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KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

PROJECT DESCRIPTION

Project Name:        Seismic Discrimination of shallow Anomalies for Border security

Location:                       San Diego / Otay Mesa, California

Site safety offlcer:     Richard D. Miller

PlanpraparedBy:        RIchard D. Miller

Estimated Duration ofField work:     5 days

11.        STATEMENT OF WORK

Unauthorized infiltration into the U.S. is possible though the air, from the sea, across the land,
and under the ground.  A variety of extremely efficient and effective detection and deterrent systems are
available, in use, and/or under development that reasonably address illegal encroachment on U.S. terri-
tory through all but beneath the earth surface.  Several near-surface geophysical techniques have been
evaluated and in certain situations and assumptions show promise in detecting underground activity
related to tunneling.  Surface seismic, both passive and active, possess demonstrated potential, but lack
efficiency in operation and high confidence, independent identification techniques.  Recently developed
acquisition and analysis techniques for multicohamel surface wave imaging has opened the door to a vast
number of near-surface applications including anomaly detection and delineation, specifically tunnels.

Routine scanning of the subsurface for anomalies unique to tunneling activities using surface
waves could be done at relatively high production rates and interpretations made with confidence by
minimally trained technical staff.  Acquisition tests have proven that appropriate coupling for accurate
recording of surface waves can be established with only pressure contact to the earth surface, unlike body
wave surveying in which coupling is optimized by invasive `blanting."  Marine streamer technology
adapted to land would provide near continuous acquisition of 2-D profiles using pressure-coupled
sources and receivers.  Once parameters in a particular area have been selected, processing routines can
be automated with pattern recognition and differencing routines used to identify potential targets.  These
nearly fully automated interpretive techniques could be almost real time with preliminary results avail-
able within minutes of data acquisition using either initial reconnaissance surveys and differencing of
periodic `batrol" surveys.  A system using surface wave imaging technology could be developed for
routine monitoring of the shallow subsurface along the U.S. borders, designed to recognize changes in
physical earth properties likely related to turmeling.

Evaluating the potential of this imaging technology requires acquisition, processing, and analysis
of empirical data in areas both with confirmed turmels and those suspected to have turmels.  A known
furmel about 35 ft below ground surface was detected at the Otay Mesa site.  A feasibility study at a spot
where the tunnel reaches 65 ft below ground surface would verify characteristics and ability of seismic
techniques to locate tunnels this deep.  The intent of this study would be to first determine if these deeper
furmels (65 ft) have the same readily distinguishable, unique signature, and second, to determine if a
second suspected tumel at these deeper depths exists at a nearby site.  This study would continue to build
toward the development of a system to be deployed along the border providing routine surveillance be-
neath along access roads and trails running parallel to and in close proximity of the U.S./Mexico border.

San Diego / Otay Mesa, California                   Page 1 January 2003
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INTRODUCTION
Historically, detection of anomalies using seismic methods has relied heavily on wave field inter-

ference and point source radiation phenomena (Rechtien et al.,1995; Miller and Steeples,1991 ; Steeples
and Miller,1988; Cook,1965; Fisher 1971; Watkins et al.,1967).  This approach can be effective in
some situations, but considering the wealth of information contained in the wavefield, it is at best a
cursory use of the information available in the wave field.  Recent development of surface seismic
techniques designed to provide a quantitative measure of key seismic properties for each 3-D cell of a
specified earth volume from a single shot gather by analyzing individual components of the wavefield
has shown great promise quiller et al., 2001). It is the intent of this project to evaluate the potential of
these seismic imaging and sampling techniques for shallow tunnel detection.  By estimating Vp, Vs, and
layering within individual subsurface cells, anomalies (manmade tunnels) in otherwise uniform sedi-
ments should be distinguishable from natural changes in sedimentation.  Designing the distribution of
subsurface cells, interpolating between sample points, and constructing confidence levels on values in
the 3-D volume will require geostatistical procedures.

Ground truth will be critical.  Technique verification and fine-tuning is essential to correlations
between expected and observed variations in seismic properties interpreted to be indicative of target
tumels.  A tunnel known to exist at 65 ft below ground surface along the U.S./Mexico border near Otay
Mesa, California, would serve as an excellent calibration site.  Success capturing the seismic signature of
the Otay Mesa tunnel at a depth of 35 ft was verified through model studies and ground truth correla-
tions.  Distinguishing anomalies using various components of the wave field was successfully calibrated
for detecting bedrock karst feature in southern Alabama and eastern Kansas (Miller and Xia, 1999;
Miller et al.,  1999), buried pipes at Lawrenceville, Illinois (Miller et al., 2000), and tunnels at Otay
Mesa, California (Miller et al., 2002) through empirical correlations.

GEOPHYSICAL TECHNIQUES
Surf ace Wave Inversion and Wavef ield Analysis

Surface waves traditionally have been viewed as noise in multichamel seismic data collected to
image targets for shallow engineering, environmental, and groundwater purposes (Steeples and Miller,
1990).  Recent advances in the use of surface waves for near-surface imaging have combined spectral
analysis techniques (SASW), developed for civil engineering applications (Nazarian et al.,1983), with
multi-trace reflection technologies developed for near-surface (Schepers, 1975) and petroleum appli-
cations (Glover,1959).  The combination of these two uniquely different approaches to seismic imaging
of the shallow subsurface permits non-invasive estimation of shear wave velocity and delineation of
horizontal and vertical variations in near-surface material properties based on changes in these velocities
(MASW) (Park et al.,1996; Xia et al.,1999; Park et al.,1999).

Extending this imaging technology to include lateral variations in lithology as well as tunnel and
fracture detection, bedrock mapping, and subsidenceftarst delineation has required a unique approach
that incorporates SASW, MASW, and CDP methods.  By integrating these techniques, 2-D continuous
shear-wave velocity profiles of the subsurface can be generated.  Estimating the dispersion curve from up
to 60 closely spaced receiving channels calculated every 4 ft to 8 ft along the ground surface enhances
the signal and results in a unique, relatively continuous view of shallow subsurface shear-wave velocity
characteristics.  This highly redundant method improves the accuracy of calculated shear-wave velocities
(within 15°/o of measured, Xia et al., 2000) over other surface wave analysis techniques and minimizes
the likelihood irregularities resulting from erratic dispersion curves will corrupt inversion results.

Considering the sensitivity of the surface wave to changes in material characteristics, it is an
effective first order direct detection tool.  By comparing changes in the propagation patterns of the wave
train anomalies associated with voids, changes in material composition, and even variation in bedrock
depths can be ascertained.  This method provides a quick, very non-unique method of identifying areas
where the geology has changed, with depths that can be inferred from the t/2-wavelength axiom and phase
velocity estimation using the dispersive properties of surface waves from native, undisturbed, or
"nomal" earth materials.
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Surface waves travel through the shallow layers of the earth as a function of Vp, Vs, and layer
geometry.  Since surface waves are dispersive by nature they have a direct correlation between phase
velocity and frequency.  This characteristic allows the imaging depth to be estimated based on wave-
length.  Surface waves travel in a smooth retrograde elliptical fashion in a homogeneous earth.  When
anomalous material interrupts the otherwise laterally uniform earth materials the wavefield is disturbed,
much like a rock disturbs the surface of a pond.  Disturbances in the wavefield can be characterized
based on radiation patterns of the surface wave after interacting with an anomaly such that the depth,
approximate size, and lateral location can be estimated.  Data for this kind of analysis are gathered in
common offset, shot gather, or common receiver format with patterns associated with point source,
linear, or volumetric changes in surface wave phase velocity characteristics enhanced with a variety of
filtering techniques.

The application proposed here will focus on surface waves with frequencies ranging from 2 to
over 60 Hz. Frequency and phase velocity are important characteristics of surface wave data considering
their direct correlation to depth of investigation.An important consideration as well for this application is
its complete insensitivity to cultural noise and surface conditions (e.g., asphalt, grass, gravel, mud, etc).

RefractionITomography
Direct and refracted P-wave arrivals will be analyzed using conventional methods (Palmer, 1981 ;

Haeni,1986; Lankston,1990) and inversion techniques (Scott,1977; Schneider et al.,1992; Ivanov et al.,
2000).  Use of direct and refracted arrivals for mapping distinct velocity contrasts between layers has
been in routine use for everything from crustal seismic research (Steinhart and Meyer,1961) to shallow
groundwater studies (Haeni, 1978).  It is an established, proven technique whose limitations are well
documented (Soske,  1954; Sander,  1978).  Methods to approximate solutions when physical conditions
violate assumptions of the refraction method (Mooney 1981 ; Redpath 1973) are known.  Recent research
incorporating refraction inversion with shear-wave velocity calculations from surface wave data has
provided encouraging results which seem to be insensitive to the velocity reversal problem and converge
to a more accurate solution of the earth Vp and layer geometry (Ivanov et al., 2000).

Tomography has been used to solve many subsurface problems (Peterson et al.,1985; Cottin
et al.,1986; Lytle and Dines,1980; Kilty and Lange,1990).  A tomographic technique (Joint Analysis of
Surface Waves and Refraction [JASR]) incorporating inversion of first arrivals with an initial model
from S-wave velocity profiles from surface wave data (Ivanov et al., 2000) provides 2-D Vp sections at
the same resolution as equivalent MASW Vs sections and with tighter convergence than other first arrival
inversion techniques. The simplicity of acquisition and computations make tomographic analysis
especially attractive for velocity estimation using data optimally acquired for surface-wave analyses.
Perhaps equally important is the inherent subdivision of the earth into cells, fundamental to tomographic
analysis. A true advantage to the JASR method used here is its ability to reduce the non-uniqueness
problem inherent in conventional refraction and refraction tomography methods (Ivanov et al., 2000).
This approach increases the detail in resulting images and therefore improves the apparent resolution,
and since calculations of Vp are based on a cellular approach, correlations with the Vs grid cells
calculated by MASW are straightforward.  For this application, Vp can be estimated from JASR analysis
without any additional data acquisition over that necessary for the surface wave analysis. By
incorporating the shear wave velocity obtained during the MASW processing into Poisson's ratio
estimations convergence of the inversion for Vp models is much quicker with reduced error in the final
subsurface cell models.

PREVIOUS APPLICATIONS
Anomalous features at depths from 2 to 100 in (tunnels, fractures, karst, pipes, subsidence) have

been detected using surface wave analysis (Ivanov et al., 2000; Miller and Xia,1998,1999; Miller et al.,
1999, 2000, 2002; Park et al.,1998; Xia et al., 2000).
1)   Cross-border drug smuggling tunnels were detected by anomalous reflected and diffracted back-
scatter enhanced by processing at the turmel locations O]igure 1).
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Figure 1. LMO stack with tunnel location indicated by arrow.       Figure 2. Shear-wave velocity contours at Alabarm site.

2)   Dissolution features (karst) beneath
undisturbed alluvial overburden were de-
tected on shear wave velocity profiles at a
proposed power plant site in Alabama (Fig-
ure 2).
3)   Subsidence features in western Florida
were distinguished on 2-D shear-wave
velocity data and confirmed by drilling,
despite being obscured by houses and
masked from other geophysical methods by
power line noise, mechanical noise, and
reinforced concrete.

Figure 3. Phase and amplitude
distortions in the 2-D shear wave
velocity field at a refinery site in
Illinois. Arrows indicate location
Of pipes.

4)   Soil-filled asphalt-covered trenches and pits at an old refinery site in
eastern nlinois were located by coincident phase and amplitude distortions
of surface waves in a 2-D shear wave velocity field and by distinctive sig-
natures from pipes buried 1 to 2 in deep (Figure 3).
5)   A 2 in deep steam tunnel was located and its general shape delineated
using surface wave interference analysis.

-I (in)

Figure 4.  LMO stack with tunnel
location marked and scatter
evident.

6)   Culverts and pipes were detected using a linear moveout, common receiver stack near Sam Jose,
California a]igure 4).

OPERATIONS PLAN
Acquisition of surface-wave data for the study proposed here will be consistent with the roll-

along method used in Chff seismic reflection surveying.  Data will be acquired along several parallel
profiles as near pexpendicular as possible to the suspected trace of the target turmels.  Because of the
unique requirements of surface-wave measurement it will be necessary to use low frequency sources and
receivers deployed in a spread geometry consistent with 2-D high-resolution seismic reflection surveys.
Data acquired for surface-wave analysis will also be used for tomography and refraction studies.  A
towed spread will be used on some of the profile lines (Figure 5).

Processing will involve the optimum 30 traces for each shot that will provide the most accurate
results during MASW processing.  These 30 trace gathers will be analyzed with Surfseis (a proprietary
software package from the Kansas Geological Survey that facilitates use of MASW for continuous
profiling).  Each shot gather will generate one dispersion curve and will be assigned a surface location
corresponding to the middle point of the spread being analyzed.  Care will be taken to insure that the
spectral properties of the t-x data (shot gathers) are consistent with the maximum and minimum f-vc
values (vc is the phase velocity of surface waves) contained in the dispersion curve.  Shear-wave velocity
maps generated along each profile line will be optimized for resolution using several approaches whose

San Diego / Otay Mesa, California Page 4 Januay 2003
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purpose is to minimize smearing
resulting from variable wave-
length averaging.  Wave field
maps will be generated based on
optimized source offset for
depths of interest.

To increase the signal-to-
noise ratio and to improve con-
vergence during inversion, a new
technique called Filtering of
Dispersive Seismic Event
(FDSE) will be used to suppress
higher modes on some shot
records G'ark et al., 2002). This
method removes higher modes
through filtering in the frequency
domain and avoids the dethmen-

Figure 5.  The towed spread previously used to acquire data at Otay Mesa, California.

tal artifacts that are observed in dispersion analysis if higher modes are removed using timerdomain
muting.  Because Surfseis was designed to invert fundamental mode Rayleigh wave energy only,
inclusion of higher mode or body wave energy can inhibit convergence.

Twordimensional V§ cross-sections obtained from MASW analysis will be used to generate an
initial inversion model for the tomographic inversion to Vp (Ivanov et al., 2000).  The initial model will
be iteratively optimized until the first arrivals predicted from modeling correlate with the actual shot
records.  Several inversion runs will be necessary using the initial model to converge on conditioning
parameters appropriate for this data set.  Fine-tuning of the initial model was optimized on the previous
data from this site when best-fit conditioning parameters were used during preliminary analyses.

Considering the resolution requirements and redundancy in rays penetrating each subsurface cell
within the depth interval of interest, it will be essential that first arrivals be picked for all traces on every
shot gather.  Ray tracing clearly demonstrates the effect the proposed sampling distribution within the
volume will have on the final velocity profile (Figure 6).  Frequency variable linear moveout and com-
mon receiver stacking will be evaluated to determine the method's sensitivity to scattered or reflected
surface waves.  Previous studies of the known tunnel beneath Otay Mesa deduced scatter of high mode
surface waves the most sensitive energy to tunnels at 35 ft deep.

The final inversion results will be used as a quality control for first arrival picking by analyzing
the correlations between the model and observed data.  h some instances, secondary first arrival analysis
will be necessary to converge on a "good" solution. Additional quality control will be achieved by
verifying that the 2-D V/Vs data are reasonable.

receiver and shot locations

Figure 6. Ray tracings from a site in Arizona.
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DELIVIRABLES
Products of this feasibility study will be delivered to ERDC at various times throughout the

operations schedule.  These products include:
•     Site safetyplan
•     Rawdatain sEG2 format
•     Field processed vs profiles for each line
•     Field processed vp profiles for each line
•     Field processed wavefield sections for each line
•     Preliminary report assimilated after return to KGs facility in Lawrence, Kansas

>           Field layout and testing
>           Data acquisition procedures and data samples
>           Processing procedures and data samples
>           Interpretation of all processed data
>           Supporting data and discussions of results
>           Recommendations and conclusions

All deliverables will be consistent with the included schedule or a revised scheduled based on agreement
by both KGS and ERDC.

Summary of Equipment, Specific Tests, and Timeline of Proposed Program
1)   Seismic system -Geometrics 240-channel R60 Strataview with Stratavisor controller
2)   Equipment available for testing and parameters selections

• single 4.5 Hz GS-11 Geospace geophones
• single 14 Hz GS-llD Geospace horizontal geophones
• double 40 Hz L-28E Mark Products geophones
• triple 10 Hz U2w Mark Products geophones
• variety of combinations   -hammer (20 lb,161b, 8 lb, 21b) and

-plate (1  sq ft x 1", 0.25 sq ft x 1", 2" shaft,1" shaft, punch)
• slide hammer impact source
• RAWD (Rubberband Assisted Weight Drop) P-Wave
• RAWS Qlubberband  Assisted Weight Slam) S-Wave

Testing will include:
• establishing source characteristics
• various source configurations
• geophone response and sensitivity
• number of shots to obtain optimum vertical stacking
• optimum receiver station spacing
• source power and offset
• determination of sampling interval (spatial and time) based on appropriate oversampling
• 240 trace, pseudo-continuous walkaway with source offsets from 0.5 in to 120 in
• digital filtering

3)         Likely optimal design for surface seismic production:
a.    Surface Wave-S-Wave & Wave field Analysis: RAWD (3 impacts/station), 30 recording

channels, 4.5 Hz geophones, 1.22 in receiver spacing, 2.44 in source spacing, and an end-on
rolling spread. Land streamer technology will be applied once capabilities detemined to meet
program requirements.

b.    Refraction/Tomography-P-wave: RAWD (3 impacts/station), 60 recording channels (two
spreads w/30), 4.5 Hz geophones, 1.22 in geophone spacing, and 36 in shot spacing.

4)   Planned Operations Schedule (assumes testing at known tumel site and short test period at suspected
tunnel site, followed by several parallel lines stepping away from the border road.  Search lines are
assumed to be less than 500 in long, requiring location of potential turmel known within 200 in
east/west).

San Diego / Otay Mesa, California Page 6 January 2003
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ADI)rox. Duntion
Mobil ization/Demobilization                                                                                      3 weeks
Travel,1 roundtrip                                                                                                           1 week
Walkaway noise testing (Otay Mesa, CA, known turmel site)                              I/2 day
Walkaway noise test analysis/modeling                                                                    I/2 day
Walkaway noise test (Otay Mesa, CA, suspected tunnel site)                              I/2 day
2`/2-D optimized grid, data acquisition target ITecata, CA, suspected tumel)  I/2 day
Preliminary processing of 2t/2-D optimized grid data                                             2 days
Reporting and final processing                                                                                   2 weeks

5)   Deliverables schedule:
• Site Safety PlarL-first day on-site.
• Raw field data:  SEG2 format--last day on-site.
• Test data analysis and basis for field design-1 week after return from field.
•  Preliminary processed Vp, Vs, and wavefield gathers for individual profiles crossing over known

and suspected tunnel 1ocationsulay after acquisition completed in field.
•  Preliminary E§pQ± (including all data and analysis) -1 week after return from fieldwork.
•  Final Report-after review and comment by ERDC.
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p.1-30.
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CONSOLIDATED   CONE.    I}IV.

DACIA42ut3-PL0079

PngB,at6

NATIONAL AGENCY CllECK (RAG).

S®ourity Requkemenda -AII Contmctors (u.S. Citizens and Nan u.S. CifeenB)
working under this contract who require access to Automated Information Sy=fems
(AIS), {stand4lone cemputere, netwomed compute[/systems, ermaiD shall at a
minimum be designated info an ADP-Ill Posftlon {non-8en8itive}, lAW Army Rogulatien
380-67, Personnel Seourfty, Army Regulation 380-19, lfltorTTration Systems §ceurity
and DOD 5220122-R, lnduchial Seouffly Regulation. The investigation must be
camplefed before the iridlvidual j§ permitted acce§S to an Ale and js placed in an ADP-
Ill pesitjon. The investigation requiromerfe for an ADP~llI Po§ilion ls a favorable
National Ageney Check {NAC), SF-85P, Public Trust Pesition. The Commander[
ERDC, may grant wafvets, on a case-by-case basis, and allow assignment to an ADP-
111 Position, and access to AIS. once the l\]AC investigation has been fomally
requested {totally comp[ded and mailed) awaiting the results. Contractors
(CorTipanjes) that have a Cage Cede and Faollity Securit}/ Clearance throLigr] the
Dofefi€e Security Service, Shall process the NACs and forward visit requesvreslJlts of
NAG to the EFtDC Securit}/ Office, For thcee contractors that do not have a Cage Code
or Facil.rty Seourfty Clearance, the ERDC Seevrity Office wjll process the investigation
in coordination with the contractor and contract employee.

cLAusEs INcoRroRA:TED By REFERm«E

5Z.213.2
52J2ky8
52jE2-23
52,3494

252Z7-7013
252.227-70» AIt 1

ngR:2m-qowri

mvolee8
LiahilftyandhiunDce-LcacedMouorvehicles
AssigDckofcJdr

Am 1984
m¥ 1999
JEN 1986

Tinindim For Coqucaience OrThe Government (Serviesg) Am 1984
(thutFam)
rite b Tcebical Dam-NdBcoDmewh ltEpi±                   NOV 1995
RIBle in ltthnied Dale+Noncedmndd mqu orov 1995) JUN 1995

AJtEmso I
Validrsi"LOfReatriFthr€MrilrfugBcaTecinlcalDm

cIAusEs INcORFORATro By Full TEXT

SIP 1999

sz2»4    TERE Ann coNrmoNs-slMPLmnD ACQuslT[ON8 (Onm THAN cOMuncIAL
I-) (Jun 2002)

(a)TheCfutmrfudia]lcomptywththefoHowingF¢dsralAcqui8ffionRqgiluton¢AR}cfu]sesthatac
incaprndtyFthace:

(1)TheclBD§dllstedb.1owiqplmffl[t:tpwhinSoflmrorExeerfureordr:

{D s=.=Z-3, Caovlct mtior {Al]g 19gty qLO. 1175fty
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CONSOLIDATED   CONT.    I)IV.

DACA42J)3-P-0079

'    Pap4Of6

(iD52,2Z2-2l,HohffitlmofSegregstedFacniticaQ]eb1999)a3.0,1124®,

|Hj52J222-26,EqulOpE]ordnfty(4pr2002}¢.a,11246}.

(iv)52£25-1],RendctiouonCaeinPureigDFtwhages(J\ily2000)aio.'s12722,12724,13059.13067,lJ121,
nd 13 lzg).

{v) 522334, Freest AftFT Awnd (Any 1990 {31 U.a.a. 3553).

a)Listedbelowacadditienzil¢larse3thatqpply:

{1) 52,232-I, Prymenb (Ap 1984).

(ii)S2232-8,"scountsforhomptFayDmtQleb200Z).

(iii) 52.Z32111, E]ctrm (Ape 1984).

{iv)5223Z.25,PronxptPnymcatqch2002}.

(v} 52£33-I . Disputes givl 2002),

{v!}52244-6,Sdycarm4esforCoBRErdalltm5ndCormerBialCqupunnd04ar2001).

{viD 52J53-I, Cqupuntr Gueced Fazlng (Jm 1991).

q)Thecontrutor4b4)lcuply"fflthefullonthgFARclai]seg,in€apgma4byrefaEnc¢.un]esBde
cirrm8tancca dr an apply:

{ 1) The daDscs tired below inpleneni prwlrfuns of low or Executive I]rde[:

(11 5222Z-30, Watch-Hedey Pilbli€ Conutffi Act OEC 1990 {41 U.S,C. 35d5) (AppHes to supply efutxpth over
S10.000inthcUhitedState5,PuerfoRIco,eytheU.S.VfroinI§lthds}.

(11)52222-!5,EqtldqpportypftyfrftycoialDichlSdVdemus,VceErmutoftbeVIetranErtymdotinEljgibLe
Vctma q]EC 2001) {38 U.S,C, 4212} (Appho9 to coutrds Of se5,COO ur mote),

Qii) 52.Z22-36, AflinDative Aedon fur Worfers wTh Disabilities  {APR 1984) tl9 U.S.C, 793) IAmli€9 fo coptraffi
ov.rSIO,Coo,unlesathBwmistobepfflrfroedoutsidetheUnfted5tacBtryetli|]lnyeEspcequitedongldethe
UhifedSthes.)q]orprpose=Ofdisclapee.UbifedELfroilrdudesthe50State5,theDistictOfColrmbir,Pluto
RI€o, the RErfurm Mdr. Hlands, Aznchrm Srtyqu, Gung de U.S. Vfrgjn qlands, md Wd£B IslaBd}

{iv) 52,ZZZ-37, Emplo]rment Raput3 ou "sal)led V6tmns nd VcterRE Of the Virfuam Ea (JAW 1999) (38 U.a,C,
4212) (Appues to givptFaes over SIO,000).

(v) 52.22241, Ser`rice Cormct Act, A= Amended Q4ay l98pr (41 U.S,C. 351. ct 3Eq.) (Applies to I!ierdcc cqutractB
over$2,500drtare3uty€cttotheSenriceCoufroctActandwillbeperfumedbtheunke4Strtes,Dfctrictof
Cotrmbi4PudeRfro,theNutenMhimablandfyAmeden8amoq,GiquLtheU.a,virdnH]rmdgJobpseon
IIlmd. WItt= dlarty or the oder cozrfuunl delf hndB.).

{y!}52#2-19,CthiLdmbor-Goapndou`ffiAuthorfuiesandRf:medie50ee200t)a3.0.13120,(Appllceto
condBcb fur qupplieB exceeding the mictolpurcha=e dLrchold.)
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coNsOLIDAirED  CONT.   Dlv.

RACA4ap3-plum

Eng® 5 at6

{vii} 52.223-5, mmlflon nBventiozi and Rlgz]fr¢Dlmow mfoTDatiqB (AFR 1998) give, lz850 {Any]ieg tl BerviceB
ppg~o8Fedem)frciHtied}

(vil|}52225-I,tryrAmedcanAct-S"IieBatry2cO2}(41U.S.CLIoallod)(4pplzestocqmGt!fuaplies,
a4tDcmmctBfusmricesinvelwhigthefumithbgOfnrmlles,furuewELiDtheUhbedStzrfefifthevalueoflhe
stxpplycoDfroctoraiipgivyportionofaservi¢ecomctexceedrthemiuepDchAsethaahaldmddieeqpisit±oI+

(A) b set aside far mall beinE!sB eonrms; or

Q) C8mot be gce aside fu mall t]uthesB crmcans (Bee 19.5024} and does not tpceed S25,COO.)

Q]dy S2t47i4, befermce for ENnutly Owhed U,S,-F]?g Cal]rmenEial VesselB (hnp 2000) {46 Udc, 1241).
{Applleecostrtyliestmaporfedtyo¢emvenel=.)

{A} 18 get aside ftg eDalL btirfuesg ¢oneema; or

0} Cmnot b€ sot onide for anBl] 1)uchess coqcms ¢e¢ 19j02-ZL az]d doeg not ckceed S25.COO)

¢D522!2-33,PqmanEtyElccfronicFmdrThafundenfrolConmceorR€gistndanQfay1999}(AgivlieBwhm
thepaymenfwlllbemndf]tydefronicfiindsmnrfera=FT)mdfropapmeutofiieeusBBthoGenmlCanfroctpr
kegisBuloD @CR} dAdeaae a5 ke Bouree Of EFT infrmd]on.}'

QLi) 52J32€4, Bngmnt ty Electrulc Fveds Thmfer-Odor than CeDml Oonutmr Bq5rfution ctfty 19Pg}
(dypHcawbenfroppmmtwfllbezpadetyEFTmdfroFTyDedofficedoesnofusethcmd8ftyasBBgits
souroe Of RT ininedm.)

cO IAned below are eddftienA) clmaeB thzitunir qpebr:

(D 5Z209i6, PrfuEcting the GongxpEpfB nrfust VAd Sulreouutcting nth Otmde¢tors DEbar¢d. Suspended er
PrppesedforDebamed{JthY199S{AppHestoconfroesarver$25,apap.

cO52L2l1-17,DchveprofExcesQuBiifies{RTl98ey{AppliestoErednd¢¢apmnes).

{iii} 52247-29, I.all, Oririn {J[IN 1988) (Applies to qupplies ir delivery is f,a.b. ogiv}

(iv) 52,247-34, Frfub. Dgrfumtion Qrov 1991) (Armlies to xpplie€ if delivery is £¢.b, dendnndon}

#):iE::lELEdefFs¥aDeEL#:ffig##fiEEtouattiulnd#E:+i:==g:;#
williqukedelrfillteutawilabte.AI!o,thefulltekeOfatlalBemaybeaccegsedtleeouicdlydthiBthese
oddres"cs*

bftiftRulhN"`hrfuENNlde
bflp:/ltwww.funife.hilhifmil
ha"//8dndEL
ftyserfgDeormorenneemctaddfessei)

eyhprction/Ac¢q¢auee.TheComctorchalltebdrforacoqptanceoqlythasekenBtlafcanintode
reqqirmermoftbilcorfuct,TheoowBrmmfresmreauBtiBbftoiqapectertcatqura]|mue!orrmrfce8drhaire
b€BiimdevedforaceqpfBnee.TbeCoveBunedDayrcqufroxpirorxplacrmdtofuonoonformmgsuppre9or
qufuq-ofDJ]peonfun±ng8mrfceBatnoinAreasehcarfuEtf]dee`TheCovemnlEpt"uttltcel.afro
postaccqperifty
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CON$OI.II)ATEI)   CORE,   DIV.

Drm4ae.pL0079

Page 6 Of 6

a)"RAinape49aDBhleputodoftheaflerthedefect`rmdiscovereddrchouldhmiebeendr¢ovue4;and

¢}Bdeuyrd3ndalchangeeecunindecondltlmOfdejequulesaflechangeinduetotledrfectinlhefro
{€}Excuthledekyg,frocoDharfueinb¢liablefordefultunhasunpeTfumcBiscouedtyanoc¢]xpine
beyondtheteaaonchnconfroloftheCoulBrfuandilThoutit3fuiltorneglipen¢e,socha9aesOfGedorthepwhlic
caedy, acts Of the Gov-ut h flier its sovHiigD or rmmml capacity. fired floedg, apidmicq quae)rfue
rendctin8,str±ftyuzmsuaftyrsevacwcather,mddelappofoomoncahiemTheContrlchrchall]ndifyds
Contracftyofficerinwrithga3¢oonqfrisrcasonalfypes3ieleadertbecon]nepeenezitofmyexcuBab]cdelay,
erfugfortbdeflillparticolaeincmnecfiondrmTh.halloeuedymcbocepDencewithulrcasoutdediapaech,
and droll prmpd]r glve whtteD tiotice to the Cormacting Officer Of the cess8deD Of anch oceuneREe.

®Thrfurfudrthecovemrmf&conveniace,ineoormmtresavesthoripttotErBifeftycmtraeter
onyparthercofforkeadecomrmiEnce,hdeeventOfuehtflulDBtion.th¢OonunctorataniDnediatelystopflll
wedfhevendEITandthallimDedindyeniseaqrand8uofid9umliex5andalbcoDharfuBtoccase`veric.Sot]jectto
detEm9ofthiscorfuctthB0rfuctorchallbepridapeREnfageOfthecoufroctpricereflBctrydeprcenftyOf.
th6wockperfroedpriortotheqoticeOftrmin8tion,Plp=rEB=onchhochangcathuttheCoufroorcmd=rmnrfuoE
tothesatjshetimOftheGovdiunca}usingibBt4Ddardro¢erdkeapingryftyhBveremledfronth¢temjnation.
ThcchafroctoralallnctbereqpjndtDcaDdywiththfcoftaccoundestBndndser¢ogfroctcoBtpTinckyleBfrothi4
pttrpose.Thi!pqugraphdoermtgivotheCovennentan]rrigivtoandildeConhactdrgrceardr,TheCenrfuctor
chellzictbepafdfuq)r"utpdinedorcosG5inmmdthalrsBsoublycouldhavebcmavoided.

{g)Trminrdmforenise,ThoGovenmenltt[nyteminatedisconm¢toranyparthereofforcaeseintheeveD±Of
anydefultbytheCrfucor,orlfdeCal]marfailstD¢onplyi]ffiqurcabtr3ctteEmaandcanditiou,erflilBtD
provifethe®ov-tht,iponrequdy\iHBdoquaeeisstrmiceaOffiifropqrfbmance.bthec`mlOfteHBinafion
forcmec,theGourermentchillnctbeHdeletotheCrfurfuforrmyunountforsdppHeBorserviceeno¢accapeBd.
andtheCo"ctorchallbembletotheGovennentfuqu/andulrichtsmdrmediesprwideddylav,Ifitjs
deterBLinedth8ttho®ovmmcatinpraped}rminacdthigcarfuctfordrfutrymchminationthallbedeou¢d&
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in.      REspoNslBILITIEs

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 applicalble safety requirements as set forth by WES as
well as those included in this document.

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

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

2.     Ifconditious become excessive (i.e., temperature > 100° < 30° F), continuous day operations
will be modified to minimize chances for heat-or cold-related medical problems.  Breaks of up
to one hour every hour might be necessary in extreme situations.  Maximum hydration of staff
will be strived for at all times.

3.     Appropriate field boots will be won and due caution will be exereised with reapect to
snakes, ditches, swampy areas, and ground debris.  Steel toes will be worn by all field crew
members.

4.     Safety glasses will be worn by crew members when operating vehicles or sources.

5.     At least one gallon offresh water will be on hand at the beginning of each day for each crew
member.  An ice chest for keeping food stuff cold and an ice chest for medical use in case of
injury or overheating will be available on-site.

6.     In the case of excessive cold weather, a sheltered area will be availal]le with inside tempera-
tures above 32° F.

7.     The seismic crew will operate with an established protocol for initiating seismic sources.
The safety plan will be approved by the WES Representative prior to initiation of field opera-
tions.

8.     Appropriate drivers licenses will be held by operators of vehicles at all times (KDOT regu-
lations).

9.     All explosive or flanimal]le materials will be properly stored and labeled in accordance with
KDOT regulations during transport.

10.   High pressure systems will be identified and will be maintained to meet or exceed manufac-
furer' s specifications.

I I.   AIl ammo will be calaloged and provided to YPG staff when initial site check-in occurs.
YPG staff will be reapousible for transport, storage, and issue of anmo once on-site and work
has begun.
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IV.       SAFETY PERSONNEL

Safetv Personnel and Emergencv Contacts

1.     RIck Miller q£GSLsite safety officer

2.     David Laflen (KGS)coperatious

3.     Jose Llopis (WESLDelegated Representatives and site supervisors

4.     Chad Gratton (KGSLsafety coordinator
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Safety Meetim! at Survev Site Date:

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

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

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

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

I      Site requirements (PPC) (gloves, hats, boots, hearing protector, safety glasses)

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

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

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

The following people were present today:

Name /PRINn                                  Company Signature

Site Safety Officer
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Safetv Meeting at Survev Site Date:

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

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

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

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

I      Site requirements (PPC) (gloves, hats, boots, hearing protector, safety glasses)

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

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

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

The following people were present today:

Name /PRINn                                  Company Signature

Site Safety Officer
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Safetv Meeting at Survev Site Date:

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

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

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

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

D       Site requirements (PPC) (gloves, hats, boots, hearing protector, safety glasses)

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

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

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

The following pcople were present today:

Name /PRn`m                                  Company Signature

Site Safety Officer
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Safetv Meetim! at Survev Site Date:

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

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

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

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

E      Site requirements ¢PC) (gloves, hats, boots, hearing protector, safety glasses)

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

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

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

TThefollowingpeoplewerepresenttoday:

Name /PRINn                                  Company Signature

Site Safety Officer
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Safetv Meeting at Survev Site Date:

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

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

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

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

H      Site requirements ¢PC) (gloves, hats, boots, hearing protector, safety glasses)

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

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

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

TThefollowingpcoplewerepresenttoday:

Name /PRINn                                  Company Signature

Site Safety Officer
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Safetv Meeting at Survev Site Date:

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

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

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

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

H       Site requirements (PPC) (gloves, hats, boots, hearing protector, safety glasses)

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

I      Equlpment hazards (safe use ofATV,1oader, augers, etc.)

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

TThefollowingpeoplewerepresenttoday:

Name /PRINn                                  Company Signature

Site Safety Officer
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V.        EMERGENCY INFORMATION

Police/jinbulance:

Chula Vista Police:

Medical Center:

Chula Vista Fire Department:

La Quinta Motel:

911 : colice/fire disoatch /619` 691 -5151

/619\ 691-5150 rgenerall

ScriDi]s Memorial Hosoital. 435 H Street. Chula Vista
/619` 691 -70cO

(6191691-5055  rgenerall

(6191691-1211

Emergencv Contacts in California

U.S. Customs                             Special Agent Taekuk cho
U.S. Custous
2255 Neils Bohr Ct
San Diego, CA  92154
Ph. (619) 6714641

KGS Emergencv Contacts

Safety Coordinator and Proj ect Manager
Rick Miller, Kansas Geological Survey

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

KGS Safety Officer
Kathy Sheldon, Kansas Geological Survey

Office:   785-864-2109
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Emergencv Routes
(Include road or other direetion; attach map with routes highlighted.  To be filled out by Site
Satrty Officer.)

Scripps Memorial Hospital, 435 H St, Chula Vista, CA  919014307
ph. 6i9rd9i-7OcO
Kaiser Permanente Medical Care, 3955 Bonita Road, Bonita, CA  91902
Main Ph. 619-409rdl50 / Toll Free 800-290-5000
Sharp Chula Vista Medical Center, 751 Medical Center Court, Chula Vista, CA 91911
Main Ph. 619482-3612
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Procedures

Accidents/Iniurv:  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
Pprofessional Rescuer" programs presented by the Red Cross of Lawrence, Kansas.  These classes
are approved by the U.S. Department of Labor, Mine Safety, and Health Administration and
meet or exceed OSHA requirements.  OSHA certificatious are provided by EPIC Training and
meet or exceed 29 CFR 1910.120.

TThe following persons are certified as indicated (strikethrough denotes no certification):

Certified in:       First Aid       CPR        40hr OSIIA       Rick Mller

Certified in:       First Aid       CPR        40hr OSHA       David Laflen

Fire/EXDlosion:  Upon notification of a fire or accidental explosion on site, the fire department or
appropriate first responders shall be notified and all personnel shall leave the area.  Since only
Class "C" shotgun ammunition will 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 on-site.  On-site YPG
demolitions personnel will manage and respond to any situation.  If class "A" explosives were
used, prior consultation and contact would be made with the appropriate emergency response
groups.

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

Permits:  All necessary and appropriate permits, fees, and licenses will be obtained by WES, with
copies avallable on-site for inspection by local authorities.
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VI.       TASK SPECIFIC IIAZARDS

The purpose of the geophysical investigation is to acquire seismic data that can be used to
extract key physical properties of the near surface.

Sledgehammer
The sledgehammer is a well understood and available source of acoustic energy.  The

sledgehammer will be used with a hard-wire time break and will be operated by physically
capable KGS staff members.  An area twice the length of the hammer handle will be cleared
prior to use.  The hammer will be 1) raised al]ove the operator's head using a two-hand grip,
2) accelerated with full arm extension toward the ground, 3) contact striker plate with hammer,
and 4) lifted into aplit two-hand carry grip.  Activities such as changing broken handles and
attaching new hammer switohes should only be done by experienced KGS staff.  A minimum
clear area directly in front of the operator of at least 25 ft must be maintained in case operator
loses grip on hammer or hammer head breaks free from the handle.  Gloves, safety glasses, steel
toed boots, and hard hat are required for operating this souree.

Weight Drop
The accelerated weight drop is a high energy, hydraulically operated source.  All moving

parts are shielded and designed to minimize risk of injury to operator and bystanders.  By its very
nature the weight drop represents a hearing danger.  The source is powered by a standard
commercial skid-steer loader.  A single operator runs the device from inside a protective cage.
Operation simply requires 1) the base plate to be placed on the ground and loader/weight drop
weight applied for hold down, 2) idle at low rpm and initiate the hydraulic value (foot control in
operator cage), 3) weight is raised against resistive force (rubberband), 4) dropped once maxi-
mum pre-set height is reached, and 5) source is hydraulically lifted and carded to next shot point
by tracked loader.  The source is sufficiently shielded that only in a very unusual situation will
pieces of the source come free from the source and represent a threat to safety.  By maintaining a
mhinimum 30 ft for hearing safety, the danger of fragments is all but eliminated.

General
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 controlled 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 instructions are followed.

The field investigations will involve proj ect personnel performing geophysical surveys
of the study area utilizing the aforementioned explosive, impacting, and vibratory seismic
sources.  The principal hazards associated with the use of sources mentioned here consist of
handling or moving the equipment, improper use, fragments from high velocity impacts, and
high sound levels.
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VII.     ALCOHOL AND DRUG POLICY

The Uhiversity of Kansas (of which the KGS is a part) is a drug and alcohol free work-
place with stringent controls and penalties associated with the use and distribution of controlled
substances and alcohol in the worlxplace regardless of whether it is at a remote field location or
on campus. The Uhiversity of Kansas and Kansas Geological Survey consider alcohol and drug
use (nonrdoctor prescribed) while "on-duty" a health and safety risk. The following section
details the Uhiversity and Survey policy as it relates to drug and alcohol abuse and misuse,
enforeement of policies, and penalties for violating those policies.

Policy on Prevention of Illegal Drug and Alcohol Use on Campus and in the Workplace
The University of Kansas prohibits the unlawful possession, use, manufacture, or distri-

bution of alcohol or drugs by students and employees on its property or as part of its activities.
The University is committed to a program to prevent the illegal use of drugs and alcohol by
students and employees. Any student or employee found to be using, possessing, manufacturing,
or distributing controlled substances or alcohol in violation of the law on University property or
at University events shall be subject to disciplinary action in accordance with applicable policies
of the State of Kansas, the Board of Regents, and the Uhiversity of Kansas. For employees, the
University will take appropriate personnel action for such infractions, up to and including termi-
nation. Students who violate this policy will be subject to sanctions which include suspension
and expulsion from the University.

As a condition of employment, all employees of the University of Kansas shall abide by
the terms of this policy statement and will notify the University of any criminal drug statute
conviction for a violation occurring in the worlaplace no later than five days after such convic-
tion. The Uhiversity will, in turn, notify as appropriate, the applicatle federal agency of the
conviction within ten days of receipt of notification of the conviction. The Uhiversity will initiate
personnel action, up to and including termination, within thirty days of receiving notice of such
conviction. Employees may also be required to satisfactorily participate, at their own expense, in
a drug al)use assistance or rehabilitation program before being allowed to return to work. For
purposes of this policy, "conviction" means a finding of guilt (including a plea of nolo conten-
dere) or imposition of sentence, or both, by any judicial body charged with the responsibility to
determine violations of the federal or state criminal drug statutes.

Kansas Law
Students and employees are reminded that illegal possession or use of drugs or alcohol

may also subject individuals to criminal prosecution. The Uhiversity will refer violations or pro-
scribed conduct to appropriate authorities for prosecution. Kansas law provides that any person
who violates the criminal statutes on controlled substances by possessing, offchng for sale,
distributing, or manufacturing opiates and nareotics, such as cocaine and heroin, shall be guilty
of a drug severity Level 3 felony. For a conviction of such a felony, the court may sentence a
person to a term of imprisonment in accordance with the Kansas Sentencing Guidelines Act and
a fine of up to $300,000. Unlawful possession of a dapressant, stimulant or hallucinogenic drug
is punishal]le as a Class A nonperson misdemeanor, with a penalty of imprisonment and a fine of
$2,500. Dapressants include barbiturates, Valium, and barbital. Hallucinogens include LSD,
marijuana, and psilocybin. State law classifies amphetanines and methanphetamines as stimu-
lants. Kansas statutes also provide for criminal penalties for conviction of certain alcohol-related
offenses. These penalties include imprisorment of up to six months and fines of xp to $1,000.
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Federal Law
The Federal Controlled Substances Act provides penalties of up to life imprisonment and

fines up to $4,000 for intentional unlawful distribution or possession with intent to distribute
controlled substances. For unlawful possession of a controlled substance, a person is subject to
up to twenty years of imprisonment and fines up to $5,000. Any person who unlawfully distrib-
utes a controlled substance to a person under twenty-one years of age or who distributes a con-
trolled substance on or within 1,000 feet of the University may be punished by up to twice the
tern of imprisonment and fine otherwise authorized by law.

Health RIsks
Accidents and injuries are more likely to occur if alcohol and drugs are used on Univer-

sity property/ or as part of uhiversity activities. Every year in the United States, over 200,000
people are treated in hospitals for drug-related accidents and mental and physical illness; another
25,000 die every year from drug-related accidents or health problems. Drug users can lose
resistance to disease and destroy their health. Drug tolerance and psychological dependence can
develop after sustained use of drugs. More specifically, physical dependency, heart problems,
infections, malnutrition, and death may result from continued high doses of amphetamines.
Chronic use of narcotics can cause lung damage, convulsions, respiratory paralysis and death.
Depressants such as tranquilizers and alcohol can produce slowed reactions, a slowed heart rate,
damage to liver and heart, respiratory arrest, convulsions, and accidental overdoses, because the
abuser is unaware of how much the drug or alcohol has been taken. Use of hallucinogens may
cause psychosis, convulsions, coma, and psychological dependency.

Alcoholism is the number one drug problem in the Uhited States. Alcoholism takes a toll
on personal lives by affecting finances, health, social relationships, and families. It can have
significant legal consequences. Abuse of alcohol or use of drugs may cause an individual driving
a motor vehicle to injure others and may subject the abuser to criminal prosecution. Drunk
drivers are responsible for more than half of all traffic fatalities.

Counseling & Treatment Resources
At the University of Kansas, alcohol and drug counseling and treatment are available to

students at the University Counseling and Psychological Services, Watkins Health Center, and
the Psychological Clinic. The Student Assistance Center and the University Information Center
are excellent sources for information about Uhiversity and community resources for counseling
and treatment. The Health Education Department of Watkins Health Center can provide further
information about health problems and treatment related to alcohol and drug problems.

University employees may contact the Counseling and Psychological Services and the
Psychological Clinic for counseling and treatment. Faculty and staff members may also contact
the State LIFEline, a 24-hour toll-free assistance line (1-800-284-7575) for a referral. If referred
through the LIFEline program, the first counseling session is paid by the State. Please refer to
page 63 for additional resources.

Definitions
The terin "controlled substance" as used in this policy means those substances included in

Schedules I through V as defined by Section 812 of Title 21 of the United States Code and as
further defined by the Code ofFederal Regulations, 21 C.F.R.1300.11 through 1300.15. The
tern does not include the use of a controlled substance pursuant to a valid prescription or other
uses authorized by law.
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The term "alcohol" as used in this policy means any product of distillation or a fermented
liquid which is intended for human consumption and which is more than 3.2% alcohol by weight
as defined in Chapter 41 of the Kansas statutes.

Policy on Substance Abuse
The Uhiversity recognizes that problems related to the abuse of substances such as

alcohol and drugs may be resolved through cooperation between the employer and the affected
employee. The policy set forth here for handling substance-abuse problems is intended to
enhance cooperation and to protect both the individual and the Uhiversity.

The Uhiversity has a right to expect that employees will perform their jobs appropriately
and to insist that job-performance standards be met. The University may properly intervene only
when impairment affects job performance.

•    These problems are deflned as those in which an employee's use of alcohol or drugs has
become part of a pattern of deteriorating job performance.

•    This policy does not supersede any regulations or standard administrative practices
applicable to job perfomance requirements.

•     It is the employee's right and responsibility to seek professional assistance for a
substance-abuse problem.

•    All employees, especially department chairpersons and supervisors, should work to
engender an enlightened attitude toward and a realistic recognition of the nature of
substance abuse and to encourage employees to take advantage of available treatments
whenever needed.

•    Responsibility for implementing this policy rests with all department chairpersons and
supervisory personnel. Procedures must be followed to assure that no employee with a
substance-abuse problem will have his or her job security or promotional opportunities
jeopardized by a request for diagnosis and treatment.

•    A chairperson or supervisor may wish to consult with a professional in the treatment of
sNItost"ce-ah;hnwse WITHOUT IDENTIFYING THE CONCERNED EMPLOYEE be;foite
attempting intervention with the employee.

•    Before attempting intervention, a supervisor of classified staff should discuss with his or
her own supervisor and the Department of Human Resources the rules and requirements
protecting the rights of the person believed to be suffering from alcoholism or drug abuse.

•    Departmental chairpersons and supervisors should not attempt diagnosis. When an
employee's job performance is deteriorating and there is reason to suspect that the source
may be the use of alcohol or drugs, the chailperson or supervisor will meet infomally
with the employee, make an appropriate referral to a professional agency and encourage
him or her to seek help for the problem. At this meeting, a date will be set by which
improvement in job perfomance will be assessed.

•    The employee is responsible for complying with the referral for diagnosis and for
cooperating in any prescribed treatment. He or she should be assured that the referral
agency will treat all discussions with strict confidentiality. (Most agencies will, with the
consent of their client, report to a supervisor that the client has followed up on a referral.)

•    Between the time of the meeting and the date set for assessing improvement injob
performance, the chairperson or supervisor will continue to monitor the performance but
will in all other respects leave the initiative for further discussions to the employee.
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•    If, by the date set at the first meeting, the employee's job perfomiance has improved to an
acceptable level, no further official action is required.

•    The uhiversity expects that employees with a possible problem of substance abuse, even
in its early stages, will be encouraged to seek diagnosis and treatment. The employee
should be assured that seeking help will not interfere with job status, promotional
opportunities or other privileges.

•    If the job performance remalns below accepted standards and the employee has refused to
accept diagnosis and treatment, or has failed to respond to treatment, the chairperson or
supervisor should suggest that he or she use one of the o_z}fz.o7€s czi;c%./czb/e Jo ¢7!v ermz7/oi;ee
wz.fA cz« !.//«ess that interferes with job performance:
a.    Beg.#g z7/¢cec7 o# sz.c# /eat;e. This option is for those with accrued leave. It would allow

the employee to enter an inpatient treatment center and adopt a treatment program.
Under this option, a written plan should be developed between the staff member and
the University and properly executed by the chairperson or supervisor in consultation
with Human Resources. The plan will spell out specifically the terms of the em-
ployee's return to his or her duties at the end of treatment (e.g., how the Uhiversity is
to be informed of the progress made in treatment and the appropriateness of a return
to duty and how job performance is to be assessed).

b.   Being: granted a leave of absence without _pay _f;or up to twelve months. This aphonis
for classified employees, upon approval of th6 Department of Human Resources.

c.    rake.#g eczr/v re#.reme#f. This option is for those otherwise eligible. It is, of course, a
drastic solution for both the individual and the Uhiversity.

d.   Re§'£g7cj#g. If a classified employee can make no progress, recommendations to
demote or dismiss are to be submitted to the Department of Human Resources for
review and action.

Inforlnation revealed by the employee while receiving professional services will remain
confidential and separate from University employee records. All record-keeping and access
procedures will meet the federal regulations governing the confidentiality of patient records and
the state law protecting treatment records.
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VIII.   ACTIVITY IIAZARD ANALYSIS

A.       Workltem::.  Troff ijfic control

All regulation concerning ri8htrof-way and traffic directions will be observed.

specific HazardsLThe specific hazard involves accidents with vehicular traffic within the survey
area.

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

8.        Work Llem..  Accelerated weight Drap

The accelerated weight drop (AWD) generates
acoustic energy by accelerating a 50 to 1001b weight
through a 2 ft stroke impacting an 18 in dianieter steel
plate held to the ground surface by the weight of a skid-
steer 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 cycling lift arm that pulls the weight against
the resisting force of an industrial rubber band.  Simply

envisioned, this device is analogous to a sling-shot.  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 Measures
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 remaln in place while in operation.  Routine maintenance, requiring

removing shields, can take place only when the loader engine is off.
4) The operator can exit the vehicle only when the weight drop is in the full down position and

solid contact is made with the ground surface.
5) Operation of the loader will be consistent with those published in the owner manual of the

Case 1225 UniLoader.

C.        `hlork \tem..  All Terrain vehicles (ATVs)

ATVs that could be on site include the 4x6 John
Deere Gator and three Polaris 4x6s.  These ATVs all
serve a very specific purpose and are critical to smooth
and efficient operations.  The ATVs never obtain
apeeds in excess of 15 mph and therefore do not
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represent risk of injury due to excessive speeds.  The tip-over potential is minimized by the 6-
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 (not used for this survey).  The
Yanicha 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 §a!Qf is designed to carry the seismograph and 12-volt batteries.  This vehicle never
travels more than 10 mph and spends over 99% of its time parked along the survey line.

3) The PQ±a±s is the primary work horse of the ATVs.  It transports cables and geophones 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 payload capacity (>700 lbs).  This
vehicle never travels more than 15 mph and is therefore at low risk of injury from excessive
speed.

Safety Specifics:

Every ATV operator shall possess a valid state drivers license and shall have completed an ATV
training course prior to operation of the vehicle.

The manufacturer's recommended payload shall not be exceeded at any time.

Gloves and an approved motorcycle helmet with full face shield or goggles shall be worn at all
times while operating an ATV.

ATVs are to be used off-road only (no paved road use).

ATVs shall be driven during daylight hours only.

Only ATVs with four or more wheels are pemitted to be used.

Passengers are prohibited on ATVs.

All ATVs shall be equipped with a waming signal device (horn).
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C.       WorkTtem::.  Slide Hammer and sledgehammers

specific Hazards-Uncontrolled swing and fragmenting of hammer or plate.

Control MeasuresTonly experienced operators, power hammer into ground at a controllal)le
level, no bystanders within the distance of two hammer handie lengths side-to-side and behind
and 25 ft in front.

IX.       TRAINING

At least one KGS personnel working at the site in connection 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 includes 40-hour initial training and yearly 8-hour refresher
training.  All KGS personnel will have appropriate experience and training with each source,
vehicle, and method used.

X.        PERSONAL PROTECTIVE EOUIPMENT

Personal protective equipment Q'PE) protects employees from the hazards and potential
hazards they are likely to encounter as identified during previous site characterization activities.
PPE consists of a combination of protective clothing and respiratory protection equipment.
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 apecific conditions and duration.  The level of protec-
tion is upgraded when site monitoring or conditions indicate that increased protection is
necessary to reduce employee potential for exposure.

Based on the availal]le information assessing the cunent condition of the sites, minimal
slcin protection is required for general access.  The prescribed working unifom for all persomel
engaged in activities related to the project is a modified EPA level D and shall consist of:

Long-sleeved shirts and full-length pants
Leather steel toed safety boots
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Hard hat* (only necessary for certain operations)
Eye protection
Hearing protection as required by OSHA for certain tasks (identified by work item)
Orange vests along roadways (unlikely necessary for this project)

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

Added protection from the sun and insects might be necessary.  All workers will be
encouraged, but not required, to use sunscreen and insect repellant.  These protective chemicals
will be available for use on-site.

XI.       SAFETY ANALYSIS

The analysis list on the following two pages postulate hazards, consequences of those hazards,
and the means of prevention or mitigation of each hazard associated with this survey activity.

XII.     ENVIRONMENTAL IMPACT ANALYSIS

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

XIII.   HANDLING AND DISPOSAL OF UNEXPLODED ROUNDS

The handling of live ammunition will be in complete compliance with sections VIII.A
and 8 and seismic gun operation procedures @oth sections of this report).  In the event a round
does not detonate using standard operating procedures, the seismic source will be left in place
undisturbed for a minimum of 3 minutes.  After this initial 3 minutes, the shell will be extracted
to insure minimal contact with operators.  The unexploded round will be placed in the metal
container used for the storage of spent rounds.  If the round is an 8-gauge it will remain in the
sleeve for a minimum of 20 minutes after placement 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
rremaln 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 delivered to
YPG demolitions staff for disposal at YPG.

*When operating sledgehammer, slide hammer, 30.06 projectile, and auger gun.
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XIV.    REFERENCES

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

From the United States Department of Energy:
DOEOrder5480.16,Fz.reczrmsScz/!efy.
DOE RIapat DOEIEN106194-3, DOE Explosives Sofety Manual.
ID Appendix 0550, Sfa!7!d¢rd Oper¢fj.o#¢/ Sa/!edy Jteq"j.reme#ts, Part Ill, Subpart I, "Explosives"

From the United States Department of Defense:
DC)D 6055 .9-STD, Ammunition and High Explosive Soy;ety Standards
AR:385-63, Safety Policies and Procedures for Firing Ammunition for Training, Target

Practice, and Combat
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Date of incident:

Kansas Geological Survey
Incident Report Form

Location of incident:

Was anyone injured?  Yes I    NO I     If yes, name(s) ofinjuredperson(s):

Uninjured person(s) involved in incident:

Other witnesses (not involved) :

Equipment involved in incident:

Narrative of what happened (continue on reverse of this page and draw a diagram if it helps
explain what happened) :

Site Safety Officer

KGS  05/1999
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Date of incident:

Kansas Geological Survey
Incident Report Form

Location of incident:

Was anyone injured?  Yes I    NO I     If yes, name(s) ofinjuredperson(s):

Uninjured person(s) involved in incident:

Other witnesses (not involved):

Equipment involved in incident:

Narrative of what happened (continue on reverse of this page and draw a diagrani if it helps
explain what happened) :

Site Safety Officer

KGS  05/1999



®

®

®
®
®
®

®

®
®

®
®
®
®

®
®
®
®
®
®

®
®
®

®
®

®
®

®
®
®

®
®

Date of incident:

Kansas Geological Survey
Incident Report Form

Location of incident:

Was anyone injured?  Yes I    NO I     If yes, name(s) ofinjuredperson(s):

Uhinjured person(s) involved in incident:

Other witnesses (not involved):

Equipment involved in incident:

Narrative of what happened (continue on reverse of this page and draw a diagram if it helps
explain what happened) :

Site Safety Officer

KGS  05/1999
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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
4   Always avoid lodging foreign material in barrel

Never strain to carry, get a second person
Never  assume anything

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

8.        Cleaning

1.          Daily:

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

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

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

least 3 times a day.

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

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

1.         Assumptions

NONE

2.         Never  Do's
Move from downhole placement with shell in chamber
Gun loaded with no one standing on plate

.   With one person on plate
With knees locked
Extract a shell in less than 2 minutes that does not detonate
Without both operators aware of detonation
Drop a loaded round
Return a mis-fire to live round canisters



March   24,    1987

MANI)ATORY     SAFETY     RULES     FOR    USE     OF    THE

.50-CALIBER    SEISMIC    GUN

The   .50-Gal   selsnic   gun  ls   powerful   and   nusE   be   securely   positioned  when
fired.     Danger  exists  not   otlly  wlch   the   tullet   projectile,   tut  also  with   the
recoil  of  a   loose  gun.     Be   sure   that  all  n6unEing   bolts   are   tight.     Never
strike   the  gun  or   bolt  with  a  tnetal  ot)ject.     If   the  gun  is   jamming  or  stick-
ing,   clean   lE   thoroughly   with  WD-40.     Wiping   down   cleaned   parts   will   help
avoid   the   cohesion   of   dirt   and   Sand   to   the   parts.

Operatloaal  Saf ety  Rules

1.     Each   day   the  Party  Chief  miist  make   sure   all   personnel  are   I.ully   trained   in
safety  rules.

2.     Arm   the  gun  ONI.Y  when   the   gun   is   in   po;itlon   to   be   fired.

3.      ALWAYS   unlock   the   t)olc   when  tnoving   the   gun   (disar`n   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   proc.edure§.

7.      Use   common   gun   sense.

Dowhole  Mode

Be   sure   all  nout`ting   bolts   are   tight.     Do   not   .Eorce   t'[`e   gun   down   an
augered   ho.1e.     Re-auger   the   1`ole,    if   t`ecessary.      Be   sure   t`{iat   tile   base   plate
rests   on   the   ground.     Ha`-e   two   people   stand   on   the   plate   w.hen  firing   (flex
tr`nees   to   absorb   the   shoctr`).

I.£   the   hole   has   tracer   ln   i[,   seal   the   muzzle   of   tl`e   gun   w.i.[h   taite   or   a
balloon   to  keep   water   f ron  seeping   into   tl`e   barrel.     Avoid   this   situ..icion,    it-
possible.     Water   in   the   barrel   tnay   seriously   damage   the   gun  when   fired.
Injury   is   pos§1ble.

Surface  Hode

Be   sure   all  mounting   I)olts   are   tight.     Carefully   protect   the   breech,
trigger,    and   bolt   when  moving   the   apparatus.      THE   TR.IGGER   IS   EASILY   BROKEN.
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OPEPATIONISAFETY PULES AND BEGULATIONS
FOF} THE

AUGEF=  GUN

i /  , .`. / q 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   handlei.s
must  always  assume  the  firing   rod   is   loaded   and  the  safety  is  off.

ODeration    and    Safety    Peciulations

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  o.n   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.

1

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

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

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

:°:ipn`e;a¥g:S¥:.;y;I:::r:¥:ru8g/sCc°r::;:ti°dfthree
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 ultraLshallow targets-generally the goal of
most environmental  and enctneering studies
(Steeples and Miller,  1990).  Resolution can be
increased by boosting the recorded frequency and the
signal-to-noise ratio of reflection wavelets.   Recent
advances in  engineering seismographs  have made
possible cost-effective acquisition of 15-bit or greater
floating point data.   Generating a high-frequency
seismic  source  pulse  has been accomplished  in a
multitude of different ways in the past (Miller et al.,
1986).

The  most commonly  used  seismic
sources  on shallow engineering surveys  have  fallen
under two main categories:   explosives or weight
drops.   The 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).   Recer+. advances ill high-ft.equency
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`Jer hammers, spurred the
shallow  seismic-reflection indtistry.    Downhole
shotgun  sources  possess  significantly more  energy in

the 200 to 600 Hz range in comparison to harmier
sources (Pul]an  and MacAulay,  1987).

DESIGN AivD TECHNIQUE

The auger gun is designed to optimize
field efficiency,  source couple,  a.nd  safety.   A measure
of success with the downhole  shotgun  source (as with
aLny downhole e.xplosive source) can be related to
efficiency in generation of broad-band, high-
frequency energy.   Improved energy transfer is
obtained when downhole placement of the shotgun
shell includes  a water stem and  restricted  recoil
(Miller et al.  1989).   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 pre`.ious
opei.ations  and  configurations  into  a single  pass
source.

The  auger gun  consists of three main
parts:   power source (skid-steer loader),  auger/screw,
and 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 (as
opposed to the standard scre\v-on head),  solenoid
firing, time break from a downhole  sensor.   The
firing pin has  an automatic  (spring-loaded)  safety.
These  components  when  assembled  represent
approximately 1500 kg and are ti.ansportable in the
bed of a standard pick-up tuck.

Operation of the auger gun is a three-
step process:   (1) screwing the auger flight into the
ground, (2) loading and firing the gun,  and (3)
unscrewing the  auger flight  from  the  gi.ound.   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-stern
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
removed from the  hole.   Screwing the  auger flight
:I.to the ground accomplishes both pxceptional blast
contaiiirp.ent  ancL  miniL-.~ial  residual  borelLoie.    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.  Watei. can be poured
through the hollow stem auger prior to downhole



®

®
®
®
a
®

®

a

®

®
e
®
®
®

®

®

®

®

®

®

®

®

®
a

®

2                                                                    Improved seismic-Reflec tio n source

placement of the buffalo gun to improve source
couple.   Once positioned, the gun can be fired by
either a hammer impact on the top of the 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 loadiflg design that does not require
the operator's hand to come any closer than a meter
from the shell either during loading or while the live
shell is in the firing chamber.   Another improvement
is related to containmeflt 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
maximizing the recorded reflection energy without
compromising the safety of the operator or
bystanders.

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

RESULTS

Data acquired for this test `vere recorded
on an Inpuvoutput DHR-2400 seismograph with no
aLnalog low-cut filtering.   The sampling interval was
1/2 ms and I.ecord length was 500 ms.   The receivers
were three L-28E Mark Products 40-Hz geophones
wired in series and arranged in a  1 in in-line array.
The source-to-closest-receiver was 20 in with a
geophone station 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 amplitude of the data is noticeably
I:.gher with tlie auger gun with verv little differeiice
in the dominant frequency on either field file.
Reflection information is not directly interpretable on
these shot gathers.  A 150 Hz digital low-cut filter
reveals a strong reflection present on both files at
approximately 80 ms (Figure 3).   The low-cut filter
does a good job of removing the ringy refraction
arrival clearly dominating the upper 120 ms of the
unfiltered files.   Some subtle indications of 50 Hz

ground roll  are still  present on  fillci.ed  files.   The
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 (Fig'ure
4).   Almost 25 percent more energy is present on the
auger gun spectra in the 30- to 70-Hz range than the
equivalent buffalo gun spectrum.  Lit,tle 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  envii.onment
make considerable diffei.ence in the  amplitude
Spectrum of auger gun data.   Leaving a  15-cm ail.-
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 peri.ent.   Sigi`iricant
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 a.t most sites when compared to the
traditional buffalo gun.   The auger gun is a
modification  of the  original buffalo gun design
(Pullan and MacAulay,  1987), and at some sites will
represent an improvement.   As  with all  seismic
equipment  and  techniques,  site  chat.acteristics
dictate relative effectiveness.   One characteristic of
the auger gun that is not site-dependent and does
represent an improvement over the buffalo gun is
overall safety.   The massive nature of the auger gun
should allow detonation of series charges totally as
much as  1000 grains of black powder.   Pi.eliminary
testing indicates 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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Fig. 2     Auger gun field file (left) compared to the
burralo  gun  (right).

containment
screw guide

Fig.  1     DiagraLm represents  the  auger gun in above-
ground position.   Modified buffalo-gun
portion of the auger gun is  not shown, but i§
conceptually the same as previously
documented  (Pullan  and  }'IacAulay,  1987).
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Fig. 3    A 150 Hz digital low-cut filter enhanced the 80
ms reflection event on both the auger (left)
and buffalo (right) guns.
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Fig. 4    The darkened area represents the difference
between the lower curve (buffalo gun) and the
upper curve  (auger gun).



l}ounl`olc   .5(LcalLber   lllfle-8a  Advance   ln

IIlt;li-rl.Sol.ucloii   S|.1o-lc   Sourcea

I)on   W.    Steeples,    RLcl`ard    D.    ,1Lller,    Ralph    W.    Ki`app,

Kai`s.is   CeologLc.il   Survey.

Sl'HunY

In   a   dtrecc   co®parlson.    the   dovnhole   .50-calLber
selsmLc   Source   produced   nope   sel6DLc   energy,   a
broader   body-Wave   frequency   spectrilt],   an   anplltude
drop   ln   the   al[-coupled   Wave.   and   a   higher   dotplf`af`c
i requency   of   I:he   recorded   body-vave   energy   Ehaf`   the
silenced   eurface   .50-caliber   eource.     The   tecot.ded
€elgoLc   energy   of   [t`e   dovt`hole   rLf le   Shoved   an
increased   afliplLtude   of   6   Co   12   dB   over   [hac
recorded   by   tl`e   811enced   aurface   rifle.      Tt`e   do feLl-
t`anc    i requency   af   Cl`e   recorded   ref lecclon   er`ergy
vag   con8lscently   ZO   [o   40   Hz   t`1gher   [haf`   the   Bug-
face   rifle.     The  al[-coupled  vave  aepllcude  vas
decreased   4over   12   db   by   Cub.ut face   f lrlng   of   the
TIE le.     The   f requeflcy   epeccT`a  of   the   body-vave
pul8e  vac   broadened  by  .leo.[   a  half   occeve   ori   the
high   end.     The  I)afe[y   of   ape.&Cloa   of   the   eou[ce   le
r`oC   cot.ptoqil3ed.     Reflecto[e  vlth  .  dodlaanc   fre-
quency   Ln  exceee   of   I,80   »z;   can   be   eaelly   ldet`clfled
oa   field   f lie.   .[  depche   of  I.a.   Chaa  30  qi  u®1tig
the  dolmhole   .50-caliber  rifle.     Ideaclflcacloa  of
LOO-llz   re(lec[ore   f[oo   I,loo  .18   po.elble  on   field
flle3   of   li]uLclple   ver[Lcally   st4cked   dovnhole   .50-
callber  shoc8.     The  Source  vlll  operate   Ln  an
ef f lclel`(   manner   collecclng   COP   data,   coonon-of fseE
data,   or   epoc-correl&tLon  daca.

INTRODUCTION

Inr.rl...mtn|:   ci`vtro.m`!n[Al   and   englnecrlr`g   .pi.11-
c.Ill.o.id   ur    rc(Lt!c[Loi`   eel8aiolosjr   tiove   ei.urred
re8e.ircli   ^Iid   develo[)oel`I:   of   8halLov   hlAh-reFioLu[lon
rt:rlt!ctLo.`   tccl`nlquc8   ni`d   cqul|t.enc.      Re3oluclui`   ou
[lie   order  o€   A  deter   L®   nece86ary   to  dctecc   ultra-
eliaLlov   Corgeca   vl`Lcl`   are   ger`erally   [l`e   goal   of
-o8[   envlroimenc^L   .ilid   enBtoecrLns   8Cudtee.      This
Llicrea8cd   resolu[1or`   can   bc   ob[alned   by   boogtlng
Clic    [cl.{i.iei`cy   of    [lie   Source   i>ulse   vhlcl`.     In   turn.
LncreaBea   Chc   domlnanc   i requeocy   o£    the   [ecocded
selsml.c-reflec[lon   ei`ergy.     Cenera[1ng   the  lilgh-
f reque``cy   sel8taLc   source   pulse   r`ece8cary   for
ShaLlov   appllca[lone   has   been   accoqipllshed   Ln   a
oul[l[ude   oE   dLf ferer`t   Ways   lri   the   past   (Mlller   ec
al.I    1986).

Recent   9eLsoLc   Source   advances   ac   the   Kan8a8
CeologLc4l   Survey   (KCS)   have   aalnly   revolved   around
surf {`ce   pt'ojec[LLe-type   8ou[ceg   (Steeples   aod
KAapp.    1982;    Hlller   and   Steeples.    1986;    Seeber   and
Steeples.1986).      A   .50-caliber   rl€le,   I+hlch   Was
designed   and   t)ULIC   to   Safely   fire   a   750-gt'aln   bul-
let   verctcAILy   Ln[o   Cl`e   ground,   has   Itio[e   recently
beeii   Adaiiced   to   operate   parclally   undergrouT`d   vl.th
ooly   [Ite   flrlng   apparacu8   above   ground.      This   al-
loys   Bate   operaclon8,   a   hl8her-fceqLiency   Source
pulse,    and   an   Lt`creased   slgAal-to-noise   Ta[Lo.

P¥.5.(.t:.N..4.N.I!.:r.I.i€Ll.N.I.qg.I:.
•rli¢    i!{:iil.r"l    dcslgi`    cence[s    aroui`d    oitclm[7.tni.,    Ct`e

cuiiv¢r`vlul`   .)I.    cl`€rBy    iirodiici`d    by   a    .5u-c.iLlb€r
rLf  Li.    h`]ll.`C     Ln[o    #eLsmtc    (acr.u6[Lc)    Waves.       Tl`t3

majo[L[y   of    the   energy   produced   b/   a    .50-caltber
round   goeg    lr`Co   accelerattn8   [l`e   proJec[lle   and
Into   exhau8C   gases.      Prevlou6ly.   ulcl`   above-ground
Sources,    we   have   sLlenced   and   dL§persed    the   ext`au§C
gaeea   ln  hopes   of   ellolnaclng   or   ac   lea§C   8reacly
reducing   the   ef i ecc8   of   the   air-coupled   vave   on
selgolc   data.      The   dovnhole   .`SO-calLber   rifle
nearly   simultaneously   excl[es   the   earth   wlcl`   €i
proJecElle   at`d   vL[h   eichau8C   gases   vhlle   col`CaLnlng
noec   oC   the   air-coupled   vave,    resul[1ng   lt`
lncrea8ed   f[equeacy   and   sl3nal-Co-flolse   ratlo   oi`
8el8ailc   record   secclons.

The   dovnhole   .SO-caliber   selsnlc   soiirce   con81scs
of   a   .50-caliber   rifle   bolted   Co   a   O.6-eta-Chick
8Ceel   place.      The   rifle   Lt8.elf   ls   a   8Cai`dard   .50-
caliber   breech  and   bole,   bul.Ic   by  Texas   Gun   and
Machine  CoDpany,   |tc4cl`ed   [o  a   8Cafidard   .50-caliber
aachlne-gun   barrel.     Hachlned   grooves   ln   the   barrel
are   u8ed   Ill   cot`junccloa  vlEh   a   pTes8iire   clalap   [o
attach   the   rl£le   co  a   30-co   by   90-cm   8Ceel   place.
The  rifle  bat.rel   ls   louered   I.nco,a  60-[o   80-cm-
deep   borel`ole   4   ca   Lt`  dlanecer   uncLL   the   place   ls
f lush  vl[h   the  ground  Surface.     Thl9   steel   place
4c[8   as   a   gt'ound   seal   and   a   placforr.   Co   scaod   on
vhlle   i lrlng   the  gun.     The  vel8h[   of   [Iie   shooter   ol`
Che   place   and    the   eT`ug   [LC   oE   the   barrel   co   the
bo[ehole  vall6   help   Seal   cl`e  gun   [o   Cl`e   ground.
The   rLf le  can   be  equipped   vl[h   a   source   Sensor   or
clofiut.a    #wlcch    [o   t:ciil.r.itl`   ..I    Llii`c`    hrl.:`k.       Ftrli`i;
can    b¢   doi`Q   el[lic.c   all.i:irLt::iLly    b}.    a.>lu.`oW    ut.
ra.1n`.Ally     by    p`ill(ni:    I:11..    Tr[).,)...!r.        Tl`..    .I.w.ili`)lc.     .iu-

callbcr   velglls   4boul   J()   .<8   ;illJ    1*   |.... sLly    l.Jo-I)€rsoi`
porcablc.

r`t{et)ut;NCV   ^tJii   A-iJl.

Tl`t!    dovl`l`olc     .50    c;illl`.jr    lil.uJui:i.i;    f ruiu    b    I.o     12    (111

g[eact:r   reco[dable   seis.olc   ei`ergy   a:   equlvalenc
offsec§    Cl`an   [l`e   silenced   surcace    .50   caliber    (Clg.
I).      The   lr`cfea6ed    recorded   energ;,.   boosts    the
slgt`al-Co-noise   enough   [o   s`ibscdn:tally   clean   uii
the   record   sec[1oa.      The   source-co-closest   geoptione
of fsec    ln   £1g.    `L   ls   43   a.       Besides    :l`ls   ncclceable
lnc[ease   in   recorded   seisilc   er`e[3:..,   a   cor`slscei`[
20-40   Hz    hoos[    Ln    [lie   do.=(nAI`C    f re{{iie.`cy    of    Clil`
gout.ce   wavelec    ls   cl`^rdc[er[st[c.

In   previous   shallow-so.jrce   co.|pa=isoi`9    (.V.iller   et
al.,1986),    the   sucface    .50-c``llbe:   per€or..ed   com-
parably   [o   Hlnl-Priaacord   and   a   lo-gauge   aucfalo
gun   ln   total.   ener8:.   and    t.req`iciicy   spec[rurE.      Tl`e
noted   Increase    La   rretiuency   .ii`d   cr`t!r5y   Would   in.'`kt!
the   do.nhole    .50-callb€r   rl€te   co..p`|rabl.a   co   tl`e   8-
gauge   I)uf falo   gufi   chLch   I.as   .imoi`g   :he   best    sources
Cesced    for   refle::ion   e:ier3y   ve:su5   grou``d    roll,
Cocal   energy,    ar`d    £[equer`cy   r.ol`Cei`:.

S^'.''.:''`Y

S,,l|.[y     sl,u,,1J     :,1.,,,      11 ,..,,,,,, ',,:11: ,,., `,1.,.,,     i"    '.,,, ).

I+'l,'l.,:c{'         1'''1,      ri''L,i      (.i
........ _.._ ___..-           _.I
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2                                                                                                                                    I)ovl`litiltl     .50-COL(her    RLf lc

mr)ul`t.ctl    on    a   0.6-cm-Cl`Lck    fl[eeL    plo(a    to    I)r.)CccC
Cl`c   o|}er,1(or    i ron   f ragmer`ce    and    Co   help   hot.d   tl`e
i;`ii`    ili!`..`Irl.ly     li`    pliicl..        S[i`ci;.     [I`e    projt!c[Llc     I.I
f Lrl.A    from   a   bolt    8r`d    bt.eecl`,    orlglr`alLy   deolgned
as    a    H[.ind,ltd    i lrearm,    Ct`e   ii[mosc    ln   ®Afe[y   has
•1`rl.;i`ly    li¢|.n   J{!oIBi`cd     Inca    Cl`c    nccuAl    flrln8
iucl:liiii.18i..       .I.lic    l]olc    I..id    tirl.ecl`    IntlnufAc[uccr
designed   the   appara[ue   r`ot   Co    frag.enc   even   lf   CI`e
bart.el   vae   con)ple[ely   ob8Crucced.      The   barrel   18   1n
#Ciil``li`r{l    `.tlc    by    Cl`e    U.    S.    nilll[nry    oi`    .50-caltbcr
I.acl`li`e   8un®.      Tl`e   extra   chlckne®.   o€   a   aachlne-gun
barrel   oervee   Co  dlgolpA[e  heat   and,   eopeclally   ln
our   case.   p[ocecc.   f roti  blow-out   lf   forel8n  I]ace[-
1al   8ete   LI`[o   the   barrel.      Thle   nateg   coi`tLnuoue
operaclor`®   eafe   and   conBL8tenc.

C^Sg    STUI)Y

SLlenced   eut'face   .50-caliber   v8   I)ovnhole   .50-
caliber,

The   dl(eec   cooparLeon   of   Clie   eu.face   n``d   [l`e
dovnhole   .50-caliber   rlf Lee   vac   pe[forned   near
Wlnc€r   Park,   Colorado,    1t`   an   .[[eEip[   Co   detect   Cl`e
Mof fat   raLlro.d   tuonel,   85  a  belo`.   the  ®u[£ace.
me   receiver.   vere   ®1ngle   LOO-Bz   8eophot`e8  vl[h   .
I.2n  .Catlon  lncetv.1.     The   eourcel   Were  43  o   frog
the  clo®ee[   receiver  8C.[1oA.     the   rceultlng
recorded   field   I lle.   pLocced,   u®Li`g   true  .apllcude,
clearly   8hov  the  lncr®aeed   aopltcudc  and   the
Lncrea8ed  elgi`al-[o-nol8e   Teclo   of   the  dovnhole
rifle   ae   con]pared   co   the   eurf4ce   eource   (fig.I).
A  glarln8  dlf ference   le   Che   at)eence   of  air-coupled
vave  on  the  field  file  u®lng  the  doinhole  rifle.
Tt`e   frequet`cy  dLf ference   le   obvious   on   the  edpll-
Eude   epecc.a   (fig.   I).

I)o.r`Iiole   .50-caliber  Field   FlleB   and   §

The   dovnl`oLe   .50-callbeT   rifle   cat)  produce   a
eource   pul8e  vlch  a  doBlnant   [e£1ecclon   frequel`cy
ln   excea®   of   loo  tlz   (fl8.   2)   vhen  used  vlEh  atialog
log-cue   I ll[er®   that   have  a   -3   dB   polnc   o£   220   t]z
•i.i.I   n   24   du/occavc   Tollof c.      CLe^n   -LnLliuD-phase
rt!f LeccLo(`  vavele[4,    eoglly   ln   exce86   of    L50   l`z,
can   bi:   1dei`[1£led   do.a   co   Z70   mac   dtreccly   oif   the
fleld   file   (fig.   3).     The   ®peccrui.  of   the   I.e£1eccor
AC   8S   rosec   L9   aLqo8[   3   occave®   across   vlcli   corner
frequenclcs   o€   40   and   Z90   llz   (£1g.    3).

The   downl`ole   .50-caltber   [lf le   has   not   only   been
ii.ovt!ii   to   be   a   u3efuL   ehaLLov   l`1gli-resolutlol`
ref lecclon-sel9dlc   eoiirce,   1[   4l®o   po®ee89es   the
capabLllcy   to   penetrate   ae   rauch   a8   L,LOO   ni   of   ®edl-
meri[ary   ver`eer   ovet'1aln   by   15   [o   30   a   of   veachered
alluvlun   (fig.   4).     Tl`e   [eflecclori   ac   720   m8ec   on
the   I leld   flle   L3   ^rbuckle  dolodl[e   ac   a  depth   of
I.loo  a   ln  central   Kansas.     Thl®   elghc-8hoc   ®Cack
va8   recorded   vl[l`   30-Hz   low-cue   fllceT8   afid   ten   40-
Hz   geophones.     The   dad)1nanc   frequef`cy   o£   the
refl.ecclon   energy   1®   about   LOO   Hz.

^CKJtowL.EDCHENTS

Fundlng   for   chlg   reaearch   va3   provided   Ln  pat'c   by
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FIG. 2.   This  Single-shot  field  file  it/it`ri  an  AGC  applied   illustrates  the  high  freau_9±aLci€=
and  therefore  the  resolution   easily  obtainable   :~`:=h  a.dounhc>le   .50-cal.
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MATERIAL
SAFETY DATA

EMEFtGENCY PHONE  1-BOO-OLIN-911

SECTION  I  -lDENTlflcATION
CNEWIC^l N^WE I SYNONYNSIndustrialAmmunition  8  Gauge        (Small   Ams   Ammunition)

CHENIC^L F^NllY FORMULA Tfl^DE  N^NE

Not applicable Mixture Not applicable
DEScfllFTION C^S NO.

Container with powders and projectile Not assigned

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

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

Pl]OtECTIVE EOul"ENT VENTluTION  FtEOulF`ENENTS

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

during discharge

sEerloN  iii .  HAZARDOus  iNGREDIENTs

B^sic M^TEni^i                                                    °±HL^                    io so                  LC So                      SicNIFIC^Nt EFFECTs

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

SECTION  IV -FIRE  AND  EXpl.OSION  HAZARD  DATA
F`^911 PO"T         Not Osl1^ CLJ`SSIFIC^TION,o- FUNN^E)lE I      lowEFt     I     uPPEFl

EXPLOSIVE - -NE"OO             Ar}nlieable |'NITS
EXT"ouist{"C MEbl^                               Deluge wit-h  water,  material is self-oxidizing.   Flood  with  water

to  fifrht  fire  find  to  ttf}nl  .<helle_
SpEci^i FifiE  HAZAno .  Fine FicHTiNG Pi]oCEDul]ES

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

SECTION  V -HEALTH  HAZARD  DATA

TtmESHOLo ilwiT vAluE

None  estabushed.  (Inorganic  recm. std.-air:   TWA  n.1S  mF (Pb)m3  lACGIH  1984-R5`
SYNfrTONS OF OVER  EXPOSURE

Eye irritation, fatigue, disturbance of sleep.
ENEftGENCY FlflsT.^lD PFtocEDUFtES

SKIN Contact of skin with shells presents no health hazard.

EYES
Flush thoroughly with  water.   If an irritation occurs, call a physician.

IWGESTION
Ingestion of shells not a possible route of exposut.e.

Remove victim  to  fresh air.
'WH^uT'OW



SECTION  vl.TOXICOLOGY  (Produco          (S1-`1all   Arris   Armu`iitl..t]n)

ACUTE  Ofl^l   10 50 Not applicable c^nc"oGEHiclTV        Not  carclnogenic
NUT^GENlcitt               May  be  mutagenic

ACUTE OERN^l lD sO > 2 g/kg EYE imiT^TioN              May  be  an  irritant
pnlM^nv sk" imlT^tloN                     Not an  irritant

ACUTE IHH^utloN LC 50 Not known

Pf`INCIP^l FtouTES OF ^BSORptloN
Inhalation, dermal

EFFECTS OF ACUTE  EXPOSuFtE

Fatigue, disturbance of sleep, eye irritation.
EFFEcts oF CHnowic Exrosui`E        Jlnemla,   Central nervous   system   oepresslon,   toxicity   to   kidneys,

reproductive system and fetus.

SECTION  Vll .  Splll AND  LEARACE  PROCEDURES  (Control  Procedures)

^CTION Fofl N^tEf`l^l f`EIE^SE OR Splu
Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  non-sparl(ing  utensils  during
cleanup.    If  containers  are  damaged,  wear  NIOSH/MSHA  approved  dust  respirator.    Fouow
OSHA     regulations     for    respirator    use.    (See    29    CFR     1910.134).         Minimize    powder
contamination.   Clean  up  and  place  in  an  approved  DOT  container.   Isolate  and  do  not seal.
Label ''Small Arms.Ammunition''.   Wash au contaminated clothing before reuse.

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

TRANSPORTATION  EMERGENCY,  CONTACT CHEMTREC 600L424.93cO
w^sTE Oi9ros^L NE"OO

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

sEerioN  vlil -sHipplNG  DATA
a.a.T. CLASS                                                  Class  c  Explosive         ORI.I-D

SECTION  IX -REACTIVITY  DATA

STAt)iE           X   uNst^eiE           ^T                °c                    ®F H^Z^.sous N^y cecuf`
roitiiiEnlzATioN WILINOTOCcuf`     X

coNoiTioNS To ^voio              Open flame, heat, Sparks, Shock or percussion, pressure

"coMp^Ti.iLltt iHl`.H®i `o ^un             Acids, alkalis, Oxidizing materials (contents)

N^z^Roous oEcowposiTioN PRooucrs             Lead fume,  carbon  in onoxide

SECTION  X -  PHYSICAL  DATA

|wEiT"G  rolNT              N/A|BOIllNOPO"TN/AispECIFICCF`^Vltt(H,O.1)        N/A v^po. pnEssunE               N /A VOLATIIES                                        N/A

SoluE)lLltt lN WATER           N /A Ev^roR^TloN RATE                    N /A

pH                                              N/A V^Pofl OENSITY l^lr.1l              N/A

iNFof"ATION Ful"lsHEO BY:                C.  C.  Nconan
(203)  789-5436

1475

DATE         Novemberl6,1985

D®partm®nt of Envlronmental Hygl.ne end Toxlcology
(203t 789-5430

olin  cOFipoi]ATION
120  Long  f`ldge f]oad. Slamlord. Connocllcul 06904

0CEAN®   N®twork
EMEl]CENCY  PWONE  1 -BOO-OLIN.911
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u.S. Department ol L.bar
Occ`Jp.`iocol S.I.tv .nd He.lth Admlnlltr.tlon
(Nori-M.nd.tory Fom |
Form Appioed

OMB No.1218"72

®®mTY qu u..a on l.b\ .nd \1\®
All  Shoteh®1l  Am`inltlon

tan",tw„,ha-b#LELras=%F=##E##=
Sedkn I    .. "snail  Arms  Aminltlon.
W~ur+. Nhe Emeoerlc`/ Tkptt)n. N`Imb-

f`eminqton  Amg  Co. ,   Inc. (501)  .   676-3161
^dtl.... q*rnLi.r. S\r..I. C\h S\.b` .nd ZIP Cod.I T.lophon. Numbe. b. Into.in.tlo^

I-40  a  High.ay  15 . (501)      374-2246

I,oncke,  Ark.ansa!       72086                                     ..
00'® P,pud•      8-12-86    .

I,, Sign.lun ol Pmpar. /givd
W.C.   Bell,'  Chew  I,db  -Technical  Section

S.coon 11 - Hiz.rdou. lngriedl.f`ti^dmtlty folomatlon

nz~ Ciiiiijfiii= CpdAc chhfal utr*ltr. Commori N-in.(.»       Osl+A PEL   __ __AcalH TIV           f`-merwl          ` /
Lead.,   Inorganic  and  1.Cad  conpoundg.                     50mg/M

Ar8enl.c  and  ccm '|nde                                                 10
Antlnonv  and  conpound.                                                500  ng/M
Bariun  and  co"pound® 5oo  ng/H3.

tlltroglyerln  (0.05  pp  utin) 500  nlcrograns/M3  of  air

t"  -  "Small  Ams  Arminition"
Clal.  C  Explo-1ve

O"-D

Chat  ultJS.ctlon Ill - Physlc.I/Ch.mlc.I Ch.rectell.tJc,

Bo,no poh                                         . s%gg#pltfie"
Wet  applicable

V.par pr.-IJ.. (mm Ilo.I     . Lqu Pod
Not  appllcabl® Not  appllcabl®

Vpr rty pe . '' inv~~T,„otAmi.c.aL[eNot  .ipllcchle
th#dhrTead  styphnate  -|ngolutlei  Lead Nltrat®  -127  gin/100cc  Water  -100.C

tw-reCb
Grayleh,  Gr.y,  S11v®ry  Nat®rlal  i  »o  odor

S.ctlon IV - in. .lid Explo.loo N.zird D.I.
Fwh Pob qkou Udy FL- LJnb LEI in

Not  applicable Not  applicable NA NA

EdhoJqu -
__Mate_rlal  18  .elf _oxldlzlng/   flood  vlth_ v_?ter  to  fig_I_t__flle' _and  cool  .hell._.
Sp.lil Fh Fiottino Poe.d`m  .

u°#eiTe#|Ht#tg#e when  e]{po8ed  to  fldD®  and high  tenperature8.
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Sedkro V - P®.c'Ivrty D.to
Stdit, un- Candiuoto®^YOu        riane8,   sparks,  percussion  or  Shock  and  hlgb  .

S14bo
X temperatures   (130®C)

lncomp-llbllltv (A/.lof./l lo Arold}  .. Strong  hlneral  acldg  and  alkali.
t+mrtbi.cciiciiiijci=cjjoLi7rv-ullb Oxides  of  carbon,  nitrogen  and  lead  fmeB.- th, Cho Cfa"~to^ed       Heat,  £ire,  Static,.  £r|ctlon  end PerougsIon.

WW Nd Cky
X

S.ctlon Vl - lle.llh Hazard bda
F`oLH.) el Entr`r.                             Inl`.let.On?        FLuneg Sth?   cfut8  or  abrasions  -ffiEri7cles

Lwne¥m#igTgengctorla,ederyotoxln,mlnutrltlon,veaJ{ness,t[`entalconfuslon,pallor-

tr.eat  per  general  lead  expos`irei.  headache  and  nausea

C.fa?.#g¥in.           mi+-                         mc "dut`'                   Oar R-""  Lead. Yes

SinedsyTrtbmelEm-.      Refer  to  health.hazard  above.           `                                        .      .   .

W-C-aiii=f=; ^mded try See- S_aL=+olntestl_hal  .tract|   kidneys,_.  blood  _and  central  nervq`+_.
Bysten.          (CINS )

E-ndF"Autw~        skin  -f|ugh  with water,  if  8vallowed  Seek  medical  attention

inedlately.
S.ctlort Vll - Pr.cautlon. loi S.I. llandllng .nd u.®
a.a. b e. Tfu A c... W.A.I I. Fl.I...d or splld                                                                                              .

Use  nob-sparking  equipment  to  cleanup  and  store  shells  -avoid  i.gnj.t.ion  sources.

WFat#|W# be burned per 'approprlate  federal,  state  and  local  regulatorvagenc]/  -

corltact
Phc-utlor. o e. Tot.I. A l1.ndlno .nd Stdy

Refer  to  r®leaeed  or  I)pllled  datd: abo`r®.
Ctw Pnulho

Label  containers  -  "Small  Amg  Armunltlon"  near  gloves  and  6hrapr.el  protection.

S.ctlon Vlll - Control W...ur..
Buodrtry m~ lsrty TtqJ              Osm   sA/Hti/sc"

Qt`-. Prot.c`h.. Clo.hioo cr Equiiiifi= UBe  hee.ring  protectlcin  when  discharging  caLrt.rldg®e.

2ife4C:iPpI v,a,®: ,-.,, I.,„,,,',,
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MA:m±±L sAFFTr I}ATA sEiEIT

SMAIL Am4s AMhrmmoN-REIE&FmLAhnmum
Federal Cartridge Company

anEharme
Ancka. hfuescta 55303

THrm         6m323+2300
mongcr sRvlcE$ 612&3.r706

mrmGENor Horn NUMBER: 8oue4+gsoo qurmEo

H]e mte: January 4,1999

===========================================

SECHON fl - moDogr IDnNlmcATioN:
moDUCT FAELY

Centeffire Mtcallic canddge           .     The Following:

.in .30-30Winchcster .300 Savage

.22-2sO                 n .32 Autolmfic .32 Winchester qu

.223 Remington .32 S&W I,ong .338 winincstr htryun
6qrm .32 Era ftyun .35n

.243 Wmchester .3so Alitondc 8rm Ma-

.257 R- +P .38 Special . 45-70 Goverment

.25us Rerfugton .357 Manum .280 kerfugton

270 Wrdester 9rm rfuger Auto 7-30 Was
7rm Rrfugton Mapun 9rm Ban Or-822) 7.62X39 Soviet

7nm Muses 9rm Feded .303 mtich

.3cO Winchester Minum .41 Ran xpun .375 Ham ftyrm

.308Wmchester .44 S&W Sperfu .3oo Ham ngun

.sous spin8fidd .44 ha ftyun .458 winchestr Mfroum

.sO ± Cafoine .45 Automatic .416 RIgby

.25 Autonrfe .45 Ccht .470 Nifro Expes

lorn Autgrfu 9rm Sithsoric •38 qu +P+
.40S8iNI;NI 6.5rs5 swedish 7X64

5.56 hited Range 9" mted Range .38 Special +P

356 "W .27o wfaflrdy ngun .3cO Weadedy hfagrm

7mm Wleaflchy hdrgnim .357 SIC .38 fry
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C                      moDUCT FAELT                                 ' `. "..
Ceuterfire Mchllic Cartridge including 'The Following:

9K18 hfakalov .257 Weathchy Magnum .416               hinun
.220 Swh .35 vnrfu .340 Wtathefoy ngun
7rm SIV 7rmTO8 Rerfugton .260 Brfugfro

SECTloN # - CHEhncAL CoMPouNDS:

CHENICAL COMPOIJNDS

CAS NIREER
TWA UNLESS OIHERWISE NOIED

OSRA PEL ACGH Thv
Bullet - hi orIIeadCore 7439-92-1 .05 mg/rf •05 mg,m'

Cqpper Jrfe 7440-50-8 i mg/rf           Fume: 1 mg/rf         Fhe:
• 1 mg,m3 •2 mg,in,

Zinc  (As Zinc Chide) 7440166-6 1o mg/rf (5 mg/rf 10 mg/rf
1314-13-2 as rdyle dust)Fume:5mg/m3 Funre:  5 mg/in.

Tin 7440-315 • 1 mg/m3 2 mfym3

Nyclnd Caathg Not Erfuhisned Not Ethrm Nct Ethiiched

enridge Case -Brass,(AsZinc&Cqpper)(SeeAbove)

Nickel Pod Brass(AsNiekd) 744Oro20 I mg/m3 l mg,in.

Ptopeuant -Nitrcunulose 9Ou700 Not Erfurmed Not Fistabrm

Nitrngtyceche 55-6sO 2 mg/m3   Cdrg 0.46 mg/m3   (Skin)

Graphite 778242-5 15 mg/m' (5 mg/m'aslxpiratledust) 2 mg,m3

rmer - rdStyphnate(As rd) 12403-82i5 •05 mg,m3 .05 mg/rf

Barium Nitrate (AsEndum) 7440-39-3 •5 mg,in. •5     g,m3

Aninony Sue (AsAninony) 7440-36J) •5 mg,m3 .5 FTlyul

Alurfuun 7429-90-5 15 mg/m` (5 mg/m3asxpinbledust) 10 mg,m]
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EFINrlu       oF ACRON¥us

OSHA PEL:      Occupational safety and Hedth Adminishion's permissible Exposure linit.

ACGH TIJV:    American conference of Governmental hdustrial Hygienists' Threshoid
Limit Values.

TWA:                 Time weighted Average.

SThL:                Short Ten Exposure Limit, the 15 minute exposure which should not be
exceeded at any time during a wchrday.

CEIIING:          The concentration which is not to be exceeded at any time during a worlrday.

CAS :                   Chendcal Abstracts service number.

sEclroN #3 - myslcAL DALTA

Boiling Point:
Mdth8 Pcht:
Vapor PREue:
rmty:
Solubfty Ovater):
Evaporation Rife:
Perent Volafles:
Vapr REty (Air = 1):

Appearmce:

Cklor:
Cider Theshchd :

Not Apprcable
Not Apprcable
Not Apprmle
3.1 -8.0 grams/cc
None
Not Appfrole
Not Apprcable
Not Applicable

Brass or nickel plaed brass case with plastic,  led,  cqpper jaclaeeed
lead or nylon clad lead bullet.

None
None

sECTloN #4 - FinE FIGmING & Em.osroN DATA:

Flash Point a):
Auto Ignition Ten}perature ®:
Upper Explosive himits Q}ercent):
Ii}wer Explosive Linits Q'eroent) :

Fire & Explchon Hfaznds:

Etinguishing Mrfu:

Not Appncable
Not Apprcable
Not Appiichle
Not Apprcal]le

May ignite if heated to 250 degrees F, indqudent of air.
Unconfined  ignited   cartridges   can  produce  low  wiocity.
metallic frngnquts which may cause eye injury or sLxpeffichl
sldn wounds if unprotected  by  standard fire+fighter tlmout
gear.

Water
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•`-?`,i   ..

Special Fire Fighting nstmcfrons:       Wear fiill fro+fighier petndve gear inchlding face chidd or.,  'i,`.:}¥::{*`L;?r
SCBA.  Use wide flog pattrm nozzle to stag any low vdotity
fragrmts.   Use water to cool edinary conbustibles below
igrifron temperate.

sECTroN #A - ExpostmE & EFRECIS - INHALAmoN

RouTE OF rmosuRE & mRECTs - INIALATION

Acute:              Inhalation of gases and pariculates produced while ffing ammunition may result in
mild throat, eye, ipper reapintcny and lung iritafron.  The iritant effects may lead
to lung syniptoms such as bronchitis.  An over exposure to gases or particulates may

•          also  cause:   anemia;  nervous  aystem  symptoms  which  may  include  irifability,

headache, restlessness, fatigue, muscle wea]mess, muscle tenor, convuhions, loss
of memory,  visual and hearing distlirbanees,  loss of coordination;  gastrorfuestinal
effects such as vorithg, cdic, diarhea or constipation; circulatory eyrtyms such
as a drag in blood pressure; rxpreduchve effects including fndlity prchleus, birth
dofeets, miscariages and possible kidney damage.

Chronic: PIolonged  xpeated  over  exposure  to  fired  cartridge  gases  and  particulates  may
result  in  elevated  blood  lead  levcts  and  elevated  rinc  protqupdyrin  levds.
Symptoms of chronic overaposure to lead may inelnde: anemia; had lines on the
gums;   nervous   system   aymptoms   which   may   indnde   irritabhity,   headache,
restlessness, fatigue, muscle wealmess (I.e. wrist dxp), muscle tenor, convulfrons,
loss    of   memory,    visual   and   hearing    distlirbances,    loss    of   coordinalon;
gastrointestirml effects sLlch as wright loss, vomiting, cdic, diarrhea, constipation;
circulatory   symptoms  such  as  a  drop  in  blood  pressure;   raproduchve  effects
including fndlity problems, birth defects, miscariages and possible kidney damage.

If acute or chronic symptoms should appear,  contact a physician.   Blcod lead and
zinc proeapoxphr]m levds are recommended and should be monitored as per OSHA
1910.1025.

First Aid:         Remove person to fresh air.  Seck medical attention.

SECHON #58 - ExposuRE & EFFners - SKIN

ROUTES OF EXPOSURE & EFTECIS - SKIN

Acute:              Elemental and inorganic lead compounds ae not atsofoed thro`i8h the skin.  Cifein
organie lead compounds, however, can be al]sched through the skin.

Chrchc: Eemental and inorganic lead compounds ae not absofoed through the skin.  Certain
onganic lead corxpounds, however, can be absorbed through the skin.

First Aid:         Wash exposed areas thoroughly with soap and water.

4
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sEonoN #se - Erms(mE & EREcrs - EyEs

RI}t7TEs oF FmsunE & EFECTs - EyEs

Acute:              Contact with lnge volumes of smoke may cause minor eye iritafion.

Chronic:          None xpeded

First Aid:         Remove person to heck air.  If fordgn body is suspected, wh eyes in ficsh vrater
for 15 minutes, contact physichn.

sEclroN #sD - ExpOsuRE & EFREcls - INGusTION

RouTE OF Expost7RE & EFREcls - INGEsnoN

Acute:              Acute ingestion of lead may occur from poor personal hySme assochted with the
handling of lead bearing matedals.  'Ihe effects of lcad ingestion would be similar to
those listed under acute inhalaton in addition to grstrointestinal irritafron.

Chronic: Chronic ingestion of led may cocur from poor personal hySene associated with the
handling of led bcaring materials.  The effects of lead ingestion would be similar to
those listed under chronic inhalation.

Note:  Wash hands thoroughly with soap and water before eating or smcking.

First Aid:         Ingestion is not a likdy route of exposure.  h case of ingestion, contact phystchn.

sECTroN #5E - FmstnE & mFEcls - cARclNOGENEsrs DATA

N.T.P.             No

I.A.R.C. :         Groxp 2B, possibly careinogenic in humans.

OSRA:             No

sEcnoN #5F - ErmsuRE & mFEcls - coMunTTs

Ii=ad and barfum ae toric metals, which may be released during the firing of modm anmurition.
Cane should be talrm in the cleaning of range fatalities to minilrize the apsure potential to led
and barium.  Persons engaged in these aedvities should wear proteedve clothing with an appxpriate
reapintor.   Range operaeors should consult asHA 1910.1025 for details pertaining to the handling
of lead in the work environment.

Severe  lead  intorication  has  been associated  in  the past  with  stedlity,  atortion,  and  stillbirth.
Modern infomafron confirming that.lead pcdsoning affects birth ranrs or causes injury to the fuis
in man is not conchisive.
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SECTION #5G - AGGRAVATloN oF REExlsTING REAlim cormmoNs

AGOuvATroN TO         ExlsTINi   REAI;H cONDITIONs

Exposue to lead can aggravate pe-existing anemia,  cardiovascular and lapiratory diseases and
conditions related to the gasfroindsthal, rquductive, rmal Qidney) , and central nervous systems.

Reference:       hdustrial TOxicology, Safctv and Health Applications in the workplace:
vVliuiamsre.

SEc'noN # -REACTlvl'rr &       ¥MREATloN

Stal)hity:

Conditions to Avoid:

incompatible hfateriais:

±ous Decomposition
hdratrfu:

Polymerization:

Stable under nomal use condifons

hdividual cartridges  may ignite if the primer  is  stnick or  if the
cartridge is exposed to excess heat

Oils, acids, Alkalies, Ammonia, and other comsive matedals

Oxides   of  Barium,   lead,   Andmony,   Aluminum,   hfagnesium,
Nitrogen,  Carbon, and Sulfur.   I.Cad and Aninony fume may also
be preduced.

Will not occur

sECTroN w - smls, uIAKs & DrsrosAL pROcmuREs

STEPS To BE TAKEN - Spnus:

Avoid conditions detailed in Section #.  If container should rupture, place au lcose cartridges from
broken shipping cases into a sturdy container.  Secue container carefully.

Waste Disposal Methods:         Contact REnufactuer -Product service (612) 323-3706
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SECTroN # - SmcIAL moTECITVE EQulmmlT

Ventilation:                   Use  in  a  well-ventilated  area.     Consult  the  cument  addition  of ACGIII
Industrial Ventilalon hfanual andfor NRA ventilahon recommendafious.

Protective Equipment:

Eyes:                              Reeomlnend protective eyewear conforming to ANSI Z-87

Gloves:                          Not genenlly required

Rapintdrs:                  Use an approved reapintor while cleaning range facilities.   Consult OSIIA
1910.1025 for exact requirements.

Hearing protection:      Hearing protection recommended while discharging carhidges

SECTloN „ - SRECIAL PRECAUTIONS - STORAGE & HANDlmrG

Store in a dry, cool area in the original container to assue perforrmce.   Keep out of the reach of
children.   Avoid strildng the primer of unchambered cartridges.  Remove ammunition from service
if any of the following conditions have occurred :

Prolonged storage at or above 200 degrees F
Evidence of corrosion
Physical dannge
Exposure to ch or apray type lubricarits

Avoid prolonged storage in leather cartridge carriers.   Cartridges can ignite if heated to 250 degrees
F indqundent of air.

=============================================

Although reasonable care has been taken in the plaparation of this dceument,  Federal Canddge
Company extends no warranties and makes no representation as to the accuracy or complcteness of
the  information  contained  herein  and  assumes  no  reaponsibhity  regarding  the  suitabinty  of this
information for the user's intended purpose or the consequences of its use.   Each individual chould
make a determination as to the suitabirity of the information for thctr particular purpose.

**   TOTf}L  pfiGE.e)a7   **
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RemLr\gtori.+rrr.s                                                                                   .+[uteriaL saf etv Data sheet

This hthtcrial Safety Data Sheet has been prepared Ln compliance nth Federal OSHA Hazard
Cormunication Standard ]9 CFR L910.1200. IN.S( ZJ00. L-1993 and the (SO Safety Data Sheet
Standard  This prodrct may be considered to be a hazardous chemical ulLder 29 CFR 1910.1200.  This
i]ifo"tioq is required to be disclosed for safet}. in the w.orkplace.   77lfr 41SZ)S is qpptiaabfe onSi to the
prodl.ct .idch:!f u!d herein and orlly wher. used praperly.

NOTE:  Refer (a Section XVH for fdr a/dcronymsL

Pt'oduct:                          Cartridges. Small Ams
Tnde Name:             CENTERFmE RIFLE, PISTOL & REVOLVER

LOADED ROUND
C^S  kejstryNo.:      N/A
GAS Nape:                    N/A
Fo mula:                       N/ A
Molcctllarweight:       N/A
G lade:                           N/A

Eus hitinE
E[calth=                   2
F]armability:    0
hactivity:          1

Nom

This list includes. but is not united to, those. hazardous materials which comprise
grcatcr than 1°/® (0. I®/a if carcinogcnic) of the total component weight per 29 CFR
1910.1200.

A Centerfire Rifle. Pistol and Rev.ol`'cr Loaded Round is comprised of the following four {4) components.
The hazardous chemicals conLaincd in each are listed.

1.     Projectile                  Lead. Copper. Zinc. Antimony
2.     Braslshellcase       Copper. Zinc, Nickel
3.    Pro|]ellant                 Nitrocellulose, Nitroglycerin. Dibutyl phthalate. Graphite
J.    Primer                       Copper. Ziric. Lead. Antimony. Bari`iln` Lend styphmte. Tetrazene

Issued:  April. 1995 Page I of 7
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Rernington Ares

REMINGTON   ARMS

Materitit `Sof ap Data Shect

C.\S or Chemical ,Vane:
C.\S Registry Number:

LlsTOFHAZAppQpscHEMlcA_rs
( In Alphabetical Order)

A;VT"ONY
7JJO-36cO

B003

®
®

®
®
®

®
®
®
®
®

®

®
®

b
b

EEposurc S(andards:
PEL (OSHA) ....................... TWA 0.5 mg/in.
TLV (ACGnl) .................... TWA 0.5 mg/mJ

-___=     _     __     ____=__     --------------- = -----  :-:  ------------------.     =:=     -::     ..         ====______==__i_-===____

CAS or Cbcmica] Name:
CAS Rfgistry Number.

BAB"
74JO-39-3

Elposorc Standards:

Et((!sc¥Ei.::::::::::::::::::::#!8:::8=:

CAS or Chemical Nanc:
CAS Registry Nutnbcr:

.:_____       .-----  1-,'                            ....   =.==      --_..      -_I-i_I

COPPER
7440-50-8

Elposure Standards:
PEL (OSHA) ....................... TWA (fiime) 0. I  mg/in.

TLV(ACGHD....................E¥£(d#e)¥.:)m];°migrm]
TWA (dust hist) I.0 mg/n]

-,,®,,---======.==-.~,-tT---------===J.=====.-..-.....---=====.-.=====......-..-.--.~.-_-~-..-_

CAS ot. ChcDical Name:
GAS Registry Nutnber.

D IBUTYL PHTHAIATE
8+-74-2

Exposure Standards:

LELvtt:ScEES.:::::::::.:::::::::#£::g±.-..-...........~....-..-...-...----

CAS or chemical Name:            GRAPHITE
CAS Registry Number:              74+0440
Exposure S.andardl:

PEL (OSRA) ......
(Synthedc G:aphite) aransitional: TWA Total Dust:  15 mg/D] ;

rvReAap+i:efrast?loon:5fy:#=)apinbieFraction:5mfym'
Thv (ACGrm ........ i ........... TWA 2 m8(ri(£E.spinbic dust>

CAS or Chemical Name:
CAS Registry Number:

........ INaniral Graphite) .aransitional: T\VA 50 mppcD TWA 2.5 in_g/tn]

LEAD
7+39-92.I

Exposure Sfapdards:

EEttt°AScEb.::::::::::::::::.:::#£8.?i:#-                                      BE150A in blood,150/g creatininc in utne             ~

Trade Nalne:                                  LEAD STYPHNATE
CAS or chemical Natne:             LEAD TRINITRORESORCINATE
CAS  Registry Numl]er:                63918-97-8

None established.Exposure standards:                                         _ ....                                                                               ~

Issued:   April,199S Page 2 of 7
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05/27/99      THU   13:00   FAX REMINGTON   ARMS

R±±!pj_±gton Arms _ _                                                               Material scif ety Data sf.ieet

C^S or Chemical .`.:iine:
CAS Registry NumbeTi

•YICREL
7JJ0cO2J)

E=posure Standards:
PEL (OSHA) ....................... TWA Soluble Compo`inds:  0. I  mg/m'

TLV(ACGH)...............#£[[To°iu&i,Compoundslortym]
(Proposed: TWA 0.05 mfym3 : human carcinogen)

Trade Nanc:
CAS or ChezDical Name:
CAS Regrry Number:
Exposure Standards:

NITROCELLULOSE
CELLUL OsE TETRANrrRATE
9004-70J)
None Established

CAS or ChetDical Nape:
CAS Rgivry Nunbcr:

NITROGLYCEEN
55<30

Exposure Standards:
PEL (OSHA) ....................... Transitional: TWA CL 0.2 ppm (slch)

SThL 0. I mg/m] (rfu)
TLV (ACGHI) .................... TWA 0.05 ppm (skin)

CAS or' ChcDical Name:            TETRAZENE
CAs kegistry Niimbcr.               109-27.3
Exposure standards:                    None estat)Lished.
I    ---- i__                     _I    ---_==i=_________________    __I         -_____  ....  ______________               __=-.i--===___        .-...---- ==-=  -----  I ----.---- i___________I

CAS or chemical Nape:            ZINC
CAS Re9stry Numt)er:               7WO<616
Elposurc standards:                   None established.

Emergency overview:                   Accidental fire or explosion tnay cause severe injury or death.

Potential EluDan Health Effects:
Skin Contact:

E}.e Contact:

Inhalation:

Ingestion/Absorption:

May cause allergic reaction (scnsitization) in susceptil)le individuals.

Lead dust and fumes can irritate the eyes causing redness and
discharge.

Inhalation of lead dust or tunes tray cause irritation to nose, throat.
upper respiratory tract and lungs.  hitation may lead to bronchitis.
headache. lowering of blood pressure and wcakncss.

Ingestion may cause sevcrc headache. misca, vomiting, abdominal
pain. fatigue, diaLrThea. trembling. ringing in ear and salivation.

Carcinogenicit}. hformation:      This product is not classified a carcinogen by IARC, OSHA, NIP or
EPA.  Lead is classified a carcinogen by IARC.

Issued:   April, 1995 Page 3 of 7
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05/27/99      THU   13:00   FAX REMINGTON   ARMS

R_end_ngtorl Arms                                                                             +(aterial sofetv Data sheet

rv. FusT Am nmnsuREs

Skin Coatact:

E.vccontact:

hhalation:

Wash affected area thoroughly. with soap and w.ater.   Rcit`ove contamim[ed
clothing.   Wash clothing thoroughly prior to reuse.   Discard any contaminated
leather items (i.e. shoes` ctc.).

If wearing contacts. immcdiatcly remove contact lcdLses.  Hold eyelids apar( and
flush eyes thoroughly with wa(er for a( least 15 rfunutes.  Chtain medical
attentio n ilrmcdiately.

(Inmcdiately remove to fresh air.   AdlTLinister artificial respiration. if neoEssaly.
If breathing is difficult. administer oxygen.  Obtain medical attention
immediately.

hgcstioD/AI)sorptioD:      If couscious` drink laTgc a[nounts of water.  Induce vomiting.  Irmediately
contact a physician or Poison Control Center.  Wevcr indrcc vomiting oT give
anything dy mouth to an unconscious person.

Flammable Propcries:

Erfuguishing Media:

Refer to fbfls Ra/i.ng.  May ignite if heated to 250°F.  Will ignite when
exposed to flame and high temperatures.  Be cautious of shrapnel.

Flood  fire with water (o fight fire and ccol shells.  If no water is available,
use carbon dioxide, dry chemical or earth.

Fire-Fighting hstructioDs:     Evacuate arca imfnedia(ely.  Deluge area with water.  Wear filll fire-
fighting protective gear including face shield or SCBA to protect from
shrapnel.

Safeguards:

Spill Clcanui]:

Accidetital Re]case:

Remove from all sources of ignition.

Use nonxparicing equipment to clean up spin.  If disposal is necessary. refer
to .XII1. DISPOSAL CONSIDERATIONS .

See above.

Personnel Eland[ing:

storaLge>

IIandle with caLre.  Do no( strike or cn]sh the rounds.

Store in original containers in a cool, dy, well-ventilated area away from all
sources of igliition.  Do not subject to mechanical shock.  Keep out of reach
of children.  This product mwst not be stored with acids. strong oxidizers or
caustics.

Issued:   April,  199S Page 4 or7
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05/27/99      THU   13:01    FAX

Remirigton Arms

REMINGTON   ARMS

Material Safety Dq!oL Sheet

.  YZEL :REEEsONAI REonono
EngiDeefing controls:                      N/A

Personal Prote€ti`.e Equipment:   .  Safety glasses rccomlnended w.hen handling or firing rounds.
I  Hca[ing protection recommended when firing rounds`
•  Use of NIOSH/MSHA-approved respirator required when exposed

(a fumes and/or dust in an enclosed or poorly-v¢ndlated area.

Exposut'e Guidelines:

EzposuFc Limits:

•  Keep prochict away from sources of accidental ignition.

•  ExposuTc limits listed with each hazardous cherical.

pEryslcAL I]ATA
Appearance: Projectile: eylindrical: gra)fish. silvery color

Case:  cylindrical; bronze color

Form:
Color:
Odor.
Boiling Point:
Speciric Gravfty:
Vapor Density:

Solid
Vinable
None
N/A
N/A
N/A

Evaporation FLatc:
Melting Point:
Solubility in Water:
pH:

Chemical stabi]fty:           Stable under norlnal use conditions.  Will not react with water.

Otber Hazards:
Incompatibility:         Incompatible with acids, strong oridizers and caustics.
PolyDcrization:          Will not occur.

CoDditious to Avoid:         Flames, spade, perc`ission. shock, static, high temperatures (266°F or l30°C)

Oral LD 50:                     No available data.
Dermal LD 50:                No available data.
hhalation LC 50:          No available data.
Irritation:                         No( a skin or e}.e irritant.

Aquatic Toricity:
Lead OC 50) to Bluegill:   2-5 mgA
Barium to Stickleback:  J00 mg/1
Barium Nitrate to Stickleback:   760 mg/1

Environmental I[npact:

When used and disposed of properl}.. there is no kno`m environmental impact.

Issued:  April, i99s Page 5 or 7
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05/27/99      THU   13:02   FAX

Ferdngton Arms

REMINGTON   ARMS

MaieriaLSof_etyQq|asfieet

This product is considered a chancteristic hazardous iraste per +0 CFR 261.24/or dapasalprJposE5
on/y.  Dispose of as required dy local, state and federal hws and regulations.

IPA Hazardous Waste Code:  D008 (lead)

sEIIppING INFORMAmoN
Proper Shipping Nanc:
Hazed aass:
unINA NO:
Pacthg Grunp:
Shipping IIal)e]:
S|]ecial hfoTDatioti:

Carhidgcs, Sdun Arms
O"-D
N/A
N/A
None reqLrired.
May t]e rcclassified internationally as:

Hazard class:         I.4S
UNINA No. :           UNcO12
PachigGroup:     11
Shipping l2bcl:     l.4S label

u.s. FEDERAL REGul.AnoNs
TSCA hvcntory Status:  Included on list.

HAZARD cLAssmcATION
Cbronjc Health:          Headache. musea, wealmess
Acute Health:               Anemia, embryotoxin.
F.`Te Ea2i+rd..                 O (pel HMIS Rating)
Pressure Hazard:        Sudden relcasc of pressure.
Rcactivity Hazard:      I (per ffl{J7SJ{afl.ng)

NFPA Rating:    Not cstabtished.

NPCA-HMrs Ratings:
Health :                 2
Flanmabi]ity:     0
Reactivity :            I

References:
Code Of Federal Reg.ilatlons. .hlonlhl.v Summary. CFR` \9\0.\Z00(8) and AppendirE @.).

Regulations Management Corporation. Blcomington. Indiana. July I.  1994.

Haeardous Chemical Desk Refierence:   Third Edition, RAcha|d I. Lewis, SI., Van N®sllalnd F\einh,old.
Copyright  igo3.

American .+alional Slanclards [nslilule. Z`00l-\99`.

In[ernaljonal Slandards Orgoni=a[ion Sofety Data Sheet Standard.

Issued:  April, i995 Page 6 of 7
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R_epr±FgtonATnrs

REMINGTON   ARMS

Material Saif4)/ Data Sheet

ACGH            American conference of Governltiental lndusthal Efygicnists
AHA WEEL American Industrial ftyaenists Association-Workylacc Erfuormcntal Exposure LIvel

EOO8

®
®
®
®
®

®
®
®

®
®

®

ANSI
BEI.
GAS
Cm
CL
DSL
EPA'
EDus
Lanc
IATA
ICAO
IS0
bum
USRA
NnA
NIOSH
NTA
NTP
Osm
OEur
PEL
SCBA
SThL
TLV
TSCA
rvA
UNINA

American National Standard Institute
Biological Exposure hdexes
Chemical Abstract Service
Code of Federal Rcg`ilatious
Ceiling Limits (not to bc exceeded)
Domestic Substances List
Emdronmental Protection Ageney
ELzardous Mtcrials Identification System
htemational Agcney for Research on Cancer
International Air Transport Association
hterDatioual Civil Aviation Organization
hielmtioual Standards Organization
Mnistry of lntermtional Trade and lnch]stry (Japan)
Mne Safety and health Appliance
National Fire Hoteedon Association
National Institute for Occupational Safety and liealth
Nadonal Transportation Ageney (Canada)
National Toricology Program
Occupational Safety and Health Administration
Other Regiilated Materials
Permissible Exposure Lirfut (OSHA)
Self.contained B rcathing Apparatus
Short-Term Exposure Limit
Threshold Linit Val`ics (ACGHD
Tordc SLfostances Control Act
Time Weighted Average
United Nations/North American adentification nulnb¢r)

For additiotial information, please contact:

ReningtoD Ams Company, hc.
Constimer hformatioD
WilmingtoD, DE 1980S

(800) 243-9700

The information contained in this .\faten.a/ SdyTety Oara Sheer is provided to all individuals who are or will bc
eexposed to this product through use, handling, storage or transport.  Ranington believes, yet make no VlrTarty, that
all  information contained in this doc`iment is cument as of the date Of ptiblication.

Issued:   April,  1995 Page 7 Of 7
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aENERAL MOTofis cORpoflATION
MATERIAL SAFETY. DATA SHEET

SECTION I

SECTloN 11 -lNGf\EDIENTS
{11]t all lngredl®nSS)

C^S  F]tcISTf]Y  NO` 7LW hv CHEWcO N"€(Sl

-----1-:.'#'diis:A`€*fgr,:

7664939 37 Sulfurlc   ^¢1d `

77)2185 8&1 .    Watt,r NA_-7439921
90 Leld       _         _ W^_

S€par6-tot. ,   --        _     -      -

Dar®mt¢

_~-
_     -++,-_           -_           __

¢3€o_At`d   |®vert       Pot_vpro'DVLet`e   (Pla£[lc`

SECTION Ill - PHYSICAL DATA
ioiima-PO`ht2rfu.I   .Ill-S ..I.-.--

Av aai.1.280_i   .01

¥,AE-piEssuRi€  rfui3-E H th MRCENT VOLE^tlL€ lY VOLUM€  (tll
`- W

M€|gH¥Tt£9Uo€v
I.

v-ApORo-€Nsiry{AiR.i|-
NA

fvmA^TiaN RATE I              .-ti
\.

Sol`'e'l.'"MV9ACT[§Te     --      I PH-{ '

E  ----.      .  , ;--.    .    ;iii.                                                   ERE
"b -   uau`O    ±_

SECTION IV - FIRE AND EXPLOsloN HAZAFtD DATA
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dEl I fury  v-HEAL l`H HA£AFIP DATA•€Po8+i|TAS.ef3¥€Eah€X:Sf}£iiLCTTe`'i'in-'|'.°a
•..            .                . TH,nH

HE. i.    -`  -I  -  -     -.,.
[J,Y-I-      qlJ  -'T-q„|frl

rd£S[.ruj_tion--Of  body   ti38u._  (iu"}.                                 '.
ow[mur  [=]  -                     u   a  ^ei

Slirl Coot.a g   Otwl?AIMARY  F]Ou i of ENtry   lnt`.I.lion  a

GErtet AHO

(pefyl
fiAST^iB.loc€Ouu!    Do   flat

On
I--

ttentl
exceed 1   bg/B3  "J\. a.nov.  to  I I.      CeE

1NCESTIONI      DO  »Ot   Lt`ducc   vowllln8.   -01V.  Bilk  qlx.d  vl¢h   e8.

SECTioN vl,flEACTrviTy DATA

i-,::tt
uNST^e_I( Con6TiiiioHsto^VOIO

aTAelt
X I_-`NcoWPATlallltY `m.I.0.I. (a-.lo`dl     jixtdi2Ing   or    reduclnft   materials

iiAZAFlcou   08COMPosmowBe°i¢TS:   Then  heated,   cAn   eTni[   hlzhlv   taxIC   fun.9.

•.      .-.i      --
T   MAY o¢cuR

¢ONDITIONS  TO AVOIO ---_-

w`iL I.af ee¢u.
_XJI

SECTION VIl.SPILL OR LEAK PROCEDURES
AXE,\  'H

Conc41n    a

•tace.:   .nd   feder.1   re&ula(1otiE   for  |¢1d   or   1_ea_I   .crop.

±==-I:.-:-._yq_:    _  __:



05/27/99      09:08      FAX   7853574100

AN§LJL®      ##fuF€.#sT4T#&¥so£

E-KAN rao1

MATERIAL  SAFETY  DATA  SHEET

FOBAY
OUIcl{  loENTIFIEFl (ln Planl  Coilmon

#aanmuel:adul.r.    ANSuL Flf]E moTECTION                                                                      E##gNo.:     (CaEg)M4||E98oo
^ddre55:                One  stanton  street.  MarinettB,  WI  S414a-2542                                             0Ihar lnlonTiatx)n  ols)  735-7411

Ca''3:

Plooa/co  Ely:        §alety  and  Health  Departmel`l                                                                                    Da`® prepaiad:      April  22,1994

SECTION  1  -  lDENTITY

(CT°ramdT°#a#ema°ja(u€##as7¢n        FOFIAY  Dry chemical  Exllnguishlng Agent                   CAS No.;          N/A
Ch8mical                   N/A  llli8  is  a  Mixture                                                                                                     Chomisal           Mixtu/a
N ame:                                                                                                                                                                                                      fan`ily:

Formutr               ,   N/A

SECTION  2 -  lNGF)EDIENTS
PAFtT  A  -  lJAZARDOU§  lNGF]EDIENTS

Principal  Ha24rdoua Compon®ot(s)  (chemical and  common  rlame(g»: W'.% GAS  No.                     ^CGIH  TLV              Acut.  Toxicjly  Data

Magnesium  Aluminum  Silicatq  (Attapulgite  Clay) 5.7 0031.18-3             10  ing/M3            N DA

PAF)T  a  -  OTllER  INGFtEDIENT6

OLh®i  Compananqg)  (ch.mical  &na  coiTunon name(s)): VVI.  % CAS  No, A¢uie  tolicily O8Ia
Proprietary Mixtures  ot:MonoammoniiJmPhosphate 6S42 7722-76.1

g;gb(::I,)k:D50
Amrnonium  Sulfzite 1 2-22 7789-20.2

gor8b(:aj)k:D5o
CalciLim Carbonate <2 1317.6S.a             10  ing/MJ           NDA

Mathyl  Hydrogen  Polysilorane <1 63148-57-2 NDA

Yellow  Pigment <.05 54G8.7S-7 NDA

SECTION 3  -  PHY§lcAL AND  CHEMICAL  CHAF)ACTEF][STICS  (Flre  end  Exploslon  f]ata)

#!#?:a
N/A

§PrBe;i'#Cqu2o.„       N/A                  yma£OrH;)I:es€u'e     N/A

PB,Cant Vt'l|'il® N/A vapor  DonEiLy                   N/A Evapor)Lion  F]a(a           N/A
Dy  Volume  (%): (Ai,   -   1): (           -1):

£nolREi®nyn. Sligh' aeff,i:`lly in                 Unreactivo

A#p#`g=.",T Yellow colored  powder,  no charactori8tic odor

Flcoh  Painl: None Flammable  Limits          N/A i xti ng ulshor                     N /A                     AU Lo-len i(ion             N/A
ln  Air %  by Volume: M ed i a:                                                                 TemperaJLlro:

ipgefaa!FE'kdv,ee:    NONE
-  THIS  IS AN  EXTINGulsHING AGENT

Uousual  Fire andElploEiontlazards: None

SECTION  4  -  PHY§lcAL  HAZAFIDS
I                                Condilious     N/A

Slabl¢    E                                     io Avold!
S tfibi li ty:                                   u nBfaJ] le

:fuc&F,.#!b``t!'|vo,a):            Stlono  alkalis,  M9,  Oridizor§  thal can  release  chlorine  per  NFPA 43A

I g=coaLd*°g:St,,on p,6ducts:    NH.3 and/Or pox n`ay ba evolved                                                                                                                                                ,

HazardoL/i                                     May oecu.    D                      Conditiorls     N/A
Polymeriz.Lion:                     Wlll  Na( Occu.    u                      t4 Avoid:
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05/27/99      09:08      FAX   7853574100 E-KAN ra02

SECTioN 6 - EMEnGENCV AND FiR§T AID pFiocEDunEs
Eye Coni®cl:                     Plush  with  large  amounlg  at water:  il  irritation  persists.  seek  MBdical  attenlion.

Skin Conl]cl:                     Wash  wilh  soap  and  wBlel;  it  irrita[icin  persists.  saak  MedicBI  attonlion.

lnl`®l®[ii]n:                           PEtmovo victim  lo  lfosh  air.  Seek  Medical  attention  if discomfort conlinues.

lnges`lon:                           If patient  is  conscious,  give  large  amoiJnts of water  md  lriduce vomiting.  Seek  Medlcal  help.

SECTION 7 -SPECIAL  PF]OTECTION  INFOF"ATION

rse;==;ftyloTry#leou.on     Dust mask Whore dustines6  is  provalelll.  oJ TLV 9xcaeded.  Mechanical tilter respirator il exposure  isi]rolonged.
Vantil4Lion:                        E#eut    Dis¢re(ionary                                     (MGeecnheranal;:al      Becammended

E|:{£;J£]:'Ve                         N/A                                                                        :roe,ee,k,n:       :xep¢oosmure?nd®d  a3 mechanical  barrier for prolonged

gioh,°#roolreeEti;Vvipmen,:    lf  irritBLion  OCcurs.  long  Sleeves  and  imperviolls  gloves  should  b®  worn.

SECTION  8  - SPECIAL PRECAUTIONS  AND  SPILL/LEAK PflocEDURES

i:'.Hcaanu;i,?nng9£db%t:a:3::            Should  be  Stored jn  oTigjnal  container or Ansul  nre oxtinguis|ier.

gil:8uik]ns:                                   Do  not  mix agents.

&`:#L° i:.Rtrek#n£¥;[„.d:  Sweep u p.

#e#;£!Epasal                           Dispose  of in compliance with  local, State.  and todoral regulations.

HAZARDOUS  MATERIAL  IDENTIFICATION  SYSTEM  PIATINGS
HAIARD  INDEX:
4   Sav.io Hazard -|HE^LTH
a   SeriauEi llaznd2ModerateHazarl)

i FLAMVABIllTY
1    Sll9n`  Hd2aidaMininqltta2®rd i RE^CTIVITY

N/A  a  Not Applicable              NDA  =   No  Data Available

^N8I)l And FCN]^Y el. ..oieleiea  I/adl]marl(I.

ANSuL. FIRE PFPTECTION. ^^AF]INETTE, W S4143i±S42             715-73S-71` 1 fom tltL i-asaoB4        ®iggl watmAlo u.S., liic.            IAito lr. U.S^
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DEERE  a  COMPANY
John D®e.e Road, Molin., IL el 266
I -Coo-822-8262

Material Safety Data Sheet

JoiIN  DEEF`E  pRODucT  NARE:     Brto-rd  tr±±.±=i..lob  .rd  Bydr.ullc  oil

mTA  SHEET  No:   85o3-4o,loo
IATEST  REVISION  DATE:   15   Feb.   1989
I)EIRE   CODE:      Y3,   Y38,   XN,   Y4
JDM  PART   NO:   TY6237,   TY6238,TY6278,

T¥6354,   m69444,   m69445,
TY22028,   TY22062,   TY22077,
TY22078,   TY22079,   TY22080,
TY22092

_____________1_____________  8|c"Or  I  -  RODucI  n-Tlc^"on -------------------------

CHEMICAI,  NAlfl  END  S"ONYMS:     I.ubricatlng  oil;   Hydraulic  rluld;   J20C
CHrmcAI.  FAMII.Y:      Hydrocarbon                                            FORMtJIA:      Complex

--------------------------. =C"CIN 11  - n2^E`Bev.  INaERDI"a  -------------------------

INGREIENI
Solvent  refined,
hydrotreated,  heavy
paraffinic  dListlllate

Solvent  refined,
hydrotreated,  middle
distillate

Severely  hydrotreated
light naphthenic  dlstillate

Polymeric  additive  in  oil
(poly-methacrylate)

Additive  containing  zinc
dialkyl  dithiophosphate

PERcrm TI;V/PEI,

50-60                     5  ng/n3*

0-2S                       S  mg/m3*

a-25                     5  ng/b3+

10-15

5-6

None

None

V.P.             qu

64742547

64742467

64742536

None

mxture
*for  oil  mlgt4
-----------.------------------  alctBcrty IIz  - milcAL DA=L -----------------------------

BOII,ING   POINT:      N.A.                                                                        sp.   cRAVITy   (imTER=1):      o.89
€  VOIATILE  vol,t]RE:      N.A.                                                            E`npoRATION  RATE:     N.A.
VAPOR  DENSITY:      N.A.                                                                       SOLUBIIilTY  IN  WATER:      In.oluble
APPEZIRANCE/ODOR:     dark  amber/.light  odor                N.A.   -  not  available

----------------------  a=cglow rv - TIRE  . mzoalor mzAE`o n^=L ----------------------

FIASH  polNT:      39o°   F     c.o.c.                                               rlAiomBLE  LIMIT  -  LEI,:     N.A.
EXTINGUISHING  REDIA:     Water  fog,   foam,   dry  chemical,   carbon  dioxide,   or  halogenated
agents .
SPECIAI.  FIRE  FIGHTING  PF`OCEDURES:     Do  not  u8e  .  direct  .Cream  o£  Water.     Product  will
float  and  can  be  reignlted  on  .urface  of  Water.    Cool  fire  exposed  containers  with
water.    Use  NIOSH  approved  .elf-contained  breathing  apparatu..
UNUSUAL   FIRE   I   EXPLOSION   HAZARDS :      None
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ca DEERE  a  COMPANY Material Safety Data Sheet

DATA  SHEET   NO:       8503-40,loo
Page  2

---------------------------  8=,c"oN v - qAL" p]zARD nAqL ----------------------------

EXPOSURE  LIMIT:     See  Section  11  -  Hazardous  Ingredients
EFFECTS  OF  OVEREXPOSURE:     Exposure  to  vapor&   or  nist8   of  thle  product  tnay  cause  mild
upper  respiratory  tract  lrrlt.tlon.    Prolonged  or  I.peated  contact my  cause  various
skin  disorders  Such  as  dematitl.,  oil  acme,  or  folliculltls.    Eye  contact  is  minimally
irritating.    Effect3  of  ingestion  are  expected  Co  be  relatively  nob-toxic.  Exposure  to
product  may  aggravate  preexi.ting  .kin  and  respiratory  conditlon!.
ERERGENCY  a  FIRST  AID:     E][±!  -flush  vlth  Water  15  minutes.     £]S±±  -remove  contaminated
clothing;  wash  skin  With  soap  and  Water;  1f  material  1s  injected  under  the  .kin,  do  not
wait  for  syxptozns  to  develop  -  get  medical  attention  proxptly  to  prevent  ]erious
dalttage.     Inhalation  -remove  vlctlm  to  fresh  .ir  and  provide  oxygell  lf  breathing  i§
difficult.     Ingestion  -  do  NOT  induce  `romlting.     In  all  cases  seek medical  attention.

----------------------------  8&C"C" `B  - f`=AC"BtT D^EL ----------------------------.-
STnell-ITY !     S table
INCOMPATIBII.ITY:     Avoid  open  flame,   and  o]cldizlng  naterlal9
HAZARDOUS   POI,YtERIZATION:     Will  not   occur
I)ECOMPOSITION.  PRODUCTS:     I)ependent  on  combu.tion  condiclons.     A  complex  nLlxture  of
airborne  8olld,  llquld,  and  ga.  vlll  evolve  when  thl.  Inaterlal  undergoes  pyrolysis  or
combustion.     Oxides  of  carbon,   .ulfur,  pho3phorouf ,   and  other  unlclentified  organic  cotn-
pouzids  may  be  formed.

------------------------  8=c"cor VII  - spll4 aR Iz^x mfx"m=  ------------------------

STEPS   TO   BE  TAKEN   IN   CASE  lthTERIAL   IS   REliEASED  OR  SPILI.EI):   I)ike   and   contain.   Use  vacuuliL
or  an  absorbent  such  as  clay  or  sand  to  pick  up.     Flush  area  tlrlth  I.later  to  remove  trace
residue.     NOTE:     This  product  1.  cla!.ifled  ae  an  oil  under  the  Clean  Water  Act.
Spills,   entering  surface  waters  or  any  watercourse  or  8ewez:  leading  to  surface  Waters,
mist  be  reported  to  the  National  Response  Center  COO-424-9802.
WASTE  DISPOSAli  RETHOD:   In  accord  wi.th  federal,   state,   and  local  regulations

•-------------------  8=cflcAV VIII  - mod,ctz`n EqtnndBm ~=ICAV -------------------

VENTIIATION:     I.ocal  exhaust  t:o  keep  Tliv/PEI,  below  acceptable  levels
RESPIRATOR:     NIOSH  approved  as   needed                        EYE  WEAR:     Recomended
CIIOVES:     Recomended  to  ninlnlze  8kln  contact    OTHER:

---------------------------  8BCHcm Iz .. .ttcllLL mlcAmow3  --------------------------

Minirdze  slcin  contact.    Vagh  with  .oap  and  tracer  before  eating,   Smoking,   or  using
toilet  facilities.    Launder  contaninaced  clothing before  reuse.    Properly  dispose  of
contanlnated  artlcl®.  including  .boo.  that  caunot  be  cleaned.    Store  in  a  cool,  dry
place  vlth  adequate  ventll.tlon.     Keep  av.y  from  open  flame..     Keep  away  fron  children.
-----------------------------  a=ctlcAV I - BA=^ n=rARAmcfty ----------------------------

NRE:   T.  M.   Snyder,   CIII                                                     TITLE:   Industrial  Hygienist

SIGNATURE:                                                                                                  DATE:      January  29,1998---------------------------------------------------------------------------------------
Ih®  1rfomatlon  contaLfi.a  h.I.ln  1.  I.11.`r.a  to b.  .cc`ir.t..  Ito-`r.r,  no `*atf.Aty  1.  .xpr.gs.a  or  ltBpll.a  f.g.rdlfig  th.
iLcCu[acy of  th.3.  dac.  of  th.  I..ults  to  b.  ot]Caln.a  ffon  tti.  `i..  th.f.of .    Vendor  .33ub.a  no  I.spofLslblllty for  lb]`iry
to  v.nd..  of  third  p.I.ofLs  proxLAat.1y c.`is.d  by th. -at..lad  lf .I..soiilbl.  .af.ty proc.dur.g  ar.  tLot  .dh.I.d to  aJ
•tlp`.1.t.d  ln th. dlt.  .h..t.    F`Jrth.ttAor.,  `/.nd.. .a.`ii..a  tti. tl.t  lA us.  of th. ..t.rltl.
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CITG0 Pefroleum Corporation
P. 0. Box 3758

TULsa, Okinhotna  74102

Material Safety Data Sheet
Thad¢ Name:           CITGO No, 2 Fuel oils, AI] Grades           Date:  September 26,1997

GAS No.:                  68476-30-2                                                        Commodity code:       AG2FO

Synonyms:               Fuel oil, No. 2                                                  Tediiiical contact                (918) 495.5933
Medical Emergency:            (918) 4954700

CITGo Index No.:  S388                                                                  CIHMTREC Emergency:   {E00) 424-9300

MAThRIAL HAZARD EVALUATION
(Per OSIIA I]azard Communication Standard B9 CFR 1910.1200])

HHealth precautions:     DANGERS Harmful or fanl ifs`rdlowed; can enter the ]tifigs and cause
damage.  Coritalus Petroleum Distillates.  Ifs`rmllo`ved, do not ind`ice vom iting.
Call a physician immediately.  Keep o`it of reach of children.

8afet)r prrmut]one:       Combustible Liquid.  Keep any firm heat, flarnc and other potential ignition
sources.

HMIS R4tingl :                I+earth: i-                         Flaml"bility:  2                            Rcactivitgr:  Q

1.0 GENERlc cOI\mosrrloN / cOMpONENTs

P . a I /87

ConpoBents CAI No, A Haaerd Data
J]ctroieun Distilldes 68476.30-2 loo Chat LI)so (t"):                9.O mltg
(A complex mixture ofhydTocaTbons, DemalLD(mbbit):        >5gmAcg
having a `rfe¢esity nnge of 32.6 SUS Demal scnsitizntion:      NOTLsenitiziTig
to 37.9 SUS at 37.7. C {looT).) Skirl (rabbit) :                       ITritant

Eye (rabbit):                     Mild irfuit
Teratogenesis (rat):          Negative

2.0 pEryslcAL DATA
PHYSICAL I+AZARD CLASS[FICAHON (Per 29 CFR 1910. I ZOO)

Combustible Yes Flanmchle No ftyrophoric NO

Compresed Cke No Organic Penxide No Redvity NO

Explosive No Oxidizcr No St,ble Yes

.:...„..) `Hcard RAting:    ]castJ};    slight-I;    "odcate+2;    high.3;    ¢xtrunc4.
CtTGO t=siped uese values bayed on ap quliiation. condm¢¢ pirmlant .to NPC^ givid¢Iine3. . Use of in dsteTisk

•    .'.           .,i     ......  i:   .,,...

RE-rfuEET:ny~=ca:#~If±'=,-i:,i:TrferiqEifej:
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MflY     27'991@:19    FR    CF`RTER    COMpflNIES

2.0  PHYSICAL DATA (continued)
Boiling Point. 760 mm Hg, oC (oF):
Specific Gravity (0 ®F) (H20 = I ):
Vapor Density (Air = I ):
°/a Volatiles by Volume:

Melting Point, oC (®F):
Vapor Pressure, Inn Hg {25 °C):
Solubility in Water:
Evaporation RAte:(n-butyl acetate = I ):
pl] of undiluted Product:
^ppcat"ce and Odor:

Dyed:
Undyed:

BIB   746    5544    To    178586453i7                   p.a2z@7

160 -360 (]20 -680)
0.84
>1

ND
-29 (-20)
2-26
Negligible
<'
NA

Red liquid. pcfroleun odor.
Water white to yellow tinted liquid, petrolctiftt odor.

3.0  FinE AND EzmLOsloN DATA
Flash Point, CX=, ®C (°F):
F[Bsh Point, CC, ®C (.F):

£Fp°ign£?nngg:mp¢rfure.oc(oF):
Fl&[nmabLe Limits rye by volume in air):
Ex±ingrishing Media:
Special Fire Fighting PTocedur€:

UnLlsoal Fire or Explosion tiazard:

4.0  REACTIVITY DATA
Stability:
Conditions Contributing to lnstabi lily:
lncompBtibilfty:
Hazndous Decomposition Products:
(th€r"&l, unless othowis¢ apecified)
Hazndous Po]ymedzndon:

ND
52 - 85 (125 -  I 85)
254 - 28S (489 - 545)
Healtl]:  Q           Flanmability:  2 Rcaedvity:  Q
I-over:  Q£       Upper:  I£
C02, dry ch¢rTiical, foam, VAter fog
Wear selfLcobtalned breathing apparatus when in a
confined ar\ea.  StructLiml firefighter's protective

#*P#r::v:+`:an:yp#:ke##*ft:::'#:T;.MSDs
may release irritating fumes.

Stile.
Heat. flare.
Oridizing agents.
Carbon diorddc (C02), smoke, fiimes. hydrocardoris,
carbon monoxide (CO) ai`d oxides of nifrogen.
Hazndous polyTnerizution is not expected to occur.

5.o  spn.L, LEAK AND DlsposAL pROcEDUREs
Proedqre if Material is Spi]le`d:
•     Remove sources of heat oT ignition: I)tovide ventilation; cofmin leak,
•     Small spills:   Absoto r€]eased materi&[ with nob-combustible absorbent.  Place into containers for

later disposal.  (See Waste Disposal section below.)

!E¥£#ELLEL=ELELE`th£;ch#:#in!iE!isiEffi#.foNFPAEuidalintL
¥#v'Nfo:::iF:i9o`ib--AMG;qS-<iEEOT#TF;,2ffi+ap7:,.qu:53:8T..--NET:`t...¥:!g#7:a-
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5.0  SPH.L, LEAK AND DISPOSAL PROCHI)URES (continued)
I     I.ange s|]ilts:   Evacuate arcs in the ¢vcnt of significant spills.  Adequately ventilate area and

determine potential exposure conditions.  Exposure potential may require the use
r¢§pirutory protection.  Use protective clothing.  Contal.n spill in temporary dikes to
avoid product migration end to assist in recovery.  Do not allow material to cseape
into sewers, ground water, drainage ditches or surface waters.

I     Control ignition souroes aeund spill area,  Use of a fire fighting foam blanket on spilled material
will reduce vapor release cnd fire potential.

•     Administer first aid. 4s needed.
•     OSHA rcgulatious may require establishing a regulated area with site control.
•     Repoft spills as required to appropriate federal. state and local authorities.

Waste Disposal :
•     lt is the respof.sibility ofthc user to determine if the material is a hazardous waste 8t the time of.

disposal.
•     Transporfution, treatment, stonge and disposal of waste hsterial must be conducted ib accordance

with RCRA regulations (see 40 CFR 260 through 40 CFR 271 ).
I     State andfoT local regulations may be more resqictiv¢.
•     Contact the RCRA/Superfiind Hotline at (800) 424-9346 or your regional us EPA offlcc for

guidance concerning case sp¢ciftc disposal issues.
Protective Measures Durit]g Repair and Mait]tenal]c¢ of CoDtaDlnated Equtpm€nt:
I     Rofcr to section 7.0 -Special protection lnfomation.
I     Keep urmecessar]r persons from hazard al'Ea.

:E¥:I:vd:¥gfucq:j±moefnjLmaspebiv¥o¥a'£qitsms°u::=uth:a*:£reesandprotedvec|othingifdiTest
contact is anticipated.

•     Provide vetitilation ro mainthn cxposune potential below applicable exposure levels.
•     Eliminate heat and ignition sources.
I     Remove contaminated clothing,
•     W4ch exposed skin thorougivly with soap and wrfer.

6.0  IEAI+TH IIAZARD DATA
Hedtb IIfLzard CLassification Oer 29 CFR 1910.1200):

"thly Toxic No Sehsitjzx!r No

Toxic No Rapulcti ve Effects No

Corrosive No Mungen No

Irritant Yes Tnget Orxp {Skin) Yes

Caeinogen:
Product/C®mp®nent Crs No, Cone.(./,) run IARC OSH^ 0'ber
No. 2 Fuel Oil 68476-30-2 loo No Group 3 No ND

Toricity Stl-ry: If s`mallo`ved, this material can enter the lungs and caL]se sevcTe dafnagc.
This material can cause skin irri"tion.

ND.No in. I
crrdo N6:.-2 Fuel ojts, All Grfe (AG2Fo: scpt'cmber 26, i 997, cIN': .5388)
NATNct dylicat]Ie Established

piee.3 a.f 7
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6.0  HEALTH IIAZARD DATA (continued)
Major Route(a) or Entry:          Inhalation ofmists or vapors.  Skin contact.

Actlte Exposure Symptoms:
Inhalation:        (nhalation ofmists or Vapors above applicable workplace exposure levels can cause

trmsient euphoria. respintory froct irritation, gastTointestiTiat irritation, headache.
dizziness, or central nervous systelT[ depression.  Sttidies with labomtory animals sLiggest
that bronchoconstriction and respiratory impairment are associated with inhalation of
high concentrations of fuel oil mists,

I)ermal:              This material can cause skin irritation.
Eye:        ,           This material cap cause transient eye irritation including stinging, tearing and 6wolling.
Ingestion:          Symptoms of fuel oil ingestion can include burning of mouth and upper grstrointestinBl

tract, stomach ¢nmps, coughing, droursiness, restlessness, irrhabi]ity, vomiting, diawhea
and unconsciousness.  In addition, b"thing diff]culty may dev¢]op,.  Couching.
pnoL[Itionia and painful breathing can suggest that the product has entered the Lungs.
Ingestion of luge concentrations of product can cause convu[sious, coma and death.

[njectian:          Injection under the skin, in muscle or into the blood stream can catise irritation,
inflammation, swelling, fever, and systonic effects, including pulTnoner)l edema,

•pneunonia End mi ld central nowous rystcm depressiofi.  Ibj.ection of presst]rized

hydrocarbons can severe, pemanent tissue damage.

Chrotiic Exposure Symptoms;
The products represented by this MSDS contain a tTti2cture of petroleum hydrocarbons commonly
referred to as "middle distillates."  Laboratory drta have associated some middle distillates with
skin caiicer when the material is applied rspcatedLy over the lifetime of the .test aeilT`-al.
Middiedisti]IatessiTnilartotheproductsrepresenteddythisMSDshavebeenassociatedwith
liver and kidney drTiage in subchroTiic (90 day) inhalation studies of male rats.  The relevance of
these findings to lithan hca]tli is unclear.
Prolol`ged or frequent contact can cause the skin to dry or crack.  Al.so, long term dermal
exposure can catJse an infletTimation of the skin marked by redness. pain or itchir)g (derTnatitis).

Other Sprfu Efrcets:
None.

Medial CoDdltlom Aeeravated by E*posqre:
(ttdividuals with chronic respiratory disordas. liver dysfimction or kidney disease call have tliese
conditions aggravated t]y elevated expesure to vapors, mists or aerosols of this material.

Firs( Aid aiid Emengeiicy Procedures ror A€ute Effects:
InhaJatlo'n:        Move victim to fresh all.  tf victin is not breathing, immediately begifi caediopulmonary

rcsu§citation (CPR),  If breathing is difficult.  loo percent hiLlnidified oxygen should be
administered by a qualified individual.  Seek medical attention immediately.

Det.mat:             Remove contaminated clothing.  Wash exposed skin with soap and water.  Launder
clothing before use.  Seek medical attention if (issue appears damaged or if irritation
persists'

Eyes:                   Flush eyes with cool water while occasionally lifting and lowering eyelids.  Remove
contact lenses if worn.  Seek medical attention' if excessive tearing, irritation or pain
pers',sts.

\,

gfi-gjyfr¥.E`#fd-iri.;iiG-ij;t.i,dip...`a#F;..2¥fi¥#=.i.i.;3.i!!,:.,-:..:.i....rT:
-.-....-    NEINot
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6.0  REALTH IIAZARD DATA (continued)
Iiige3tiob;          Do not induce vomiting.  If=pontancous vomiting is about to occur, place victim's head

below knees.  Never give anything by fTiouth to a person who is not fully conscious.
Seek medical attontiof` immediately.

Injcetiom          Injection under the skin, in mtisole or into the blood stream is 4 medical emergency.
Seek medical attention iThmediatcly.

Notes to Physicim:
Inhalations       [fcough or difficulty in bmathing develops, €valunte for respitutory toot irritation,

•          blonchitis. or pnoumonitis.  Administer I oo I)ercent llurh irlified sLipplementa] oryg¢n
with assisted venti l&tion as requiTed.  In Symptomatic prti¢tits (coughing, choking.
tachypnca, eta.). monitor blood gases to essore adequate ventj]atior].  If vital signs
become abnomal or eymptoms develop. obtain a chest x-ray.

Ingestion:          The viscosjty at of this material js approximately 32 Sos at looo F.  Accordingly, upon
ingestion, there is a high risk of pulmouery aspintion.  Aspintion can rf;sult in chemical
pneumonitis or lipoid pneumonia.  kemov&I by cafrful gastric Lavage with tight fitting.
cuffed endofrocheal tube may be considered.
Pulmonary edema can be mmged with PEEP and supplementa] oxygen.  Antibiotics are
indicated only if bacterial superil`fection ofthc lungs occtirs.  Steroids have not been
shown to be of benefit for hydrce&Tbod pncunonitis.

7.0  SPECIAL PROTECTION INFORMAHON
VentihtionnqqireneBts:

Use in vill vendrfed dTc&  In coDfued apines or when hot Ihechanical .ventilation may be. .
required to maintain airbom¢ conccntratious below applienble work I)lace exposure levels as
cvalrmed b)I designated and properly mined individuals.

Appucable Worl[placc EIpour€ I+evels:

CIlcmlc4I ^CGIH ^CGIH Tl.V ^CGIH OstIA OSH^ PEL asH^
Component TLV"^ STEL/ Tl.V PEL"^ STEL/ PEL

Pplt' CdlinI (C) Skill Ppm Ceiling (C) Skin
(nqu.) ppn (ng".) potatfoh? (Dg") I,I'm (ng"') nohtioh?

Pctrolcun Distillatcs RE. NE NE NE NE NE

Speciric Persoml Pveteetive Eqt]iptbept:
Pefional proeech/e equipment should be selected based upon the cond'itions under whicli this
material is iised.  A heard assess[nent of the work area for PPE requi"ients should be conducted
by a qngtified professjorial puflunt to OSHA regulations.

Rest)iratory:     Cinly NIOSH OT MSII^ approved equiptnent shoilld be used.  Use of an organic vapor and
dust/mist fitter dual cattridgc respintor is required when vapor and mist conce[itrations
exceed the app[icabl¢ workplace cxpesiue levels.  Respifltory protection should be
selected on the basis of tlie maxinum expected air concentration.

Eyes:
Dermal:

Clothing,or
Equtpp§pt!-..

Use saffty goggles or chemical aplash goggles if splashing is anticipated.
Use gloves constrticted of impervious materials sucti as heavy nitrile rubber if frequent
or prolonged contact is expected.
`hlear bodyL¢ovedtig woks clodes to avoid proloiiged or repeated ca¢posor¢.  Rmovc
aprtyapi.paced cl,othing and laimder..berne mlsc .......

N^INct Applieat]|¢  -
crTcONO.2Fuc[Oiis,AliGnd'&(AdeF6,riLE#2#fo;,ch:5388,

NENot Ealiiched
Peg€ S Of 7
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8.o  TRANSPoRTATloN AND SpECIAL PRECAt]noNS
Stonge:             Do not use or store this product near heat, flame or other potential ignition sources.  Do

not store with oxidizers.  Do not store this product in ulilabeled containers.  Keep
container closed.

Danger: F[4mtmb(e or Combustible Liquid.  Vapors are lieavier than air and may travel to an
ignition source and flash back.  Use only if` a well ventilated area.  Never siphon by
mouth.  Empty containers may contain prnduct residues which caJt ignite with explosive
force.  Consult appropriate fedeful, state arid local authorities before reusing,
reconditioning, reclaim ing, recycling or disposing of empty containers and/or waste
residues of this product.

DOT lnro`rmatlon:

PfopershippingNrmc:
Hazard class:
Hazard Identification No.:
Placard:

Fuel Oil, No2
3
UN  1202
F]anmablc liquid

9,0 ENvmoNMENTAI DATA
Title Ill of the SbDerfubd ADendm¢bts and Reatitt]oiizatfon Act of 1986 fsARAI

Sectiop313-ToricCheDieacals:
This product is not lono`m contain any compozients in concenmtions above de mwhfrois levels that are
listed as tonic chemicals in 40 CFR Part 372 pursuant to the r¢quirefnents of Section 3 t3 of SARA.

Section 3] lA12 -Hazard CatrmEies:
Tliisproductmaymcetoneormoreofthectiidriaforthehazardcategoriesdefinedin40CFRPart370
as established by Sections 311  and 312 of SARA as indicated below:
Immediate (Acute) Health Hazard:          |±§                     Sudden Release of pressure Hazard:       b!g
Delayed (Chron i¢) Health Hazard :           |g§                     Reactive Hazard:                                         ±!g
Fire Hazard:                                                I§§

Section 302 - Ertreme]v Hazardous SubrfuBces:
lllisProdiJcti§notkno`rmtocont&inanycompon¢ntsinconccnritionsgrcaterthanofiepereentthatare
listed as Eictremcly H8zardous Substances in 40 CFR Part 355 pursunnt to the requirements.of seedon
302(a)ofsARA.

Clcal) Water Act (OwA1:
Under the CWA, discharges of cnide oil and petroleiim pTodticts to surfroe water withot[t proper Fedenl
and State pemits m`ist be repched immediately to the National Response Center ut (800) 424-8802,

£Qmpre±eBsiv€Eptd±enm¢p±±!ites?o±±±£pfnbouaGpb±|±?biljt¥L4e±£erRtr4A}.Se9±pplo2
Hazardous Substances:
As defined dy CERCLA, the ten "hazardous substance" does not include petroleum, including crude oil
or any froction thereof which is liot otherwise spccifical]y listed or designated as a hazndotis substance.

•... NE.Not

tife6N-OT..rz-in.-ei:.Oit±AliGr¥:pe.t.Aqap,,.Sgivqu:¥;.:I.ap.7,cpr:...:38..8J..`,H........;.;;:p£&,
.,             .`:

NA-Not^pplicable .,........,.....-...... '-..   NDINOData
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9.0  EI`IVRONMENTAL DATA (continued)
Ca]ifomia Prot}osltiob 65 /Tlie Safe Drinking Watet` and Toxies Enrorccment Actt:
Warmitig:  This material contains the following chemicals which are known to the Smc of california to
cause cancer, birth defects or other r¢prodLictive harm, and are sobj¢ct to the requil`ements of california
Proposition 65 (CA Elealth & Sofety Code Section 25249.5):
Com I)on en t:                                                                                      Efl±g±;

Diesel Engine Exhaust                                                               Cancer

Nowr Jersey Worker at]d Commuliit¥ RiEht-to-Know Act:
Fuel C)il {'68476-30-2)

Toxic Substances Contt`ol Act fltscA):
deported Ill TSC^ Inv¢etory a6i Pnduct components

No. 2 Fuel Oils X

10.0  LjREELING

DJINGER:
EIARmuL E SWAII.OWED - CAN ENTER I.UNGs AND
c^unDARAGE
CONTAINS pEmol,BUM DlsTnlAms
conmusTml+E LIQulD
cIAtJSEs slclN rmrlrmoN
MAT cAusE' cANcm BASED ON ANndAL DATA
TARGET 0RGAN®:  skin

ELHmLENHrf
Keep mra]r from heat, sparits and flancs.  Keep cont&in€r closed.
Avoid breatliing vapor or nists.
Avoid direct dernal contact

EusT4E
If avallowed, do iiot induce voBtltliig.
Call a phygicifLn lmfbediatoly.
1B caEEe of ¢optact, rtunvc coBtaBLlpated clothing immcdiate]y aiid
`]rash thoroughly with soap and `Arater.

ALL sT^TEMERTs, INFORMATION. ANI] DATA pROvlDED IN Tins MATERIALL sAFETy
I)AT^ SHEET ARE BELmvED To BE AccuRATE AND RELIABLE, Bun ARE PRESENTED
WITHOUT GUARANTEE, REPRESENTATION, WAREANTY. OR RESPONSIBILITY OF
ANT Krm>, E]nREssED oR II`nl.IED. ANy AND ALI. REPRESENTATIONs ANI)JOR
WARANT[ES oF MERCIIANIueurTV oR FITNESS FOR A PARTICULAR PURPOSE
ARE spECITlcAILy DlsclAIMED.  usERs sHOulD M^ICE TEDm OWN
INVESTIGAnoNs To D  TERMINI TIE stm`ABmTy oF THE INFORMATloN oR
pROI]uers FOR THEm pARTlculAR puRI]OsE. NOTrmTG CONTAIRED ImRE IN Is
INTENDED ALs pERMlssloN, INDucEMEN+ OR REconm4ENDjLTION To VIOLATE ANT
LAWS oR To pRAcncE ANY iNVENTloN covERm By EHSTING PATENTS,
cO"GElrs OR INVEN'noNs.
NA-Not Applicable                                                  NDJNO Data
CITGd No. 2 Fuel Oils, All Grades (AG2FO. Septenher 26. 1997. CAN: 53$8)

P . e)7/87

N EJNct ERElisbea
•P®8e1OfJ

**    TOTOL    POGE.e}e)7    **
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|MATERIAL SAFETY DATA SHEET

I
'
D

'
)

SECTIC)N I

PRODUCT sA   e25   Ooi2

P.3

Vl`lTCCJ  MANUFACTUAING  OivlsION  OR  6UBSIDIARY EMEflGENcy  TeLEptioNE
'

tl9¥!F,AC"m     782-5800EFEffAEci.(eooi424.9aoo
AooREss tNiiMaEF. STaEET. ciTv. STATE. ZIP  Confi

1

ChEMICAL  NAME  Of] FAMILY FORMULA

3 Petrol eum  Hvdrocerbon 1NA

•§EctloN  ll  -.CHEMICAL AND  PHY8lcAl 'PROPERTIE9                             fat+EMICAL`.                                          ''PHYSICAl"

hA:AADOuS OECOMPOSITION f'ROOuCTS FORM.        Seml-soHd
16Carbc)nrr.onox I de .    ce r!on   d I ox i de

ODOR
lNCOMPA TIBILiTv-i* €ge ^w^ r FtloMi e M' hera Oil

Strong   oxidlzlng   agents   such  as:      hydrogen   peroxide, ^PPE^l)ANCE
6 cr.romlc   acid,    bror.ir`e '0 Grease
1 TA   LT    xi    AN     iiAZAnoou    iN    A      I   NTSI,,,,,,I,

lop"I       Ambe.r

None P'2 ECIFIC  GRAVITtIWAtE,.''RT 0 . 92¢

`BEctloN fll.i==FIRE...ANO€XPLO8loN DATA. ®O,L,NG PT.1S
NDA                    ®c®€

spEciAL Fif`E FiGHTiNG ff`oc€OuAes F|Astl POINT tMETHOO uSEolAboveC.O.C.26'90.cJJ4_.f

Fire   flghters   shoulc!   wear   an MELT INa pT. NA.c
eDproved   self   contalned   breathing fiAMMABiE LiMIT6 e6NDA27LOWER_uppgF-

', ®F

34
aoparaTus.               .

SOLUBllrTv"WATER

Net I  ? a I h I a
UN USUAL Flf`E AND EXPLOSION HAZAAOSDensesmclke EXTiNGui8HiNGAaENTs

8 Df]YCHEMICAI    X: Col AT            ?5   .c

=. WAT€flspFtAY    ± fo^M.w^TEFiFacR5ANoiE^Ft"2,|OTH€a I,

a.  VOLATILE,a'BYWT*'
NA

2e
EVAP. RATE'7(   ''

NASgcTION  IV  -HEALTH HAZAflo DATA
pE PIMissiaiE c ONC E N tfiA t ioNs tAiA i v^Pol pf`ESsimE

NA

g            NDA
t.   lmm Hg .t 20.Cl

NA..EFFECTS OF OVEREX?OSuRE 9 'Am   ,   ,I

a May  cailse  skin   a  eye   irrltation  with   prolonged   contact. ®H ^S  IS
NA

T OX ICOIOCIC^l PROPEA T IES
JO ®H'1

' N.=,4. sTnoNO ACIDsTRONcaASE

EMEftGENcy FlasT AID pf`oCEDuaES

J2 EVEs     Flush   with    large   amounts   c)f   water   for   at    least    15   mln. STABLE                                                               .X

Call    a   ohysicien    Immediately.
2'

UNST.ale

33J6J! SKINCONTACT        wasn   thorc>ugh|y    with   Soap   and   Water.

:I:::;:Ev              ,OO<O'nos:.i.=Z
NHALAT|oN                  ^'DA.

31              NA                                                                                              (

gswALLowgD        Call    a    Physician     Immediately.
i

'I

NA  -NOTAppiic^eig                                            NOA.  NOOATA^vAiiA8iE                                        <-LessTHAN                                       >.MoaEit`AN

Pao,  '  0'  2

Ec}Qi...  I`'c.   e  5  1   ..i   s  .-



'
I

'

FIui:,   i.1     '9i    14:e!8   CHi5CJ    [115T    INFO_MGT   Ctr-C_CENCC-IM

MATERIAL  SAFETY  DATA  SHEET      pRooucT

P.4

SA   825    0012

§_ECTTONvlliUrspECIA[.'PRECAUTIONS
PaECAUTIONS To aE TAKEN iN HANoiiNG ANC) SToaAGE

„        Keep  containers  closed.                                                                                                                            .

8ECTioN vl« -TFiANsroFTATioN OATA

uNf`€Ctll^tEO  a u.s. a.a.T. .f`apfa 8Hipf.iNc NAM€

J,                      ,Y  D.a.T. 7

#              A:€uol.^oTED  I
u.a. o.a.I. tiAZAao ciAss I.a. NIJMBgp

a 9

"ANSPOITAtloN Aa LABEL(SI REOUIREO

EMERGENCYlNfoAMAtloNCHEMTaEC1.{8001434.9300 60 B'

FBeia HT ciA5siFicATiaN

5Z
Petroleun   Lubricetin§  i`rease

epEct^i tRANspOAT^TION NOTEs

I, J3

SECTION IX -COMMENTS

KEEP   OUT   0F    F!:AC'ri   OF   CHI  L.JREN!  !
1£'

We  bell.v.  the  6tetern®nts.  tectinical  Information  end  r®comm.ndatlons  Corttlined  h.r.in  are  reli®bl6.  but  they
are  given  wlthout  warranty  ar  guarantee  of  .ny  klnd.  express  or  Implied,  and  W.  a$8uma  no  ie]ponslblli{y  for
any  loGS.  damage.  or cxpen8®,  dif ect or  congoqu®ntlal,  arising  out of th®lr use.

P'56  2   o!   2



F{UCI    Ei     '9114:EIS'   CHGO    DIST ]Nr.o_MGTffig_[M

MATERIAL  SAFETY   DATA  SHEET

P.5

Tbx   no.     :    042840
Prlnt   Oat®

Last   R.viewed
PArt   Type]   and   Number                                                             Part   name
----,-,--------------------------------------------------,-------,----,,,---,,-
Ford    -U.S.     BATTERY    -ALL                                                       BATTERY    ELECTROLYTE

Hotorcratt    -U.S.    BATTERY    -ALL                                BATTERY    ELECTROLYTE

I --------------- fl ----  CHEXI GAL   AND   PHYSI GAL   PROPERTI ES  -.I ---- I ---- I -------- I---

Haterial    type                          LIQulo
Sp®clfic   Gravity                  I.250
Bolung   point                         >135   C
Fla5h   polnt                               Not   Appllcable
pH                                                                2.0

I ----- 1= ------ I.-HAZARD0l'S   AND   OTHER   DISCLOSEP    INGREDIENTS   ------. I ------ I ------

Percent            Expo®iJre   Llmlts    -TWA
R.nge               ACGIH/OSHA(where   est.)    CAS   number            Chcm:c.I    Name

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

Expo.ure   Limlt   Abbreviatlons
I ,,,,,,- I, , , 1 , - - I| ,,,,--,,,,---,,,, I - - I ,,,,

TWA-Tlme  W.lqht.d   ^ver]!e     C-C.lung
S-Short  T®rm   Expo.ure        Sk-Skin

Sol-Solubl.   Compounds             Fu-Fumes
lnsol-lnso]ubl.   Compounds        Du-Oust +.,

+.

---I -----..----------- i--REGULATORY  I NFORMAT I oN  ----- I -.-------- 11 ---.------

Thls   product   Cent.Ins   a   toxic   cheiTlicel   or   ch.mic.`f   lubjcct   to   the   report!n¢
requironent&   of   Sactlon  313  of   Title   Ill   of   the  Supcrfund  Amendm.nts   end
R.authorlzation   Act  of   198£   .nd   40   CFR   Part  372.

qu-JilEJ±±±±+___====-====LTT==±e±---=--S|6NA|WORO=__,,`====_-_LT======-+==__---==-+ri

DANGER    --CORROSIVE

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

Contact   with   thls   in.terial   wlll   cause  burns   to   the   skin,   .yes   &Ad  ipucous
m®mbran®8 .

Wh.n   th!!  mit.rlal   con.i   into  contact  with   the  .y.8,   seriou9   dlmg.  may  occur.
This   product    ls   h.rmflJ'l   by    Inhalation,   when  -in   eentact   wlth   th.   :L!n
and   if   lt   is   8wauow.I.

Thi&   product   ls    irrlt.ting   to   the   eyes,   respiratory   €yetou   and   €kln.
This   product   may   bc   fatal    lf    lt    15   Swallowed.

FORD   MOTOR   COMPANY
OEAflBORN   Ml   48121
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MSDS
(CONTINUEt})

P.6

Tax   no.    :    042840
Prlnt   O]t®   :   o4P/ao92;go2

---I-I ----- I]i] ------  TARGET  ORGANS   AND   MEOI CAI   CONDITIC)NS   ---- I---I --------.- ]]-=

Ov.rexpo®ure   to   tom.   h]zardou8    lngredlent±    in   thls   ProdlJct   has   bean   found
to   affect   certaln  body   orq]ns   and   Syaton.   ln  cxp.rlm.ntal   &nim.18   and/or
humanB.   The.a   include:

Lungs
Teach
Skln,    Ey®8.   and   R.8piritory   Sy8t®m

--n ------- I .---------  ACUTE  TOXI C (1-Y  I NFORMATI 0N  ----------------- Iu ---- I
1

Baaed   on   th.  cc)mposltlon  of   th.   product   ld.ntlfl€d  by   th.  .uppller,
Selected   portlon.   of   the   .cute   toxiclty   Information   frcrm  RTECS   arc
3s    fot]OWS:

7664-93-9          SulFURIC   ACID
Inhalation,   .dult   rat,   LC50   -ilo  nq/m3    (2   Hour.)
Oral.    ]dult   rat.   LD50   -2140  mg/kg                                                            .

--I ----- il.--Id ---- Ji±I_I---SAf I  H^NDl I NG  AND  STORAGE ------------ ±±==± -------

Oa  not  breathe  9®s/fun../vlpor/Spray.
ui.  thls  product  with  ad.quate  v®ntH.tion.
Do  riot   a.t   thl8  in.t.rfal    ln  your  eyes,   on  your  Skin,   or  on  your   clothlng.
Thl.   lS   an  oxldl2inq  .g.nt  -avold  brlnglnq   lt   Into  coAtlct  wlth  .A
organic  materi.I .

Stol.  this  product   in  .lr-tlqht  €ontaln.r&  aw.y  fron  iourc.i  of  h®at  lnd
I  ight.

---Iu---uu--FIRE,   EXPLOsloN  AND  REACTIVITY   INFORMTION  I--t=-==== -----

Bringing   thlt   product   Into  contact  wlth   conbuttlble  m&teri.I   DIY  calie.  4   I Ire.
EXTINGUISHER    INFORMTION3    Dry   chemic.I,    foam.    carbon   dloxlde.
u&e  water   to  cool   f lr.-.xpo.ad  c®ntalners  and   to  protect  p.r.onnel.
W..r  s6lf-cent.in.a  br..thing  app.ratu4.
Thle   product  can  r..et  vlol.ntly  w|th   reducing  .gent€  and.orqanl.a  mat.rlal5.
Explo.lve   HYDROGEN   GAS   may   be   rel.a..d    lf   aqu.eLJ8   aolutlon&   ol   thl.   In&t.rlal
cemc    into   contact  with   reactlv.   metall    (IRON,   ZINC.   ALUMIWun)  .

Irrltatlng  and/or   toxlc  fun.(  and  9.sea  may  I.  onltted  upon  h..tfng  of
thl=   product.

The  d.compo.itlon  of   thl8   product  wlH. relea3e   toxic  ia..S.

FORD   MOTOR  COWANY
DEAF`BORN   M(   4€121
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MSDS
(CONTINUED)

P.7

Tax   no.     :    042840
Prlnt   Date   i   o4P/aoo299o3

.------------ I -.--.-  PROTECT I VE  H!ASURES  AND  TREATMENTS  .I.-I ---.-.------ a -.-.

Use   of   an    impervleus   apron   ls   r.commended.
Llae   g®n¢ral   v.ntllation   and   use   local   exhaust.   wh.re   posslbl.,    ln   conflned   or
enclo5.d   spaces.

Wear   €h.mlcal   gogol.8   and   fac.   8hleld.
Tnc  I.aa   of   ncopr.ne   glc]v.®   is   reconm.nded.
In  e..e   of   contact  wlth  .y.8,   rln.e   imedlately  with  plenty  of  water   and   ..®k
medical    advj.e®.

Imedlat.1y   t&k.  off   all   contamln&t.d   clothing.
If   the  mat6rl4l    1&   .wallowed,   get   limedlate  medical   ]ttention  or   advice   --
Giv.   Sev.ral   gla8ses   of   w.ter  or  milk.

It   gal/fume/vBpar/dust/ml5t   from   the  materlal    is   inhaled.   renove   the   affected
p.I.on   lmmediat.`y   to   fresh   air.

For   8kln   coritect   f luah   with   large   amounts   of   water.
Wagh   thoroughly   after   h'andllns,

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

lf   the   product   i&   lnge.ted.   prob&bl.  muco=al   d.m®ge  may   contr&indlcate   the   usa
of   gaatrl¢   I&vage.     Treat   th.  effect.d   p.rson  approprlately.

------------------.--  SP I LLS I  LEAKS  AND  D I SPOSAL  ----- n ---.---.--- Ill--==:

Ellmin.t.   all   .ourc®&   of    lgnitlon   or   fl&mm.blet   that  may   cone   Into   contact         .
wlth  I   .pHl   of   thls  in.t.rl.I.

Avoid  .kln   cant.ct   lnd   lnhalatlon  of  vapors   durlng  dilpo..I   of   .plHS.
Dlipo..  of  wast.  mat.rlll   .ccordlng  to  Loc.I.   Stat..   Ind  F.d.I.I
Envlrorm.ntal   a.gulatlone.

In   ca!®   of   large   .pill8,   fonow  all   facillty   Em.rg.ncy   Relpon.e   Proeedur®a.

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

Thi8   i.   an  .cldlc  mlt.rlal.

--------  u.  S.   OEPARTHERT  C)F  TRANSPORT^TloN   INFORMTION  -.I--I---I--=

Shlpping    name:    BATTERY   FLUID.    Aclo       uN:    27S¢
Hazard   Classi   Corro&lv.  matarlal                   Hazard   L]bel!   Corrosive

The   ch.iiilcal   Mmc(8)    .ppearing   below   under   `'NAAE"   must   .ppear   ®8   part   ol
Shipplng   name   lF   ths   amount   being   Chipped   in   each   contalner   exc.ed&   the
quantity   .horn   under   ''RQ"   below.     The   l®tter=   "RQ"  must   .lso   appear   as.part
of   the   Shipplng   llama,    ln   the   form!

•hlpping   name,    ch®mlcal    hlme.    RQ.
For   U.S.      Shlpments   fran   Ford   F&cilltie&,    consult   the   `'Ford

Hazardoui  naterial   Transportation   Control   Program"  Aanual,   oth.rwise
con8ult   49CFR172.
------ CAS--RQ (Iba)   -NAME ------------..-------------------------.---...----....

7664-93-9         2777         SuLfuRIC   Aclo

FOBD   MOTOB   COMPAN.Y
nEAFtF]Af=N   MI   Ilfll?1
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MSDS
(CONTINUEDl

P.S

Tox   no.     :    042840 °     print  a.te  .   oF/ao92e/9#

------------------------.--  PREPARAT I oN   I NFORMAT I oN  ---------------------- E=---

H.8Ith   and   safety   Information   hae   been   evalliated   by:

Environmental   t   Occupition8l   Toxicology,      Occupat;anal   Health   6   Saf.ty,
ford   Motor   Company
goo   Parklan.   Towers   W.9t,    D¢arborr`,   Hl      48126        ..

For   .meirgency   caH:       (313)    337-3182   -or-(313)    323-0045    (for   24   hour   8.rviee)

This   ic   tli.   last   page  of   thi.   HSOS.

FORD   MOTOB   COMPANY
OEARBOEN   MI   48121
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MATERIAL   SAFETY
I)ATA   SHEET

AMoco   REauLAR   LEAD-FREE   GAsOL[h'E

MSDS   NO:        02003992

P.9

MA+tuFACTURER/SUPPLIER

®      #:C:a::LR::::i;i  Drive
Chicago,   Illinois     60601

®                                                                                                                 EMERGENCY   HEALTH   INFORMATION:        (800)    447-8735

ERERGENCY   SPILL   INFORMATION:       (800)    424-9300
CH"REC,   U.S.A,

OTRER   PRODUCT   SAFETY   INFORATION:       (312)   856-3907

®          IMPORTAN'I'  COMPOREJds:      Ga&ollne   (CAS   8006-61-9)   ACGIH  TLV   300   ppn,   STEL   500   ppn;

:                                '           i§g:i:;!Aiie§i;i3;:i±AEL:§!!:§i§;i:i:n=`;  °Sm PEL  1 ppn

a      WARNING  STATEMENT:    E::g::ie::t5i:::Xe:::i::::in:::ha::P::u:::fez::!i:n:£C::a:::::a

®
®
®
®
a

Ia

and/or  a8plrated  into  lungs.   Can  produce  skin  lrrltation  on
prolonged  or  repeated  contact.   Use  ag  motor  fuel  only.   Long-tern
exposure  to  vapors  has  caused  cancer  ln  laboratory  anlnals.

"IS/NFPA  CODES: (HEALTH;1) (FL"AEILITY; 3) (REACTIVITT;a) ,   Chronic  h.alth  hazard

APPEARANCE  AND   ODOR:      Clear,   bright   liquid.      Charact®ristic  odor.

!imLTH  RAZARD   INFORMATloN

EYE

®       EFFECT:             High  concentration.  of  vapor/nlst  "y  cdus.  ere  dlEcomfort.

h
n
n
n

FIRST  AID:       rlugh  eyes  vlth  plan.ty  of  wac.I.     Get  aedical  ettentlon   if   irrltatlon
per8 lgtg . .

PROTECTIONS     None   r.quired;   however,   use  of  eye  protection   is  good.  industrial  practice.

EFFECT :

FIRST   AID:

SXIN

Prolonged  or  r®p®at®d  contact  can  defat  th.  Skin  and  lead  to  lrrltatiori
and/or  dematltis.

¥::±u:;£:8:8a::;na:it{h:::Egg:i.:i:::.an3ena:;.b:?3:Fi::::?C€::hi:8ifai
attention  if  irrltatlon  develops.

PROTECTIoh':  .   Avoid  prolong.a  or   repeated  3kin  contact.     Wear  protective   clothing  and
gloves   lf  prolonged  or  r®p¢ated  contact  ig  likely.

EFFECT !

INHALATION

Vapour  hamful.     High  vapor  conc®ntrationg   can  cdu&e  headaches,   dl2zlAe8s,
drovgineg8  and  nausea.     See  Toxicology  §®ction.

FIRST  AID:        If  8dver3e   effects  occur,   remove  to  uncontanlnated  area.     Give   art!f icial
respiration  lf  not  breathing.     Get  in.dical  attention.

I        FROTECTION!      Use  With  adequate  ventilation.     Avoid  br.athing  vapor   and/or  mist.      If
ventilation   i5   inadequate,   use  NIOSH/MSRA  certif led  respirator  Which  will

D                                       protect   against  orgenlc  vapor/mist.
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HEALTH   HAZARD    INFORMATION   -   CONTINUED

INGESTION

P.18

.      EFFECT:               Low  viscosity  Product.     Harmful  or   fatal   if  8splrated   into   lungs.
FIRST  AID:        If   swallowed,   do   NOT   induce   vomi`ting.      Get   lrm®diate  medical   attention.

FIRE   AND   ExpLOsloN   ]NroRMATION

®      FL^smolNI:              -45®F

a        FLAI®{AELE   LIMITS:      UPPER:       7.6%      LOWERS       I.3S

®       AUTOIGNITION  T"PERATURE:                    495®F

®      EXTINGUISHING  MaelA:     Agents   approv.d   for  Class  8  hazards   (..g.,   dry  cheJblcal,   carbondioxid.,   halogcneted  agents,   foam,   st®an)   or  voter   fog.

®       UNUSUAL   rlRE  AND  EXPLOSION  HAZARDS:      Extr.mely   flammable  vapor/air  nixture8   £om.

®                              :#:8¥;:h:::€u::  {ir:i::fore  sourc.  of  vapor  ls  shut  off  can  create  an
)

•     .PRECAUTIONS:    £::g  :::¥ai:::  :i:::i:A  3::r:::A(:6:&da8:es;A:i::::a:?a  Open  fLapeB).

REACTIVITY   INFOR}uTION

DANGEROUS  REACTIONS!     Avoid  chlorine,   fluorlne   and  oth.r  Strong   oxldizers.

!IAZAREOUS  DECOMPOSITION:      Burning   can  produce   carbon  monoxide   and/or  carbon  dioxide
.        and  other  harmful  products.

STABILITY:      Burning   can  be   Started   easily.

CHEMICAL   AND   PHYSICAL   PROPERTIES

SOILING   POINT:                        80®F   TO                  430®F,   Range

8OLUBIL]TY   ]N   WATER:      Negligible,   b.low   a.1%.

SPECIFIC   GRAVITY   (WATER   a   I):                      0.7S

VAPOR   PRESSURE!      7-15   lb   RVP   (A8"  D-323)

n         vApORDEN.slTy    tAIR   -.Lj:                  3   TO              4

I

'
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STORAGE   AND   ENVIRONMENTAL   PROTECTION

P.11

•         STofiAG!   REQUIREMENTS:      6tor.   in   flammable   llqulds   stordgo   area.      Ko®p   container   closed.

®                                               :::::d:::: :I:#  :;;:ici#:ti:3e:::?C::;t::do:P::c:}a::gi:at long ,

®         SPILLS  AND  LEAXS:     R®mov.   or   shut   of i   all   9ourceg   of   ignition.      Use   water   spray   to
disperse  vapors.     IAcreese  ventilation,   if  poBBlble.     Contain  on  an

®                                               ::::::a:£dm:::::::y!:.9.f   Sandi  aavdu8t,  dirt,   clay).    Keep  out  of

a       WASTE  DISPOSAI.:.  5::;g::±  £3:ts£:lifda::::5:£:a.::tfa:£#:::br:a;:a:::i;°ai::::a:i[`ty.

r`                                              local  regulations.     Enclosed-controll.a   lnclneration  1g  recoanended
#:::::n:th.:::::4:;.::;#::i:: ::gi::::::unless  d

®

a
®

®
®

SPEC:AL   PRECAUTIONS:     Keep  out   of   sewers   and  vat®rvays.      Avoid   strong   oxi6izers.
Report   aplllg   to   appropriate   authorities.      USE  AS  MOTOR  fuEL
ONLY .

TC)XICOLOGICAL    INFOENATION

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

SKIN:     Primary  dermal   lrrltatlon  Score  i.I/8.0   (rabbles)
than  5ml/kg   (rabbles).     Practically  nontoxic  for

.     Acute  dermal   I.D50  greater
acute  exposures  by  this  route.

INHALATION:      Acut®   LC50   20.7mg/i   (rats).

INGESTION:     Acute  oral   LD5018.8ml/kg   (retB).     Practically  nontoxic   for   acute
expoaure9  by  this   route.

Excessive  .xpo4ure  to  vapors  nay  produce  headaches,   dlzzin.sa,   nausea,   drovsl-
ness,   irritation  of  eyes,   nose  and  throat  and  central  nervous  system
depreag 1 on .

•         In  a  long-ten  lnhalAtlon  etudy  of  Whole  unl.aded  g.4oline  vapors,   expo8ur®-

:     i!!ii;:!i!!!!t#!!;fi::i:i;;:::f!;:ii!:::::!i;i:i:;::i;:i:i;i:i:.;i:;:;I
n       :#§!:::::::::?a?i: :::a:L!?::rtri:rr::g;:::.a;: ::i::eo:°h#:nn£::I;£tis The

Inhalation  of  vhol.  unlcaded  gasoline  vapors  did  not  produce  birth  defects   in

.          Iaboratoi.:.  ar.iruals.

D       :::#:A:) }St:i::::I::dn:;::::.°fc::::::a:g:::8::dt:°£:;in:e::::a::  i:Ez::e4has
been  ghovn  to  cause  cancer   (leukenla)   in  hunans  and  other  adverse  blood  effects

P           (anemia).      a.nzene   ig   considered  a  human   carcinogen  by   IARC,   NIP   and  O§HA.

n      :i:§i::::;:h:::::i:n§:i:::::;::;;i:§#i!:i:§i:i:;a;::a:i:: {!£!:¥:#::a.

Aspiration  of   this  product   into  the   lungs   can  cause  cheDlcal  pneunoAia  and  can
be   f atal.     Aspiration   into  the   lungs   can  occur  while  vomiting   after   ingestic)A
of   this   pfc)duct.
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®
REGULATORY   INFORATION

P.12

CERCLA   REPORTAELE   QUA+tTITY:
This   product   is   exempt   from  the   CERCLA   reporting   requir.in.nt8   under   40   CFR
Part   302.4.     Howev.r,    if   Spllled   lnta  Waters  of   the  United   Statog,    it  may
be   reportable  under  40   CFR  Part   15J   if   lt  produc.a   a   Sheen.

®         I)OT   PROPER   SHIPPING  NAMES      Gasoline,   Fla"iabl®   I.iquid,   UN1203.

®      OsrA  HAZARD  COxpNICATION  STANDARE:    ::#:b!§n!i#?:  :!§:ii§;:::::§#:!¥#:::n£;ts

®
.         RCRA  STATUst

.               i:i§:::i:i§;?::t:#j£:±a:8o::ew:!t::Rb::::9:6!;]!o:::€n:a:h:n£:£=oving

•                         COMPONENT/CAS   NUMBER--------------------------------------------------
•                   Ethylben2ene  (loo-4l-4)

Toluene .  (108-88-3 )

®                      Xylene   (1330-20-7)

®         .SARI  STATUS!Thl8  product   iB  r®gulat®d  under  the   following  a.ctlan(S)   of  SARI  Title  Ill,   42

¥£:  !£!:;in:i{::Sg:€e:ei:::::  Of  the  Product  my  b.  repartebl.a  ag  a.t.mined  by

§ECTloN5   311   A+rl)   312   0F   SARI   Awl)   40   CFR   PART   370:
This  product   ig  defined  a8  hazardous  by  o§RA  under   29  CFR  Part  l910.1200(d).

SECTION   313   0F   SARA   AND   40   CFR   PART   372:

#!:  #O#C:F£Og:::n:.72?a   following  Substances,  which  are  on  the  Toxic  chenlca|s

COMPONENT/GAS   NUMBER                                                                                                WEIGHT   PERCENT---------- 1I - 11 - - I ,,,- ~ ------------------------ ® ,,,-----------,,-----
Benzene   (71-43-2)         .
Ethylbenzene   (loo-41-4)
Toluer`e   (108-88-3)
Cyclohexane   (110-82-7)
Xylene   (1330-20-7)
MTBE    (1634-04-4)

TSCA  STATU8!     All  of  the   conpon®nts   of  thl8  product  ar.listed  on  the  TSCA.Inventory.

S-u-PPLEMENTAL   INF`ORMA'l-.ION  ._T±_ _

I        8::::i::oi:[a.:;:::::  T!:#:ea:::hydrocarbons.    Thoa®  ndjor  components  having

D

'
'
'

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

Cyclohexahe   (GAS   ilo-82-7)   ACGIH  TLV   300   ppn;   ogm  Pfl,   300   pptn.

Ethylbenzene   (GAS   loo-41-4)   ACGIH   TLV   loo   ppm,   STEL   125   ppn;
OSHA   Pal   loo   ppm,   STEL   125   ppm.



®

®

®
®
®
®
a
®

0
®

®
®
a

i,uc.   £i    Jgi    14: 12   CHGO   DIST   INro-MGTAM°5€oCREtL[AMr`   LE;All-r't{E=   iAbuL.LAI±

MSDS   NO:       02003992

PAGE   05   0F   05

SUPPLEMENTAL    INFORMATION   -   CONTINUED
n-H®ptane    (GAS   142-82-5)   ACGIH   TLV   400   ppm,    STEL   500   ppm;
OSHA   PEL   400   ppn,    STEL   500   ppm.

n-Hexane   (CAS   ilo-54-3)   ACG{H  TLV   50   ppm;   O§m  Pal   50   ppn.

P®ntan®    (CA5109-66-0)   ACGIH   TLV   GOO   ppn,    STEL   750   ppm;
OSHA   PEL   600   par,   gTEL   750   ppm.

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

P.13

Trim.thyl  benzene   (CA8  25551-13-7)   AcalH  TLV  2S  ppm;   Osm  Pal   25  ppn.

Xylene   (GAS   1330-20-7)   ACGIH  TLV   loo   ppn,   STEl.LEO   ppm;
OS!1A   PEL   loo   ppn,   STEL   150   ppm.

ISSUE    INFORMATIC)N

®BY!

®   7€GC+-
a A.   G.   Farm.r,   Director,

*        Product  saf.ty  a  Toxicology
I.SSUED!      June   09,   1989

§UPERSEeES:      March   18,1988

This  material  Safety  data  sheet  al`d  the   lnfornatioA  it  contains.  is  offered  to  you   ln

3£::hf;:t:e:: i;:8u;:#. so::c::v:u::#:v::ra:gni:£;Tag:age::::: 1:a:t i?n±:#a€i:: ::e£:
correct  but  cannot  guarent.e   lt-S  accuracy  or  coDpletonesB.     Health  and  Safety

i:t t!:St£:t:8:¥::to::Yg::!o:et:a:S:#:t:°#L:s!n#¥:a;:#u:?a::;eiy and

that  night   lnfrlnge  ellating  patef]t4.     No  varranty  is  pede,   el¢her  express

precautlona
91tuat ions .

::e::n#:I:]£: :::g:!3:ic:gL: ;:Vfi::€o:.::i::::#;nder:1::a!::e#ep3g: :: ::;'p::i:ct
ln  a  nanAere       orldplied.
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U.S.  OEPAf]TMENT  OF LABof]
Occupatloml€.lGty and-HOIIth Admlnl8I[dllon ..

•MAT-ERIAL'S'AFET,Y.'.DATA.rsHEE,T
'...._I.

.

. .. a E a

.,,_T'ON.I.

WFLfft#Haii.nic&ico. Tth°If'89RE!3roTga'i#fa`aa3:fgi."8ffiibnaa. I1.  6og22   `                                                                 .
oii.Wall.L^+.(A..o.r.ro..rn                            .-..-„`      .     .    .1...`           ..    '.. 'v'i#€:uh!#|'dw#B.h.I

' 01,nc^| ,At*L,                   t artyul^
Hlxture

.;. I         .        ,,.  8E.CTION  Il`.HAZARDOUS.INGREDIENTS   .

P^iure, pRE9EAv^trves. . €oivENTd 1 |V'un''g) ^llor8 MO WEt^lllc CO^TINOS * TLV'IJn''|'

rower,I N/A I)All Wft^| h,/A
•      c^TALyeT

N/A ^||O,S N/A
vemle

N/A
w.Tkiic cO^Tf..es N/A\

mvttlT,
N/A

I||tA WET^|
N/A•ius cO^iMo ofl coat Flux

^Oev',We                                                                           .      .    .I
'N/A .otHtl± .    .                                   -. '            .

H/A

0"..0........... l'/A
}I^zMcoue wixTUF`E8 a. OtHtF` ilouio€. soilos, OA O^sE8    .     , * |V(un'I,I

\          ,__.

H.thrl.Alcohol                  I        .                                 .    ¢                   ..."     ..         ..'      " 38 200p

Nonv.1bhenol  gurfaota.nt               a^S  #    6Oul2-9+4 001
I,I

trlchenvlmethane       C^9  #  2650i{.8-2             EP^  TSC^  Iii8t-Yes Tr,
'         '1.1'I,

SECTION  III     PHYSICAl.  DATA
•Oiiwe.OiNT rF.I                                                  ...         +`. •rljA.....'.`-. epEcilicoA^v.T.iwch'.|t    .       .    I      '     ` •g51"   I
^ro, nll*mt I- I.I, I

N/A
renc.wt voutl[ N/AI, vO||"t '*1

V^~.OC.,.,rY,~..,I                               .         '.. '.     '.
N/A`  .  .

tv~oRATIoal I^TE
N./A.I,''

twl./.hlTt tw w^Tta
I,    ,         i          I

I

^nEAiLuetAnooooA          Blue.EL-atla

SECTION  IV     Flf`E  AND  EXPLOSION  HAZAF]D  DATA                               .     I    _.
i`uiiro"tiu~....'          .a.ae   llE  F ^w^,|Ilu',,   ..     `    .                 I             W     I       I            IJ,I            I

I

•Itruaui.I+"au[0'^   in  choniaa|.co,  or  Aloohol  fo
ptc|^inl„IaH"acaj?acatFJ*:.elf-aotrfu.1n€d."tr®&thliri

`=    +        -i

.                      .,,          `

Wvyilt,fo"I A#.#`.Ode+°roH¥^{EL  &lr  and  may  ti&'+el

aonBldembl.  dlgtance  to  ln  lgnltlon  8o a,

PAGE(1) (¢onllnu.d  on  rev®i.e  lld®)
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ti`Ll.:`    =i     ''ji     ii:  i3'   cHi:.I:j    [il'=.T     IHrcj+.ii:-T    I:,iF-C_tEiiti=-Ii.I F` .  i i.

..,, ® ,.,.        '                                   ,...  ` ......,.,...

:  '                                         sECTloN VIl    8plLL on  lEAK PRocEtJunES

e'jii'o°.e€ |^®kj#rr,C£9'.o`:^hfi^|h9®"iLTT,'°£'6i.|LL}nent|].Lted  &r.ae /   .|1flln&t.  1gnltlon  .our...

Avau..rm-off  into  Storm  eewer8  end  dltohe4  vhlch  lo®d  to  ri4tur.i  v&tert.®y.

WAITE  OISP08^l tJ€1..OO

In'cen.intlon,.blologlcal  treatment. of  dilute  aolutloli.     I   .
•C

sEc.i.ION  vlli     spEci^L pnoTEci.ION  iNFonMATloN
lIS.m^to.t I.OltcIION /.`..ai' +®.i                                                                     I

V€,',M.^,'ON
.W'h®€A".1'b^b'£'oorlato   to  control  employe.  exp jAurtrct^'`       .

.a

IJ'IC',A,''C^|'C,a,.,'' a,,,1,    :      .

•nciitci.vG  aiov€S e'd£:#='#` garet7  f[olfl..
aLoa=£rlL-z==ii  heLg    vet

a.Hln .r`ottc7i.. toU',L,(N,

FACE  (2)
.A. yrfu 1 -9-90
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:mLl!Sion Seismic :x

a          PBOPERTIES AN;I SPECIFICATIONS

P!OSIV

EXCELLENT FOB  "MINI-HOLES"
AND VERTICAL STACKING

These  non.nitroglycerin  emu`sicln  Prclduc:S  are  packaged  in  coriveriier
one-pound.   one.half,   orie-third.   anc]  one-quar!er  pounc}  caririciges  an
formulated  to  prc>vic!e  a  seismic  Pulse  eqiJa!  to  cynamite  for  clear.  shar
seismic recorc!s.

Al:hough  classified  as  high  explosive,  seispalME/E  emiJlsions  are  nor
heaclache ancl  have excellent  resjs:ance to accicleri:al  cletcination  by fricticln  c
impact.

Spiral.w=und   1,'4  :o  -ir'2-pounc!  Paper  car.Lr;ages  ar:-easily  cappe.1  i,ii
waxed to Sieep well.

®            PBODUCT                                        E-1                E-1/2           E-1/3           E-1/4

•       :::ght
a
®

a
®
a
O
®

®

®

®

e
®

e

S,yle
Der`sity (gin/cc)

One Pouna.     1,/'2 Pound   1/3  Pound   1/4 Pouncl
21/4x81t'211;'2x811/8x8            1x8

Velocity  (fps)  (unconfinecl.)             16,500

Detonation pressure                          100

(kilc]bars)
Absolute  Bulk s(length                     685

(Gal/ec)
.Pejative Bulk strengtri                       120

(ANFO= 100`,

S;IN                  SW                 S;NV
i.15                     1,15                     1.15

16,C)00             15,00C)            14,50C)

100                 loo                loo

775               775               775

10S                  105                  105

PACKAGING
Available  in  four sizes  to  meet  vertical  stacking  ant

-mini-hole" applications. seispF3lME/E  in the one-pount

size   is   packaged   in  thin-walled,   easy  couplin{
cartridges  for  vertical  s:acking  or  larger  downhol(
shots.

In  the   1/2  tc]   1r'4-pound   sizes,   sejspFilME,`'=   i{

packagec! in spiral-vyound ?aper ca.1ridge§.
All sizes have exceileni vi'a{e.. resistance and can b€

initiated with a #8 strength STATICMASTEB aetonator,

57IA7lJCA4IA5FEFE€`  :ie:tri= [ieterlators for Seismic :xpio,-a{ioi-:
DESIGNED  FOB  SEISMIC  WOBK  -  Exclusive  Atlas  electric  rr,atch  provides  reliabl{

detonatiori  with  minimilm  lag  time  and  scatter.  Full  #8  strength.  explosive  output to  hei[
insure initia(ion of the seismic charge, even  under severe conditions.

UNEXCELLED  PEBFOBMANCE  .  Bigid statistical quality control tests  are  performec
on  all  components  and  on  the  completed  detc>nator to  assure  reliable  artd  consisten
performance.  A  tough,  hard  enamel  coating  under the  plastic  outer  insulation  provjde€
additional protection against shorting of legwires under extrenle condjtjons.

WATEB  AND  WEATHEB.PBC)OF  .  Legwire  insulation  is  designed  to  withstanc
extremes o1  heat and colcl  and the  severe  conditions ericour]tered in  c]eep-hole  loading
All  detonators  contain  a  double-crimped  rubber  plug  to  provicle  a  water-tight  seal
Excellent firir`g characteristics permit use in  §ing!e-hole or multiple-hole pattern shooting.

a         PROPEPITIES AND SPECIFICATIONS
•  Detor`ator strength - #8

®           .  Functioningtimescatter. Lessthano.001  second; even

lciwer as  firing  c'.rrent is increased
•           .  RecommendecHiringcurrent-3toloampsDC.4to  10

amos AC
e           .  Wa.`,er immersion clepth (max.1ested) -500 feet

•  Bridge\^Jire resistance . a.9 C)hms

®            .  Det.onator shell -GI.lding  metal

®        REDucEDSENsmvlTy
TO  EXTBANEC)US  ELECTPllcITY

;.  special  br(cjgewire  and  the  SF  (eature  in  the  electric  match
provioe  reoiJcec`  sens[tivity to  sta{ic  electriclty.

OPEEATING AID§
With  recommended  firing  currents.  STATICMASTEF]  electric

c]etonators meet all requirements for series firing.
WABNING  -  Dc}  not  use  STATICMASTEB  electric  detonators  in
the same circuit with other types or brands oT. electric detonators.

PACKAGING
STATICMASTEB  electric  detonators  come  with  spooled

clllplex  copper  lead  wires  (yellow color)  in  lengths  of  40'.  60'`  80',
loo..120`,150.,160',  200',  250.,  300',  and  400`:  and  in  shorter
legwire  lengths  (folded  duplex  wires,  yellow)  measuring  12.,  20.,
artd 24`.
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SHEET

ATIAs  powDER  co.urAN¥
15301   DALLAS   PARKWAY
SUITE   1200
DALLAS.   IEXAS      75248
TWX   910-860-5237

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

3.     rmlcAL   Ei4ERCENcy  TELEPHONE  NUMBERs;

EAST   0F  THE  MISSISSIPPI:      717   -386   -   4121
WEST   OF   THE  MISSISSIPPI:      417   -624   -0212

REVISION:      One

a        4.      TEE  RATERIALS  DESCRIEEI)   IN  HIS  I)ATA  SHEET  ARE:

a                                  HAZAsOOUS   CHEMICAL   INGREDIENTS

a        5.      CH"ICAL  AND   CO"ON  HARE(S)   OF  EAZARDO8S   CHEMICAL  HIXTURE/INGREDIENTS:

®
®
a
®

®

Apex-All  Grades,   RXL  614,   RXL  615.   PclwerAN-All  Grades,   Bulk  Emulsions-All  Grades

Major  Hazardous  Ingredients  Include:
A"oniua 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  Armoniun  Nitrate  Plus  Fuel  Oil

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

Pressure     Pc>inc     Point°C     Poinc°C Cravitv         Wt. Q±   Appearance

Anoalua Nitrate
Diesel  Oil
Mixtu?e

®        7.      PFTSICAL  HAZARDS:

0
®

a
®
®

®

®
®

0                   a                155                190                i.725           83          None     HJhice   solid
ndnd
Neg.           nd

Tid  =  tl.a   Data

nd        147.371           0.87             nd     Pungeat   Broun  Liqui=
nd              125         I.I    to   I.3     NA          None     WhlEe   Greas=

d  =  Dissociates       na  a    Not  Applicable

Amonium  Nitlate  -DOT:     O:{1dizer
Mixcure    DOT  Explosive,   Blasting  Agent

6.      IIEAL"  tlAZARES:
.-.--.,   ~               i

Carcinogea
Corros±we
ELghly  Toxic
Irritant
Sensitizer
Toxic
Target  Orgatl  Ef feces

9.      PR"ARY   ROUTE(S)   OF  ENTRY:              No   Data

10.      PERMISSIBLE   EXPOSURE  I.HITS:         NO   Data

Diesel  oil:     Flamable

-----    iL---_I)   -

Ref :   Reglscr:`'   of   Tc}xic  Effects
of   Chemical   Substances   (RTECS)

N  =     No   G:icerla  Match
Y  I    Poslclve  Criteria  Match

per  RT£CS
nd   I     No   Data



11.      LISTINCS:

RATERIAI,
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Enulsions/Ah.FO   Blends
Page   2

NIP  ANNUAL   REPORT                   IARC                              0StIA
ON   CARCINOGENS                        MONOGRAPHS            CARCINOGEN

12.      CENERAI.LY  APPLICABLE   PRECAUTIONS   FOR   SAFE  HANDLING   ANI)   USE:

HYGIENIC  PRACTICES :

h13.

n

Avoid .Skin  and  Eye  Contact.     Avoid  Ereaching  Blasting  Fumes.
PROTECTlve  mASuREs  I)uRINc  REPAIR  AND  RAINrENANCE  oF  CoNTanNAT£It   EQulpRENT :

Use  nan  sparking  tools,   avoid  open  £1ane,  wear  nortnal  safety  equipment,
Such  as  safety  glasses  and  hard  hat.

PROCEDURES   FOR  CLEANUP   OF   SPILI.S   AND  I,EARS:

Bulk  Product:     Isolate  and  contain  spilled  material.   Contact  Distributor
or  Aclas  Powder  for  Spill  Resporise  Assistance.
The  disposal  of  danaged  or  deteriorated  explosives  must  be
carried  otic  in  accordance  With  all  Federal  and  State  Regulatior,s.
In  the  event  of  a  major  spill,   contact  the  National  Response
Cetiter   (800-424-8802)   and  the  local  Police.

CONTROL  IGASURES :

ENGINEERmc:            Follow  BATE  standards   for  storage   (27   CFR   151   Subpart   3)
Except   for  Bulk  produecs,   see  "Do's   and  Don'ts  -Instruccioris  end

Wamlngs"  -  found  in  every  shipping  case.
See  Institute  of  Makers  of  Explosives  Publica[ictns.

WORK  PRACTICES!      Follow  OSRA   Scar`dards   for.Storage   and  Use   (29   CFR   1910.109)
Except   for  Bulk  products,   see  "Do's  and  Don'cs  -Instructic]ns  and

Warnings"  -.£otlnd  in  every  shipping  case.
See  Insclcuce  clf  rrakers  o£  Explosives  Publications.

pmsoNAL  pROTECTlvE  EQulpMmlT:

Avoid  Coxlc   fumes  frota  bla.sting,   wear  tio=p.al  protective  equipment,
such  as  Safety  glasses.  hard  hats.   etc.

i4.     RERCEh'cy  AND  FIRST  AII>  pROcmuREs:

Do  not  attetnpt  fo  fight  fires  involving  explosives.
Imediately  evacuate  the  area.     Avoid  toxic  fumes  from  fires.
h  case  of  skirl  concoct,  Wash  affec:t:ed  area  `.ich  water.     Eye  coricact  -
flush  eyes  for  ac  least   15  air`u:es  and.cotisulc  a  Physician.

)          15.     DISCLAIRER:          The  above  lnfomation   taken  from  various  publl6hed  and  unpublished
sources  is  believed  to  be  accurate  and  rep:esents   the  best

)                                                       |nfort=acion  currently  available  co  us.     Houever,  ve  make  no  vartancy
of  the  accuracy  ot.  such  informatlon,   express  or  implied,   arid  assua]e

i  .                                                    no  liabllicy  re§ulclng  from  lcs  useh     Users  should  make  their  o`m

#::;CS82:i:3£a:°p8:;::::Fe  the  Sulcabillty  of  the  inf orm€=ion  for
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