A"a:e°etautd  (acid_¢ont.nc)--                                            _   |BMffitt       uauIO     #

SECTION IV - FIRE AND EXPLOSION HAZAFtD DATA
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1

lAIMAAY  ROu

GErty
S Of !NttY 'm,I,lion a

AHO f l^ST AIDI-- Stirl Contm I;   Otwl Clod

Do   not   .*c®ed A,novt)   to

ttent •       lNCESTIotll Do  Wor   loducc  vouLiln8. OLv.  Bilk  AIX.d  V1¢h  e8.

:±±=--I:\-:-.¥q__ap_____:
+

sECTioN vl_ii-spEciAi EaotECTioN iNFORMATioN
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till.:1   :1    '9|    14:07   CHG0   DIST   INFO_MGT   OFC_CENCC-Ill

|MATERIAL SAFETY DATA SHEET
PRODUCT SA   825   0012

SECTION I

P.3

'SEctioN ii -.cHEMicAi AND pHy8ICAi.pRapERTiE8 SCW EMICA L..                                                I PHYSICAL"

hAZAADOuS DECOMPC}SITION f]ROOuCTS FORM.        Seml-soHd

6         Carbon   in.onoxlde.   c!rbon   dioxide 00OR
'N COMPATiBiLiTv iK€Ee ^w^t ffloMi ® Mineral    Oi  I

Strong  oxidizing   agents   such  as:     hydrogen   peroxlde, ^P.EARANCE
6 chromlc   acld,   bror.ire '0 Grease
iLST ALL toxic ANO HAZARDOus iNaAEoiENTs7None

''
|OR      Amber

P'2 EciFic caAv`TyiwATEa-11RT 0 . 92¢

`BEctioN ili.i:finE...ANO`ExpLO 8ioN 0 ATA.` ®Ou-,NG PT.I,
NDA                .c®f

spEciAi finE FiGHTINa fBocfoua£6 F|ASH POINT IMETHOO u5EolAboveC.a.C.3cleo.cJ24_.f

Fire  flghters   should  wear  an MELTING pT. RA.c
eoproved   self   contalned   breathlng FL^MMAII.E ilMiT6 e6NDA:7LowER_urpEfi_

', ®f

24
aoparaTus .

soiueiirTyWW^T£Ft

Nee I  1 e I I I a
uN USUAL FIRE AND EXPLOSION H^ZAROSDenseSmoke €xTINGiii8HiNG AaENTs

8 DIYCH€MICAI   X: CO. ^T          ,5   .c
=. WAT€ASPAAY    ¥ fo^M.wATEl]FOC%5ANO/8^n"!8ioTHca I,

*  VOLATILE'a(IYWT"I
NA

2e
evAp. flATEI,(.''

NASECTION  IV -  H€ALTH HAZARD DATA
pEfiMissiBiE CoNCENtfiAtioNs tAmi

T

--    VIPOA pflESSIJft(','mmIlo,t20,C'
NA

9 NOA
NAEFFECTS Of OVEAEXPOSuRE I, '^m  ,  ,I

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

TOIICOIOOICAI PROP!RTuis 30 ®H'1

3' Nee.
'STAONOACIDsTRON¢aAs!

E^ fiGENcy FIRST ^10 pROcEOuaes

&2 EVEs     Flush   With    laroe   amounts   of   water   for   at   least    15  mln. sT^ e lE                                          .\.

Call    a   ohysici;n    Immediately.
3'

uNstieLE

31¢,i SKINCONTACT        wasn   thoroughly   with   Soap   and   Water.

::§,:;TEY            too<o'n°#'^.3Z
lN HAIATio N                 NDA.

23NA

FswAiiow€D       Call    a    PhysIcien    Immediately.

N4  -NOT^peLic^ei[                                           NOA.  woOAT^AVAiiABLE                                           <.  LESS Ah.                                    >. MoaETw^N

Pao6  I  o' 2

[OF]l,`.  I.'C.  Eel..i   €
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FIul:1   :'1    '91    14:88   CHGU   DIST    INFO_MGT   0r-C_CENCC-Il`l

MATERIAL  SAFETY  DATA  SHEET     pRooucT

P.4

SA   825   0012

a EonoN vii =. spEciAtpRECAUT7ONs
pf`ECAUTioNS TO aE TAKEN iN H^NoiiNG ^NO sTOAA¢E

.a        Keep  containers  closed.                                                                                                                           .

sEciioN viii - TftANsrofITA"ON DATA
uwf`eG`ll^tto  a u.s. a.O.I. .Rapfft 8HippiNc NAME

"                 ,Y a.O.T. 7

j..              A:?Uol.^oTED  I
u.a. O.a.T. HAZAno CiAS5 I.a. NUMa€P

a

"ANSPOATA7loittMEaGENcvlNfoAM^tloNCHEMTnEc1.1®001434..300
:;                     ffiBEL`SIAEouiAEo
ffl5Z EiaHTCL^5siFicATiaNPetroleun   Lubricetine   C`rease

a.£ci^i TRAN€pORT^TroN NOTEs

4¢ 93

SECTION IX - COMMENTS

KEEP   OUT   0F   REACH   0F   CHI L9REN!  !

`^/e  b®li.v.  th.  6ta`em®nts.  technical  Information  end  .®Comm.ndatlorle  Contained  h.i.ifi  .I.  raliabl..  but  they
ale  given  wlthout  waiianty  oi  gu®r.nt¢e  of  .ny  klnd.  expr®88  or  lmplj.d,  and  W.  ®$8um®  no  le3ponslblli{v  for
any Io6..  damage.  or cxpengo,  direct or congoqu®ntlal.  ari5jnq out ot th®lr use.

P,J6  2  o'   2
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f]Uci   a.1     '91    1J:0.=,   CHGO   DIST    IN,--ltl`1GT   O,FC_CENCC-Ill

MATERIAL  SAFETY  DATA  SHEET     pflooucT

L'.i

SA   825   0012

sECTioN vl l'iiANDLiNa.OF 9pitLE aft iEAKs
+-ROCEDIJIF`ES FC)F` CIEAN.uP

Transfer   bulk  of   material    into  another  container.     Absorb   remdinlng   re5Idue  wlth
.Oroper  absc>rbents   suc:h   8s   sand,   earth.   vermlculite.      Sweep   up   and   dlspose  as   Solld
waste   ln  accordance  to   local,   State  anc]   federal   regulations.

4t

WASTE DISPC)SAl

By  methods  conslste.nt  with   local,   state  and   federal   re`eulatlons.
2

sECTroNvifiut{.spEclA&.'pRECAUTioNs
pfl6cAUTioNs TO a€ TAKeN IN HANoilNG ^No sToaA¢E

.]        Keep  containers  closed.                                                                                                                           .

SECTION Vfll - TftANS.OfTTA"ON DATA

q        uN.a;G#tTTt° B
u.a. a.o.T. .nopEfl 8HippiNc NAME

7

#              A:SJOL.^o|!DD
u.8. a.a.T. IiAZAno CiASS I.a. NUMBEfl

4a 8

THANSpoflTATION
Ra LAeELi6i REQuiaEO

€MERGENCYINFOAMAtloNCHEMTREC1.18001434..goo,, eo I

ffl5Z EiaHTcusSIFICATIONPetroleu.   Lubricetine   C`rease

e pfcL^L TRANspORT^TioN N OTEs

9J

SEctloN IX - COMMENTS

KEEP   Our   oF   a:Act   OF   cHi L9REN! !
1£

\^/e  b®lj.ve  th.  €t.tcm®nt9.  technical  lnformetion  end  .ecomm.ndatlone  con€|in.d  h.rein  .ro  r®liabl..  but  they
ale  given  wlthout  wBri.anty  or  guor®nt®e  ot  .ny  klnd.  .Xpr®88  0r  lmpli.di  end  W.  ®$8um®  no  leiponflbllitv  for
any lo6..  damage.  or cxpon8®,  direct or congoqu®ntlal.  arising out o{ th®Ir use.

Pj36  2  0'  2
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t]Uci   i.1     '9114:06'   CHGCJ   DIST

Tbx   no.    :    042840

]Nrii_MGTes-[M

MATEF}IAL  SAFETY  DATA  SHEET

part   Type]   and   Numb.r                                                         Part   name

Prlnt   Date
Last   R.vlewed

P.5

oF/ao92e/9±
05/03/89

------,-----,---------------------------------------------------,,,---,,,--,, ~-
Ford    -U.S.    BATTERY    -ALL                                                      BATTERY    ELECTROLYTE

Hotorcrift   -u.S.    BATTERY   -ALL                               BATTERY   EIECTROLYTE

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

Haterial    type                          LIQulo
Sp.clfic   Gravity                 I.250
Bonlng   point                        >135   C
flash   polnt                             Not   Appllcable
pH                                                            2.a

---.- Jt -----.- I.-HAZARDOUS   AND   OTHER   0ISCLOSE0   lNGREDI ENTS   ------. I ------ I-I ---.

P.rcent           Expo®ilre   Llmlts   -TWA
Range               ACGIH/OSHA(where   eat.)    CAS   number            Chemic.I    Name
---,---,,,--- I,1 ,---,-,,-----,------ I .-,-,,-----,,, r ,--- ~ ,,-----, ®---

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

Expo.ure   Limlt  Abbreviatlons
~-,--,-,,---II,,--,,,,~--,,,,,--~,,,,
TVA-time  W.19ht.d   ^Ver.ge     C-C.llinq

S-Short  1.erin  Expo.Ore        Sk-Sklf`
Sol-So]ubl.  Conpound£            Fu-Fumes

lnsol-Inso]uble  conpound€        Ou-Oust r.,-'
------------ I -------- i--RE GULATORY  I NFORMAT I 0N  ii ----.- I ----------..-.-.-- I.--

Thl.  product  cant.lns  .  toxic  chemical   or  ch.mic.`f   .ubjcct  to  the  reporting
r¢quironents  of   Sactlon  313  of  Tltle   Ill   of   the  Super fund  Amendm.nts  end
R.authorlzation  Act  of   1986  .nd   40  CFR  Part  372.

---=e±--±± -.-.---.----  S I GNAI  WORD

8ANGER   --CORROSIVE     .

---------...--.-----Tn--.-----.HAZARDS-.--.---.---..--h-I---------c=a---=

Contact  wlth   thl&  in.terial   wlll   cause  burns   to   the   skin,   .yes   &Ad  nucous
in.mbrane8 .

Wh.A   this  mlt.rlal   con.i   irlto  contact  with   the  .y.8,   seriou9  d&mg.  may  occur.
This   prodLjct   ls   h.riTifLjl   by   lnh.lAtioA,   wh.n  -!n   cent&et   wlth   th.   Skin
•nd   if   lt   is  .wanow.d.

This  product   ls   irrlt.ting   to   the  €ye=,   respir.tory  syften  and  .kln.
Thl5   product   may   bc   fatal    If   lt   ls   SwaHowed.

FORD  MOTOR  COMPANY
DEAflBORN   Ml   48121
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Tax   no.    :   042840
Prll`t  Dit`   ..   oE/ao92eigo2

-I ------ I ----------  TARGET  ORGANS   AND  MEDI CAI   CONDITIONS  ----- I ---------... a--=

Ov.r.xpo3ure   to   Com.   haz&rdou8    lngredlentE    in   thls   ProdLJct   hl3   bGcin   found
to   affect   cert.ln  body  organs   arid   Sy&ten&   ln  cxp.rlm.nt&l   &nim.lt   .nd/or
liumanB.   TheSe   include:

Lungs
Teach
Skln,   Ey®a,   and   R.&pir.tory   Syst.in

--n .---.- n -.-----.---.  ACUTE  Tax I c ltY  I NFORMAT I 0N  ------.- il.-.I--I.u-I .---- I

Baaed  on   th.  cc]mpo€Itlon  of   th.   product   ldentlf led  by   th.  supplfer,
Selected   portlon.   of   the   .cute   toxiclty   Information   from  RTECS   are
3S   follows:
7664-93-9        SiiifuRlc   Acle

lnhalatloll.   .dult   rat,   LC50  -;10  mg/m3    (2   Hour.)
Oral.   adult   rat.   LD50  -2140  mg/kg

...h..±±±=..__.__....  SAF I  H^NDL , NG  AND  STORAGE. .±±±=±±===_.__====±_.[r,_.

Oo  iiot  breath.  g.a/fun../v.pot/Spray.
ui.  thls  product  with  ad.qu.te  v®ntH.tion.
Oo  not  g.t  thli  in.t.rlal   ln  your  eyes,   en  your  .kini   or  on  your  clothlng.
Thl.   IS  ar`  ®xldl2lno  .i.nt  -&vold  brlnglnq   lt   lntci  coat.ct  wlth  en
organic  material .

Stol.  thit  prodt.ct  in  .lr-tlqht  contalnars  aw.y  fran  lourc.i  of  heat  .nd
I ight.

---- I ----- qllL-lI  F IRE.   £XPIOsloN  AND  REACTIvltY   INFORMTION  I ----- ==iF==== ..-----

Brinqlng   thlf   prodiict   Into  contact  wlth  conbuttlble  mlter!il   in.y  c&ue&  4   I Ire.
EXTINGulsHER    INFORMTION3    Dry   chemic.lt    foem.    carbon   dloxlde.
u.a  w.tar  to  coot   flr.-.xpo..a  contalner€  and  to  prat.ct  p.r.onnel.
W..I  a.lf-cant.in.d  bra.thing  app.ratu..
TI`Ie  product  can  r..ct  vlolently  w|th  reducll`g  ]gant€  and.organlc  flat.rlil5.
Explof lve  HYORO¢EN  GAS  may  b¢  r.I.a..d   lf   aqu.eui   aolutlon&  ol   thl.  mat.rlal
come   into   cent.ct  wlth   reactlv.  metll!   (IRON,   ZINC.   ALUH"u#)  .

Irrltltlng  end/or  toxlc  fun.I  and  g..es  aey  b.  onltted  upon  he.tfng  of
thl3  product.

The  deconpalitlon  of   thlc  product  wlll.rele.se  toxlc  oa..S.

FORD   MOTOR  COMPANY
DEARBORN  Ml  48121



'0``

n
0
0
®
®

®

a
®

0
®

0
0

D

'
'
'
'
)

I

I

` flue  £]   ,91   14:89  CHGO  D[sT  INFO_MGTas-]M

MSDS
(CONTINUED)

P.7

Tcix   no.    :    042840
Prlnt   Date   !   o4P/aoo29go3

--------------------  PROTECT I VE  MEASURES   AND  TREATMENTS  .--- I .----------- 1&]---

Use   of   an   impervious   apron   ls   recommended.
Uae   gen.ral   v.ntHation   and   use   local   exhaust.   wh.re   posslble,    ln  conf lned   clr
enclos.d   8pace€.

Wear   eh.mlcal   goggl.e   and   fac.  8hleld.
The  use  a/   naopr.ne  glov.e   is   reconm.nded.
In  c..e  of   contact  wlth   -y.S.   rln.e   immedlately  with   plenty  of  water   and   ..®k
medical   advice.

Immedlately   t.k.  ol'f   all   contanln&t.d  clothing.
|f   the  materlel   lt   ewellowed,   get   lmadlete  medic&I   attention  or   advice  --
Giv.  Sev.ral   gll8ses  of  wltcr  or  mHk.

If   o=e/fume/vapor/dust/mlst   fran  the  lnat®rlal    is   inhaled,   remove   th.   affected
per.on   lmmedi&t.`y   to   fresh   air.

For   fkln   contact   f lLjah  with   large   &mount5   of  water.
W®9h   thoroughly   after   h.andllni.

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

lf   the  product   i&   lnge€ted.   prob&bl.  muco=al   damage  may   contriindlcate   the  use
of  ga&trl¢   lavlge.     Tr.at   tll.  affected  person  approprlately.

---n ..-----------.--  Spl lLs i  LEAKS  AND  D I SPOSAl ---- n--I -----.------ =f=:

Eumin.t.  .11.ourc.I   of   lgnitlon  or   fl&mm&blef   that  iTlay   cone   Into  Contact        .
wlth  a   .pHl   of   thls  mat.rl®I.

Avoid  lkln  coht.ct   .nd   lnhllatlon  C}f  vapors   durlng  di.po..I   of   cplHs.
OI.po8®  of  w&et.  mat.rlal   .ccordlng  to  Loc.I,   Stet..   .nd  F.d.I.I
Envlrorm.nt.I   R.gulatlon&.

In  c.8®   of   largc   .pill8,   fonow  all   facillty   Em.rg.ncy  Relpon9e   Proeedure8.

------ I -----.--. I -------.--. 11--SPE C I AL  R£MARKS  -..--------. I---d .-.-----. ===.-

ThiS   I.  .n  .cldlc  mit.rlal.

--.±±±=-11.   S.   OEPARTAERT  OF  TRANSPORTATION   INFORHATION  -.Ie±±[ -.---- =

SI`lpping   flame:    BATTERY   FLUID,    Aclo      uN:    27$6
Hazard  Clas®I   Corrollv.  matarlal                  Ha:lrd   L]bel!   Corrosive

The  chonlcel   n&me(i)   .ppearing   below.under   ''N^ME"  mil&t   .ppear   ae   part   of
shipplno   nime   lF   the  amourtt  being   Chipped   in  each   contalner   exc.eds   the
quantlty  .horn  under   ''RQ''   below.     The   letter:   "RQ"  muSt  ®l.a  app.er   al.part
of   the  Shipplnq  name,    ln   th.  form

ehlpping   name,   chemlcal   n.me.    RQ.
For   u.S.      Shlpm®ntl   fran  Ford   FacHltieS,   consult   the  `'Ford

H]zardou®  M.terial   Tran8portation  Control   Program"  ^Inual.   oth.rwig.
con8ult   49CFR172.
------ ¢AS--RQ (Iba)   -NME ------------..----------.------------------------------

7664-93-9         2777         SuLfuRIC   ACID

FORD   MOTOFt   COMPANY
DEARBORN   MI   48121
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Tox   no.    :    042840 a     print  D,te  .  oF/°o92e/9#

--------------- I ----- I --.--  PREPARAT I oN   I NFORMATl oN  ---------------- I-I-..E=--.

Health   and   safety   Information   ha8   been   evaluated   by!

Environmental   ®   Occupationel   Toxicology,      Occupational   He8lth   6   Sat.ty,
Ford   Hotor   Company
goo   Parklan.  Towers   W.9t,   0¢arborn,   Ml      48126        ..

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

Thls   ic   the   last   page  of   thi.  HSOS.

FORD  MOTOR   COMPANY
OEARBOEN   Ml   48121
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AMOCO   REGULAR   LEAD-FREE   GASOLINE

P.9

MANUFACTURER/SUPPLIERS

•     #i:a!:!lF:a?:i;f p:!y9
Chicago,   Illinois     60601

®                                                                                                              gMERGENCY   HEALTH   INFORMATION€       (800)    447-8735

ERERGE»c¥   splLL   lrmoRMATION:       (8oo)   424-g3oo
C"REC,  U.S.A.

OTHER  pRODuCT   gAFETT   IrmoRATloN!       (312)   856-3907

®         IMPORTAN'r  COMPOREllTS:      GasollAe   (GAS   8006-61-9)   ACGIH  TLV   300   ppn,   STEL   500   ppn;

:                                            i§¥:i:;§A#e!i:i3;:i;±EL:!!!:§i§;:: 1:::;  °SIA P=L  1 ppm

®     WAVING  STAT"ENT :    E::a::ie::t5:::!Xe::r:::::in::8ha::P::u::::eE:=:i:ni£C:3a:::::a

n
b
n

D

and/or  a8plt'eted  li`to  lunge.  Can  produce  skin  lrrltation  on

::::::!:dt:rv:;:::tf8sC:::::€.c:::e:8£:a:#o::::I;A:Xin:::?-tern
"IS/NFPA  CODES:.(HEuTH;I) (FL"AEILITY;3)(REACTIVITT;a) ,   Chronic  h.alth  hazard

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

tiEAI,TH  mzARD   INFORMATloN

ETE

EFFECT:             High  concentrations  of  vapor/blst  "y  cdus.  eye  dlBcenfbrt.

FIRST  AID:      :::#g:g::  vlth  plan.ty  of  vat.r.    Get  n®dical  attention  if  irrltatlon

D       PROTECTION!     None  r.quired;   however,  use  of  eye  protection  la  good. induftrl®l  practice.

EFFECT:

rlRS,  AID:

.SKIN

::8}::95:£:ti:?::t.a  Contact  Can defat  th.  €kin  and  load  to  lrrltatioA

i:;i:§i§;B§!o§!;:::i:i::::§#:::i:::.an:i:;.b:?::=i::::?C:::hi:gifai
PR°TECT]°h':    §¥:;:apr313::::A;:dr::e::;:a::inc::::::tie  I:i:i;?Otective  Clothing  and

ErrECT !

INHALATION

I:::::n::gT:::.na5:::.veg:: €::i::::;S±:::t::a.Cdufe  he8dach®s,  dl2z|ness,

FIRST  AID!        If  adverse  effects  occur,   remove  to  uncontcolnated  area.     Give  artlf icial
r¢spiratlon  lf  not  breathing.    Get  in.dicel  attention.

)         PROTECTI0N!     Use  With  adequate  ventilation.     Avoid  br.athing  vapor   and/or  mist.     If
ventil,ation   i-g   inadequate,   use  NIOSH/MSHA  c®rtif led  respirator  Which  will
protect  against  organic  vapor/mist.
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HEALTH   HAZARD   INFORMATION   -   CONTINUED

INGESTION

P.10

a     EFFECT:               Low  viscosity  product.     Harmful  or   fatal   if  asplrated   into   lungs.

®

®

FIRST  AID:        If   swallowed,   do  NOT   induce  vomi`ting.     Get   llun®diote  medical   attention.

FIRE   AND   ExpLOsloN   INroRAT[ON

®     FLAszapolrms                -45oF

®      FLA~I.E  IIIMITS:      UPPER:      7.6%     LOWER:      I.3&

®      AUTolGNITloN  TaeERATURE:                   495®F

®    EXTINGUISHING  MEOIA!    i!::::e:PE:::::A:::dc::::t:,h::#as{:£; ,a:r3a::r!::?,  Carbon

®     UNUSUAL   FIRE  AND  EXPLOSION  fIAZAsOS!      Extr.n®ly   flarmabLe  vapor/air  nixtufe8   fom.

.                           .:#:8#:h:#:u::  #r:i::fore  source  of  vapor  ls  shut  off  can  create  an

a    J'RECAUT)ONS:    £::g  :::¥ai:#  :i:::i?A  6::r:::h(:6:&da8:eS:A:i::::a:?a  Open  fLapeB).

n
REACTIVITY   INFORMATION

DANGEROUS  REACTION§!     Avoid  chlorine,   fluorlne  and  oth.r  Strcing  oxldizers.

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

D      STABILITY:     Burning  can  be  Started  easily.

CHEMICAL   AND   PHYSICAL   PROPERT(ES

BOILING   POINTS                      80.I  TO                430®r,   Range

8OLUBILITY   ]«  WATER:      Negllgibl®,   b.1ov  a.IS.

D        SPECIFIC   GRAVITY   (WATER   a   I):                      a.75

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

I        VAPORDENSITY   (AIRl   i):                   3   TO              4

1

)

)

I

I
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STORAGE   AND   ENVIRO"ENTAL   PROTECTION

P.11

•         STORAGE   REQUIREMENTS:      Stor®   in   flarm\able   liqulds   stordg®   area.     Ko.p   Container   closed.

•                                            :::::d:::: :I:# :;;:ici#:t!:3e:::?c:::t:?do:p::c:i8::9i:at ions.

•      SPILlis  Arm  LEAXS!    3:g3::a:rv:g:!5?",:::.:::r€:£tifai!3i;;?£.po::ibr:?¢rc:£:#nt:"n
ab8orberlt  n.terial   (..g.,   .and,   8avdust,   di-rt,   clay).     keep  out  of
Severs  and  vatervay8.

WASTE  DISPOSAL:     Residues  and  spilled  material  ere  h&2afdous  ve5te  due  to   ignlt8blllty
Di8po.&l  nugt  be  ln  accordance  With  appllceble  federal,   state,  or

®

0
®

®

e
e
e

local  r®
unless  diulations.     EnclaEed-controlled   lnclneration  16  recorm¢nded

rected  othervi€.  by  applicable  ordinances

SPECIAL  PRECAUTIONS:     Keep  out   of   gewerg   and  wat®rvays.      Avoid  strong   oxi6izers.
Report   aplll8   to   appropriate   authorities.     USE  AS  MOTOR  FUEL
ONLY .

TOXICOLOGICAL   INFORMATION

n        EYE:     Primary  eye  lrritatlon  Score  0.0/ilo.0   (rabbits).

r      SKIN:    :£i:a:!L;£:A::ai:#:#£°;r:::I:dii;/:6£t::#bi::)

I          INHALATloN:     Acut.  LC5o   2o.7mg/i   (rats).

.     Acute  dermal  LD50  greater
acute  cxposure8  by  this  route.

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

D

b

D

D

D

I.         81gnlf lcance  of  the  nouee  liver  tumor  response   in  terri8  of  human  health   is
quest lonabl® .

:::::a i¥:i:#::r:ft:y::?a::g:a!nEr:£:::th::8a::i:£a€1::i3::: , s;::::a,  drovs 1-
depregalon.

!iii;i::::i;ii;#;i!;#;:i;i;;:ii:i;:;;i:::i:!!;i::;;::;i::i::i:i;:i::::;:he

Inhalation  of  whol.  unlcaded  ga&ollne  vapors  did  not  produce  birth  defects   in
16horator:.  aniiaals.

i::#;:!};a::i:i:::i::::::i:::::§i:i?:::h#LT|::::i§°§!#:::::::::bi:i::i:::::g

!!::::!!::::::::::i::::::i:::::i:;:g=:.::;:i::!:#::g:i::!!!:d=:3!:a-
ver.  seen  ln  chronic  atudlos  on  *ylene   ln  guln®a  pigs  but  not   ln  rats.

i:Pi:::i?A ::pt:i: ;::°€:::  :::°L::;sL:::So::3rc::::.CS::i:#gp::#:n!:g::€ i::n
of  this  product.
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REGULATORY   INFORMATION

r . 1 £'

CERCLA   REPORTAELE   QUANTITY!
This   product   is   exempt   f ron  the  CERCLA  reporting  requir.in.nt8   under  40   CFR
Part   302.4.     How.v.r,   if   Spllled   into  Waters  of  the  United  Statog,   it  may
be   reportable  under  40  CFR  Part   153   if   lt  produc®s   a   Sheen.

®        DOT  PROPER  SHIPPING  NAMES      Gasoline,   Fla"bl.  I.iquld,   UN1203.

®      OSRA  HAZARE  CounNICATION  STANDARE :    :;#:b!§n!i#?:  ::i:ii:::::::§#:!S=#:::A:;ts

®
RCRA   STATUsi

:i:;og::d::tc::t:¥:j£::a:8o::ev:!t::Rb::::g:6!;3:a:::€n:a:h:n£:£:avLng

!§!a:!i:::!!{!:a::::::i::::!a::#::::i:::n#;®§:1::i:it°£L:A#E:::em:i:&£;
SECTIONS   311   ANI]   312   0F   SARA   END   40   CFR  PART   370:
This  product   i&  de£1ned  af  hazardous  by  OSRA  under  29  C"  Part  l9lo.1200(a).

SECTION   313   0F   SARA   A.lD   40   CFR   P^R®   372:

#S:  #O#C:r£Og:::n:.7:?a  follovirlg  Substances,  which  are  on  the  Toxic  Chemicals

COMPONENT/CAS   NUMBER                                                                                              WEI GHT   PERCENT--------------- I1 ., ~ ~ --------------------------,---------, ~ ~ ,,----

®

®                ;dE;:;;Ee7;)?-.'-'' ---. __---_-'.-' ------.- '  -'  '_

•                    coMpoNENT/cas  NUMBm--------------------------------,-----------------
•                  Ethylben2ene  (loo-4l-4)

Toluene .  (loo-88-3 )
|                     Xylene   (1330-20-7)

i      .sun  sTATus:-I-I ----- I---i    £_   L_____`  -i -I   ._.-I---LL--    I.-I I ---I ----.- i

'
b

I

D

b

Benzene   (71-43-2)        .
Ethylbenzene   (loo-41-4)
4oluene   (loo-88-3)
Cyclohexane   (110-82-7)
Xylene   (1330-20-7)
MTBE   (L634-04-4)

TSCA  §TATtJ8!     All  of  the  conpon.nts  of  this  product  dr.1iSted  on  the  TSCA.Inventory.

SJ.PPLEMENIAL  INt`l`ORMA'l-'ION  .~T±_ _

n        8:::::::oi:]e.:;8::::  T!:#:ea:::hydrocarbons.    Thaa®  major  coxponehtg  having

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

Cyclohexane   (CAS  ilo-82-7)   ACGIH  ®LV   300   ppn;   Ogm  Pal   goo   ppm.

Ethylbenz8ne   (GAS   loo-41-4)   ACGIH  TLV   loo   ppm,   STEL   125   ppm;
OSHA  Pal   loo   ppn,   STEL   125   ppn.
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SUPPLEMENT^L   INFORATI0N   -   CORTINtJED
n-H®ptane    (CAS   142-82-5)   ACGIH  TLV   too   ppm,   STEL   500   ppm;
OS}IA   PEI,   400   ppn,    STEL   500   ppm.

n-Hexane   (CAS   ilo-54-3)   ACGIH  TLV   50   ppm;   OsrIA  EEL   50   ppn.

P.ntan®   (CA6109-66-0)   ACGIH  Tl.V   600   ppn,   STEL   750   ppm;
OSHA   PEL   GOO   par,   8TEL   750   ppn.

Toluene   (CAS   loo-88-3)   ACGIH  Tt-V  loo   Fpn,   ST=L  150  ppn;
OSRA  Pal  loo  ppm,   STEL  150   Ppm.

P.13

Trim.thyl  benzene   (CA8  25551-13-7)   AcalH  TLV  25  ppr;   06m  PEL  25  ppn.

Xylene   (CAS   1330-20-7)   ACGIH  TLV   loo   ppm,   STEL   150   ppn;
OsllA  PEL   loo   ppm,   STEL   150   ppm.

ISSUE   [NFORATION

nay:

7e GC+-
R.   G.   Farm.r,   Director,

n       Product  sat.ty  a  Toxicology

n

I.SSuED!     June   09,   1989
SUPERSEt)ESS      March   18,   1988

D        This  Baterial  eafety  data  Sheet  and  the  lAformation  it  contains.  i5  offered  to  you  ln

n      3£::hf::t:.::is:8u;:#.So¥:c::V:u€:#:V:era::A;::;ra£:°£€:::::{8£:t i?n!:#a€i:: §:e£:

:    !i:!!:!ii:; I !!:;!i;;!i:i;!!;i::i::i::!i:i:!!;!!ii¥::N¥:a::i;!!;i:i::T!!::i!::i:!!:: s
I       orlxplied.

D

'
'
'
'
'
'
'
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U.S.  DEPAFITMENT OF LABof]
Occupatloml €.l®ty and-.Hollth Admlnl8l[atlon ..

•MA,T-ERl.AL.`S'AFE-T,Y.'.DATA.rsHEE,T
.-`   ...   .        --                                                                                                                                          _      _            _.i,

.

...See
-         ,.      _                  ,.   ___, _ ___^__±_,_-.`_'_'=TION.I.

HTifft# k6li.nlc.I oo.                                              `
I :  .a    .".`   ..    ..coTga'i#i:'#:Tat."6F.'han... Ii.  6og22  `                                                          '

a.iilwo^i.I^NI^ro.rraMTut                           .I.-„`      .     .    .`     .``          ..   ... 'v'i#€:uhEfgi'dw#A`h¢r
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p^i.iT®. mE8Env^ttveo. . 8OLVENt£ A |V'unl',I ^lloy8 AVO MEtAiiic cO^TiNoa ` tLV(IJn'',I

rowevT. 1'/A eAI, Wn^| h,/A
•     caiALTeT

N/A ALIO,S N/A
VengLC

N/A
«ITkiic Co^Tn.as N/A\

mvtHt,
N/A

'||Ea WI,^|
N/AMus cO^iwo OA coat Flux

^eo,',vI,.-.......•N/A .ot",.t...-...
ft/A

•'".~.......... l'/A
}l^ZMtx]ue wixruf]E8 or ottitA iloulo€.eoilos, oA o^SE8    .    . * |VOuwl',I

.,~,,..

Hotl'rl`Alat,hal                   ,         .                 .                 .    ¢                    ..."     ..         ."      `. 98 200p

Nonv.1thenol  9urfaotrnt              C!^S  #    6Oul2-9+Jl 001
_^,I

trlt]henvlmethane       C^9  #  2650L{.8-2             EP^  TSC^  List-Yes Tr,
'     ''   .''I,

SECTION  Ill     PHYSICAL DATA
ioflur®.O.NTrF,I                                               .  i.        +` •NiA   .     ..`...`-. €p!cillcoA^viTip.drill   .      -.     '     i •g51"  I
v^.o. n..ant I- w. I

N/A
Mce€wT vOuTL( N/Ae, colutw( I,I

'^.a..tt..,",A,ho''.........'.
N/A'  . .

tv^Pofu,'O,I I^,C
«./A-I,''

edu.ftiTt " w^Tta
.,'   .      i      i

\

^nEAiuntAnoo"         Blue-ELrmltla

sECTioN iv    FiaEAND  ExpLOSION  HAZARD  DATA                            .    .
i.~iirolwTlw~...O           ,a.r].112  F ^w^,IIIul,C   '.    '    '               I           W     I                   Utl           I

'-tlTwaunlHwdWEOMinchonia&i,cO,Or  Aleo hal  fo

"tciALmMununacerfa}C£F|:eeif.aotrfu.1ned.-tr®Othut-

I,-.'     I..        -i

1                       .®®          .

wu"ilt,jo"I A#thp`.Oaetor®H¥^€EL  &ir  and  nay  t£&'+el

__aorlBldenbl.  dlgtanco  to  an  lgnltlon  8o a,

I      PACE  (1)                                                                  (Conllnu.d omev®"e.ld;)
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:.                                        sECTioN vil    8plLL on LEAK pfiocEDuflES
•'jii'o°.e€|:k#|'nc]£9'.o`#.tl^|i|9®"i"|'n'°£'di.Ills;nent|].at®d  &r.a. /  .1irln&te  lE»1tlon  .®uro...

Avau.Irm-off  into  Glorm  e®ver8  a,nd  dltahee  vhlcli  l®&d  to  fi4tuz.i  vat.tw&y.

wA£.I Oi6pO€^i tJc.roe

In'cen®fatlon, .blologlcal  treat,mant. of  dilute  aolutlon.     I   .
.              ,           '

sECTioN vlli    spEci^L pnoTEci.ioN INFof`MATloN
I-...m^to.v I.a.tclrow I.`®.a.' ty®..                                                                   I

V€'',M.A,'ON
.W'h®€#+:'b^b'£'oorlato  to  control  emtiloye®  exp dluptrc,6^.`       .

.,,

a,C''^'''C^|,a,n,,,'' a,,,I,    :     .

•noT.ci.v6 a`Ov€S
I-i,               .--`=                         -I.==...-eaa=.na-==iibhazLg    veB

a.Hln .nottc7i.( .Ouif.u(NT

FACE  (2) A.ydy 1 -9-90
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n         pBopERTIES Ai`'S` spEciFlcATIONs

EXCELLENT FOB "MINI-HOLES"
AND VEETICAL STACKING

These  non-nitroglycerin  emulsion  Products  are  packagecl  in  convenie
one-pound,  one.half,  one-third.  ancI  Clne-Quarter  pouncj  cartridges  ar
formulated  to  prcivide  a  seismic  Pulse  equal  to  dynamite  for  clear.  she
seismic records.

AI:hough  classified  as  high  explosive,  seispFllME/E  emulsions  are  no
headache and have excellem resis:ance to accicler.:al detonation by frictictn
impact.

Spiral.vi.c>und  1.'4  to  i;'2-pound  paper  carlriages  ar:+easily  cappetl.  a,
waxed to Sleep well.

I            PF}ODUCT                                       E-1                E-1/2           E-1/3           E-1/4

I       #:ght
D

?
D

r
D

n
D

r
D

D

i
D

D

Style
Density (gin/cc)
Velocity (fps)  (iinconfined.)
Detonation pressure

(kilobars'
Absolute Bulk Strength

(cab`cc)
.Peiatjve  Bulk S{rengiLi

(ANFOE100.)

One pound    1/2 Pound
21/4x81/211/2x8

49SW
1,18                       i.15

16,500             16,000
loo                    100

1ro Pound   1/4  Pounc!
11/8x8            1x8

SWSW
1.15                     1.15

15,00C)           14,500

loo                100

775              775

105                 105

PACKAGING
Available  in  four sizes `o  meet vertical  slacking  a:

•mini-hcile" applications. seis,PRIME/E  in the one-pou/

size  is  packaged  in  thin-walled,  easy  couplii
cartridges  (or  vertical  stackjng  or  larger  downhc
shots,

In  the   1/2  to  i/4-pound  Sjzes,  Sej§PF3lME,`'E

packagec§ in spiral-wciund paper cartrjcjges.
All sizes have ekcellem v.'a[er resistance and can I

initiated with a #8 strength STATICMASTEB oetonato

5Tfl7YC«45FEF!.€`.  =ie3{ri= [i3tenators for Seismic Exp!oratior!
DESIGNED  FOB  SEISMIC  WOBK -  Exclusive  Atlas electric  nr,atch  provides  relia[

cietonation with  minimum  lag  time  and  scatter.  Full #8 strength explosive  output to  h€
insure initiation ot the seismic charge, even under severe conditions.

UNEXCELLED  PERFORMANCE  . F3igic] statistical quality control tests  are  perform
on  all  components  and  on  the  completed  detonator to  assure  reliable  and  corisiste
perfomance.  A tough,  hard  enamel  coating  under the  plastic oiiter jnsiilation. provid
additional protection against shorting ot legwires under extreme conditions.

WATEB  AND  WEATHEB.PBC)OF  .  Legwire  insulation  is  designed  to  withstai
extremes Of heat and cold and the Severe oc>nditions encounterea' in deep-hole loadir
All  detonators  contain  a double-crimped  rubber  plug  to  provide  a water-tight  se
Excellelit firing chaiacteristies permit use in single-hole or multiple-hole pattern shootin

n        pROpEBTIES AND spEciFlcATioNs

I          :  P:;%?i:tn::;t{iemn8tgc-a£:r. Less than o.001  second; even

D         .  B:ceormai::::dc'?,::::tc':fir:Cnrte.a3et: io amps Dc, 4 to |o

D          .  ijma.?esrAfmersion depth (max. Iested) -50o feet
I  Bridgewjre resistance . a.9 Ohms

D             .  Detc>natc]r shell -Gilcling  metal

D        REDucEDSENsmvlTv
TO EXTBANEOUS ELECTPIICITY

A  special  br`cjgewire  and  the  SF  (eature  in  the  electric  match
provide  recluceo.  serisitivity to  static electriclty.

OPERATING AIDS
With  recc}mmended  firing  ciirren!s.  STATICMASTEF`  .elect`

detonatctrs meet all requirements for series firing.
WARNING  -  Dct  not  use  STATICMASTEB  electric  detonators
the same circuit with other types or brands o{ electric detonators

PACKAGING
STATICMASTEB  electric  detonators  come  with  spoole

duplex  copper  lead  wjres  (yellow color)  in  lengths of 40',  60'.  8(
100`.120',150'.160`,  200',  250.,  300',  and  400`:  and  in  shortt
legwire  lengths  (folded  duplex  wlres,  yellc>w)  measuring  12',  2(
and 24`.



®
®

®

e
e

e
e
®

e

t]F'F'     lJ      ..3€     15.:  1=1']    I ..... 'f]t I    Fir'1EIIF'`;H    r]LHt'li.:I

I  A  Z   A  R  I)   0  U   S C   H   E  M   I   C   A  I.     M  A  I   E   R   I   A  L S   A   F   E   TY      DA   I   A

F' . i'  , 3

SHEET

ATLAS   Fowl)ER  COREANY
15301   I)AI.IAS   PARICWAY
SUITE   1200
DALLAS,   TEXAS      75248
TWX   910-860-5237

2.     PREPAREI)  BY:        P.E.   Therriault            DATE:        06-24-88

3.     rmlcAL  RERCENcy  TELEPHONE  mJneERs:

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

REVISION:      One

e       4.     TEE  RATERIALs  DEscRIEED  IN  "Is  I]ATA  SHEET  ARE:

I                                  ZIAZARI)OUS   CHEMICAL   INGREDIENTS

D       5.     cH"ICAL  Alto  cO"ON  NAME(s)   oF  EAZAREobs  cHE4ICAL  HlxTrm/INGREDIENTs:

®
Apex-All  Grades,   RXL  614,   RXL  615.   PowerAN-All  Grades,   Bulk  Emulsions-All  Grades

Major  IIazardous  Ingredlenc§  Include:
Anq}otiiun  Nitrate
Diesel  011  (In  Some  Formulas)

TSCA                        GAS                             RTECS
LISTED                     NO.                                 NO.

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

Note:     See  MSDS.for  Amoniuq  Nitrate  Plus  Fuel  Oil

6.      PHYSICAL  AND  CE"ICAI.  CHARACTERISTICS:
Vapor       Flash    }1elting    Boiling     Speci£1c

Pressure    Point    Polnt°C    Point°C    Gravi tv
Mol,
EEL     £4±£    Appearance

Amonlun Nitrate
Diesel  Oil
Mixture

D       7.     PEYslcAL  HAZAros:

D

D

n
R

b
n

0                  a               155               190                I.725          83          None     White   soliE
Dd               nd                   nd       147.371          0.87            nd     Pungent  Broom  Liqui
Neg.           nd                   nd            1251.I   to   I.3     NA         None     white  Grees

nd  =  fu.o  Data           d  =  Dissociat:es       na  a    Not  Applicable

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

a.      HEAL"  HAZARI)S:
•-`.,....

Carcincigen
Corrosive
nghly  Toxic
Irritant
Sensitizer
Toxic
Target  Organ  Ef f eccs

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

10.      PERlnssIBLE  EXPOSURE  LIMITS:         NO   Data

Diesel  oil:    Flamable

---I---    `C=-_-   _

Ref :   Reglscr:`'  o£  Toxic  Effeecs
of  Chemical  Substances   (RTECS)

N  I    No  C:icerla  Match
Y  E    Poslclve  Criteria  Match

per  RT£CS
nd   E     No   Dat:a
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Enulsiot`s/Ah.FO   Blends
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NIP  ANNUAL   REPORT                   IARC                             0SRA
ON   CARCINOGENS                        MONOGRAPHS            CARC INOG EN

12.      cENmALLT  ApPLICABLE   pRECAUTloNS   roR  SAFE  HANIiLING  AND   USE:

HYGIENIC  PRACTICES :

h
PIS.

b

I
b

'
I.

'
I

P

I

)

Avoid  Skin  and  Eye  Contact.     Avoid  Breathing  Blasting  Fumes.
pROTECTlvE  mAst]REs  DURING  REPAIR  AND  RAINrENANCE  OF  cONIAHNATm  EQulpREm :

Use  rioti  sparking  tools,  avoid  open  flare,  wear  nor"l  safety  equiptnent,
Such  as  Safety  glosses  and  hard  hat.

pROcEDUREs  FOR  cl,EANup  oF  splLLs  Aim  I,EAKs:

Bulk  Product:     Isolate  and  coDtain  Spilled  material.   Contact  Distributor
or  Atlas  Powder  for  Spill  Response  Assistance.
The  disposal  of  datnaged  or  deteriorated  explosives  Bust  be
carried  otit  in  accordance  with  all  Federal  and  State  Regulatior.s.
In  the  event  of  a  major  spill,   contact  the  Natic)nal  Response
Center  (800-424-8802)   and  the  local  Police.

CONTROL  ICASURES :

ENCINImlNC:            rollov  BATE  standards  for  storage   (27   CFR   151  Subpart  3)
Except  for  Bulk  products,   gee  "Do's  and  Don'Cs  -Instruccloris  and

Wamlngs"  -  £ouJld  in  every  shipping  case.
See  Institute  of  Makers  of  Explosives  Pu.Dlicat:ions.

WORK  PRACTICES:      Follow  OSRA  Standards   for.Storage   and  Use   (29   CFR  1910.109)
Except  for  Bulk  products,   see  "Do's  and  Don'ts  -Instructions  and

Wamlngs"  -  £otltid  in  every  shipping  case.
See  Instltuce  o£  Makers  o£  Explosives  Publications.

PERSONAL  PROTECTIVE  EQUIPENT :

Avoid  toxic  fumes  from  blascin8,  wear  normal  protective  equipment,   .
such  as  Safety  glasses.  hard  hats.   etc.

14.     RERCEh'cy  AND  FIRST  AID  pROcmuREs:

Do  tiot  atceupt  Co  fight  fires  involving  explosives.
|nediately  evacuate  the  area.    Avoid  toxic  funes  from  fires.
h  case  of  Skin  coricact,  wash  affet:ted  area  `.ith water.     Eye  contact  -
flush  eyes  for  at  least  15  ainuces  and  coDsulc  a  Physician.

)        "    DISCLAIRER:       :::I:::V:sfg::=v:±°:ot::e:a::::t:a:::a:e::::::::dc£:db:::ubL±Shed
|nforcacion  currently  available  Co  us.     However,  we  make  no  uarranty
of  the  accuracy  of  such  informaclon,   express  or  ltnplied.   and  assutne
no  liability  regultlng  from  its  use.     Users  should  make  their  our

#¥=:ts83:±83£a:°p8S§8::i?e  the  Sultabillty  cif  cbe  inf orn€:ion  for
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`9'an Amburgh/'Ajamo, Inc.
1 2eoo prtrfu an
1 220 hkwh Ddiaa Bank To`iroi

.

Soc.    o£   Explor.   Gee..pbyslc
eta       a/o  Ks.   Ge`ologlcal`§uivey

1930   Constant   Ave.
a           .Lawrence,   KS     66046

lNVOICE
INvoroE O^TE mvacE NO. PAC

11/18/91 40849 1

8thp     Fort   Bend   Co.   Delivery
TO

`    c.+':.i-.tt`i`.;.  :      f,Rr)ERoai...E    i    ``'-:.`3t-*Tuep     !     pEL!tiist     !   .    .     8'i-:3€E*o€.              I                          SHIPV!A SHIPDATE        I                           TERus

FT4J819TiT;TIT;oi S30          I                I.".'                   |0urT`ruok 11/15/91  |Net   30   Days

ITEM NO. ITEM DESC F` lpTION

` ,'        a.L..`ai.r,T`H3ilr.;:Sit+..a C.L`.aRTrivsHIPPEC. `FTi<` 'uNIT  i                IjtiiT patcE Ff3ICE IJN DISCCLiRT     i                  E)(TENDED PF]lcE

50408000 80'    SW   STATICM STER ctrf
CUCLB..%sAIJ.CLBCU(,,.,u:".......r!.....::,.i..,Y''~:•id!i.-,-

. .`    -     -       ,:::..:`-.,::..;.;i`'.®`..,®....-,:....i....`,.-:`_.•....:;..,..`.,..•.,I,,,•i;...'...;...:..=_;-iJ;g2,_

97  .  986.'56*.-.-_'...'.:`~:..-.:.-.,.3,,14•.,`.26.78•.,?-...y12,000 12.000 EACH 816.50

i0812533 SEISPRIME   E   1- /8X /3
` . . . . 4  . 0 0.a .{.-,-.` ....,.-...".T..:.          .           .4.000.. LB..   , -¢€.. ..... .  .  .164  . 00'..

a.oo.ooo5f.,.:..-....:......:.:....:,`.
•HAz..Art.DOus ` .inTRI-, HNDl;

`: CHG

•...     .     i......   ..   ..1.`000      ,,.-•...-..,.-....
I.:.+        ...'..   ...   ;      .I     1.000;-`.'` •.*SAL ...    .I.       -I    3.;1.4.,..

goo.Odoool I-,R:C.C.-I]IGH EXPLo IV'ES
''...I.       4.000 4 . 000 LB 8;506.50','....';.r'\,`+  ,`,,,

00000006 i3.R.C.C.    -BET NATOR

a                            12.000D,.-`DDb,,B......'-..D..-,.....,.......`....,'`
12.000,,.,®...'',,,.,,IEACH'..

. : ' : `..i`.`'\. • '1.;..,    ;-.: ,J:(-:•.`,.',;..!ji.`i:.T:.  JJ/.fi•.-;r)J3/4,,I.,.
•,..          ,•~.

F.   ..`.  : ..,  .       ..  .. .,•,:. -

5E£3                                                                                         `      I          £±i=.Sc%MAI%|                        108:53
s^LEs AMcun 108 . 72

MISC. CHAF`GES .00
FFRElaur .00

SALES TAX
TOTAL lt. -`1-.,

PAYMEtIT RECO


