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ODbjectives

To provide an understanding of:

 How ground control hazards are created,
 How to recognize them, and

* NOW L0 correct these hazards




Ground control (GC) hazards are created when
workers are exposed to highwalls, pit walls,
panks, or slopes with the potential for failure.
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EXposure can be
from above...

...0r below
| OSSIOIFSUPRONL)




Eliminating GC Hazards

through thoughtful planning, evaluation, and
design.

- threughiregular
examinations with consideration of.changes in
geology/ground conditions; seepage, pitiwall
gEOMELNY; eCKimass Composmon and potential
farlure moedes.

: [=threughitheapplication
O CONrECTIVE MeasUres intendedito prevent ranure
Ol PrEVENTEXPOSUTE:

| (= threughrelocatingWerkeaheas:,
0 A ErS I PrOECHVEMEASUTES OIAT ONItORNG”



What Is a Highwall?

 The unexcavated face of exposed

overburden and coal In a surface mine.
- Dictionary.com

A steeply angled face of naturally occurring
[ock created by the excavation of adjacent

OCK and Soll. — Working Definition




Highwall failures

* A highwall failure is generally the unintended
0SS of material from a highwall.

* Two general types offhighwall fallures:
— LGV BRI s =Tnvelve arelativelydarge
amoeunteliimaternialonialange portion ofa
highwall(canfve materal erstilctine controelled)s

= RocK Falls el cielisedsiisiniteose o
NAIVidualrecksioniassmall portion oirarnignwell:




Rock Mass Fallures — involve a relatively
large amount of material on a large portion of a highwall
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Highwall Stability,

 Highwalls are composed of rock masses that
consist of blocks of intact rock that are
separated by structural discontinuities.

o Unless the rock s very weak, highwalls fail
along structural discentinuities (i.e., |eInts,
Cracks; sloping kedding planes and/other
dISCONLINUILIES):

s e ernentation andilocation eifthese fiacture
planes detenminerthe aluretype; extent of
therslidingrrecksandithe pathihatatwill take.
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Common Types of Discontinuities

— a depositional surface found
N sedimentary rocks.

— a discontinuity: aleng which no
olbservanle displacement has 6Ccurred.

— adiscontinuity;aleng which
displacementinas 6ecured.

— a gENEnc termrapplieditora
VAl e/ GidISCONUNUITIES:
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Bedding




Joints
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Properties of Discontinuities

s Orientation
¢ Spacing
Persistence

ARENRUrE (opening)
Infiliing
See r)?IJ

NUMPER O SELS



Rock Mass Failure Modes

Planar
Wedge
Topplin
Circular
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Planar Failure




Intersecting Discontinuities




Wedge Failure
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Toppling Failure







Points to Remember

» Discontinuities can occur at virtually
any orientation and spacing.

» [he orientation inwhich discontinuities
INtErSECt each other and the highwall
face contrbute te the fallure type and
potential.

o Knowledge ofifdiscontinuity/ PropPERIES
INIthe mine eEnVIGNMENTIS NECESSANY
ferevaluation efifhighwallistaniiiy:
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Seepage




Seepage

» Seepage Is often a contributing
factor te highwall failures.

» Effects ofi Sseepage:
— [[edUCEeS shear strength ofisoll/rock,
— Gleates driving ferce in jeInts,
— eredes supporrting material;

—adds welghtiterthe poetential’sliding
mass; and

—[ORMatien GIHICE dISIOUFESHIBOSE OBEK
aNGNCLEASES PRrEPrESSUTE
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Rock Falls




Rock Falls

Intact blocks of rock
on a fractured

highwall are
susceptible to falling
when they are
unconfined.

Trees near the edge
of a highwall are
also a fall of
material hazard.
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Loose Rock




Overhangs

Seepage /
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Corrective Measures Intended to Prevent
Failure (Stabilization) and Prevent
Exposure (Protection) — TRB, 1996

Rock Cut Stabilization and Protection

Ditches & Berms

Catch Fences

Rock Bolting Resloping Warning Fences

Dowels Trimming Rock Sheds

Tied-Back Walls @ Tunnels
m RC Equipment

Buttresses
Drainage
Shot-in-Place buttress
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Rock Fall Analysis —for
Design of Ditches and Berms

o Geometny and height ofithe highwall
will'affect how a rock falls, Where it
IMpPAacts, and Where It:COMES te est.

o Blockesize (Weight)rand dreprheightawill
determmine the damage potentialiona
Tl NG ECKAWHERNIISTIIKES:
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Effects of Highwall Geometry
on Rock Fall Trajectory.

.'.,‘:'-_‘._. 300 - Slope angle’ \Vf

. Depth (D)

(USDOT 1998)




Design of Rock Fall Catchment Areas

Catchment Width (W) Berm Height (D)

Highwall Slope

Highwall Ht. (ft)

W (ft)

D (ft)

Near Vertical 15-30 10 3
Near Vertical 30-60 15 4
Near Vertical over 60 20 4
0.25H to 0.3H:1V 15-30 10 3
0.25H to 0.3H:1V 30-60 15 4
0.25H to 0.3H:1V 60-100 20 6
0.25H to 0.3H:1V over 100 AS 6
0.5H:1V 15-30 10 4
0.5H:1V 30-60 15 6
0.5H:1V 60-100 20 6
0.5H:1V over 100 A4S 8
0.75H:1V 0-30 10 3
0.75H:1V 30-60 15 4
0.75H:1V over 60 15 6
1H:1V 0-30 10 3
1H:1V 30-60 10 5
1H:1V over 60 15 6

Ritchie (1963)
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Rock Fall: Impact and Roll out
Distance

Impact distance
Roll out distance

T ! .ga-nu nce

Impact distance
Roll out distance

Impact distance
Roll out distance

Impact Distances (feet) for 99% of rocks

Highwall

Height (ft) | Vertical |0.25H:1V| 0.5H:1V |0.75H:1V| 1H:1V
40 14 9 6 ) 0]
50 15 13 11 10 4
60 16 16 15 14 8
70 18 19 17 15 9
80 21 22 19 16 10

Rollout Distances (feet) for 99% of rocks

Highwall

Height (ft) |Vertical [0.25H:1V [0.5H:1V [0.75H:1V |1H:1V
40 K{0) 32 48 44 60
50 30 51 56 54 63
60 30 69 66 65 67
70 30 74 67 66 73
80 30 79 68 68 79
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Catch Bench Design

‘Minimum
bench width |-
Berm L‘ﬁ <~ 75° to 90°

heightrv " N |

/

eMinimum bench width = 15 feet + (0.2 x highwall height)
eBerm height = 3 feet + (0.04 x highwall height)
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Catch Bench w/Berm
— they do exist




Relatively Small Rocks can pose an
Impact Risk to Personnel On-Foot

:
e i

» 1999 (TN) — Driller at base of 230 ft. highwall
* Rock measured 4” x 4” x 3" & weighed under3 pounds 38



Rock Fall: Impact Energy

Height of | Size of | Approx.| Kinetic Approx. | Speed | Time to
Rock Fall | Rock! | Weight Energy Force of | (mph) | Impact
(feet) (inches) (Ibs) (ft-Ibs) Impact? (secs)
(Ibs)

50 4 6 300 1,200 38 1.8

50 6 20 1,000 4,000 38 1.8

50 12 160 8,000 32,000 38 1.8

12 64,000 54 2.5

Time it takes a Rock to Fall to the Base of a Highwall
Time (seconds)




Perception-Reaction Time

« One’s perception-reaction time depends on
many factors such as expectancy,
attention, visual acuity, decision-making
complexity, time of day, fatigue, age, etc. AWARNING

» Research suggests that the perception-
reaction time te brake for a traffic signal
varies from about 0.9'te 1.3 seconds.

Perception-Reaction Time
may exceed
Rock Fall-Time

» \When using a Spetter, the perception-
[Eaction time efithe EXPESEd PENSeNR 1o the
spotter'sialarmiisiiniaddition to the
PEICEPLIGN-rEaction tiIme: 0l SPetter te: the
Event.
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Computer Modeling

« Computer models such as the Colorado
Rockfall'Simulation Pregram (CRSP) can be
used to design rockfall protection measures.

* Input/assumplions — Cross-section, surface
roughness, nermaliand tangential
COETffICIents, NOCK: Size and shape.

o ProgramiAdvantages/Capanilities:
— Mmodelffield conaitions such as
— COMmpIEXtgeEOmME & MmUlti=RENChH)
—rnimany;simulations; and
— ahalyzevanousimitigatiGn SCENANRGS:
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Highwalls
without and with a Ledge

80° slope ' 80° slope

~45-foot impact zone ~130-foot impact zone




Factors that Contribute to the
Severity of the Hazard

EXPOSURE

» frequency
» duration
- attention/knowledge

Highwall
Hazards




Sand and Gravel Mining

This specific category of surface mining
Involves the extraction of sand and
gravel from naturally eccurring deposits
ofisediment.




Unconsolidated Overburden
(1.e., Soll):

* |n geologic terms, unconsolidated overburden
O an unconsolidated deposit is composed of
Sediments or deposits that are not classified as
arock unit (i.e., consolidated unit).

o S0Il consistiefisilts, clays, sand; gravel, and

G1:ganics.

— SedimentidepesIts ane sollsithatthave een
ranspored Ry WInd; Waters Volcanic, o gravity:

— Residualiselistare these solls thatthave formmedin=
pPlace fromithe weathenngoirnecks
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Factors Unique to
Sand and Gravel Mining

— Sand and gravel Is a sediment
that generally. consists ofian un-bonded
MIXture ofi selid particles that 1s much
Weaker than rock.

— e nature efiunconselidated
materalS eliminates the neediferplasting
andipermmiItsTmining Ry eitherdinect
eExcavation erdredging:
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Direct Excavation

Direct excavation is the mining of material solely
through the use of powered eguipment such as front-
end loaders, excavators, and bulldozers.




Cconcern In Direct Excavation

The concern in direct excavation is the operation of
equipment in the vicinity of slopes that are often
excavated steeper than the angle of repose.




Objective
To provide a better understanding of:

 How sand and gravel ground control
nazards are created

e How to eliminate these hazards

25, N g
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Ground control hazards in sand and gravel
mining amount to Slope Failure.




Eliminating Slope Failure

through thoughtful planning, evaluation, and
design.

- through regular
examinations with' consideration ofichanging sol
composition;, Weakslayers; seepage; potentialfailure
Moedes; andimaintaining a safe siope angle.

Remediate the condition — triroucen iz 2igalicaiion
OlfcConrectivVe measuresiintendeatopreventiiaiure:

Or Prevent exposure inlrfetic)nl fele)eziiifie] el
dl€aS DA ENST PIOLIECHVE M EASULES, OIFMONILOHNG:



ANKES 3!1@1]1& V.
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Types of Solid Particles

Soils generally contain 4 different types of
solid particles:

Grave

HOWEVENR SeIIS cantalsercontain inreus
hganicimeaterialFasivellFasH al(g ErRI 0 CKS
QITNTACTITOCKISUCHIASICOPNIES
dNUREUICESST




Particle Characteristics
Solid particles are distinguished by their

Size and behavior In response to moisture*:

Gravel —  1004in)2mm | COArssgrainse

Sarnel — 2-0,05 rrirn

Norn-Plastic
Silt — 0.05-0,002 rnrn) Fine-Grained
(Powedlery)
2y < 0.002 rnri . !
Clan 0.002 rnrr Dlasiic
COLRIESHEA=121)%)

ES
BOUIGERSHE121n1)

AUSPDATSIZE LEIMILS




Cohesive Soll
(High Silt and Clay Content)

Soils with a high silt and clay content tend
to exhibit cohesive behavior and are
described as cohesive solls.

 Cohesive soils “stick together.”
o DPry,samplesswillinoet easily breakiapart:
o VIeISt'Samples can e rolledinterastring.

o \Violded samplestwillfrremaintintactwhen
SURMErged:
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Non-Cohesive Soll
(High Sand and Gravel Content)

Solls with a high sand and gravel content
tend to exhibit non-cohesive behavior and
are described as non-cohesive solls.

* Non-cohesive solls do not “stick together.™
o DPry:samples willfeasily hreaksaparit:
o MoISt:samples cannotibe rellediinterastiing.

o Violdedisamplestwilimetremain intactiWwhen
SURMErRgeal:
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Soll Fallure Shape

Slope failures in solls involve rotational
and sliding moevement along a failure
surface through the soil mass that often
approximates the arc of a circle.
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Signs of Potential Slope Failure
Visual signs of a potential soil slope

fallure include:

Tensmn cracks pehind the crest

- Tr:\rlsvsrss Clacks throughithe slope face
. Bulging atithetoe

. Fdlienimatenal atiinetoe

s ACUVeraveling

rlOWaVer, over-siggagnged, non-conssive
S0il 3]0,)e3 orcinzrily il very raoicly cugle
orovicle vary little weirnirie).




ldentifying Unstable Conditions

ldentifying unstable conditions in sand and gravel

mining Is therefore largely contingent upon
understanding the behavior of non-cohesive soll

SIopeES.
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Strength of a

Non-Cohesive Soll Slope
(High Sand and Gravel Content)

e Strength ofia non-cohesive soil slope Is
primarily due to frictional resistance
pBetween the parnticles.

o Conseguently, Cehesion (C) for sands
and gravelsi=0

o Erictional resIstancCe IS iEpreESEnted iy,
thedrctionrangleNo):
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Friction Angle (¢)

The friction angle Is a function of:

» Particle surface roughness (smooth, rough)

o Particle size distribution (well graded,
uniferm)

o Particle shape (angular, rounded)

o Relative density (IeeSe, dense)

FOpracticali puUrpPeSES, the fiction anglein
diy;IeeSelN placed; Sandsiandigravelsas the
“angle of repose.-”
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Angle of Repose

The angle that a dry sand or gravel will
form with respect to the horizontal when
dumped into place.
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Question

Can a non-cohesive soll stand steeper
than its angle of repose?




YES |

With some moisture and compaction, a non-cohesive
soll can stand much steeper. than its angle of repose?



http://en.wikipedia.org/wiki/Image:Sand_sculpture.jpg

Apparent Cohesion

This Is partly due to the phenomenon of apparent
cohesion where soll particles are held in place by
the surface tension of water that Is drawn Into the
POre spaces between the particles.

Dry
SYel|
Sample




However, Apparent Cohesion
IS Unreliable

o Strength from apparent cohesion Is
unpredictable, unsustainable, and
should noet be relied upoen for leng-term
stability.

o Apparent.conesion s highly;dependent
OGN MeISture content:

o |[Fthe sell dIiIES GUHGIFRECOMES
satlrated;twilircoeliapseand ge
back to it's angle of repose.
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Recommended Soll Slopes

Soil Type Classification:

Type A Soils are cohesive soils with an unconfined
compressive strength of 1.5 tons per square foot (tsf)
(144 kPa) or greater. Examples of Type A cohesive
soils are often: clay, silty clay, sandy clay, clay loam
and, in some cases, silty clay loam and sandy clay
loam.

Type B Soils are cohesive soils with an unconfined
compressive strength greater than 0.5 tsf (48 kPa)
but less than 1.5 tsf (144 kPa). Examples of other
Type B soils are: angular gravel; silt; silt loam;
previously disturbed soils unless otherwise classified
as Type C.

Type C Solls are cohesive soils with an unconfined
compressive strength of 0.5 tsf (48 kPa) or less.
Type C soils include granular soils such as gravel,
sand and loamy sand, submerged soil, soil from
which water is freely seeping, and submerged rock
that is not stable.

Maximum Slope for Trench Excavations
OSHA (1999)

Soil type Horizontal: Vertical | Slope angle
(ratio) (degrees)
Type A Ya:1 93°
Type B 1:1 45°
Type C 1%2:1 34°

For a maximum overburden of 20 feet; otherwise,
perform a stability analysis.

Type A — Short Yo:1 63°
Term Slope

For short-term, a maximum overburden of 12
feet; otherwise, perform a stability analysis
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Examinations

Monitor (i.e., measure) slope angle and piezometers
Look for cracks on top or bulging of slope
Look for changes in soil composition or weak layers

Seepage and sloeughing — investigate stability

— conduct geotechnical evaluation

— Install drains and piezemeters

— flatten slope

— Seepage In eresion gullies

Control surface runofi te prevent eresion of pit slepe
— Repair eresion where practical

— Bulttress or flatten slope
— Re-evaluate
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Fatal Sand and Gravel Accident
Massachusetts — June 2015

Mining Method - Direct Excavation

Ihe victim was operating a front-end'locader at
the toe of a 128-fooet-high sand bank

Ifhe sand bankiwas oVer-Steepened (Slope up
[0/ 58 dEQrees VS, 83 degree angle ofirepoese)

Thevictim was fatally imjurediwhen anout
15700 cURIC Yardsrofisanady; sollfell fromithe
nighwallrfandfengulfearthellcader:

e naew mine space contributed tothe
nazarndland CONSEJqUENGES:
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Fatal Sand and Gravel Accident
Massachusetts — June 2015




Fatal Sand and Gravel Accident
North Dakota — August 2015

Handling/Transporting - Direct Excavation

The victim was operating a front-end loader at the toe
of a 39-foot-high stockpile and was fatally injured
when about 400 cubic yards of'sand and gravel slid
from the stockpile

Jhe victim was outside the leader near. the access
ladder between the stockplle andithe leader

e SteckpIlerwas eVer-steepened WithSIGPES
PETWEEN 42 andi52 dEQIEES, the angle GliepeSse Was
32/ 10136/ EJIEES

helecationsieithe minerand the equipment
contributeditorthenazand and CONSEqUENCES:
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Fatal Sand and Gravel Accident
North Dakota— August 2015




Fatal Sand and Gravel Accident
North Dakota— August 2015
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Common Acclident Factors
Direct Excavation

Slopes were primarily composed of non-
cohesive soll (I.e., sand and gravel).

Highwalls were excavated at slope angles
steeper than the soil’s angle of repose.

Highwall stability;was unpredictable and
Unsustainanle.

CompoundedeExposUretorthe hazarnd.
FallUES OccUed Ve rapialy:
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Remediating the Hazard
Direct Excavation

» Measures to Prevent Failure:
— Avoid creating a steep highwall face.
— Avoid undercutting the highwall face.
— Limit the highwall height.

o Vleasures to Prevent Expesure:
— Mine materal fremithe top dewn.:

— Vieve eqguipmentiaway iem the SIGPE;
PANKS G STOCKPIIE BEIGRE EXITING:

—DoemoettravellvetWeen equipment
anath e sIEPRE/RaAnKISIOCKPIIE:
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Double Fatal Accident
Mississippl — June 2016

Mining Method - Direct Excavation

The victims Were an excavator. and a haul truck
operator working in an incised pit near. the toe of a
65-foot-high wall.

They were fatally injured/when the east wall collapsed
and about 44,000 cubic yards of;saturated tailings
Inundated the pitand engulfed the equipment.

fhepitwas adjacent tora partially-abandened siurnny.
Impoundmenti(aformermine pit):

hewalllwasicomprised ofifhydraulically placed sand;
andnatural’'sandfandigravel:

e SIGPE WaSIGVEIFSTEEPENEM, EXNINIINGISEEPage
andisiougnsioisaturated imaternial;
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Double Fatal Accident
Mississippl — June 2016
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Double Fatal Acciden
Mississippl — June 2016
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Double Fatal Accident
Mississippl — June 2016

Lz

72672

-




Double Fatal Accident
Mississippl — June 2016
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Satellite Image
- Mississippl = Dec 2015
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Prudent Planning

Survey adjacent impoundment before reclamation

Perform geotechnical investigation and evaluation to
determine width and slope of natural barrier to maintain

Install piezemeters to: moniter ground water

Build an adeguate dam between the pits

— spigot tallings aleng prepoesed barrier to fill with' sand

— monitor and surnvey beach develepment for quality: control

—  compact sand barrier on a regular basis

— perferm geoetechnical investigation on cempleted sand beach barrier
— [pstall’ piezemeters

EStablishilimits of prepesed mining (Sunvey: & stake tep efifinal
wall)

Mine tep dewn terestablishrandimamntainithe designisiope
PUmpreuralliwaterermamntan gretnawaler per design



Summary

e Ground control hazards are created by a
combination of the potential for failure and
EXpPOSUre.

* [he potential for failure can be greatly
reduced by prudent design/planning;

o HOWEVEl, hazardS dUe to:changesiin
conditiens cantke eliminated Py first
recognizingranditheniremediating the hazarnd
USTNGICOECTIVEIMEASUTESHNIENCHEM O EIther
PreEVEntiallUre Gl pPrevVENtEXPOSUTE.
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For Additional Assistance

Contact Your. Local MSHA Office

Or

Stan Michal ek
Chier, MineWasterandiGeotecnnical Engineenng Bivision
Pittshurgni Saiety and rdealtn lechnelegy Center;
MinerSatety and HealthrAdministiation
(4412) 8661 - 6974
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