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Visit us at www.jimcoproductsinc.com

Mississippi Lime Co.
525 Hanse Rd.
Verona Ky. 41092

8/17,2015.

Mr. Trevor Tallent,

JIMCO PRODUCTS, INC.
101 Jimco Drive
Hollister, MO 65672
(417)-335-8803

Fax: (417) 335-8804

On August 13,2015. Mike Musko(Orica) myself,Dan West(Jimco Products) with assistance of Troy

Porter and Zack Barrett performed a pull test on your facility.
Pull test was done on bolt #1 at NW-7

Bolts used/ Orica #6 x 72” grade 60 headed rebar.

Plates used / Orica 8"x 8” x 1”” grade 3.

Resin used / Orica 2834 VLIF35. 2 sticks per hole.

Pull test was done on bolts #2 & #3 at NW-8.

Bolts used/ Minova #6 x 72” grade 60 headed rebar.

Plates used / Minova 8"x8” x 1” grade 3.

Resin used / Minova 2824 LIF50 . 2 sticks per hole




Bolt #1 Pulled to 32,0004 anchorage held firm.
Bolt #2 Pulled to 32,0004 anchorage held firm.

Bolt #3 Pulled to 32,000# anchorage held firm.

The Pull test was satisfactory. There does not appear to be any issues at this time with either the bolts
or resin. Installation was according to Orica recommendations.

We do want to thank all of the employees at this facility for their assistance during this test.

Daniel V.West

Vice President Jimco Products Inc.
Jimco Products Inc.
101 Jimco Drive
Hollister,Mo.65672
417-335-8803 office
417-337-1636 cell
Visitus at http://www.jimcoproductsinc.com
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Introduction:

This Ground Control Plan outlines the system used to manage ground control at Sterling
Materials Mine. All aspects of ground control are included in the Plan from Geological
Information through the design phase to the requirements of the Standard Working
Procedures. All supporting documentation is readily available and reviewed regularly.

This document shall form part of the Mine Management Plan and will be used in
conjunction with this plan. It is also the primary document which addresses the requirements of
the Underground Ground Control Standard at the mine.

Objective and Scope:

The objective of the Ground Control Plan is to ensure the systematic planning and
effective implementation of the ground control systems in order to safely and efficiently
operate Sterling Materials Mine. This Ground Control Plan applies to all personnel at Sterling
Materials Mine,

Accountabilities/ Responsibilities:

The accountabilities and responsibilities shall be included in the appropriate joh
descriptions. Where there are alternative positions held the responsibilities and accountabilities
shall be assigned to those positions.




Sterling Materials Compliance Agreements:

Sterling Materials shall correct any Ground Conditions that create a hazard to persons
before other work or travel is permitted in the affected area. Until such work is completed the
hazardous area shall be bermed or posted to impede unauthorized entry. Also notification will
be given to any persons whom could potentially enter the area. Sterling Materials shall follow
all regulations regarding 30 CFR §57.3200.

Sterling Materials shall perform scaling from a safe location which will not expose
persons to injury from falling material. Scaling shall be performed from either a machine
designed for scaling, or by barring back or ribs from a safe location. Sterling Materials shall
follow all regulations regarding 30 CFR §57.3201.

Sterling Materials shall perform manual and mechanical scaling with the appropriate
tools necessary to perform the job safely. When manually scaling, the bar provided shall be of a
length and design that will allow the removal of loose material without exposing the person
performing the work to injury. Sterling Materials shall follow all regulations regarding 30 CFR
§57.3202.

Sterling Materials shall obtain a manufacturer’s certification that the material was
manufactured and tested in accordance with the specifications of ASTM F432-95 and make the
certification available to an authorized representative of miners (Attached). Fixtures and
accessories used will be of appropriate specifications for the mine strata. At the start of each
working shift the rock bolt driller shall conduct torque tests on all rock bolts to withstand 150
foot-pounds of torque and shall not use any damaged or deteriorated resin cartridges. Sterling
Materials shall follow all regulations regarding 30 CFR §57.3203.

Sterling Materials shall use ground support where ground conditions or mining
experience in similar ground conditions in the mine indicate that is necessary. Rock bolts shall
be installed throughout the entirety of the third level of the mine and subsequent parts of the
mine where management deems necessary. The rock bolt spacing shall be placed on a 5 foot by
5 foot pattern with rib bolts being no more than 2.5 feet from the rib or face (Attached ;
Pattern). All rock bolts shall be maintained, repaired, or replaced in any area where rock bolts
have been damaged which creates a hazard to persons prior to any work or travel in the
affected area. Sterling Materials shall follow all regulations regarding 30 CFR §57.3360.

Sterling Materials shall have persons designated by the mine operator that is
experienced in examining and testing for loose ground. Appropriate supervisors or other
designated persons shall examine and, where applicable, test ground conditions in areas where
work commencing, after blasting, and as ground conditions warrant during the work shift.
Underground haulageways and travelways and surface area highwalls and banks adjoining
travelways shall be examined weekly or more often if changing ground conditions warrant.
Sterling Materials shall follow all regulations regarding 30 CFR §57.3401.



Sterling Materials shall not permit persons to work or travel between machinery or
equipment and the highwall or bank where the machinery or equipment may hinder escape
from falls of slides of the highwall or bank. Travel shall only be permitted when necessary for
persons to dismount. Sterling Materials shall follow all regulations regarding 30 CFR §57.3430.

Sterling Materials shall not permit maintenance work between machinery or equipment
and ribs unless the area has been tested and, when necessary, secured. Sterling Materials shall
follow all regulations regarding 30 CFR §57.3460.

Sterling Materials shall follow all regulations regarding 30 CFR §57.3400 and 30 CFR

§57.3461.
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To: Minova USA Roof Support Customers

Date: January 2, 2014

Re: ASTM F432-13 Certification

This letter is to certify that all roof bolts, plates, accessories and resin capsules

manufactured by Minova USA meet or exceed ASTM F432-13 specifications. This
letter covers any products shipped during 2014,

Listed below are the manufacturing symbols used by each Minova USA steel plant:

Manufacturing Symbol Location

"Bt "BE1" Bowerston, OH
"B2" "BE2" Clearfield, UT
"B3" "BE3" Marion, IL

"B4" "BE4" South Point, OH
"B5" "BE5S" Grundy, VA

"B6" "BEG" Cadiz, OH

“B8” “BE8” Stoney Creek, ON

BE - Eclipse Bolt
Please contact your local Minova representative if you have any questions.

Regards,

Wy

David Buick

{ ORICA
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MINOVA

Minova USA Inc,

150 Carley Court

To: Minova USA Roof Support Customers
Date: January 5, 2012
Re: ASTM F432-10 Certification

This letter is to certify that all roof bolts, plates, accessories and resin capsules
manufactured by Minova USA meet or exceed ASTM F432-10 specifications. This
letter covers any products shipped during 2012.

Listed below are the manufacturing symbols used by each Minova USA steel plant:

Manufacturing Symbol Location

"B1" "BE1" Bowerston, OH
"B2" "BE2" Clearfield, UT
"B3" "BE3" Marion, IL

"B4" "BE4" Proctorville, OH
"B5" "BES" Grundy, VA

"B6" "BE6" Cadiz, OH

“B8” “"BE8” Stoney Creek, ON

BE - Eclipse Bolt
Please contact your local Minova representative if you have any questions.

Regards,

T ey S0

\
g"J

- (;_ - -

Jim Earl
President & CEO

¢ e e R -
Solutions from Materials Technology A
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Ground Control Equipment/Supplies:
The following Equipment/Supplies shall be used to ensure the Ground Control Safety of persons

Underground at Sterling Materials:

Antraquip AQ-3 (Rotary Head Scaler) attached to a 320 Caterpillar Excavator.
Antraquip AQ-4 (Rotary Head Scaler) attached to a 330 Caterpillar Excavator.
VP-285 (Vibratory Pick Scaler) attached to a 330 Caterpillar Excavator.
Orange Safety Cones or Berms.
JLG 800S Manlift/ Genie S60 Manlift

Midwest Mach Jackleg

Scaling Bar

Torque Wrench (150 Ibs Torque)
Oldenburg Cannon Roof-Bolting Machine Model: DPI-HD-MB 0/U

Minova #6 Gr60 Rebar Bolt

Minova 8”X 8” Donut Bearing Plate

Minova Lokset Resin CArtridges A Series

Scaling Bar

Torque Wrench (150 Ibs Torque)



ANTRAQUIP

Antraquip Hydraulic
Cutter Boom Attachments
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Geaie S-60/5-65 Specifications

Self-Propelled Telescopic Boom

STANDARD FEATURES

Oscillating axle

system on 4x4 models

Dual extended cylinders
Fully proportional controls
Self-leveling platform

Drive enable system

360° continuous turntable
rotation

160° hydraulic platform
rotation

Positive traction drive

AC wiring to platform
Auxiliary power unit

Locking turntable covers
Anti-restart engine protection
Maintenance-free pivot-point
bearings

Engine monitoring gauges
Horn

Tiltalarm

Hour meter

Fuel select switch on platform
and ground control panels
(Gas/LPG models)

Dual fuel (Gas/LPG) or diesel
engine options

Genle Industries

SPECIFICATIONS
MODEL

Working height max
Platform height max
Height - stowed
Length - stowed
Width
Wheelbase
Ground clearance
Platformlength: 6 ft
81t
Platformwidth: 6t
8 ft
Horizontal reach max
Maximum lift capacity
6 ft platform
Maximum lift capacity
8 ft platform
Turning radius - outside
Turning radius - inside
Turntable rotation
Turntable tailswing
Power source

Controls
Platformrotation

Tires

Hydraulic tank capacity
Fuel tank capacity
Weight

5-60/5-65

Drive speed - stowed
Gas/LPG models
Drive speed - stowed

Diesel models
Drivespeed,

raised or extended

(all models)
Gradeability - stowed

560

{f.\‘

66 ft

60 ft
9t
2712in
8t

9t
12in
30in
36in
72in
96in
51ft3in
6001b

5001b

221ft2in
12 ft1in

Metric

20.3m
18.3m
2.74m
8.3m

244m
2.74m
30cm
76cm
91 cm
1.83m
2.44m
16.6m
272kg

227kg

6.76m
3.68m

360° continuous

3ft32in

1m

S65

LS Metric
711t 21.8m
65 ft 19.8m
9ft 2.74m
30ft10in 9.4m
8 ft 2.44m
aft 2.74m
12in 30cm
30in 76cm
36in 91 cm
72in 1.83m
96in 2.44m
56 ft4in 17.2m
5001b 227 kg
5001b 227 kg
221ft2in 6.76m
121t 1in 3.68m

360° continuous
3ft312in 1m

Ford LRG 425 EFI Gas/LPG 82 hp (61 kw)
Deutz Diesel FAL 1011 56 hp (42 kw)
Perkins Diesel 704-30 60 hp (45 kw)

12V DC proportional

160°

15-19.5NHS

45gal 170litre

33gal 125litre
26,0601b 11,821kg

42

us Metric

4.4mph 7.1km/h

40 ft/6.2sec 12.2m/6.2 sec
4 mph 6.4 km/h

40 ft/6.8sec 12.2m/6.8 sec
0.6 mph 1km/h
40f/40sec  12.2m/40sec
30%

12V DC proportional

160°

15-19.5 NHS

45¢gal 170litre

33gal 125litre
28,4001b 12,882 kg

4Hd

us Metric

3mph 4.8km/h

40 ft/9.1 sec 12.2m/9.1sec
2.8 mph 4.5km/h

40 ft/9.7 sec 12.2m/9.7 sec
0.6 mph 1 km/h
40ft/40sec  12.2m/40 sec
40%

USA 18340 NE 76th Street

P.O. Box 97030

Redmond, Washington 980739730
Telephone (425) 881-1800

Toll Free USA/Canada 800-536-1800
Fax (425) 883-3475
http://www.genielift.com

UK The Maltings, Wharf Road
Grantham

Lincolnshire NG31 6 BH
Telephone (44) 01476-584333
Fax (44) 01476-584334
http://www.genielift.com

Continuons improvement of our products is a Genle policy. Product specifications
are subject to change without notice or obligation. The drawings in this brochure
are for illustrative purposes only. Refer to the appropriate Genie S-60 and S-63
Operator's Manual for instructions on the proper wse of this equipment. Failure fto
follow the appropriate Operator’s Manual when using a Genie S-60 or 5-65, or to
otherwise act irresponsibly, may result in serious injury or death. Copyright © 1997
by Genle Industries. "Genie" and "S" are Registered Trademarks of Genie Industries
in the USA and many other countries. Genie is the owner of US patent 5,447,331
Patents pending. 3/13/02
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8005

[elescopic Boom Lift

Key Specs

» Horizontal Outreach: 71ft / 21.64 m
» Platform Capacity - Restricted: 1000 Ib / 453.59 kg

» Platform Capacity - Unrestricted: 500 Ib / 226.80 kg

o Platform Height: 80 ft / 24.38 m

Power Source

Auxiliary Power
Capacity - Fuel Tank
Engine Type - Diesel
Engine Type - Dual Fuel

Performance

Axle Oscillation

Drive Speed - 2WD

Drive Speed - 4WD
Gradeability - 2WD

Gradeability - 4WD

Platform Capacity - Restricted
Platform Capacity - Unrestricted
Swing

Swing Type

Turning Radius - Outside

hitp:/iwvjlg .comfen/eq uipment/eng ine-powered-boom-lifts/telescopic/800-series/800s#

12 Volts DC

31gal./117.35L

DEUTZ TD 2.9L Tier 4 Final 67 hp

GM Vortec 3000 MPFI 82 hp (61 kW)

8in./0.2m

4 mph/5.63 km/h
4 mph/5.63 km/h
30%

45 %

10001b / 453.59 kg
5001b /226.80 kg
360 Degrees
Continuous

22ft6in./6.86 m

117
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Dimensional Data
Ground Clearance
Machine Height
Machine Length
Machine Width

Platform Dimension A
Platform Dimension B
Platform Height
Tailswing

Tire Size

Reach Specifications

Horizontal Jib Rotation
Horizontal Outreach
Platform Height
Vertical Jib Rotation

General

Capacity - Hydraulic Reservoir
Ground Bearing Pressure

Machine Weight

Key Features

+ Reach full elevation in less than 70 seconds

» Advanced Design Electronics System reduces your costs by increasing fuel efficiency and red ucing

emissions

8008 Telescopic Boorn Lift | JLG

» Equipped with a fuel-efficient Tier 4 engine

http:/iww jlg com'en/equipment/eng ine- powered-hoom-lifis/telescopic/800-series/800s#

1ft/0.3m
9ft11in./3.02m

37ft3in./1.35m
8ft2in. /249 m
3ft/0.9Tm
8ft/244m
80ft/2438m
4ft8in./1.42m

15-625 Pnuematic

0 Degrees
71t/ 21.64 m
80ft/2438m
0 Degrees

48 gal. /181.70 L
72 psi/ 5.04 Kg/cm2
33200 Ib /15059.27 kg




81772014 800S Telescopic Boom Lift | JLG

Reach

t
(27.43 m)

80 ft ™~

(24.38 m)

SN
pd

70t
(21.34 m)

ke // / b 500 Ib
Hb20m //( 1000 1h /< 227 kg
0 454 kg [\
(15,24 m)
a0 ft / / \ ﬁ
(12.19 m) / %/ \
\

30 ft
(9.14 m)

20 ft
(6,10 m)

10
(3.05 m)

0ft

Bl

0ft  10ft  20ft  30ft 40ft  50ft 6Oft 70ft BOft

Options

http:/fwwwijlg.com’en/equipment/eng ine-powered-boom-lifts/telescopic/800-series/800s#
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htip:iiwajlg.com/en/equipment/eng ine-powered-boom lifts/telescopic/800-series/800s#
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Telescopic Boom Lift

Key Specs

» Horizontal Outreach: 71ft / 21.64 m

« Platform Capacity - Restricted: 1000 Ib / 453.59 kg

» Platform Capacity - Unrestricted: 500 Ib / 226.80 kg
» Platform Height: 80 ft / 24.38 m

Power Source

Auxiliary Power
Capacity - Fuel Tank
Engine Type - Diesel
Engine Type - Dual Fuel

Performance

Axle Oscillation

Drive Speed - 2WD

Drive Speed - 4WD
Gradeability - 2WD
Gradeability - 4WD

Platform Capacity - Restricted
Platform Capacity - Unrestricted
Swing

Swing Type

Turning Radius - Outside

hitp:/hww jlg .comen/equipment/engine-powvered- boorn-lifts/telescopic/800-series/800s#

12 Volts DC

31gal./11735L

DEUTZ TD 2.9L Tier 4 Final 67 hp

GM Vortec 3000 MPFI 82 hp (61 kW)

8in./0.2m

4 mph/5.63 km/h
4 mph/5.63 km/h
30 %

45 %

10001b /453.59 kg
5001b /226.80 kg
360 Degrees
Continuous

22ft6in./6.86m
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Dimensional Data

Ground Clearance

Machine Height
Machine Length
Machine Width
Platform Dimension A
Platform Dimension B
Platform Height
Tailswing

Tire Size

Reach Specifications
Horizontal Jib Rotation
Horizontal Outreach
Platform Height

Vertical Jib Rotation

General

Capacity - Hydraulic Reservoir
Ground Bearing Pressure

Machine Weight

Key Features

e Reach full elevation in less than 70 seconds

» Advanced Design Electronics System reduces your costs by increasing fuel efficiency and reducing

emissions

800S Telescopic Boom Lift | JLG

« Equipped with a fuel-efficient Tier 4 engine

http:/ivawwjlg .com/en/eq uipment/eng ine-powered- boont-lifts/telescopic/800-series/800s#

1ft/03m
9ft1in./3.02m

37ft3in./1.35m
8ft2in./ 249 m
3ft/0.9Tm
8ft/244m
80ft/2438m
Aft8in. /142 m

15-625 Pnuematic

0 Degrees
J1ft/21.64m
80ft/24.38m
0 Degrees

48 gal./181.70 L

72 psi/ 5.04 Kg/cm2
33200 1b /15059.27 kg
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Options

http:/hwawejlg .comien/eq uipment/eng ine-powered-boom-lifts/telescopic/800-series/800s#
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SkyWelder® SkyPower® SkyGlazier®

> » »
(/en/equipment/options{oviequipment/optionsffeodaguipment/options/boom-
lift-options/skywelder) lift-options/skypower) lift-options/skyglazier)

SkyCutter® SkyAir® Nite Bright® Cold Weather

» » » Packages

(/en/equipment/options{bovieg uipment/options@&mdﬁquipment/options;>boom—

lift-options/skycutter) lift-options/skyair) lift-options/nite- (/en/equipment/options/boom-
bright) lift-options/cold-

weather-packages)

$(document).ready(function () { $("#ddlIndustries").on("change”, function () {
$("html,body').animate({ scrollTop: $("[name="+ $(this).val().replace(/[*a-zA-Z0-9-_]/g, "") +
"1").offset().top }, 800); $(this).val(0); }); setupShowMore(); $(window).resize(setupShowMore); });
function setupShowMore() { if ($("#screen-test-xs:visible").length || $("#screen-test-
sm:visible").length) { //remove the limiter $(".disp_grid_desc.gridShowMore").removeClass("on");
//hide the show more $(".showMoreTogglelLink").hide(); } else {
$(".disp_grid_desc").removeClass("hideContainer"); //limit the size
$(".disp_grid_desc.gridShowMore").each(function () { thisElem = $(this); if (!thisElem.hasClass("on")) {
if (thisElem.height() > 150) { thisElem.addClass("on"); var link =
thisElem.parent().find(".showMoreTogglelLink"); if (!link.length) { //create show more link
thisElem.parent().append("<a class='showMoreToggleLink's<span class="moretext'>" + "" +
</span><span class='lesstext' style="display:none;'>" + "" + "</span></a>"); //bind show more click
link = thisElem.parent().find(".showMoreToggleLink"); link.on("click”, function () {
$(this).find(".moretext").toggle(); $(this).find(".lesstext").toggle();
$(this).siblings(".disp_grid_desc.gridShowMore").toggleClass("on"); }); } else { //show the show more
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link.show(); $(".moretext").show() $(".lesstext").hide() } } else { thisElem.removeClass("on"); } } }); }
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normalizeHeight($(".disp_grid_desc").siblings("h4")); }
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Warranty
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»
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warranty
program, file a
claim and access
registration
forms.
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»
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Financing

We offer a
variety of
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through our
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equipment.
Learn More

»
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show more link thisElem.parent().append("<a
class="showMoreTogglelink'><span class='moretext'>" + "" + "</span><span class='lesstext'
style="display:none;'>" + "" + "</span></a>"); //bind show more click link =
thisElem.parent().find(".showMoreTogglelLink"); link.on("click”, function () {
$(this).find(".moretext").toggle(); $(this).find(".lesstext").toggle();
$(this).siblings(".disp_grid_desc.gridShowMore").toggleClass("on"); }); } else { //show the show more
link.show(); $(".moretext").show() $(".lesstext").hide() } } else { thisElem.removeClass("on"); } } }); }
normalizeHeight($(".disp_grid_desc").siblings("h4")); }
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800 Series Telescopic Boom Lift Spec Sheet (/-/media/jlg/current-materials-no-
password/products/americas%20-%20ansi/engine-powered-boom-lifts/telescopic-
booms/telescopic-booms-family-materials/docs/800-series-telescopic-boom-lift-spec-sheet.pdf?
mw=1382)

Engine Powered AWP Brochure (/-/media/jlg/current-materials-no-
password/products/americas%20-%20ansi/awp-family-materials/docs/engine-powered-awp-
brochure.pdf?mw=1382)
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Mid-Western,

Proven Design

e The most popular
Jack Leg drill on the
market
T'he OEM of the pop-
ular MWS83 Jack
Leg Drill and y
& FL7 Feed Legs
Precision manufac-
tured parls that run
better and wear down
slower
Backed by over 65
vears of American-

made experience

Versatility

o  Available in telescop-
i¢ and power retracta-
ble models

Available in either a

7/8" on 17 chuck

e T MWS83F Jack Leg Drill Specifications
dry (with or without

waltcer) .
Can easily be con- us Metric
verted to a powerlul Piston Diameter 3" 76 mm
Sinker drill Length of Stroke 2.5" 64 mm
Overall Length 27 1/4" 688 mm
Affordability Total Weight 72 Ibs. 32.4 kg
o Mid-Western drills Air Hose Size it 25 mm
are high quality and Water Hose Size 1/2" 13 mm

competitively priced Chuck Size 7/8" or 1" x 4 1/4" 22 mm or 25 mm x 108 mm

In-house manulac-
tured parts last longer

and perform better Percussion Speed

Pressure (PSI) (Impacts per Minute)
80 2208
90 2292
100 2376

MW

Phone: 417.624. 2400 Fax: 417.624.2430 www.mwdrill.com info@mwdrill.com




FULLY GROUTED SYSTEMS

Rebar Bolt

MINOVA

Minova’s Reinforcing Steel Bar (Rebar) is manufac-
tured to critical tolerances and standards to meet
the day-to-day needs of our mining customers. Our
comprehensive quality control program ensures
that each Rebar Bolt order arrives at your site just as
you have specified. And, because Minova is a world
leader in manufacturing, you can be assured that
we will be able to fill your orders quickly and effi-
ciently, regardless of the size of the delivery
requirement.

Rebar Bolts are available in all standard diameters
and grades as well as in special rolled dimensions
(SRD) for your specific applications. Matched Bearing

Plate systems and Minova resin capsules are available
for all Minova Rebar Bolis.

Minova's Rebar Bolts made from grades 40 and 75
steel can be manufactured as bendable products for
low seam applications.

Installation Procedures:

1. Drill hole at proper diameter and depth.
2. Make depth 1" longer than the bolt.

3. Insert appropriate Minova resin cartridge.

4. Insert Rebar Bolt and Bearing Plate to within 1/16”
to 1/8" of roofline.

Continued >

Specifications:

Bar Diameter Min Yield Min Tensile  Borehole
& Grade
#5 (16 mm) Gre0 18,600 lbs 27,900 Ibs 1"

#6 (19 mm) Grd0  17,6001bs 30,800 lbs 1*

264001bs  396001bs 17

3/4" SRD Gr75 27,2001bs 36,300 Ibs 1"

#7 (22 mm) Grd0 24,000 Ibs 42,000 Ibs 1-1/8",1-1/4",1-3/8"
#7 (22 mm) Gré0 36,000 Ibs 54,000 Ibs 1-1/8%,1-1/4", 1-31-’87"
7/8" SRD Gr75 37,400 Ibs 49,800 Ibs 1",1-1/4",1-3/8" _
#8 (25 mm) Gr60 -4?.40071b; 71,100 Ibs 1-1/4",1-3/8"

Solutions from Materials Technology




5. Rotate to ensure complete mixing of resin.

6. Stop rotation. While maintaining boom pressure,
hold in place.

7. Relieve boom pressure.

Consult your Minova Technical Sales Representative
for specific mixing and hold requirements.

‘ o "

MINOVA

Minova USA Inc. Products Minova USA Inc.
150 Carley Court
Boits and Plates Georgetown, KY 40324 USA
Anchoring Products Phone 502 863 6300
Pumpable Cementitious Grouts Fax 502 863 1374
Email sales.info@minovaint.com

. Website www.minovausa.com
Chemical Grouts
Qomoq

Airtite® Sealants and Coatings

Manufactured and sold under license from Minova International Limited. A member of the Orica Group

Important Note: Warranty

Minova USA Inc. warrants that its products, at the time of shipment, conform to the applicable descriptions set forth in the invoice and are free from defects
in material and workmanship. NO OTHER WARRANTY, WHETHER EXPRESS, IMPLIED OR STATUTCRY, INCLUDING ANY WARRANTY OF MERCHANTABILITY,
OR FITNESS FOR A PARTICULAR PURPOSE, SHALL EXIST IN CONNECTION WITH THE SALE OR USE OF ANY MINOVA USA INC, PRODUCT, AND ALL SUCH WAR-
RANTIES ARE HEREBY EXPRESSLY DISCLAIMED AND EXCLUDED.

All claims under this warranty must be made in writing to Minova USA Inc. within 15 days after discovery of the defect, and within 90 days of the date of
shipment by Minova USA Inc. of the product claimed defective. Upon timely receipt of a claim, Minova USA Inc. shall have the option either to inspect the
product while in Buyer's possession or to request Buyer to return the preduct to Minova USA Inc. for inspection. Claims not made as provided above and
within the applicable time period will be barred. All warranties shall be null and void if the products have not been stored and used in accordance with pro-
cedures recammended by Minova USA Inc.

Minova USA Inc. shall, at its option, either replace the noncenforming or defective product or refund to Buyer its purchase price. The foregoing constitutes
Buyer’s sole and exclusive remedy for any breach or warranty.




SURFACE SUPPORT
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Designed for Strength

Minova’s Bearing Plates are manufactured from high-
strength steel. They are designed to help prevent loose
material from falling between the roof bolt patterns
and provide strength to your immediate roof.

The “donut-shaped” embossment around the center
hole increases deflective strength. The donut distri-
butes the load to the roof bolt and also serves to
center the bolt and provide protection to the bolt head.

Bearing Plates are also manufactured with a "dome”
embossment. The dome is used in applications where
the seam height is greater.

Bearing Plates are available in a variety of sizes and
grades to fit your roof plan requirements.

If additional strength is required in the center for
stronger bolting systems, the donut embossed
Bearing Plates have been designed to accommodate a
Donut Plate Insert (DPI) washer.

The DPI can be used between the roof bolt and
Bearing Plate. The DPI strengthens the hole location
where high loading and deformation occurs. This
unique combination provides the required strength in
critical areas, the center and the edges. The system
effectively reduces bolt pull-through and plate bend-
ing in heavy ground conditions.

Size Grade Embossment

6‘: ; 6" —2, 3_, :1,_5,-6 u Dorne, Bo&ut,r VFEE;*
@fgg | 234,56 ” Déme,@@ﬁjﬂ ot
9"X9" 2:3 Donut

6"X 16" 7 é. 3777 - Dome, Low Profile

Standard hole sizes are: 13/1 6”,?-@ 1-1/8”
and 1-3/8”" -

Solutions from Materials Technology
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MINOVA

Minova USA Inc. Products Minova USA Inc.
Bolts and Plates 150 Carley Court

ORI O LR Georgetown, KY 40324 USA
Anchoring Products Phone 502 863 6800
Pumpable Cementitious Grouts Fax 502 863 1374

Email sales.info@minovaint.com

N Wehsite www.minovausa.com
Chemical Grouts
orica

Airtite® Sealants and Coatings

Manufactured and sold under license from Minova International Limited. A member of the Orica Group

Important Note: Warranty

Minova USA Inc. warrants that its products, at the time of shipment, conform to the applicable descriptions set forth in the invoice and are free from defects
in material and workmanship. NO OTHER WARRANTY, WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING ANY WARRANTY OF MERCHANTABILITY,
OR FITNESS FOR A PARTICULAR PURPOSE, SHALL EXIST IN CONNECTION WITH THE SALE OR USE OF ANY MINOVA USA INC. PRODUCT, AND ALL SUCH WAR-
RANTIES ARE HEREBY EXPRESSLY DISCLAIMED AND EXCLUDED.

All claims under this warranty must be made in writing to Minova USA Inc. within 15 days after discovery of the defect, and within 90 days of the date of
shipment by Minova USA Inc. of the product claimed defective. Upon timely receipt of a claim, Minova USA Inc. shall have the option either to inspect the
product while in Buyer's possession or to request Buyer to return the product to Minova USA Inc. for inspection. Claims not made as provided above and
within the applicable time period will be barred. All warranties shall be null and void if the products have not been stored and used in accordance with pro-
cedures recommended by Minova USA Inc,

Minova USA Inc. shall, at its opticn, either replace the nonconforming or defective product or refund to Buyer its purchase price. The foregoing constitutes
Buyer's sole and exclusive remedy for any breach or warranty.




ANCHORING PRODUCTS
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Lokset™ Resin Cartridges A Series

Reinforced Polyester Resin Anchor

Uses

The A Series Lokset® Resin Cartridge is specifically
designed to be used in conjunction with a #6 (3/4")
steel roof bolt in a 1" borehole. The principal
applications for the A Series Lokset® Resin Cartridge
include fully grouted rebar, tension rebar, doweling
and resin-enhanced mechanical anchors.

Advantages

o Proven - Since our introduction of resin anchors to
the United States in 1971, Lokset® Resin Cartridges
have a proven record of success.

e Strong - When used properly, Lokset® Resin
Cartridges consistently surpass the strength of
the bolt or the surrounding strata, whichever is
weaker.

o Rigid - Through innovative product engineering and
manufacturing, the A Series Lokset® Resin Cartridge
is stiff and easy to handle during installation.

» Variety - The A Series Lokset® Resin Cartridge is
available in a wide variety of lengths and speeds
which will satisfy most applications.

s Viscosity - The A Series Lokset® Resin Cartridge is
available in High, Medium and Low Insertion Force
(LIF) viscosities. The LIF formulation is unique in the
industry and provides optimum performance with
cable and mechanical assisted resin point anchor
rock bolts.

Solutions from Materials Technology

Description

In most applications, Lokset® Resin Cartridges can
enhance the performance of your current roof
control system. The Lokset® cartridge consists of two
compartments separated by a physical barrier. One
compartment contains a polyester resin mastic and
the other an organic peroxide catalyst. The rotation
of the bolt during installation ruptures the cartridge,
shreds the film and mixes the two components, thus
causing a chemical reaction which transforms the resin
mastic to a rock solid anchor.

The A Series Lokset® Resin Cartridge is intended
for use in a 1" borehole with a #6 (3/4”) bolt. The
A Series Cartridge is 23mm or 0.9” in diameter. This
combination provides the ideal annulus for proper
mixing and maximum performance.

The A Series Cartridge is available in lengths ranging
from one to eight grouted feet. The cartridge is also
available in a variety of speeds including: Super Slow
(1530), X-Slow (0510), Slow (-90), Medium (-45), Fast (-
35), X-Fast (-20) and Super Fast (-10). A slow cartridge
gels in one minute at 90oF, medium gels in one minute
at 450F, etc. For more information, please refer to the
Lokset® Resin Cartridge product line brochure.

Continued >

October 2009




General Installation Instructions

for Fully Grouted Systems

Contact your local representative if the A Series
Cartridge is to be used in other applications.

1. Before use, read the installation and safety
information provided with each box. Read the
material safety datasheet.

2. To obtain a consistent set time, make sure the A
Serjes Lokset® Resin Cartridge and bolt are at mine
temperature before use.

3. Drill the borehole to the correct diameter (1") at a
depth 1" longer than the bolt.

4. Insert the required number of A Series Lokset®
Resin Cartridges.

5. Push the bolt into the hole. Slow rotation of the

the cartridge approximately 3 to 8 seconds.

7. Stop rotation and push the bolt upward with full
thrust until the resin sets.

8. Do not overspin the bolt. If bolt rotation continues
through the gel time, damage to the anchor may
occur.

9. Never re-spin the bolt. Bolt rotation after the final
spin may damage the partially set resin.

Packaging
Product packaging is dependent upon cartridge
length.

Please refer to the Lokset® Resin Cartridge product
line brochure for packaging information.

Shelf Life

One year when stored in a cool, dry place. For
maximum performance, stock rotation is strongly

bolt as it passes through the cartridge is suggested ~ recommended.
but not required.

6. Just below the roof, stop and spin the bolt to mix

|
MINOVA

Minova Americas
150 Carley Court
Georgetown, KY 40324 USA
Bolts and Plates Phone 800 520 6621
Aniclioting Product Fax 502 863 1374
L S_ Email sales.info@minovaint.com
Pumpable Cementitious Grouts Web www.minovaamericas.com
Airtite® Sealants and Coatings Eomcq

Chemical Grouts

Minova Americas Products

A member of the Orica Group

Important Note: Warranty

Minova USA Inc. warrants that its products, at the time of shipment, conform to the applicable descriptions set forth in the invoice and are free
from defects in material and workmanship. NO OTHER WARRANTY, WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING ANY WARRANTY OF
MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE, SHALL EXIST IN CONNECTION WITH THE SALE OR USE OF ANY MINOVA USA INC. PRODUCT,
AND ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY DISCLAIMED AND EXCLUDED.

All claims under this warranty must be made in writing to Minova USA Inc. within 15 days after discovery of the defect, and within 90 days of the date of
shipment by Minova USA Inc. of the product claimed defective. Upon timely receipt of a claim, Minova USA Inc. shall have the option either to inspect
the product while in Buyer's possession or to request Buyer to return the product to Minova USA Inc. for inspection. Claims not made as provided above
and within the applicable time period will be barred. All warranties shall be null and void if the products have not been stored and used in accordance
with procedures recommended by Minova USA Inc.

Minova USA Inc. shall, at its option, either replace the nonconforming or defective product or refund to Buyer its purchase price. The foregoing
constitutes Buyer's sole and exclusive remedy for any breach of warranty.
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Minova USA Inc.

Customer Service

Minova USA Inc. has been serving the mining
industry for over 30 years with producis
designed to handle a wide range of applica-
tions, from basic roof support to strata control
problems requiring the implementation of an
innovative solution. Minova's mining experi-
ence spans five continents, serving customers
ranging from global conglomerates to small,
family-owned-and-operated businesses.

Our mission is to respond to the ground control
and ventilation needs of our customers for
products or assistance regardless of geographic
location. Quality customer service is achieved
through our network of manufacturing facilities,
warehouses, distributors, and field support staff,
all strategically located to provide immediate
response.

Minova’s dedication to customer service is the
driving force behind our Total Quality effort.
We consistently strive to provide products of
superior quality to our customers that enhance
the efficiency and safety of their operations.
Through innovation in product development,
manufacturing and application, we aim to
provide effective materials technology solutions
for the most challenging problems.

This degree of industry cooperation and
commitment to innovation has established
Minova USA Inc. as your ideal partner in the
pursuit of an improved working environment
and, ultimately, improved productivity.

Product Innovation

Minova was instrumental in the introduction of
resin cartridges. From our founding in 1971, we
introduced resin cartridges to the U.S, mining
industry and are now the largest manufacturer of
resin cartridges in the world. Minova USA Inc. has
expanded its product offerings to provide a wide
range of options to help solve numerous ground
control and ventilation problems.

This long list includes a wide range of bolts and
plates, anchoring products, pumpable cribs and
pumpable high yield cementitious grouts for
underground construction projects, and an
extensive line of sealants, liners and coatings for
almost any application.

Our experienced staff includes Ph.D.s recognized
as leaders in ground control, mining engineers
and experienced miners. Our materials specialists
in polymer and cement technology have over 20
years experience. There are few problems in
ground control or ventilation for which Minova's
experienced staff cannot offer a solution.

Please contact your Minova USA Inc.
representative for more information on the
latest in problem solving through materials
technology innovation.




Advantages of Fully Grouted

Resin Bolts

Eliminates possibility of anchorage failure due
stributing
the load throughout grouted areas.

to high stress concentration by

Resists both horizontal and vertical movement

in the bedding process.

Rasists corrosion caused by acidic mine water,

Resists blast vibrations:

Eliminates need foF tensioning or terquings

Minimizes tension [0Ss:

Why Use Resin Grouted
Roof Bolis?

Roof bolts for strata control were first introduced
to the United States coal mining industry in the
1950', and after the 1969 Health and Safety Act
was signed into law, roof bolting became the
primary means of roof support. In the early 1970’
Minova was the first company to introduce resin
grouted roof bolts to the U.S. mining industry, and
over the past two decades this means of roof
support has steadily grown in popularity.

Mechanical expansion shells induce high levels of
stress in the anchorage zone and may exceed the
compressive strength of the rock surrounding
the anchor. This phenomenon, as well as
exposure to vibrations from blasting, can initiate
tension loss and destroy the integrity of the
anchorage. Therefore, periodic inspection for
tension loss is necessary to detect a failed anchor.

When using resin grouted bolts and resin-
enhanced mechanical anchors, the anchorage
load is distributed over the entire grouted
area, thereby decreasing concentrated levels of
stress, Resin grouted bolts also hold up well
under blast vibrations and the anchorage of
resin bolts, unlike that of mechanical bolts, is
improved by undulations in the borehole
caused by drill steel movement. Therefore, the
use of resin grouted roof bolts can result in
better roof cantrol, lower maintenance costs
and safer working conditions.

Cartridge Diameter (nim)

23mm | 2Bmm 32mml]2mm 32mm

518" X | ‘

<y
%

Bar Bolt
Size | Diameter

314"

7/8"

X

X X
X

158"

118"
#10 114"

|
|
|
|

"X denotes b 112
proper
comblinations I

11/4* | 13/8"

Bore Hole Diameter

The above table shows the recommended relationship between
cartridge, bolt, and hole diameters for fully grotted resin bolts.
Call Minova for non‘standard bolt or hole sizes.

il
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The Lokset® Resin Cartridge

The Lokset® Resin Cartridge is designed with the
needs of the roof bolter in mind. Through
innovative product engineering and manufactur-
ing, the Lokset® Resin Cartridge provides users
with a cleaner, stiffer and faster setting product.
By decreasing hold time and making the
cartridge easler to handle, worker productivity is
enhanced.

The Lokset® Resin Cartridge consists of

two compartments separated by a physical
barrier. One compartment contains a polyester
resin mastic and the other a chemical catalyst.
The rotation of the bolt during installation
ruptures the cartridge, shreds the package, and
mixes the two components, thus causing a
chemical reaction which transforms the resin
mastic to a rock solid anchor.

In order to achieve maximum performance, the
proper cartridge, bolt and hole dimensions are
crucial. Minova’s professional field support staff
is available to provide assistance in selecting the
proper cartridge to meet your requirements.
Our experienced professionals are available to
provide installation training in the field or
classroom.




Eclipse bolt showing uniformly mixed resin column.

Standard bolt showing poor mixing and glove fingering.

The Eclipse System has proven itself to be a
superior solution when installing B-Series
roof bolts in mines. B-Series bolts are
defined in the U.S. as 5/8" fully grouted
rebar in a one-inch borehole with polyester
resin. Note that the 3/8" annulus is larger
than the generally considered optimum of 1/
4", In many conditions, the lower cost B-
Series bolts are an effective roof support
when used properly. Because the majority of
roof bolts installed in the United States are
B-Series bolts, Minova USA Inc. set out to
maximize the performance of this system.

Given the critical role played by the resin, a
challenge arose to ensure good mixing and
minimize glove fingering. The less-than-
optimum large annulus has the propensity to
cause both these problems. Should these
occur, it interferes with the mechanical
interlock of the resin and the rock mass,
lowering bolt performance.

The Minova solution for this turned out to

be Eclipse B-Series Resin, combined with a /8"
offset between the bolt head and the shaft
axis. The Eclipse System’s enlarged path of
rotation increases turbulence in the hole
sufficiently to allow 3/8" B-Series annulus to
perform comparably with 1/4" optimal annulus
systems. Testing in the field and testing by
government agencies have demonstrated this
is achieved with no reduction in bolt perfor-
mance.

Millions of Eclipse Systems are in place today,
giving the system a proven track record. The
Eclipse System offers you the economic benefits
of the B-Series while reducing concerns about
poor mixing and glove fingering.




Fully Grouted Rebar Systems

The cartridge velume is controlled by length
after diameter has been specified. Minova
USA assisted in the development of cartridge
volume standards incorporated into the MSHA
roof bolting guidelines (ASTM F432-95). The
standards assume the hole is one inch too long
and the diameter is over drilled by 0.043
inches. Run out of resin is not required and
does not always indicate a fully grouted bolt.

The effectiveness of resin anchored roof
bolting is dependent upon a complex interac-
tion of many variables. A quality polyester
resin can provide approximately 2.5 tons per
grouted inch of resistance to pull. However,
the cartridge cannot be viewed in isolation.
The most effective evaluation methodology is
in situ performance of the bolt and cartridge
as installed in a specific size hole in a specific
rock type. To this end the most valid test of
field performance is pull strength and speed of
set. To further complicate the issue, the pull
testing of full column resin bolts is not a valid
indication of resin strength, as the resin
anchorage is stronger than the tensile strength
of the bolt, A laboratory approximation of
resin pull strength for a specific bolt, hole and
cartridge combination may be obtained
through short encapsulation pull testing,
While this methodology does not measure bolt
strength or take geologic variation into

account, it has been proven to be an
effective indicator of resin strength.

The vast majority of Minova USA's cartridges
fall into three series specifications:

A Series

* #6 bar (3/4 inch)

+ 2.5 tons per grouted inch
23mm (.905 inch) cartridge
s 1inch hole

¢+ 1/4 inch annulus

B Series

» #5 bar (5/8 inch)

» 1.5 tons per grouted inch
s 23mm (.905 inch) cartridge
s 1inch hole

» 3/8 inch annulus

E Series

* #7 bar (7/8 inch)

s 1.7 tons per grouted inch
s 32mm (1.25 inch) cartridge
s 1-%ginch hole

+ 1/2 inch annulus




X-Slow | Super Slow' | Retainer

(-0510) (GEE)] Clip

1
| Ultra Fast : Super Fast | X:Fast Fast Medium Slow
Standard Applications | (-5} (:10) (-20) (:35, 37, 40} | (45, .50) (70, -90, -0204)
|
|

X X X X X X

X

Fully Grouted Rebar ! X
Tension Rebar-Dome NutiShear | ‘ X

Tension Rebar-
Two-Speed Resin Combination

|
!
!
Resin-Enhanced : *
Mechanical Anchor 1

Combination =
Resin RebarfMechanical

1
'
|

Special Applications
Dawelling
Stoper Installation

Robatic Cartridge Insertion

Spin Time ¥ ) :
. Typical Spin And Hold Times
Complete mixing of the cartridge contents is For Lokset® Cartridges
vital to obtain the maximum anchorage
strength. Spin Time is the amount of time

needed to properly mix the cartridge Cartridge Spin Time Hold
components by bolt rotation. Complete Speed (Seconds) Tima
mixing of the components normally requires = ——
30-35 revolutions of the bolt. 20 5-8 105 - 135
Hold Time 50 5-8 20-24
45 5-8 16-18
After the cartridge is thoroughly mixed, the
bolt must be held in place until the resin sets. 35 5-8 10-12
The amount of time necessary after mixing
stops until the bolt is firmly anchored is 20 3-6 4-6
referred to as Hold Time.
10 3 3-5
Gel Time 5 3 2:3
The_amount of time necessary until the resin Note: Spin and Hold Times are dependent upon bolt
begins to harden is referred to as Gel Time. rotation speed and cartridge, bolt and rock tempera-
Practically speaking, Gel Time is the sum of tures. Field trials are recommended. "

Spin and Hold Times, and is inversely related
to temperature.




Resin Classification Chart AZ 9 Mgup
Cartridge | Speed Strength | Speed Lahel 3 3-5
Formulation | Index Index Designation Color
5 | a5 | 10 [UlitaFdst. |Purple Use Bv: 06’23’05
10 | 15 | 10 |SuperFast |Red
11 o N L T

10 | X-Fast | Orange SIOW '
10 Fast | Blue Diz 23mm Hole Dia: 1in Parl #: 141078
10 Fast Bllie Length: Z9in.  BoltDia 3Min Class: 1,11, 1

10 Fast Blue !
45 20 10 Medium i dreen Grouted F: 35  Tolal Grouted Ft: 140.0 Sp. Idx. 240

|
50 60 ' 10 Medium Green
70 ‘ 10 Slow Yellow

38— 30
LY ibimd 30
40 30

Facilly Code: 6 Count: 40 A

90 10 Slow Yellow
10 Slow Yellow
10 |XSlow  |\White
10" | Super Slow | White

5
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MINOVA

Label Description Wi, ,
A Large letters denote system:

A series 3/4* bolt dia., 1* hole dia.
B series 5/8* bolt dia., 1* hole dia.
Cseries 3/4* bolt dia., 1-1/4* hole dia.
E series 7/8* bolt dia., 1-3/8" hole dia.
23 Denotes cartridge diameter in millimeters
3.5' Denotes the grouted feet
M Letter H or M denotes viscosity
H - high
M - medium

The letters LIF denote low insertion force

90 Number denotes cartridge formulation (speed) - see chart

P B - basket retainer clip P - parachute retainer clip

Use By Expiration date. Usually one year from date of manufacture.
Slow Denotes speed relative to cartridge formulation - see chart
Dia. Diameter of cartridge in millimeters

Length Length of cartridge in inches

Grouted Ft How many feet of bolt the cartridge will grout

Facility Code Denotes in which plant it was manufactured, B-Bluefield, G-Georgetown, J-Grand Junction
Hole Dia, Applicable borehole size in inches

Bolt Dia. Applicable bolt diameter in Inches

Total Grouted Ft. Total amount of grouted feet in the box

Count Number of cartridges in the box

Part# Minova ordering part number

Class All Minova cartridges are rated for all 11111l classes.

Speed Index See chart




Contact your local
representative for specific
application instructions.

Before use, read the installation and
safety information and MSDS provided.

To obtain a consistent set time, make
sure the Lokset® Resin Cartridge and
bolt are at mine temperature before
use.

Drill the borehole to the correct
diameter at a depth equal to the length
of the bolt. Mark the drill steel to use
as a guide.

Insert the required number of Lokset®
Resin Cartridges. See Figure 1.

Push the bolt into hole. Slow rotation
of bolt as it passes through cartridge is
suggested but not required. See
Figure 2. For tension rebar applica-
tions, rotation is not suggested during
bolt insertion.

1
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o Just below the roof, stop and spin the bolt
a minimum of 35 revolutions to mix the
cartridge. This should take 3-6 seconds
depending on the actual RPMs of your
equipment. See Figure 3.

= Stop rotation. Push bolt upward with full
thrust until the resin sets. See Figure 4.

* For tension rebar applications, hold time
needed depends on gel time. Spin nut
until the desired torque is achieved.

* Do not over spin the bolt. If bolt
rotation continues through the gel time,
damage to the anchor may occur.

= Never re-rotate the bolt. Bolt rotation
after final spin may damage the partially
set resin.




Special Cartridges Examples:

l ‘ | l Approximate | A s 4. 0

Pieces Boxes | Pieces ’ Pallet Gross Weight I Derdtes - 1~ = Denbias

Lokset*

System | PerBox | PerPallet | Per Pallet l Siza Per Pallet | System Grouted Feet

2312 | 50 | 75 | 3750 |48x44 | 22931bs. For System

|
2513t 75 2625 48 x 44 1894 Ibs,
2812 30 75 2250 48 x 44 2057 1bs,
3212 25 75 1875 48 x 44 2230 |bs. ,
3512 20 75 1500 48 x 44 2136 lbs, =
| Denotes Denotes
4012 16 75 1200 45 x 42 2228 |bs. Rideiara, Lenath

4512 12 75 900 45 x 42 2124 |bs. ‘ iniinehes

| r;/

g

MINOVA
Standard Box Packaging

Grouted Grouted Boxes Grouted Approx,

Lokset® Diameter Foot Pieces Feet Per  FeetPer  Pallet Gross

System Bolt Hole Equivalent PerBox PerBox Pallet Pallet Size ngi] htt

alle

A-2.0 3742080915 2.0 50 100 50 5000 48 x 44 2221 Ibs.
A-2.5 3/4" 1" 2.5 50 125 48 6000 42 x 44 2618 lbs.
A-3.0  3/4" 1" 3.0 50 150 36 5400 42 x44 2311 |bs.
A-3.5 34" 1" 3.5 40 140 36 5040 42 x 44 2145 |bs.
A-4.0 3/4" 1" 4.0 40 160 36 5760 48 x 44 2432 |bs.
A-5.0 3/4% 1% 5.0 25 125 42 5250 48 x 44 2216 Ibs.
A-6.0  3/4" 1" 6.0 25 150 36 5400 56 x44 2257 lbs.
B-2.0 o/8% || 18 2.0 50 100 36 3600 42 x 44 2074 |bs.
B-2.5 5/8% R 2.5 50 125 36 4500 42 x 44 2527 Ibs.
B-3.0 5881115 3.0 40 120 36 4320 48 x 44 2423 |bs.
B-3.5 b/g¥ | X 3.5 40 140 36 5040 48 x 44 2777 |bs.
B-4.0 BB 4.0 25 100 42 4200 48 x44 2335 |bs.
B-5.0 SN 5.0 25 125 36 4500 56 x 42 2473 |bs.
C-305 3/4"  11/4" *NS 30 *NS 75 *NS 48 x 44 2057 lbs.
C-610 3/4" 11/4" *NS 30 *NS 36 *NS 44 x 44 1988 |bs.
C-915  3/4* 11/4" *NS 20 *NS 36 *NS 48 x 44 1999 Ibs.
E20  7/8" 13/8" 2.0 25 50 50 2500  48x44 2553 Ibs.
E-2.5 7/8% 13/8" 2.5 25 62 36 2232 44 x44 2269 |bs.
E-3.0 718" 13/8" 3.0 25 75 36 2700 44x44 2666 |bs.
E-3.5 7/8" 13/8" 35 20 70 36 2520 48x44 2499 |bs.

*NS - not specified.
Contact your local representative for other sizes.




Stretchwrap Packaging

e : Grouted Pieces Grouted  Bundles Grouted APPIOX:
Sitom  nolt e g e e R Rt G
of Pallet
A-2.0 34" 1" 2.0 25 50 90 4500 42 x 44 1977 Ibs.
A-2.5 EVZ S 2.5 30 75 52 3900 48 x 44 1648 |bs.
A-3.0 3/4" 1" 3.0 30 90 72 6480 56 x 42 2662 Ibs
A-3.5 34 1" 3.5 30 105 52 5460 62x42 2227 Ibs.
A-4.0 3/4" 1" 4.0 25 100 45 4500 42 x 44 1838 Ibs.
A-5.0 £/ S 5.0 20 100 45 4500 42 x 44 1822 Ibs.
A-6.0 34" 1" 6.0 20 120 45 5400 56 x 42 2161 Ibs.
B-2.0 5/8" 1" 2.0 30 60 52 3120 48 x 44 1732 Ibs.
B-2.5 5/8" 1" 2.5 30 75 52 3900 64 x 42 2124 Ibs.
B-3.0 58" 1" 3.0 25 75 45 3375 42 x 44 1831 lbs.
B-3.5 58" 1" 3.5 25 87.5 40 3500 56 x 42 1987 Ibs.
B-4.0 58" 1" 4.0 20 80 45 3600 42 x 44 1924 Ibs.
B-5.0 5/8" 1 5.0 20 100 45 4500 56 x 42 2377 lbs.
E-2.0 7/8" 13/8" 2.0 15 30 80 2400 42 x 44 2365 Ibs.
E-2.5 7/8"  13/8" 2.5 15 37.5 72 2700 56 x 42 2611 Ibs.
E-3.0 {88 W N153/8" 3.0 12 36 45 1620 42 x 44 1572 lbs.
E-3.5 7/8" 13/8" 3.5 12 42 45 1890 42 x 44 1817 lbs.




Storage Procedures

Lokset? Resin Cartridges are best stored in a dry,
well-ventilated area at normal mine tempera-
ture (60° - 65° F) out of direct sunlight. Extreme
temperatures will affect the shelf life of this
product. The product should never be stored
for prolonged periods above 90° F,

Pallets should not be stacked. For maximum
performance, stock rotation is strongly
recommended.

Safety Procedures

Read the material safety datasheet before
use.

Do not open or puncture cartridges prior to
insertion. Contents of cartridges may cause
irritation and contact should be avoided. Usein
an adequately ventilated area. Avoid pro-
longed inhalation of high concentrations of
vapor. Eye protection should always be used. If
resin contacts the eyes, flush immediately with
water for at least 15 minutes. Seek medical
attention. For skin contact, wash theroughly
with soap and water. If taken internally, seek
medical attention.

Shelf Life

One year under proper storage conditions.
Quality

Minova USA Inc. strives to ensure the designs,
products and services supplied to our customers
will meet or exceed customer expectations. In
order to maintain our superior standards, we
employ Total Quality Management. TQM
enables us to meet and maintain our 150
9001:2000 certification. This management
system also allows Minova to rely on the
“team” concept to identify continuous
improvement opportunities and if necessary
create solutions to problems. By employing the
TQM philosophy, we create an environment
where everyone is responsible for quality!
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MINOVA

Minova USA Inc.

150 Carley Court

Georgetown KY 40324 USA

Phone 502 863 6800

Fax 502 863 1374

Email sales.info@minovaint.com
Website www.minovausa.com

E ORICA

A member of the Orica Group

Important Note: Warranty

Minova USA Inc. warrants that its products, at the time of shipment, conform to the applicable descriptions set forth in the invoice and are free from
defects in material and workmanship. NO OTHER WARRANTY, WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING ANY WARRANTY OF
MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE, SHALL EXIST IN CONNECTION WITH THE SALE OR USE OF ANY MINOVA USA IHG,
PRODUCT, AND ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY DISCLAIMED AND EXCLUDED. . ]

All claims under this warranty must be made in writing to Minova USA Inc. within 15 days after discovery of the defect, and within 90 da
date of shipment by Minova USA Inc. of the product claimed defective. Upon timely receipt of a claim, Minova USA Inc. shall have
to inspect the product while in Buyer’s possession or to request Buyer to return the product to Minova USA Inc. for inspection. Claims. ‘made
provided above and within the applicable time period will be barred. All warranties shall be null and void if the products have not been stored and
used in accordance with procedures recommended by Minova USA Inc. 3

Minova USA Inc. shall, at its option, either replace the nonconforming or defective product or refund to Buyer its purchase price, The foregoing
constitutes Buyer's sole and exclusive remedy for any breach or warranty. ik
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GENERAL

Introduction:
This patent pending technology has integrated a innovative hydraulic breaker within a

scaling pick. The new concept in scaling is the result of combining the best features and
benefits of both a conventional pick and a hydraulic breaker.

VP Series streamlined profile provides excellent visibility to the tool in all scaling
modes. The robust design enables the transfer of full boom pry forces of the carrier to
the scaling surface and gives complete protection to the breaker. The VP Series of scal-
ing pick doesn’t mine the rock, but breaks the loose material free, avoiding damage to
the carrier thereby extending the life of the equipment.

Single Tooth Design

Breach Release System

4 www.rockbreclker.com




FEATURES & BENEFITS

Vibratory Pick Features & Benefits:
@ The V-285 Vibrating Pick does the work: Reduces the force required by the carrier
and increases carrier availability while reducing owning and operating costs.

& Tncreased production rates: 4 to 5 times faster than a conventional pick, in all

phases of the scaling operation (back, face & ribs).
@ Total production rates are double that of a conventional pick (average faces per day
are doubled over conventional mechanical picks, breakers and rippers - results may vary

depending on operator and rock type/formations.)

® Robust design enables the full transfer of the prying power developed by the

carrier.

®  Pick can also work in static (non- fire) mode for final clean up and grooming

operations.
®  Adjusting both the flow and nitrogen pressure allows the breaker energy to be
tuned to meet the rock requirements of each individual mine and seam conditions.

21% to 121% nominal horsepower delivered to rock,

¢ Pick impact force can be adjusted from 30% to 110% of nominal breaker force by a
simple and accessible adjustment of the nitrogen pressure,

@ Impact frequency can be varied by 70% to 110% of the nominal impact frequency
by adjusting the flow (GPM).

¢ Two sizes available, the VP245 and the VP285.
¢ Exclusive Breach Release System (BRS) allows the operator to simply change the
tappets (tool) and the impact button. Replacement of these wear parts does not require

V-pick disassembly.

¢ Button nose pistons combined with flat top tappets (tool) allow for maximum
energy transfer to the rock.

¢ Multiple V-Pick engaging tool types are available.
¢ Pointed V-Pick tool for primary removal of material (first pass or pre-splitting)

¢ 4" or 5" wide V-Pick tool for removal of thick layered surfaces, both primary and
secondary removal of material

¢ 8% 10“and 12” wide V-Pick tools for final clean up of the heading.

Vibratory Pick Owner’s Manual S




HAZARD ALERTS

Danger, Warning, and Caution are hazard alerts used in this manual to identify hazards

on or near the carrier and Vibratory Pick.

_ADANGER

Danger - Immediate hazards, which WILL result in severe personal injury or death if

the proper precautions are not taken.

|AWARNING

Warning - Hazards or unsafe practices, which COULD result in personal injury or
death if the proper precautions are not taken.

ACAUTION

Caution - Hazards or unsafe practices, which COULD result in product or property
damage if the proper precautions are not taken.

BTI cannot anticipate every possible circumstance that might involve a hazard. The haz-
ard alerts in this publication and on the product are therefore not all inclusive. It a tool,
procedure, work method or operating technique not specifically recommended by BTI is
used, you must satisfy yourself that it is safe for you and others. You should also ensure
that the Vibratory Pick and carrier will not be damaged or made unsafe by the operation,
maintenance or repair procedures you choose.

Head Foot Eye Hearing
Protection Protection Protection Protection

6 www.rockbreaker.com




SAFETY

AWARNING

Only trained mechanics should handle the disassembly of this unit. Learn the location and
purpose of all controls, instruments, indicators, and labels, Be sure you understand a serv-
ice procedure before beginning any work on the machine, If you are uncertain, contact
your Breaker Technology representative,

AWARNING

Know your site’s location of the first aid kit and fire extinguisher, and how to use them.
Know where to get help.

AWARNING

Always wear safety glasses and safety shoes when working around machines. Wear
safety glasses when hitting on any part of the machine with a hammenr or sledge. Use
welders gloves, hood/goggles, apron and other protective clothing appropriate to the
welding being performed.

AWARNING

Do not wear loose-fitting or tomn clothing. Remove all rings from fingers when working
on machinery.

|AWARNING

Always use the proper tools on the job. Repair or replace any broken or damaged tools,
or lifting equipment.

AWARNING

Improperly performing lubrication procedures is dangerous and may result in injury or
death. Unauthorized modifications to the machine may impair its function, longevity, and
safety.

[AWARNING

Do not work on a machine that is supported only by lift jacks or a hoist. Always use
blocks or jack stands to support raised equipment before performing service,

AWARNING

Relieve all frapped pressure before performing any service to the hydraulic system.
Pressure can be maintained in the hydraulic circuits long after the power source and
pump have been shut down,

AWARNING

Do not change the pressure setting of any valves unless authorized instruction has been
obtained.

Vibratory Pick Owner’s Manual 7




i SAFETY

AWARNING

Use caution when draining hot fluids from the machine. Splashing hot fluids can burn the
skin and cause serious injury.

When mounting or dismounting a machine, always face the machine and use steps and
grab handles. Keep all equipment free of dirt and oil. Clean off oil, grease, mud, snow, or
ice etc. from operators station, steps, and handrails. When it is not possible to use the

designed access system, provide ladders, scaffolding or work platforms with handrails and
kickplates to perform safe repair operations.

AWARNING

Avoid back injury, use a hoist when lifting components. Make sure all chains, hooks,
slings ete. are in good condition and the correct capacity. Be sure hooks are positioned
correctly. Lifting eyes are not to be side loaded during a lifting operation

AWARNING

Be careful when removing filler caps, breathers, filters and plugs on the machine. Hold a
rag over the cap or plug to prevent being sprayed by liquids under pressure, This danger
is greatest if the machine has just been stopped, because fluids can be very hot.

AWARNING

Keep your head, hands, feet and clothing away from power driven parts.

Be sure all protective devices including guards and shields are functioning correctly
before starting a repair. If a guard or shield must be removed to perform the repair work,
use extra caution.

AWARNING

If welding the pick housing, it must be removed from the breaker assembly. This will pre-
vent internal damage to the breaker. Internal arcing may cause serious damage to the
extremely close tolerances between the cylinder and piston.

[AWARNING

Do not damage wiring during removal operations. Re-install the wiring so it is not dam-
aged nor will it be damaged during operation by contacting sharp edges, or by rubbing
against some object or hot surface.

AWARNING

Loose or damaged lubricant and hydraulic lines, tubes and hoses can cause fires. Do not
bend or strike high pressure lines or install ones which have been bent or damaged.
Inspect lines, tubes and hoses carefully. Do not check for leaks with your hands.
Pressurized hydraulic fluid can penetrate the skin and cause serious injury. Use cardboard
or paper to locate pin holes.

www.rockbreaker.com




SAEETY

AWARNING

Before disassembling the hydraulic breaker, release all nitrogen gas from the cushion
chamber. Refer to the breaker service manual.

When charging the breaker cushion chamber, stay clear of the tool. 1t may jump against
the retainer pins as the gas pressure forces the piston down.

AWARNING

Stand clear of boom fravel and vibratory pick to allow clearance, and to avoid flying
debris. No one should be allowed on or near the equipment when it is running unless so
equipped for an operator,

ACAUTION

Understand correct machine operation and service. Only qualified people should operate
and service the vibratory pick. Learn the location and purpose of all controls, instruments,
indicators, and labels, Be sure you understand a service procedure before you work on the
machine,

ACAUTION

Welding repairs must be performed only with appropriate reference information and by
someone adequately trained in welding procedures. Determine type of material being
welded and select correct welding procedure and electrodes, rods or wire to provide a
weld metal strength equivalent to that of the parent material.

ACAUTION

The pick and it’s components are heavy. Be sure how you will handle them when remov-
ing or installing. Support raised equipment.

ACAUTION

Do not operate a machine if any rotating part is damaged or contacts any other part dur-
ing operation. Any high speed rotating component that had been damaged or altered
should be checked for balance before using.

Vibratory Pick Owner’s Manual 9




SAFETY

10

ADANGER

Avoid all overhead cables and electrical wiring when operating the vibratory pick due to
the risk of electrical shock. |

AWARNING|

Lower the boom into the storage position when not in use or at shutdown.

Due to the possibility of hose failure, BTI recommends that the operator be protected
cither with a shield or inside an operator’s compartment. Contact the Product
Development Group at BTI for more details.

|[AWARNING

Vibration generated by the hydraulic breaker may be transmitted back through the handles
of the hydraulic control valve, the vibratory pick should not be operated manually from
this position for extended periods of time.

AWARNING

Shut off the boom function controls before leaving or after stopping the machine.

AWARNING

BTI recommends that an emergency stop switch should be fitted at the boom control valve
and that it should be connected to the pump / motor control. Call BTI Product develop-
ment for more information if required.

Always work for safe ground to avoid falling debris and other hazards.

www.rockbrecdlker.com



SAFETY

ADANGER

Due to the possibility of hose failure, BTI recommends that the operator be protected
either with a shield or inside an operator’s compartment. An operator’s compariment
would also protect the operator from bad weather, flying debris and noise generated by
the vibratory pick. Contact the Product Development Group at BTI for more details.

|AWARNING

Ensure that there is adequate lighting in the work area, either in underground applications
or on above ground equipment working at night.

AWARNING

Hydraulic breakers in operation are loud! Refer to page 13 for noise levels. Ensure the
proper hearing protection is worn at all times.

AWARNING

The customer is responsible for ensuring local regulations are met with respect to RCCD
(Ground Fault) Protection. An isolator switch may be required in order to meet these reg-
ulations.

Vibratory Pick Owner’s Manual 11




" . SIZING THE VIBRATORY PICK

Carrier Sizing:
VP245;

The VP245 is designed to be mounted on BT1 QS35 Quanry Scaler, and the DS series
Underground Scalers.

It can also be installed on excavators within the 15 - 27 tonne range.
VP285:

The VP285 is designed to be mounted on BTI Q845 Quarry Scaler, and the DS series
Underground Scalers.

It can also be installed on excavators within the 22 - 40 tonne range.

Consult Breaker Technology for mounting the Vibratory Picks to purpose built scalling
machines, due to the varied configurations and boom sizes. Attachment matching can
not be done by GVW alone.

Pressure & Flow Requirements:
VP245:

The operating pressure for the VP245 is between 1400 - 2150 PSL
Maximum oil flow of 13 GPM is recommended for maximum vibration (frequency)
rate.

Nitrogen pressure can be adjusted for local ground conditions. Harder rock such as
granite and limestone should have a nitrogen pressure between 6 to 8 bar. Softer materi-
al such as gypsum and salt should have a nitrogen pressure of 4 to 6 bar.

VP285:

The operating pressure for the VP285 is between at 1400 - 2275 PSL.
Maximum oil flow of 15 GPM is recommended for maximum vibration (frequency)
rate.

Nitrogen pressure can be adjusted for local ground conditions. Harder rock such as

granite and limestone should have a nitrogen pressure between 6 to 8 bar. Softer materi-
al such as gypsum and salt should have a nitrogen pressure of 4 to 6 bar.

12 www.roclkbreaker.com




TYPICAL HYDRAULIC CIRCUITS

Typical Hydraulic Circuit:
If the carrier is not equipped with an auxiliary control valve, you will need to install a
priority flow control valve to direct the correct flow away from the normal circuit and
operate the attachment (see Fig.3).

The priority flow control is usually equipped with a flow adjustment and pressure relief.
These valves often need a check valve on the regulated port to completely close the
flow. If dividing too much flow, this circuit will generate heat and will need cooling

capacity.
Priority Flow
,Q -, Control Valve
Electric
Foot Switch

Engine P“mPF"mP

Cooler

Boom Hoist

Vibratory Pick Owner’s Manual 13




OPERATION

Transporting or Tramming:

When transporting or tramming the carrier from heading to heading with the pick
installed, carry the pick as low to the ground as possible.

Machine Heading Setup:

To improve production place the machine in the heading to attain the maximum cover-

age possible of the heading that is to be scaled.

Modes of Operation:

14

The Vibratory Pick is designed with two operating modes to give the operator a selec-

tion to achieve maximum production.

Static mode is the traditional method of pick scalling. The unit is
operated with the hammer off.

Vibratory mode means that the hammer is engaged and the pick vibrates.
Vibratory Mode:

The vibratory mode of the pick is by operator choice, and is activated using the
fire button on the joystick. Ulilization of the vibratory function of (he pick reduces

excessive wear to he carrier.

The hammer on the Vibratory Pick is equipped with an Anti-Blank Firing system. To
fire the breaker the pick must be “cocked” or engaged against the rock.

AWARNING

DO NOT swing the pick from side to side. The pick is meant to be pulled down or
pushed into the rock.

The pick can pry while the hammer is firing.
Static Mode:

Using the tilt function the full force of the carrier can be used to pry and shape the
material in a simular fashion as a conventional pick.

www.rockbredker.com




OPERATION

Working the Back:

The unit is not ment to "mine" or
make pockets in the surface. High fre-

Boom Fesd Direction

quency vibration and limited penetra- a4
tion are used to remove loose material ~ — =

‘ o o S
and seamed material form the mine Potiion Bickat 28 =600 \

to the heading (roof)

surface.
belng scaled.

Position centerline of engaging tool
25 degrees to 60 degrees from the sur-

face, feed the pick across the "back"
or roof engaging the hammer fire Working the Back
when required fo remove

material.

Working the Face:

The unit is not ment to "mine" or

make pockets in the surface. High fre-
quency vibration and limited penetra-
tion are used to remove loose material

and seamed material form the mine

Position Pick at 45"to
the face being scaled.

Direction of Travel

surface.

Position centerline of engaging tool ' ‘
45 degrees to 60 degrees from the sur- Working the Face / Ribs
face, feed the pick across the surface engaging the hammer fire when required to

remove material.

Working the Ribs:

If carrier is equipped with a boom rotate function, this function can be used to angle the
pick into the side ribs or comers to gain better tool alignment with the surface.

Using the feed and pry functions, combined with the pick fire to groom the ribs to suite.
Work the ribs in the same fashion as the face.

Stand clear of carrier travel and pick to allow clearance, and to avoid flying debris.
No one should be allowed on or near the machine when it is running.

AWARNING

On carriers equipped with 360 degree boom rotate "wrist" functions it is possible to
back scale with the pick inverted over the top of the boom. For safety reasons and
possible damage to the carrier BTI does not recommend this mode of operation. due
io the fact that falling material can damage (he boom and harm (he operator.

Vibratory Pick Owner’s Manual 15




OPERATION

General Operation Tips:

It is not recommended to wedge the pick in a erack while using the vibratory function.
Should the material be of a solid mass, it could cause the pick to get jammed tight. The
operator would then only have the prying force of the tilt knuckle to try and pull it out.
In doing so, it could cause damage to the tip ot the unit and possibly break of the shank
adapter which secures the tooth to the unit. As well, it could cause damage to the
boom.

In general, it is recommended that the angle of approach and contact for the pick when
scaling should be at about 45 degrees as much as possible unless your prying of a loose
and or working upwards with the unit.

It is recommended and important not to keep the vibratory action engaged at all time. Tt
should be utilized as needed for example when working in fractured, loose and sus-
pended material and when you are scaling the back (roof),

The unit should be visually inspected by the operator at least twice a day and greased at
least four time a day if the unit is not equipped with a auto lube system. It is very
important that the unit is not operated without a tooth on the end of the shank. This will
cause premature wear of the shank which in turn make it almost impossible to keep the
teeth secure to it.

Tooth wear is dependent on the abrasiveness of the rock. It is recommended for the best
performance that the tooth be in good condition with a sharp edge and comers.
Performance and production rates will suffer with a dull tooth. Ground engaging tools
can be resharpened to bring back to original specifications.

ACAUTION

Do not use cracked or structurally damaged tools or adapters.

VP Tooth Selection:

16

- Pointed V-Pick tool for primary removal of material. First pass or presplitting

-4” or 5” wide V-Pick tool for removal of thick layered surfaces, both primary and sec-
ondary removal of material.

- 87, 10” and 12” wide V-Pick tools for final clean up of the heading.

All tools are available exclusively through your BTI Dealer.

www.rockbrecaker.com




VP Tooth Replacement:

VP Tooth Installation:

PREVENTATIVE MAINTENANCE

A hammer and extractor are needed for the removal and
mounting of the VP Teeth. It is recommended that you wear
protective clothing and use a 1Kg hammer.

A special extractor has been designed to facilitate the
removal of the VP Teeth. The exiractor consists of a handle
(1), a tube (2), and the head (3). In the head there are two
appendages of different lengths and a solid cubic body.

Give the guide of the adapter nose and the pin hole a thor-
ough cleaning to allow for adjustment of the tooth.

Mount the tooth on the adapter nose by fitting the groove of
the ear of the tooth in the lateral guide of the adapter nose.

Place the pin in the hole of the adaptor shoulder in the
direction marked by the arrow on the pin, with the retainer
facing the point of the VP Tooth.

Manually check to ensure the correct position and place-
ment of the retainer pin.

Using the hammer hit the free end of the pin, driving it into
the adapter as far as possible.

Place the short appendage of the extractor in the end of the
pin (flush with the body of the adapter) and hit it with the
hammer until the pin is perfectly secured in ifs casing.

Vibratory Pick Owner’s Manual 17




~ PREVENTATIVE MAINTENANCE

VP Tooth Removal:
Hit with the hammer until the pin retainer is freed from its
casing in the adapter body.

Place the short appendage of the extractor in the end of the
pin , from the upper side of the adapter body.

Using the long appendage of the extractor hit the pin until it
comes through the bottom end of the adapter.

18 www.rockbreaker.com



PREVENTATIVE MAINTENANCE

PROCEDURE 200 400 600 1000 | 2000

= S

CHECK DAILY OR AFTER EVERY SHIFT.

1) Check ground engaging tool, replace when worn

. PP st By sy
CHECK DAILY OR AFTER EVERY SHIFT.

2) Inspect all hoses, and grease main pin.

3) Inspect tappet, striker plate and return spring. /
(Breach must be opened).

4) Inspect wear bars.

5) Inspect rear isolator and interface plate.

6) Check main pin for wear movement.

SRENS

7) Check cushion chamber nitrogen pressure.

8) Replace tappet. (as required) “

9) Replace striker plate. (as required) V

10) Replace rear isolator. (as required) V

11) Replace isolator interface plate. V

Tappet

Wear Bars

(internal)

Vibratory Pick Owner’s Manual 19



Opening the Breach:
The pick breach should be opened every 40 hours to check for internal wear and dam-
age to the tappet and striker plate.

Lower pick to the ground (or against a face) and apply downforce to load the breaker
and to remove the spring tension.

Remove the retaining boelt and locknut.

Retzining
Bolt & Hut

Inspecting Tappet & Striker Plate:

Remove the breach pin and relieve down-
force to open the Pick Breach.

Inspect the tappet and striker plate for dam-
age and mushrooming.

Tappet and striker must be replaced if the
mushrooming is foo great.

Excessive mushrooming will prevent the
breaker from firing.

The tappet is a wear item and designed to last between 400 to 1000 hours depending on
nitrogen pressure. Ensure the tappet is well greased to prevent wear of the bushing and
tappet, this also helps reduce the ingression of foreign material into the impact chamber
of the breaker and possible contamination of the hydraulic circuit.

Closing the Breach:

Re-apply downforce to the unit to close the breach.
Replace the breach pin. Reinstall the retaining bolt and locknut.

Torque the retaining bolt to 120 ft.-lbs in dry condition.

20 www.rockbreaker.com




BREAKER INFORMATION

Generic Breaker Information:
A BTI hydraulic breaker represents the state of the art in rock and aggregate breaking.
Our hydraulic breaker is a self-actuated hammer that delivers rock-breaking power with
the minimum of parts. The main sections of a BTI breaker are the front head, cylinder,
rear head, and control valve.

[he FRONT HEAD contains the breaker tool, bushings, and retainer pins. By removing
the retainer pins, the tool can be quickly changed.

The CYLINDER contains the moving piston, which strikes the tool. The seals for both
ends of the piston are also located in the cylinder.

The REAR HEAD houses the cushion chamber, which is charged with nitrogen gas.
The gas in the cushion chamber absorbs the piston's upward recoil and stores this ener-
ay for the next blow.

The CONTROL VALVE is mounted on the cylinder and directs the flow of hydraulic
oil and therefore the movement of the piston, Located directly above the control valve
are the hydraulic oil inlet and outlet ports.

Short Tie Rods

—

"‘ -
Cushion Chamber#

Control Valve

4
!

Long Piston Design

Deep Sectioned
Front Head

Dual Retainer Pins

Tool
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» BREAKER INFORMATION

Principle of Operation:

A B C 0
i - Return Return Return — Return
“==Pressure gz | = Pressure y T T Pressure | § = =Pressure
g7 1
2
4
7 }
2 i 1 2”" i \6
\ ] e |
i 724 Sk ‘
Figure 6 . =
% Nitrogen Pressure D Return

(A) UPWARD MOVEMENT
0il flows into cylinder chamber (1) and control valve
Breaker Parts chamber (7). The piston is pushed up towards the cushion
chamber (5), and the control valve spool is forced down.
}1 ?Hose Adaptors
&
g‘i (B) REVERSING DIRECTION

Cushion
Chamber When the lower flange fills with oil, it will reach cylinder
Control  chamber (2). At this time both control valve chambers (6)

Valve

|
s %

i

and (7) have the same pressure, but the spool moves up due

Breaker Body ——a
to the flange surface area differences.

Spool

Piston

(C) DOWNWARD MOVEMENT

When the control valve spool rises and reaches chamber
(7), the flow moves through the control valve to chamber
(4). Due to the area difference between the piston flange
and the extra force from the cushion chamber pressure (5),
the piston accelerates down.

(D) IMPACT

The piston hits the tool. The mid section of the piston will
hit chamber (2). As a result, chamber (6) will remove pres-
sures through chambers (2) and (3). Since chamber (6) is
exhausted, chamber (7) is constantly pressurized and the
control valve will moves down.
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BREAKER MAINTENANCE

To keep your vibratory pick working in top operating condition, the following mainte-
nance must be performed. Keep in mind that lubrication is the single most important
procedure for sustaining the life of the pick. To make this chore easier, we offer an auto
lubrication unit, call BT1 for details

Daily Maintenance:
Lubricate the tool with BTI chisel paste or a moly-based grease every two hours of con-
tinuous operation and any time you have serviced the tool. Failure to lubricate regularly
reduces the life of the tool, tool bushings and front head. Never use ordinary grease,
because it melts and runs down the tool providing very poor lubrication.

For proper tool lubrication the pick must be vertical with enough down-force applied to
push the tool into the breaker. This will prevent grease from entering the area above the
tool.

Open the breach amd check that the tool moves freely in the bushings.
After Every 100 hours:

Every 100 hours the carrier's hydraulic filter must be checked. Inspect your filter or fil-
ter indicator and change as necessary. Clean oil is crucial for proper breaker perform-

ance and life.

Check all nuts and bolts for the correct torque. Improperly torqued bolts can damage the
breaker. '

Remove and inspect the tool.

After Every 1000 Hours:

Every 1,000 hours, check the breaker's hydraulic circuit pressure relief and flow settings
and adjust to the recommended levels.

Change the carrier hydraulic oil and the oil filter.

Replace all breaker seals and inspect all wear parts.
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' : BREAKER MAINTENANCE

Greasing the Bare Breaker:

24

Failure to lubricate regularly will reduce the life of the tool, tool bushings, and the front
head. To properly lubricate the tool, the breaker must be in a vertical position, with
enough down pressure applied to force the tool up into the breaker housing. This will
prevent excessive grease entering the impact chamber which could cause the breaker to
lose power due to cushioning, or to stop operating altogether due to a hydraulic lock in
the impact chamber.

The pick should be greased every 30 minutes of use or when the tool appears shiny
where it rides inside the front head.

\ Before greasing, down pressure must be
// applied to push the tool up into the vibra-

I /"”;F tory pick.

O O wﬁ\\ Grease until the grease oozes out around

the tool.

Grease gun )
Grease the pick every two hours.

Use only BTI Chisel Paste or a molybde-
num disulphide based grease.

Before greasing
apply down pressure
to push tool up into breaker.

N—’

BTI highly recommends the use of an Autolubrication system, Contact BTI for an
Autolube system suited to your application and equipment.

www.rockbreaker.com




BREAKER DISASSEMBLY

Bleeding the Nitrogen Gas:
AWARNING

The cushion chamber in the rear head contains nitrogen gas under pressure. Do

not remove the tie rod nuts or gas valve until this pressure is relieved.

To relieve this pressure, remove the gas valve plug and press firmly on the disc in the
gas valve with a blunt object. Be sure to protect yourself adequately from the escaping
jet of gas.
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' , BREAKER DISASSEMBLY.

Removing the Control Valve Spool:

26

Insert lifting eyes into the rear head and stand the breaker onto the safety stand.

Back off the tie rod nuts a couple of turns, this can be done using a torque multiplier if the
breaker is standing up. If the breaker is lying down, use the sledge-wrench method. Then
using the hoist, jerk the assembly upwards, which should loosen the rear head from the
cylinder,

If the rear head is stuck, it may be necessary to tap the cylinder cover on alternating sides,
with a soft-faced mallet. Remove the nuts from the four tie rods. Remove the plastic tie
rod washers and remove the rear head from the cylinder, using the lifting eyes. In some
cases, the nuts may be seized onto the tie rods and the nut and tie rod may come out as a
unit. Place the rear head on a clean protective surface,

Using the lifting eye remove the control spool guide plug (Fig. 33B) and place it on a
clean protective surface.

Next, slide the control spool out of the cylinder (Fig. 33C). The spool should slide easily
out of the cylinder, without the use of tools. If the spool is stuck or seized a mechanical
puller may have to be used.

Figure 33B Figure 33C
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BREAKER DISASSEMBLY

Removing the Rear Head from the Cylinder:

ACAUTION

Do NOT use impact tools as this can damage the breaker.

Insert lifting eyes into the rear head and stand the breaker onto the safety stand.

Back off the tie rod nuts a couple of turns, this can be done using a torque multiplier if the
breaker is standing up. If the breaker is lying down, use the sledge-wrench method. Then
using the hoist, jerk the assembly upwards, which should loosen the rear head from the

cylinder.

If the rear head is stuck, it may be necessary to tap the cylinder cover on alternate sides,
with a soft-faced mallet. Remove the nuts from the four tie rods. Remove the plastic tie
rod washers and remove the rear head from the cylinder, using the lifting eyes. In some
cases, the nuts may be seized onto the tie rods and the nut and tie rod may come out as a
unit.,

Place the rear head on a clean protective surface.

Tie Rod Nut

¢Tie Rod Washer

Cylinder Cover

Figure 20

Vibratory Pick Owner’s Manual 27




B BREAKER DISASSEMBLY

Removing the Piston:

Install a lifting eye into the top of the piston, and lift the piston straight up and out of the
cylinder to avoid scratching its polished surface. Tapping the cylinder with a soft-faced
mallet may ease the removal of the piston. The seal bushing will come out with

the piston.

Place the piston on a clean protective surface.

Upper Seal
Bushing

Figure 21
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BREAKER DISASSEMBLY '

Removing the Tie Rods:

ACAUTION

Use hand tools to loosen the fie rods; impact tools will damage the thread inserts in

the front head.

I'o loosen the tie rods it may be necessary to secure the front head to prevent it from
rotating.

Loosen the tie rods by rotating them counter-clockwise. Use an adjustable wrench and a
soft-faced mallet or a sledge wrench on the tie rod flats to loosen the tie rods.

Removing the cylinder involves installing two lifting eyes into the threaded holes in the
top of the cylinder and lifting the cylinder straight up off the tie rods.
The cylinder should slip easily out of the front head. If not, tap the front head with a

- soft-faced, until the cylinder and front head come apart.

Place the cylinder on clean protective material.

Remove the four tie rods. Place the tie rods on clean profective material.

Cylinder
Figure 22
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% BREAKER DISASSEMBLY

Removing the Tappet Bushing:

30

ACAUTION

Do not gouge out the bushings with a torch.

Unfasten the tie rods from the fronthead from the cylinder body assembly.

The tappet bushing is held in position by one retainer pin. Remove this pin by driving it
out with a drift, from the opposite side of the stopper plug.

Carbon arc and heat the bushing to aid in the removal. Using a small press or jack press
out the tappet guide bushing,

Piston
\

Tappet

Bushing

Fronthead
Retainer Pin il
~—
www.rockbreaker.com




BREAKER DISASSEMBLY

Installing the Tappet Bushing:

Check the inside of the front head for damage, and repair or replace as required.

Extreme care must be taken when installing the tappet bushing in the front head.
Because the bushing is a shrink fit, the front head must be heated, so that it will expand,
and the bushing placed in liquid nitrogen, so it contracts, As the pieces return (o room
temperature, they become tightly fitted together. If the bushing is not installed properly
before this point is reached, it must be taken out and replaced with a new one. With lig-
uid nitrogen you have about 7 seconds to align the retainer so the procedure must be
done quickly.

Clean the inside of the front head thoroughly, and use a wire rotary brush to clean and
smooth the surfaces in the areas where the bushing seats. If the front head has cooled, it

must be heated with a torch to 3009F, (150°C). This will expand the housing a small
amount. Then line up the slot in the bushing with the retainer hole.

When fully inserted, the tappet bushing will seat against a step in the bore of the front
head. Care must be taken to ensure that the grooves in the tappet bushing line up with
the retainer-pin hole in the front head. Do not install the stopper plug until the front
head has cooled to room temperature.

Apply a coat of Never-seize to the retaining pin, and fully insert it into the retaining pin
hole.
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i BREAKER DISASSEMBLY

Inspecting the Seal Bushing:

Start by cleaning, and inspecting the cylinder seal bushing.

The seal bushing carries several specially designed seals. Careful attention should be
paid to the condition and orientation of the old seals as they are removed, This may help
to identify any operating problems that the breaker had before it was disassembled.

All parts should be thoroughly washed in clean solvent and dried with compressed air.

Once the seal bushing is clean and dry, protect it from dirt and set it aside.

Upper Seal
Bushing

A —_ Slide Ring
with O-ring
(Model TB925X
and up have 2
. o L as shown)
* When inserting o |
seals, make sure =1 Slide Ring with
direction is as o Square Ring
shown. 4 (Models TB725X
_—~and up)
—Oil Seal™®
~—Dust Seal®
[
e}
Bl
o
Figure 25 E
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BREAKER DISASSEMBLY

Inspecting the Piston:
The piston should be carefully cleaned and inspected for corrosion, cavitation, pitting,
and scoring.

Check the grooves in the piston for metal that has been pulled in due to galling. If this
has occurred clean the grooves. Small marks can be removed with an oilstone or fine
emery cloth and oil.

Excessive deformation of the piston, tappet and striker plate will prevent the breaker
from firing. At this point these parts will have to be replaced.

Thoroughly dry the piston, protect it from dirt, and set it aside.

If the piston is not going to be installed immediately, coat it with oil and store it protect-
ed, in a clean dry place.

Scoring
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£ BREAKER RESASSEMBLY

Inspecting the Piston:

Thoroughly clean the cylinder bore, and remove the dust seal, oil seal, and slide ring.
Check the seals for signs of excessive wear conditions.

Thoroughly inspect the inside walls of the cylinder for corrosion, cavitation, or scoring.

Check grooves above seal area for small pieces of metal, due to galling. If these are not
cleaned out they will chip off and go between the piston and cylinder, and galling will
occur again.

Also inspect the main inlet and outlet adapter threads for damage. Always replace the
seals and ensure that the adapters are not interchanged if they are removed. The cylinder
is marked with a "P" beside the pressure adapter and a "T" beside the tank adapter. The
Pressure adapter has a smaller hole than the tank adapter.

Check for any damage to the threaded inserts that hold the control valve, and repair or
replace as necessary to ensure secure control valve mounting.

Thoroughly dry the cylinder and protect it from dirt.

Inspecting the Piston:

Inspect the control valve spool for any signs of scoring, binding and cavitation. Pay par-
ticular attention to the spool holes. Small scratches and marks may be removed with a
fine oilstone or fine emery cloth and oil. Also check the control valve cap and valve
body for marks or scratches, and remove them if they are not too severe. If the score
marks are too deep or large, the complete control valve assembly must be replaced.

Examine the control valve ports for cavitation and erosion. Check all the oil passage
holes in the control valve and be sure they are not plugged. Clean them with a fine wire
if necessary to remove any dirt particles.

Clean all parts of the control valve in clean solvent and dry them with compressed air.

Inspecting the Gas Valve:

34

Remove the gas valve plug and the gas valve from the rear head. Thoroughly clean the
cover and valve and inspect them for damage. Cover the gas valve threads with a good
quality thread sealer. Reinstall the gas valve and seal, and tighten the valve to 61% foot-
pounds. Insert the gas valve plug and just hand tighten it for now.
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BREAKER RESASSEMBLY

installing the Tie Rod:
Inspect the tie rod threads. If they are damaged beyond repair, the tie rods
must be replaced.

/_‘49 Lubricate the tie rods thoroughly using a moly-based grease or Never Seize.

The tie rods should turn smoothly and easily until they bottom out in the loles. If they
do not bottom out, or there is excessive resistance, the threads on the tie rods or the

helisert inserts may be damaged.

Remove damaged heliserts and restore the front head threads with conventional thread
chasers and taps. Insert new heliserts with the appropriate tool.

Torque tie rods to the specifications on page 47-49.

Installing the Cylinder:

Liberally oil the inside surface of the cylinder and the new seals, and install the seals
and rings into the grooves at the lower end of the cylinder. Pay close attention to the
correct placement and orientation of the seals. Improper seal installation will cause pre-
mature leakage and premature wear.

Apply some grease to the rubber pieces on the fie rods so the cylinder will slide on easi-
ly. Lower the cylinder carefully onto the tie rods. The control valve mounting holes on
the cylinder should face the same direction as the grease fitting on the front head.

Re-Sealing the Seal Bushing:

Qil the seal bushing and seals, and install the seals and rings in the correct positions and

orientations.
Upper - ,
Seal Gas Seal™
Bushi .
e — Oil Seal®
Slide Ring with
O-ring
—
(Model TB925X and
* When insert- up have 2 as shown)
ing seals, 5 i _ ) _
make sure —8 i Slide Rlng with
direction is 8_1 Square Ring
as shown. (Models TB725X
and up)
—Oil Seal™
"~ Dust Seal™
Figure 31
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» BREAKER RESASSEMBLY

Installing the Piston:

Replace the o-ring in the top of the cylinder. Lubricate the top end of the piston, and
slide the seal bushing into place, with the chamfer or step towards the center
of the piston.

Lift the piston with the lifting eye, lubricate it thoroughly, and lower it carefully into the
cylinder. It may need a tap to push it through the lower seals,

When the piston is all the way into the cylinder bore, use a soft mallet to tap the seal
bushing into position in the eylinder. The bushing will stop when it reaches the support
flange inside the cylinder bore.

Replace the o-rings and backup rings on the top of the cylinder where the rear head
makes contact,

Upper Seal ‘Q’
Bushing ' Piston

Figure 32

Installing the Rear Head:

36

The cushion chamber in the rear head needs a small amount of oil for proper operation.
Just before you install the rear head, make a circular grease dam on the top of the pis-
ton, just high enough to contain the required amount of oil. The amount of oil needed
can be obtained from the chart on page 51-53.

Lower the rear head over the tie rods. The gas valve should face the same direction as
the control valve bolt holes on the cylinder.

Install new tie rod washers. Lubricate the tie rod nuts with Never Seize, and tighten
them in a crossing pattern to draw the breaker components together evenly. Finish tight-
ening the nuts to the correct torque in four stages, using the same crossing pattemn.

/Tie Rod Nut
Cylinder Q/R,Z;‘;‘:
Cover
Figure 33 Figure 34
www.rockbrealker.com




BREAKER RESASSEMBLY 7

Installing the Control Valve:

Ensure the control valve spool is clean and insert it back into the eylinder body. (Fig,
34B)

Lubricate the seals on the control spool guide, ensuring that the guide is clean and insert
it into the cylinder body. The guide should slide easily but if tools are required make
sure the guide is squarely in the cylinder body and tap it into position using a soft-faced
mallet. (Fig. 34C)

Figure 34B Figure 34C

ACAUTION
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- BREAKER RESASSEMBLY

Recharging the Cushion Chamber:

ACAUTION

This gas is stored under high pressure, Caution is advised when handling.

Remove the gas valve plug from the gas valve. Attach one end of the charging hose to
the gas regulator and attach the charging adapter to the other end of the hose.

With the charging adapter inserted into the gas valve and the nitrogen tank valve open,
adjust the regulator handle slowly to build the pressure to the value specified in the
service manual. If the piston is not at the bottom of its stroke the pressure will move it
down to rest on the inside of the front head. Be aware that if the tool is installed at this
stage, it may accelerate dangerously out of the cylinder when the cushion chamber is
being pressurized.

To check the cushion chamber pressure, remove the charging adapter from the end of
the hose and put it on the pressure gauge. Insert the adapter into the gas valve and
observe the pressure reading. If the reading is too high, bleed off a small amount of gas
to make the final adjustment, and test again. If the pressure is too low, reinsert the
charging adapter, and build pressure to the required value.

When the pressure is at the correct value, (refer to the “Cushion Chamber” Pressure on
the General Specification Chart on page 55), install the gas valve plug, using a new o-
ring, and tighten to 8.7 foot-pounds torque. Take care not to cut the o-ring.

Pressure
Gauge

Figure 35
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Figure 40

TROUBLESHOOTING ‘

Oil Leakage:

If oil leakage develops, it may not be necessary to replace parts. Check the fol-
lowing points in the chart below before calling your BTI representative. A slight
amount of oil seepage around the breaker connecting parts is normal during the

first 200 hours of operation.

Area of Leakage

A. The space hetween

the tool and bushing

B. Oil over the surface
of the breaker.

C. Control valve cap
holts.

D. Between control

valve and surface of

cylinder.

E. Joining surface of

Condition

Large amounts of
oil coming out.

Possible loose hoses
or adapter fittings.

Qil ooze after
overhaul of unit.

Oil ooze after
breaker overhaul

Oil oozing

cylinder and rear New oil leaking

head.

F. Joining surface of
cylinder and front
head.

New oil leaking

Vibratory Pick Owner’s Manual

Corrections

Damaged seals.
Re-seal as
necessary.

Check condition
of hoses and
fitlings, tighten
as necessary.

Normal oozing of
assembly
lubricants.

Normal oozing of

assembly
lubricants.

Loose tie rod
nut, re-tighten
Damaged O-ring,
replace.

Loose plugs on
face of cylinder,
retighten.

Damaged seals in
the cylinder, replace

as necessary.
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: TROUBLESHOOTING

CONDITION

Does not hammer

Erratic Hammering

Poor Breaker Performance:

CAUSE

Base carrier selector valve does not

operate properly.

Poor performance of the hydraulic purmp.

Pressure relief valve set too low.

Clogged or restricted hoses.

Cushion chamber fills with oil.

Seizure of breaker.

Hyd. oil temperature too high.

Insufficient oil flow and/or pressure.

Clogged or restricted hoses, or pipes.

Not enough down force on the tool.

Pressure too high in cushion chamber.

Too much grease in the impact chamber.

Excessive clearance between tool and

tool bushing.

Excess wear at top of tool.

Foreign matter in the breaker control valve.

Seizure of piston and cylinder.

CORRECTION

Check connection from cab
controls to the selector valve.

Check pump outpul.
Repair or replace.

Check relief settings and adjust.

Clean or replace.

Replace seals.

Overhaul and replace
worn parts.

Oil temperature must not exceed
170 deq.F (77 deg. C).

Check base carrier hydraulic
system.

Clean or replace.

Increase the down pressure
acting on the tool.

Adjust pressure.

Remove tool from front head
and clean out excess grease.
Follow proper greasing
instructions.

Check clearance and replace
worn parts.

Remove and inspect the tool.
Replace if necessary.

Disassemble and clean.

Overhaul the breaker.
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CONDITION

Lack of Power

Mushrooming of Tool

Rapid increase in Oil
Temperature

Emulsification of Qil

TROUBLESHOOTING

CAUSE

Insufficient oil flow or oil pressure.

Broken tool

Cushion chamber gas pressure is too low.

Continuous hammering in cne place.

Insufficient oil cooling.
Insufficient oil flow.

Incorrect oil pressure.

Oil contaminated with water.

Vibratory Pick Owner’s Manual

CORRECTION

Check hydraulics of the
base carrier.

Replace tool, check
piston for damage.

Check and adjust.

Use short bursts.

Re-position breaker
every 30 seconds.

Check oil cooler.
Check pump output.
Check relief valve
setting.

Locate source of water
and repair. Replace oil

41
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HIGH-CARBONATE, LOW-SILICA,
HIGH-CALCIUM STONE IN THE HIGH
BRIDGE GROUP (UPPER ORDOVICIAN),
MASON COUNTY, NORTH-CENTRAL
KENTUCKY

Warren H. Anderson
and
Lance S. Barron

ABSTRACT

The High Bridge Group (Middle Ordovician) of northeastern Kentucky is a major source of lime-
stone and dolomite for construction, agricultural, and industrial stone. These industries require car-
bonate rocks of high chemical purity. Chemical analyses of foot-by-foot samples from a Mason
County core show that three zones of high-calcium and several thick zones of high-carbonate and
low-silica stone are present in the High Bridge at a mineable depth. Mason County is located in
northeastern Kentucky, on the Ohio River, and offers river access to transportation to the metropoli-
tan Covington-Cincinnati market and the northern portion of the Eastern Kentucky Coal Field for

mine-related markets.

INTRODUCTION

The Kentucky Geological Survey is conducting a re-
gional study of the High Bridge Group (Upper Ordovi-
cian) to determine its chemical characteristics and to
outline the occurrence of deposits suitable for indus-
trial uses requiring carbonate rocks of high chemical
purity. This is the third publication in a series of reports
on the chemical characteristics of High Bridge carbon-
ate rocks; analyses of foot-by-foot samples from Boone
and Fayette County cores were previously published
(Dever, 1974, 1981).

This report presents the chemical analyses of foot-
by-foot samples of the High Bridge section from a core
taken in Mason County. The core contains three zones
of high-calcium and several thick zones of high-carbon-
ate and low-silica stone.

The High Bridge Group (Middle Ordovician) is a
thick (430 to 570 feet), widespread body of limestone
and dolomite that is at a mineable depth beneath a large
area of central and north-central Kentucky. It is being
mined for construction and agricultural stone, for the
production of lime for flux, and for flue-gas desulfu-
rization (FGD). Lime is also used for rock dust, to
neutralize acid mine drainage from coal mines, and in
chemical industries. The High Bridge Group is being

mined at two sites along the Ohio River in north-central
Kentucky by the Dravo Lime Company: the Cabin
Creek Mine at Springdale near Maysville in Mason
County and the Black River Mine at Carntown in Pend-
leton County.

The Mason County core was given to the Kentucky
Geological Survey by Cominco American, Inc. It is on
file and available for inspection at the Survey’s Well
Sample and Core Repository. The interval from 474 to
1,093 feet was split and sampled for analysis. Laborato-
ry analyses were performed under the supervision of
Lance S. Barron, Kentucky Center for Energy Research
Laboratory (KCERL) (now known as the University of
Kentucky Center for Applied Energy Research), and
Henry E. Francis, Kentucky Geological Survey (KGS),
University of Kentucky. Catherine Crace (KCERL) and
Mark Thompson (KGS) performed the actual laborato-
ry analyses.

GEOGRAPHIC AND
GEOLOGIC SETTING

The Cominco American core was drilled at a site in
northwestern Mason County near the community of
Minerva, approximately 2.5 miles east of the Mason-
Bracken county line (Fig. 1). The core hole is on the east
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Figure 1. Generalized map of northern Kentucky showing locations of existing mine operations and Boone and

Mason County cores, and major highways and railroads.

side of Kentucky Highway 435, 1.5 miles east of Miner-
va along an unnamed tributary of Lee Creek. The im-
mediate area is covered by the Germantown topo-
graphic and geologic (Outerbridge, 1971) quadrangle
maps, both at a scale of 1:24,000.

The core hole is located 2 miles from the Ohio River,
and river access is readily available via state highways.
Kentucky Highways 435 and 546 (“AA” Highway) fur-
nish access to the network of Federal and State high-
ways in Mason County. The county is served by the
CSX System Railroad, which runs from Covington to
Ashland through Maysville. The TransKentucky Trans-
portation Inc. Railroad, a subsidiary of CSX Trans-
portation, runs from Maysville to Paris, where it con-
nects with additional CSX systems.

The core hole is in the Outer Blue Grass Region, near
the southern extent of Pleistocene glaciation. Topogra-
phy is flat to moderately rolling hills along the Ohio
River. The elevation of the collar of the drill hole is 718
feet above sea level, which is about 225 feet above the
Ohio River.

The site is on the eastern flank of the Cincinnati Arch
(Fig. 2). Some faults occur to the east along the Lewis~
Mason county line (Schilling and Peck, 1967), but no
known faults exist in the vicinity of the core hole. Sur-
face rocks in the immediate area are principally lime-
stone and shale of the Upper Ordovician Kope Forma-
tion, Fairview Formation, and the Grant Lake
Limestone (Outerbridge, 1971). Pleistocene glacial out-

wash occurs as sand and gravel deposits along the Ohio
River.

HIGH BRIDGE GROUP

General

The High Bridge Group consists of three formations,
which are, in descending order, the Tyrone Limestone,
Oregon Formation, and Camp Nelson Limestone (Fig.
3). Total thickness of the High Bridge in the Mason
County core is 510.5 feet, of which the Tyrone is 146.6
feet, the is Oregon is 7.4 feet, and the Camp Nelson is
357.5 feet. The Tyrone consists of micrograined lime-
stone, and the Oregon consists of very finely crystalline
dolomite. The Camp Nelson is a micrograined lime-
stone, partly mottled with finely crystalline dolomite.
The depositional environments of the Tyrone, Oregon,
and upper Camp Nelson have been interpreted by
Cressman and Noger (1976), Horrell (1981), Kuhnhenn
and others (1981), Lazarsky (1983), and Gorman (1984).

Several thin bentonites serve as useful markers for
local and regional correlation in the High Bridge. The
two most prominent bentonites occur in the upper Ty-
rone, and their regional association has been discussed
in Huff and Kolata (1990). They are the Millbrig or
“Mud Cave,” present locally at or near the top of the
formation, and the Deicke or “Pencil Cave,” present
across the region, 15 to 30 feet below the top of the Ty-
rone (Wolcott and others, 1972). In the Mason County



High Bridge Group 3

EXPLANATION

_~" Surface fault

High Bridge study cores
@B Boone County

e F [Fayette County
@M Mason County

Figure 2. Structural features in central and eastern Kentucky, and their relation to the Boone, Fayette, and Mason

County cores.

core, two additional thin bentonites are present, one
about 51 feet above the base of the Tyrone and another
about 132 feet below the top of the Camp Nelson.

The Tyrone is overlain by the Lexington Limestone,
a coarse, crystalline, fossiliferous limestone. The Camp
Nelson is underlain in turn by the Wells Creek Dolo-
mite and, where present, the St. Peter Sandstone. In this
core, the Wells Creek rests unconformably upon the
Knox Group. The contact between the micrograined
limestone of the Tyrone and the bioclastic limestone of
the basal Lexington is distinct, but the contact between
the Camp Nelson and Wells Creek is gradational. The
lower Camp Nelson in the Mason County core is main-
ly limestone (in part slightly dolomitic) and shale; the
Wells Creek is an interbedded dolomite and shale and
the basal portion is a sandy dolomite. In this study, the
contact between the Camp Nelson and Wells Creek has
been placed below the lowest occurrence of micro-
grained limestone, a characteristic High Bridge litholo-

gy

Potential Industrial Uses

The Federal Clean Air Act Amendments of 1990
(Public Law 101-549), also known as the Acid Rain Bill,
will create a large demand for limestones and lime for
reducing sulfur dioxide emissions from coal-burning
power plants. Sulfur sorption techniques (Fluidized
Bed Combustion [FBC] or Flue Gas Desulfurization
[FGD]) generally require the use of limestone or lime,
which react with the combustion coal gases. This reac-
tion by-product is then a disposable commodity. In an
FBC method, coal is burned on a bed of limestone or do-
lomite that is suspended or “fluidized” by an upward
flow of air (Dever, 1990). As the coal burns, sulfur (SO5)
is released and reacts with the calcined limestone or do-
lomite and forms the by-product calcium sulfate
(CaSOy, gypsum). When the FGD method is used in ex-
isting plants, a hydrous lime mixture is sprayed into the
flue gases to form a similar chemical reaction between
sulfur and limestone (Cobb and Eble, 1992).
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With an increased reliance on the use of coal to meet
the energy requirements of the United States, greater
quantities of stone will be needed for sulfur sorption
capabilities such as fluidized bed combustion and flue-
gas desulfurization. Limestone and lime are used for
rock dust, spoil-bank reclamation, and acid-mine-
drainage neutralization in coal mining. The High
Bridge is also a source of construction and agricultural
stone for the area’s mixture of agricultural and expand-
ing urban markets near Cincinnati.

Chemically pure limestone and dolomite have in-
dustrial uses such as raw material for the production of
lime, portland cement, agricultural lime products, and
chemical products; and flux for steel and other metal-
lurgical industries and fillers. Specifications for many
of these industrial uses require that the stone be essen-
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Figure 3. Generalized stratigraphic section for Ma-
son County.

tially free of non-carbonate constituents such as silicon
dioxide (Si0), aluminum oxide (Al,O3), iron oxide
(Fey03), sulfur (S), and phosphorus (P). For certain in-
dustrial uses, magnesium carbonate (MgCO3) is a dele-
terious constituent (Dever, 1981).

The term “high-calcium limestone” designates car-
bonate rocks composed of 95 percent or more calcium
carbonate (CaCO3). Carbonate rocks of high chemical
purity are described by Dever (1974, 1981, 1990) and
Dever and others (1991, 1992). These reports also pro-
vide a summary of several potential uses for high-car-
bonate and low-silica stone. The term “high-carbonate
stone” designates carbonate rocks composed of 95 per-
cent or more total carbonates—calcium carbonate plus
magnesium carbonate (CaCO3 + MgCQOjz). The term
“low-silica stone” designates carbonate rocks with a to-
tal (free and combined) silicon dioxide (SiO;) content of
4 percent or less (Dever, 1981).

’

DISCUSSION OF
ANALYTICAL DATA

In the Mason County core, a 10-foot-thick zone of
high-calcium limestone occurs in the Tyrone, between
the Mud Cave and Pencil Cave bentonites (Fig. 4). A
thicker zone of high-calcium limestone can be obtained
when averaged over an 18-foot interval (Table 1). This
18-foot-thick zone is not present in the Boone County
core (Dever, 1974) and may be restricted to northeast-
ern Kentucky. This zone could be worthy of exploration
for high-calcium stone since it has a depth of approxi-
mately 500 feet, although the magnesium and silica
contents (Table 1 and Appendix A) may restrict its use
as a source of lime (John Ames, oral communication).
Additional zones of high-calcium limestone in the core
are only 1 to 2 feet thick and occur in the Camp Nelson.
Several zones of high-carbonate stone, 12 to 61 feet
thick, are present in, the Mason County core (Fig. 4,
Table 1, Appendix A); the zones are in the Camp Nelson
and show a close correlation with the stratigraphic
position of the high-carbonate zones of the Camp Nel-
son in the Boone County core, 50 miles to the northwest
(Fig. 2).

The High Bridge is being mined at two sites on the
Ohio River in north-central Kentucky for the produc-
tion of lime. The Dravo Lime Company’s Cabin Creek
Mine in Mason County is producing a low-magnesium
lime (MgO) for stack-gas scrubbing (Mining Engineer-
ing, 1977). The Cabin Creek Mine also produces lime-
stone for FBC. Dravo’s Black River Mine at Carntown
in Pendleton County produces a high-calcium quick-
lime for FGD, steel-furnace flux, and chemical indus-
tries, and a hydrated lime for chemical industries and
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water treatment (John Ames, oral communication).
Limestone from the Pendleton County mine also is
marketed for the production of rock dust for coal mines
(Dever, 1981).

Most of the limestone in the Camp Nelson appears
suitable for construction stone. A zone of argillaceous
limestone and shale in the uppermost Camp Nelson of
central Kentucky is not present in the Mason County or
Boone County cores, correlative with the approximate
interval from 670 to 690 feet in the Cominco American
core (Appendix A). Rock in this zone in central Ken-
tucky does not meet specifications for construction
stone.

Limestone and dolomite samples from Kentucky
have been tested in an atmospheric fluidized bed com-
bustion pilot plant at the Kentucky Center for Energy
Research Laboratory (now University of Kentucky
Center for Applied Energy Research) (Barron and oth-
ers, 1991), One of the samples studied by Barron and
others (1991) was from the Oregon Formation. Barron
and others (1991) found that dolomites or calcareous
dolomites such as those in the Oregon have a greater
sulfur sorption capacity and calcium utilization poten-
tial than the limestones in this study. The Oregon dolo-
mite in the study by Barron and others (1991) was ob-
tained from stockpiles at the Vulcan Materials Central
Mine, Fayette County. Dolomitic limestone from Dra-
vo’s Cabin Creek Mine is also being used in FBC (Dever,
1990).

Structure contours on the top of the Tyrone in north-
central Kentucky (top of High Bridge) have been com-
piled by Potter (1993) in a map covering a large area of
north-central Kentucky (Fig. 5). Depth to the top of the
High Bridge is generally less than 800 feet along the
Ohio River in northern Kentucky. Wolcott and others
(1972) used a trend-surface statistical analysis to pre-
dict thickness trends in the High Bridge of central and
north-central Kentucky. This information could benefit

exploration for addilional mine sites.

CONCLUSIONS

Thick deposits of chemically pure carbonate rock are
present in the High Bridge Group in north-central Ken-
tucky. Regional stratigraphic correlation between de-
posits across northern Kentucky suggests that the de-
posits are widespread and represent large reserves of
stone for industrial use. The High Bridge of north-cen-
tral Kentucky along the Ohio River has potential for the
production of limestone and lime for various industrial
and agricultural uses. These carbonate rocks are being
used for the production of lime for flue-gas desulfu-
rization and as sorbent stone in a fluidized-bed com-
bustion system.
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County: Mason
Opsrator: Cominco American Inc.
Carter Coordinate Locatlon: sec. 14-AA-68 (Germantown Quadrangle)

Chemical Analysis
% % % % % % % %
CaCOg MgCO;4 SiCs AlbOg FeaOg K20 Na,O Jotal
78.30 1.81 15.28 1.53 0.50 0.42 0.39 98.93
85.58 1.14 10.29 0.81 0.48 0.18 0.11 98.57
77.07 2.70 14.97 2,34 0.87 0.73 0.43 99.11
67.17 1.83 26.99 1.15 0.64 0.42 0.29 98.49
82.89 1.00 11.70 1.85 0.82 0.32 017 98.94
89.65 0.77 7.00 1.15 0.26 0.22 0.10 99.24
81.96 1.15 13.70 0.17 0.32 0.57 0.22 08.08
93.20 0.98 3.80 1.19 0.18 0.36 0.07 100.46
92.61 1.00 4,48 1.15 0.20 0.32 0.08 99.82
92.17 0.60 4.35 0.87 0.28 0.22 0.06 98.53
£0.48 0.77 6.17 1.53 0.26 0.46 0.11 89.78
90.06 0.65 6.01 1.26 0.39 0.33 0.07 98.77
87.96 0.56 7.93 1.26 0.32 0.43 0.17 98.63
83.81 0.91 11.39 3.14 0.32 1.03 0.20 100.80
85.29 0.99 0.94 1.08 0.23 0.66 0.11 99.20
61.09 0.82 35.06 0.85 0.24 0.22 0.06 98.34
70.92 1.38 24,04 1.49 0.35 0.57 0.08 08.81
85.86 2.06 8.40 1.45 0.32 0.58 0.05 08.72
90.50 1.32 6.25 1.15 0.27 0.29 0.05 99.83
94,93 0.86 232 1.21 0.12 0.40 0.05 99.99
94.80 0.91 1.80 0.83 0.22 0.16 0.04 98.76
93.60 1.47 2,68 1.00 0.20 0.20 0.04 09.19
94,24 0.95 2.41 1.20 0.28 0.23 0.05 99.36
95.08 0.63 2.43 1.13 0.25 0.20 0.07 99.79
92.32 1.01 3.55 1.79 0.37 0.40 0.09 99.53
93.95 0.74 213 1.44 0.23 0.18 0.05 98.72
87.20 1.86 6.52 3.20 0.81 0.68 0.09 100.36
90.01 1.72 4.31 2.55 0.52 0.47 0.07 89.65
89.64 1.72 4.27 2.09 0.72 0.47 0.07 98.98
88.10 1.90 5.35 254 0.70 0.68 0.11 9038 -
93.44 1.29 2.16 0.68 0.39 0.35 0.05 98.36
97.97 0.34 0.73 0.30 0.06 0.06 0.06 89.52
98.07 0.73 0.72 0.48 0.09 0.16 0.04 100.29
98.11 0.70 0.41 0.39 0.25 0.09 0.03 99.98
97.75 0.74 0.28 0.45 0.1 0.08 0.03 99.44
97.00 1.40 0.83 0.42 0.07 0.08 0.03 99.83
96.55 1.85 0.98 0.43 0.09 0.08 0.03 100.01
96.01 2.08 1.43 0.60 0.13 0.19 0.03 100.47
96.17 2.01 1.39 0.66 0.10 0.22 0.03 100.58
96.99 1.55 1.37 0.53 0.1 0.15 0.03 100.73
96.80 0.86 1.76 0.85 0.13 0.38 0.03 100.81
04.57 2,90 1.87 0.76 0.50 0.28 0.04 100.92
91.40 2.91 3.19 1.19 0.39 0.53 0.05 99.66
92.80 2,62 3.15 1.20 0.36 0.50 012 100.75
92.41 2.71 2.51 0.68 0.27 0.30 0.08 98.94
94.40 2.09 1.69 0.43 017 017 0.04 98.99
96.39 1.90 1.39 0.38 0.14 0.14 0.04 100.38
92,01 3.50 3.01 1.04 0.67 0.55 0.07 100.85
85.90 3.56 6.73 2.14 0.82 0.70 0.09 99.94
86.93 322 5.54 1.78 0.67 0.68 0.07 98.89
88.62 1.57 6.27 1.60 0.35 0.87 0.07 99.35
97.42 1.27 1.34 0.51 0.16 0.20 0.03 100.93
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Sampled and Described By: Warren H. Anderson and Lancs S. Barron
Analyzad By: Kentucky Center for Energy Research Laboralory and Kentucky Geological Survey
Date Sampled: August 10-11, 1993

(feet)

Footage

Thickness
(feel)

Description

Formation and Lithology

474.4-489.4

15

Laxington Limestone

Limestone, light- to medium- to light-clive-gray, moderatsly to coarsely crystalline; becemes finely to
moderately crystalline inlower 6 ft.; scaltered bioskelstal dabris; some shaleand argillaceous partings;
blua porcelansouschart at 475.4 it.; blue porcelaneous chert with relict bioclastic texlure inbasal 0.6 ft.

High Bridge Group

Tyrone Limestone

489.4-420.4

Mud Cave
Bentonite; green shale with biotite flakes.

480.4-489.7

Limestone, light-gray; becomes light-olive-gray in lower part; micrograined; in part moderately crystal-
line; floating bioskeletal debris, pellets, shell fragments, bryozeans, rilobites, scattered chale partings;
stylolites.

499.7-504.6

Limestone, light-oliva-gray to yellowish-gray; in part medium-gray; micrograined, in part with birdseye
calcite; bioclasticcalcilutitefrom 50010501.1 ft.; mottled withmedium-gray andlight-olive-greenburrow-
ing at 501.1 ft.

504.6-516.1

11

Limestone, yellowish-graytolight-olive-gray, with scatteredmedium-gray mottling; micrograined; birds-
eyecalcite inupper 3 ft; some stylolites; in part with coarsely crystalline calcite veinlets; irides cent pyrite
at 505.5 it.; shale partings at 507.1 ft.

516.1-525.5

Limestone, yellowish-grayto light-olive-gray; in part brownish-gray; micrograined, with birdseyecalcite;
medium-gray burrows and mottling; numerous shale and argillaceous partings; greenish-gray, ar gilla-
ceous limestone from 522.6 to 524.7 ft.

525.4-525.5

0.1

(Pencil Cave)
Bentenite; green shale with biolite flakes.
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Chemical Analysis

% % % % % % % %
CaC0O;y MgCOs SO, Al O3 FepO3 K20 NapO Total
97.00 1.21 1.76 0.20 0.12 0.10 0.03 100.51
94.16 1.65 1.56 0.38 0.37 0.11 0.04 08.27
03,66 1.95 2.25 0.54 0.36 D.16 0.04 98.96
92.02 3.75 2.67 1.02 0.39 0.22 0.05 100.12
90.01 3.85 3.04 14T 0.38 0.25 0.05 08.75
84.77 5.80 5.56 2.03 0.68 0.55 0.06 89.45
86.56 4.48 5.77 2.04 0.72 0.50 0.08 100.14
©0.20 3.56 4.63 1.62 0.65 0.42 0.06 100.94
90.25 3.50 4,46 1.66 0.55 0.40 0.068 100.68
82.10 401 8.22 2.73 1.00 0.64 0.10 28.80
85,50 3.47 5.8 1.96 0.71 0.51 0.08 08.21
24,00 2.50 1.80 0.60 0.21 0.10 0.03 99.24
24.03 2.26 1.64 0.57 0.20 0.10 0.03 08.82
74.80 4,45 12.00 5.11 1.39 0.87 0.16 98.88
82.25 2.65 8.50 3.50 0.80 0.64 0.12 08.56
81.40 2.85 9.01 3.756 1.07 0.74 0.13 08.95
74.71 4.02 13.56 4.09 1.65 1.00 0.19 g9.22
75.69 415 11.20 4,53 1.37 0.85 017 08.66
84.45 3.85 7.50 2.40 1.00 0.65 0.10 99.95
85.09 3.12 7.00 2.08 0.79 0.58 0.10 08.76
87.82 2.73 5.41 1.72 0.75 0.51 0.09 99.03
89.95 210 3.97 1.32 0.56 0.20 0.07 98.17
88.75 3.30 5.20 1.66 0.77 0.50 0.08 100.26
86.41 2.79 6.75 2.04 0.84 0.62 0.09 99.54
87.34 3.34 5.41 1.60 0.67 0.50 0.12 08.98
85.00 3.46 7.20 2.00 0.84 0.70 0.15 99.35
77.40 4.89 11.60 3.70 1.36 0.86 017 99.98
86.65 4.20 5.60 1.74 0.72 0.58 0.10 99,69
93.57 2.69 1.43 0.40 0.26 0.12 0.05 08.52
80.45 5.27 1.80 0.55 0.33 0.23 0.06 ©8.69
88.20 4,83 4,06 0.85 0.49 0.45 0.07 08.65
89.98 439 3.21 0.42 0.30 0.28 0.07 98.65
88.99 4.54 3.66 0.60 0.31 0.33 0.07 98.50
86.83 4.80 5.09 1.42 0.73 0.51 0.11 $9.49
84.30 3.99 6.95 1.96 0.67 0.57 0.12 08.56
66.45 12.40 14.86 2.66 1.64 112 0.19 §9.32
67.90 10.57 14.00 3.98 1.57 0.94 0.19 99.156
58.61 11.98 15.99 7.74 2.00 1.63 0.21 98.16
70.18 13.50 10.50 2.00 1.35 0.70 0.22 98.45
92.07 3.57 1.60 0.36 0.18 0.23 0.07 ©8.08
91.93 3.65 1.66 0.60 0.20 0.24 0.06 08.34
90.97 3.60 3.06 0.68 0.25 0.39 0.06 99.01
87.14 431 4.80 1.18 0.54 0.48 0.08 98.53
80.60 14.40 3.56 0.89 0.44 0.35 0.08 100.32
68.80 24,77 3.00 0.38 0.86 0.32 0.07 98.30
79.45 14.50 312 0.56 0.43 0.35 0.08 08.49
81.02 12.80 3.25 0.62 0.44 0.37 0.08 98.58
00.14 511 2.25 0.36 0.17 0.1 0.04 98.18
89.66 5.19 1.91 0.44 0.86 0.20 0.04 08.30
78.49 15.00 2.78 0.76 0.48 0.43 0.07 08.01
87.49 510 3.87 1.45 0.49 0.62 0.08 99.10
88.80 5.25 2.76 0.24 0.44 0.50 0.06 98.75
89.40 5.20 3.50 0.99 0.40 0.60 0.07 100.16
87.84 4.76 3.60 1.08 0.43 0.73 0.06 08.50
72.97 14.39 8.50 1.83 0.72 0.90 0.09 99.40
77.28 14.57 4.46 0.24 0.47 0.57 0.06 98.35
88.25 3.85 4.65 1.14 0.42 0.568 0.07 08.96
85.20 3.03 7.79 2.08 0.52 097 0.06 89.65
76.60 9.50 10.00 1.75 0.63 1.32 0.09 99.89
90.70 5.66 1.99 0.34 017 0.22 0.02 99.10
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Descriptlon

Foolage o
(feet)

525.5-531.6

Thickness
(feet)

ogy

Formation and Lithol

Umestone, yellowish-gray to light-clive-gray; micregralned; gray laminated and arglilacecus mottling
and partings; some coarsaly crystaliine veinfels.

531.6-539.1

Limestone, yellowish-gray to light-olive-gray; micrograined; in part very fine grained; mottled with shale;
stylolitic; irregular bodies of light-olive-gray to greenish-gray, finely crystalline dolomite; dark ehale part-
ings from 532.1 to 537.2t.; brownish-gray limestona, in part with moderalely crystalline calcite, Inbasal
foot.

539.1-565.7

26

Limestone, yellowish-gray tolight-olive-gray to gresnish-gray, micrograined toveryfine-grained, In part
argillaceous, with abundant dark-gray, silty shale partings; soma scattered floating bioskeletal debris,
in partwith yallowish-gray, micrograined limastone; 0.25-in. pyrite cube at 539.5 it.; dolomite mottling at
543.71t.; birdseyatexture from 554,510 559.9 t.; algal laminations at 661.4 ft.; varved, argillaceous, lami-
natecll. agd composad of intercalated greenish-gray shale and limestona, with soma birdseys calcitein
basal 5 fi.

565.7-585.6

19

Limestone, yallowish-gray to light-olive to pinkish-gray, with gray and brown coloration, some blackmot-
tling inlower part; micrograined, with birdseye calcite; in part fine-grained; argillaceouslaminations; py-
riteat569.5ft.;0.5ft. of shaly, argillacecuspartings at569.8ft.; scattered shale partings; stylolitesinlower
21t

585.6-585.9

0.3

Bentonite; green shale with some biotite flakes and iridescent pyrile.
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Chemical Analysis

% % % % % % % %
CaCOg MgCOs SiOs AbOs FepO3 K20 NasO Total
88,15 2.70 6.38 0.64 0.15 0.17 0.04 98.23
86.89 5.00 5.10 117 0.58 0.51 0.11 99.36
87.70 5.60 5.01 1.08 0.58 0.50 0.09 100.54
20.78 3.26 2.78 0.59 0.30 0.26 0.10 98.05
93.01 2.46 3.00 0.23 0.55 0.38 0.08 100.50
88.52 3,61 4.15 0.81 0.54 0.40 0.09 08,12
68.80 11.00 16.02 2.49 1.45 0.79 0.18 100.73
£6.91 5.01 401 1.73 0.90 0.70 0.15 99.41
87.09 5.80 311 0.93 0.86 0.41 0.08 98.08
96.09 1.71 1.05 0.19 " 0.1 0.13 0.03 99.31
96.45 0.82 0.80 0.11 0.10 0.08 0.06 98.42
92.57 0.94 2.86 0.81 0.12 0.66 0.08 98.04
96.99 1.20 1.58 0.30 0.11 0.24 0.04 100.46
88.44 8.13 1.81 0.42 0.05 0.24 0.04 89.13
90.20 6.25 2,05 0.40 0.08 0.26 0.05 99.29
89.93 6.40 2,00 0.36 0.06 0.25 0.04 98.04
90.03 5.27 2,00 0.40 0.28 0.28 0.05 ©8.29
87.99 7.05 2.09 0.43 0.26 0.26 0.05 98.13
86.06 8.80 2.30 0.50 0.30 0.28 0.05 98.29
88.88 6.90 1.80 0.50 0.36 0.27 0.12 08.83
91.83 4.30 1.76 0.30 0.25 0.17 0.07 98.67
93.12 3.15 1.81 0.16 0.13 0.11 0.05 98.52
93.18 3.45 1.72 0.47 0.26 0.20 0.07 99.35
93.30 3.60 2.31 0.79 0.42 0.35 0.07 100.84
90.98 5,70 1.25 0.23 0.15 0.13 0.04 98.48
90.85 5.75 1.00 0.19 0.12 0.10 0.04 98.05
90.70 5.92 1.66 0.45 0.22 0.21 0.04 9.20
90.10 5.40 1.78 0.47 0.21 0.19 0.04 08.19
89.77 6.48 1.30 0.21 0.14 0.12 0.04 98.06
88.20 9.05 1.00 0.17 0.15 0.10 0.05 98.72
88.69 8.31 0.95 0.19 0.13 0.10 0.06 98.43
89.66 6.75 1.50 0.34 0.18 0.23 0.07 98.73
84.96 6.67 4,26 1.00 0.50 0.57 0.17 28.13
89.22 6.63 2.13 0.42 0.23 017 0.04 08.84
85.45 9.14 2,78 0.59 0.29 0.286 0.10 98.61
86.91 7.79 2.68 0.57 0.35 0.25 0.1 98,66, -
79.70 13.18 414 0.91 0.46 0.40 0.13 98.92
82.02 12.04 285 0.46 0.28 0.24 0.06 98.05
84.11 11.90 215 0.30 0.17 0.16 0.06 08.85
82.90 11.87 3.39 0.77 0.38 0.36 0.1 99.78
80.50 10.77 5.71 1.00 0.14 0.40 0.09 98.61
80.70 - 11.00 4.88 0.85 0.43 0.36 0.09 98.31
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Description

Formation and Lithology

Footage Thickness
(feet) (feetl)

Camp Nelsen Limestone

842.4-665.7 24 Limestone, light-clive-gray to pale-yellowish-brown, with dark-gray mottling, micregrained, with birds-

: ! eyes and vainlets of calcite; mollled with irregular bodies of gresnish-gray, finsly crystalline dolo mits,

In part medium-light-gray calcarenile from 883 lo 666.7 ft.; white agate chert at 664.4 ft.; stylolites.
Limastone, light-olive-gray to yallowish-gray, micrograined; with yellowish-gray to light-olive-gray o

666.7-684.4 18 olive-gray, finely crystalline dolomite; thin zones of calcarenite, in part dark-greenish-gray, stylolites; ar-

gillaceous and shaly partings at 678.5 and 682.9 ft.
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% % % % % % % %
caCO; | MgCOs | SiOp AbOs Fep03 Ko0 NagO Total
85.40 9.72 225 0.30 0.36 0.16 0.07 98.26
83.20 12.08 2.563 0.36 0.43 0.19 0.07 08.84
83.89 11.78 2.00 0.25 0.15 0.13 0.07 88.27
87.20 B.82 1.63 0.15 0.14 0.12 0.08 98.24
91.256 4.28 2.00 0.20 0.15 0.11 0.05 98.02
89.82 6.60 1.55 0.20 0.15 0.10 0.05 08.47
88,90 7.65 1.30 0.12 0.1 0.07 0.05 98.20
87.60 7.58 2.70 0.43 0.23 0.18 0.04 98.97
85.00 8.84 4.07 0.43 0.22 0.18 0.04 98.78
20.00 5.83 a1 0.28 0.15 0.12 0.04 99.63
88.28 8.45 3.29 0.32 0.18 0.14 0.07 98.71
85.23 9.39 2.79 0.32 0.20 0.14 0.05 98.12
88.74 8.00 2.34 0.256 0.23 0.13 0.06 99.75
79.97 11.20 7.28 0.36 0.29 0.19 0.10 §9.39
90.09 7.60 1.33 0.19 0147 012 0.08 99.59
£6.96 7.70 3.59 0.21 0.13 0.12 0.09 98.80
84.68 8.08 4.96 0.21 0.15 0.12 0.10 99.20
86.88 8.91 1.97 0.28 017 0.16 0.09 98.46
88.00 8.75 2.37 0.45 0.25 0.20 0.07 100.09
91.58 6.26 1.57 0.23 013 0.10 0.0 99.86
91.67 4.79 2.07 0.1 0.12 0.08 0.08 98.92
91.50 6.32 1.87 0.19 0.11 0.10 0.09 100.18
89.00 8.01 2.60 0.40 0.19 0.18 0.07 100.45
88.01 8.57 1.61 0.25 0.14 0.10 0.07 98.75
89.33 7.61 1.57 0.16 0.08 0.07 0.05 08.86
91.60 5.85 1.70 0.23 0.11 012 0.05 99.66
88.50 8.54 212 0.42 0.22 0.17 0.05 100.02
90.56 7.25 1.31 0.17 0.10 0.07 0.04 99.650
91.03 7.01 1.38 0.19 0.12 0.07 0.04 99.84
89.81 8.25 1.94 0.34 0.15 0.12 0.08 100.67
88.56 8.72 1.89 0.28 0.16 0.14 0.08 99.83
88.96 712 1.79 0.17 0.17 0.13 0.09 98.43
89.01 6.99 1.57 0.17 0.18 0.13 0.07 98.12
92,08 6.10 1.53 0.19 0.1 0.12 0.07 100.20
91.53 8.75 1.43 0.17 0.13 0.1 0.07 100.19
93.55 4.01 1.40 0.25 0.1 0.10 0.08 99.50
91.80 7.01 1.27 0.23 0.09 0.09 0.04 100.563
92.14 6.00 1.28 017 0.10 0.10 0.06 99.85
92.80 5.50 1.84° 0.26 0.15 0.14 0.09 100.88
88.60 9.20 1.83 0.34 0.25 017 0.15 100.54
66.80 26.66 5.68 0.34 0.23 0.15 0.10 99.96
90.61 4.91 1.69 0.28 0.50 0.12 0.147 98.28
89.56 6.85 1.59 0.23 0.09 0.10 0.04 98.56
89.89 6.02 1.60 0.19 0.156 0.09 0.08 ga.12
89.00 9.36 1.56 0.15 0.12 0.08 0.05 100.32
90.49 5.26 1.84 0.19 0.15 0.12 0.07 98.22
78.00 3.60 5.97 0.1 0.29 017 0.10 98.24
91.73 579 155 0.21 0.13 0.09 0.06 99.56
89.07 9.03 1.47 0.15 0.16 0.06 0.06 100.00
86.99 5.29 5.63 0.16 0.16 0.06 0.04 ©8.33
91.36 5.31 1.29 0.15 0.11 0.06 0.03 28.31
91.85 4.39 1.37 0.13 0.13 0.07 0.05 98.09
93.76 3.31 1.19 0.25 0.10 0.09 0.07 98.76
94.62 219 1.16 0147 0.09 0.08 0.06 98.37
95.40 3.56 0.99 0.11 0.07 0.06 0.05 100.24
g2.71 5.85 1.10 0.17 0.11 0.09 0.06 100.09
87.26 10.40 1.19 017 0.12 0.1 0.06 99.31
84.29 12.70 1.40 0.23 0.13 0.12 0.10 98.97
94,44 3.73 1.41 0.17 0. 16 0.10 0.06 100.07
©0.38 6.22 1.26 0.28 0.16 0.14 0.05 98.49
92.17 3.97 2.09 0.28 0.17 0.15 0.07 28.20
90.01 7.30 2.20 0.34 0.18 0.17 0.06 100.26
87.39 6.20 3.20 0.63 0.30 0.31 0.15 98.18
86.97 8.06 2,76 0.39 0.19 0.25 0.16 98.78
77.97 12.49 5.43 0.92 0.37 0.70 0.24 98.12
82.19 10.94 4.00 0.44 0.13 0.32 0.19 98.21




|~ Foolage
(feat)

(feet)

684.4-743.4

59

[Thickness |
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Formation and Lithology

Limestons, light-olive-graytoyellowish-gray, micrograined, birdseys calcite, inpartwithfloating bicclas-
ticdebris; with greenish-graytolight-olive-gray dolomite; scatteredtripolitic chert; birdseya calcite; sty-
lolites, vertical fracture with argillaceous parting at 727 ft.; chert with relict bloclastic texture at 731.2 it.;
thin zones of light-brownish-gray, bioclastic calcilutite from 738 to 741 ft.; very light-gray, with dark mot-

tling, earthy texture in basal 0.5 ft.

743.4-749.9

Limestone, light-olive-graytoclive-gray,fine-to medium-grained;thinzonasofcalcilutitewithfloatingand
bioclastic calcarsnite; dolomite stringers at 743.4 and 747 ft.; mainly yellowish-gray to light-olive-gray,
micrograined, withbirdssye and veinlets of calcite, stylolitesinlower 3ft.; inpartmedium-dark-gray, fine-
grained,argillaceouswithfloating bioclastic grainsin lower 3ft.: mottledwithiregularbodiesofgreenish-

gray, fine-grained dolomite at 749 ft.




High-Carbonate, Low-Silica, High-Calcium Stone in the High Bridge Group, Mason County, Kentucky

Chemlcal Analysis

% % % % % %
CaCO3 | MgCO; Si0s A!gOa FepOg K20 Na;0
92.48 4.91 218 0.29 0.08 0.26 0.16
92.39 411 213 0.39 0.12 0.30 0.14
95.156 3.50 1.15 0.15 0.09 0.09 0,08
95.83 1.60 0.89 0.13 0.09 0.0 0.08
95.55 291 0.75 0.10 0.09 0.10 0.06
85.00 3.37 0.77 0.21 0.1 0.12 0.07
91.80 4.35 2.66 0.70 0.12 0.36 0.11
£6.40 8.90 4.51 1.33 0.13 0.65 0.19
88.06 6.30 3.80 0.20 0.47 0.43 0.22
91.95 3.79 3.25 0.49 0.28 0.27 0.12
91.40 5.20 2.71 0.30 0.24 0.38 0.14
82.16 450 2.50 0.38 0.22 0.34 0.11
95.67 2.40 1.61 0.25 0.14 0.23 0.09
91.03 2.26 4.85 0.87 0.42 0.87 0.29
95,14 2.18 2.12 0.36 0.18 0.31 0.13
91.26 4.47 3.43 0.68 0.38 0.49 0.27
93.18 413 1.88 0.26 0.18 0.22 0.09
82.16 9.55 496 0.80 0.39 0.75 0.36
89.48 6.00 3.40 0.53 0.25 0.50 0.27
90.08 5.80 3.30 0.44 0.23 0.37 0.19
87.58 7.50 3.456 0.70 0.47 0.35 0.23
88.02 7.29 3.47 0.80 0.41 0.37 0.20
87.07 8.06 3.44 0.70 1.00 0.33 017
78.80 7.20 11.59 2.85 0.50 1.71 0.47
85.99 5.00 497 1.26 0.26 0.73 0.29
£0.03 5.75 2.26 0.47 017 0.63 0.21
92.09 5.09 1.38 0.26 0.27 0.74 0.26
91.57 5.08 1.01 0.19 0.24 0.07 0.05
87.84 7.59 247 0.42 0.13 0.10 0.06
B3.64 8.80 3.94 0.91 0.22 0.43 017
82.20 10.97 297 1.34 0.49 0.56 0.27
85.29 8.97 3.00 0.70 0.79 0.29 0.19
87.23 6.81 2.99 0.61 0.49 0.30 0.17
7.73 14.29 8.94 2.26 0.50 0.36 0.19
70.75 14.63 8.28 217 1.15 0.80 0.53
72.69 13.25 9.51 226 117 0.80 0.41
88.42 8.04 1.80 0.47 1.1 0.13 0.06
88.77 8.16 210 0.30 0.21 0.16 0.10
88.94 6.99 2.13 0.26 0.29 0.26 0.14
90.34 6.57 1.30 017 0.24 0.12 0.07
92.89 3.77 1.19 0.09 0.19 0.07 0.09
90.60 6.00 2.09 0.25 0.16 0.17 0.12
86.99 8.68 2.33 0.47 0.23 0.27 0.17
82.48 9.65 4.03 1.02 0.39 0.56 0.34
87.31 4.14 459 1.02 0.40 0.59 0.37
79.88 10.25 5.71 1.40 0.54 0.65 0.41
90.79 3.49 2.47 0.59 0.26 0.34 0.19
88.22 3.28 4.29 1.02 0.41 0.60 0.43
89.95 4.25 2.60 0.50 0.30 0.27 0.20
91.95 3.65 3.26 0.25 0.17 0.13 0.1
83.36 8.05 4.60 1.156 0.53 0.40 0.30
87.31 4.31 4.7 1.20 0.59 0.53 0.36
90.50 3.00 2.98 0.75 0.34 0.30 0.21
94.35 1.60 1.75 0.34 0.17 0.16 0.08
94.07 1.36 1.89 0.34 0.18 017 0.11
92.87 1.81 3.00 0.30 0.20 0.23 0.1
20.49 3.29 297 0.75 0.20 0.26 0.10
80.01 3.08 3.19 0.87 0.41 0.37 0.24
73.70 12.36 9.53 1.59 0.50 0.84 0.42
88.53 4.43 4.74 0.81 0.31 0.59 0.39




Appendix A 21

Description

| Footage Thickness : - "
- “ormalion ¢ thol
(feet) (feet) Formation and Lithology .
Limestone, olive-gray, fine-tomedium-grained; bleclasticcalcilutitetocalcarenitewithfloating bioclastic
debris, burrows, scattered shale partings, and floating brachiopod fragments; light-olive-gray, micro-
749.9-785.9 38 grained with some birdsaye calcite from 763.3 to 769 ft.; brachiopod fragments at 766.5 ft.; yellowishto
greenishdolomite mottling from 769.2to 785.9 ft.; scattered shale parting and some darkmottiinginbas-
al 4 feet; green bentonite shale from 774.5 to 774.9 fi. with blolite and some calcite.
Limestone, medium-grayto light-bluish-gray, fine-grained, withlight-yellow dolomite mottling; with shaly
785.9-788.1 3 partings
Limestone, light-olive-gray to yellowish-gray, micrograined; fossiliferous; with Irregular bodies of yellow
788.1-812.6 24 dolomite;thinzenesofcalcarenite; somegastropeds; light-olive-graytoyellowish-gray, medium-grained
- s withoccasional shale partings from798.610 805 ft.; brownish-graytoolive-gray, micrograined, with birds-
eye calcite, and dark-gray dolomite-burrow mottling at base.




22 High-Carbonate, Low-Silica, High-Calcium Stone in the High Bridge Group, Mason County, Kentucky

Chemlcal Analysis

% % % % % % % %
CaCO;3 MgCOs SiO, Ab O3 Feo05 Ko0 NayO Total
77.02 9.51 9,49 1.32 0.40 0.89 0.61 29.24
80.28 6.26 8.28 1432 0.48 0.80 0.58 98.00
81.21 B.50 7.07 1.25 0.41 0.65 0.44 99,53
20.56 2.85 3.08 0.72 0.28 0.44 0.21 98.15
84.46 5.44 6.16 1.06 0.35 0.66 0.25 08.38
84.64 5.96 6.23 117 0.39 0.69 0.22 69.30
93.60 2.90 2.70 0.45 0.15 0.35 0.14 100.29
24,01 1.80 273 0.59 0.20 0.41 017 99,91
86.01 4.25 562 117 0.43 0.66 0.44 98.48
80.97 2.21 3.31 0.55 0.18 0.62 0.35 98.19
86.51 4.50 5.16 0.96 0.27 0.62 0.37 28.39
89.40 3.51 3.89 0.70 0.24 0.60 0.45 08.89
94.04 1.64 1.72 0.25 0.20 0.25 0.13 08.23
93.03 1.66 2.58 0.38 0.15 0.35 0.14 98.19
90.05 1.85 5.32 1.00 0.36 0.64 0.24 99.46
80.95 6.34 8.64 1.59 0.48 0.7 0.39 89.10
84.80 4.56 595 0.86 0.32 1.00 0.77 08.36
82.64 6.03 7.85 1.59 0.54 0.20 0.71 100.26
83.07 3.93 9.60 1.70 0.53 0.86 0.54 100.33
73.89 290 18.56 1.97 0.49 1.59 0.78 100.18
65.04 3.10 24.96 2.36 0.47 1.81 0.94 98.68
20.30 3.09 4,08 0.49 0.13 0.43 0.20 98.72
84.96 4,38 6.59 0.89 0.28 0.67 0.28 98.05
85.49 3.25 7.20 1.49 0.59 0.0 0.53 99.45
85.94 9.05 2.79 0.55 0.16 0.40 0.11 89.00
89.36 4.68 2.79 0.44 0.38 0.29 0.13 98.07




Appendix A 23

Description
Foolage Thickness e o =
(feet) (feet) Formation and Lithology
Limestone, light-greenish-grayto brownish-gray, In partolive-blacktoyellowish-gray; calcliutiteand bio-
812.6-838 28 clastic calcisiltite; scattered specks of pyrite, chalcopyrite, and veinlets of calcite; scattered shale part-
: ings; thin zones of clive-gray, with black mottling, calcilutite; 1-in. green shale with rounded calcilutits

fragments at base.




24  High-Carbonate, Low-Silica, High-Calcium Stone in the High Bridge Group, Mason County, Kentucky
Chamical Analysis
% % % % % % % %
CaCQ4 MgCQO3 Si0Oo AbO3 FeaOy K0 Nas O Total
88.84 6.04 2.50 0.53 017 0.28 0.12 08,67
90.80 5.70 1.10 0.17 0.13 0.11 0.08 08.19
92.73 3.06 0.95 0.10 0.13 0.10 0.08 98.05
93.07 5.02 0.85 0.09 0.1 0.09 0.08 29,20
79.30 14.88 2.76 0.49 0.26 0.35 0.15 98.18
88.56 9.25 1.80 0.25 0.20 0.18 0.10 08.34
94,27 2,00 1.95 0.24 0.15 0.11 0.07 98.98
03.00 3.41 226 0.43 0.20 0.30 0.19 59.88
83.29 .08 3.74 0.90 0.31 0.52 0.27 89.01
83.69 11.02 3.35 0.94 0.25 0.42 0.22 99.89
£9.09 6.60 288 0.69 0.25 0.39 0.21 100.11
84.76 5,34 5.25 1.66 0.42 0.85 0.37 08.65
88.70 421 4.45 1.42 0.236 0.65 0.25 08.04
83.64 3.80 7.95 2,08 0.55 0.80 017 08.99
85.68 3.06 6.25 1.70 0.49 0.80 0.20 98.18
89.62 2.96 3.74 0.94 0.28 0.76 0.30 98.50
85.04 6.55 4,90 1.27 0.39 0.51 0.20 08.86
92.08 3.43 2.00 0.34 0.14 0.20 0.09 98.28
90.02 4,76 2.89 0.57 0.18 0.34 0.05 98.81
87.01 6.89 3.98 1.00 0.28 0.56 0.10 09.82
87.97 5.01 3.79 0.95 0.35 0.53 0.20 98.80
86.91 4.83 3.06 1.10 0.36 0.58 0.37 08.11
82.68 6.33 7.72 2.08 0.53 0.80 0.41 100.55
84.71 5.10 5,59 1,74 0.44 0.68 0.20 98.46
73.90 8.53 10.04 3.21 0.80 1.40 0.20 99.07
86.90 458 455 1.23 0.33 0.56 0.24 98.39
90.90 517 2,00 0.42 0.19 0.24 0.1 99.03
©0.45 5.01 2.29 0.70 0.39 0.42 0.27 99,53
92.88 511 1.61 0.26 0.17 0.16 0.09 100.28
89.40 6.73 2.97 0.74 0.29 0.44 0.21 100.78
86.19 5.67 458 1.32 0.44 0.59 0.37 99.16
86.80 5,30 5.32 1.47 0.42 0.69 0.40 100.40
90.03 3.34 4,30 1.25 0.39 0.52 0.30 100.13
81.14 469 9.99 2.46 0.71 1.00 0.35 100.34
83.10 5,65 7.87 1.93 0.61 0.71 0.37 100.24
90.00 2.76 . 4,31 1.23 0.43 0.49 0.20 99.42
92.66 2.20 2.19 0.64 0.20 0.09 0.10 ©8.08
84.60 3.98 6.43 2.15 0.63 0.21 0.15 08.15
83.56 6.39 6.17 1.08 0.55 0.17 0.13 08.95
88.61 2.59 5.25 1,72 0.51 0.10 0.05 08,83
88.37 279 4.89 1.49 0.41 0.31 0.19 98.45
84.91 6.37 4.41 1.47 0.47 0.29 0.24 98.16
85.17 11.47 0.89 0.38 0.15 0.17 0.07 98.30
86.50 11.90 0.76 0.47 0.16 0.11 0.04 99.93
84.77 11.69 1.35 0.36 0.20 0.17 0.13 98.67
83.70 11.55 2.60 0.82 0.41 0.39 0.05 99.52
91.01 6.00 2.30 0.68 0.29 0.35 0.03 100.66
89.06 5.81 2.06 0.62 0.28 0.32 0.08 08,23
89.33 5.82 3.26 1.09 0.45 0.46 0.05 100.46
91.90 5.50 1.52 0.59 0.22 0.25 0.04 100.02
89.34 7.41 2.02 0.53 0.28 0.35 0.02 99.95
86.14 6.83 4.00 0.38 0.34 0.70 0.03 98.42
88.61 439 359 1.06 0.36 0.65 0.04 98.70
87.82 10.29 1.00 1.17 0.13 0.20 0.03 100.64
NO ANALYSIS




Appendix A 25

Description

Footage Thickness

(feet) (feel) Formation and Lithology

Limestone, light-brownish-gray to yellowish-gray to light-olive-gray, with irregular black mottling, micro-
grained; in partwith irregular bodies of light-olive-gray dolomite and thin zones of bioclaslic calcarenite
838-881.3 43 and calcilutite with floating bicclastic grains; birdseyes and veinlets of calcite; scattered pyriteand shale
partings; medium-gray to brownish-gray micrograined, with scattered shaly dolomitic zonesinlower 18
ft.

881.3-892.1 10 Limestone, yellowish-gray to olive-gray, with black mottling, micrograined; in part with irregular bodies
' ’ of dark-yellowish-gray dolomite; birdseyes and velnlets of calcite; stylolites.

892,1-896.1 4 Core loss.




26  High-Carbonate, Low-Silica, High-Calcium Stone in the High Bridge Group, Mason County, Kentucky

% %
CaCQOy MgCOs
84.02 12.01
84,13 12,17
85,49 11.08
84.81 12,05
88.70 9.70
84.18 11.28
82.74 12.98
82,43 14.39
83.36 13.48
86.15 12,08
83.68 12.68
84.51 12.45
83.99 13.15
85.09 11.86
86.20 10.12
85.20 11.20
8117 12.40
84.87 12.03
85.55 11.49
85.72 11.66
85.97 11.13
83.64 12.95
83.22 12.68
82.82 13.15
84.25 12.36
88.01 7.89
86.89 7.87
89.24 7.99
£9.31 6.83
89.08 6.53
84.48 12.62
86.55 11.62
77.39 19.80
82.23 17.07
84.98 9.95
88.02 4.78
85.41 8.25
87.31 8.10
88.75 7.03
89.01 6.62
82.05 14.03
81.77 14.65
87.65 8.01
83.76 11.45
75.46 18.82
82,88 13.68
79.40 17.60
80.83 16.03
82.30 16.77
81.93 18.08
81.64 15.59
80.49 16.57
81.36 15.83
79.16 18.26
86.38 12.21
81,15 18.08
81.65 16.92
93.20 3.21
03.86 2,06
93.92 1.72
86.31 4.80
90.06 4,24
89.99 5.07
©0.48 487
91.39 4.65
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% % % %
Feo 03 K20 NazO fotal

0.21 0.33 0.05 98.76
0.30 0.40 0.07 99.80
0.14 0.17 0.07 98.11
0.29 0.12 0.06 98,22
0.10 0.09 0.05 99,55
0.11 0.11 0.07 8.1
0.14 0.16 0.05 98.12
0.24 0.36 0.1 99.92
0.18 0.09 0.05 99.19
0.13 0.14 0.04 99.54
0.15 0.10 0.07 88,06
0.13 0.09 0.05 98.24
0.11 0.08 0.04 98.09
0.13 0.09 0.06 98.07
0.15 0.25 0.07 08,28
0.19 0.28 0.04 98.68
0.35 0.61 0.1 98,19
0.16 0.23 0.09 99.21
0.13 0.12 0.07 98.39
0.1 0.11 0.05 98.31
0.11 0.10 0.07 98,06
0.12 0.25 0.10 99.11
0.13 0.29 0.09 98.07
0.22 0.27 0.19 98.08
0.13 0.80 0.13 98.03
0.21 0.31 0.19 98.31
0.09 0.05 0.05 98.32
0.24 0.05 0.10 98.83
0.24 0.36 0.23 99.13
0.17 0.12 0.16 98.15
0.10 0.07 0.10 98.23
0.10 0.07 0.03 ©8.84
0.13 0.11 0.07 98.06
0.15 0.11 0.05 100.20
0.32 0.30 0.16 98.09
0.49 0.59 0.34 98.07
0.25 0.22 0.14 98.11
0.18 0.17 0.11 99.93
0.11 0.06 0.05 99.41
0.10 0.10 0.0 99.47
0.12 0.11 0.04 99.94
0.17 0.09 0.02 100.31
0.08 0.07 0.03 99.33
0.16 0.18 0.10 99.70
0.18 0.20 0.10 98.91
0.14 0.1 0.03 100.42
0.16 0.10 0.03 89.07
0.07 0.03 0.03 98.40
0.10 0.06 0.05 99.73
0.13 0.07 0.0 100.82
013 0.08 0.05 98.17
0.14 0.11 0.10 98.27
0.11 0.08 0.05 98.17
0.14 0.05 0.05 98.16
0.1 0.03 0.01 99.13
0.15 0.08 0.04 100.06
0.16 0.10 0.07 99.62
0.23 0.15 0.09 98.02
0.37 0.09 0.06 08,11
0.23 0.27 0.10 98.33
0.65 1.34 0.67 99.72
0.53 0.59 0.13 100.82
0.57 0.46 0.16 98.09
0.49 0.19 0.09 98.07
0.21 0.18 0.15 98.10




Appendix A 27

Description

Formation and Lithology

~ Foolage | Thickness
(feel) (feet)
£96.1-962.6 67

Limestone,yellowish-graytolight-olive-gray, micrograinedtofine-grainedwithirregularbodiesofyellow-
ish-gray to greenish-gray, medium-grained dolomite; in part with floating bioskeletal debris and some
birdseye calcite, stylolites; in part medium-dark-gray, micrograined with traces of organic matter from
922.5 to 925.6 ft.; brownish-gray micrograined with birdssye texture at 955.2 ft.




28  High-Carbonate, Low-Silica, High-Calcium Stone in the High Bridge Group, Mason County, Kentucky

Chemical Analysis

“ % % % % % % % ]
CaCOs MgCO;3 SiOy AbO3 FeoO5 KO Na»O Total
20.00 4.28 2,39 0.03 0.33 0.74 0.39 98,76
87.05 68.09 5.08 0.01 0.58 0.20 0.26 09.97
79.50 0.85 8.10 0.02 0.79 1.12 0.50 99.88
93.82 5.02 1.40 0.02 0.21 0.16 0.07 100.70
84.50 11.41 3.20 0.02 0.74 0.11 0.05 100.03
85.60 B.72 4,69 0.08 0.51 0.19 0.09 99.88
82.13 B8.76 6.87 0.15 0.52 0.22 0.13 08.77
75.50 6.25 12.46 2,77 1.01 0.63 0.51 89.13
66.40 15.43 13.60 3.09 111 0.48 032 100.43
74.57 8.21 13.66 0.39 1.09 0.32 0.24 08.48
75.75 8.42 12.71 0.27 1.09 0.25 0.11 8.60
85.86 572 6.79 0.10 0.66 0.09 0.07 99.29
70.94 8.66 13.89 3.49 1.39 0.79 0.53 69.99
95.01 3.40 1.84 0.02 0.26 0.05 0.03 100.61
04.91 3.52 1.57 0.04 0.30 0.05 0.04 100.43
95.95 2.20 1.50 0.09 0.22 0.04 0.03 100.03
93.20 418 111 0.30 0.17 0.00 0.c0 99.00
92.00 4,71 1.40 0.36 017 0.00 0.00 98.70
93.40 3.02 1.50 0.47 017 0.00 0.00 98.60
88.20 541 2.86 0.82 0.27 0.00 0.00 97.60
55.80 12.00 16.20 2.79 1.67 0.00 0.00 88.50
92.20 3.73 1.89 0.49 0.18 0.C0 0.00 98.50
85.50 59 4,34 147 0.42 0.00 0.00 97.30
67.60 11.30 11.20 2.60 1.04 0.00 0.00 23,70
76.80 8.86 7.47 1.84 0.64 0.00 0.00 Q95,60
91.80 3.69 1.82 0.45 017 0.00 0.00 08.00
66.30 12.50 11.20 2.36 1.00 0.00 0.00 93.40
59.80 14.80 13.50 2.40 1.22 0.00 0.00 91.70
61.90 9.62 14,10 2.48 1.20 0.00 0.00 89.30
65.80 8.64 13.30 2.84 1.24 0.00 0.00 91.80
85.80 4,25 4,57 1.142 0.38 0.00 0.00 96.20
85.70 4,25 496 1.15 0.37 0.00 0.00 96,40
87.70 3.83 41 0.95 0.29 0.00 0.00 86.20
76.80 6.72 8.10 1.76 0.62 0.00 0.00 04.00
85.50 433 5.14 1.01 0.29 0.00 0.00 $6.30
81.40 5.35 7.20 1.30 0.43 0.00 0.00 95,70
76.00 9.66 7.84 1.40 0.54 0.00 0.00 95.40
62.30 25,30 7.57 1.07 0.53 0.00 0.00 66.70




Appendix A 29

Description
Foolage Thickness | e e~ ©
- y ! -~
(feet) (fest) Formation and Lithology
062.6-999.9 38 Limestona, light-olive-graytabrownish-gray, withblackmottling, micrograined; inpartlaminatedwiththin
' ' shale partings, interbedded with several 2- to 4-in. green dalomitic shales; dolomitic in basal foot.




30  High-Carbonate, Low-Silica, High-Calcium Stone in the High Bridge Group, Mason County, Kentucky

Chemical Analysls

% % % % % % % %
CaCOs MgCOs SiO, AbOq Fes03 Kz0 NayO Total

52.20 22.10 14.80 2.18 1.20 0.00 0.00 92.50
28.30 4,24 5.32 15.80 1.65 0.00 0.00 55.40
47.90 30.60 13.80 1.49 1.02 0.00 0.00 94,90
44.40 29.20 15.60 1.81 .45 0.00 0.00 93.30
51.80 32.90 11.10 1.21 0.68 0.00 0.00 97.70
53.70 34.90 9.04 0.99 0.66 0.00 0.00 §9.30
56.10 34.40 7.53 0.78 0.57 0.00 0.00 99.40
50.40 36.90 10.00 1.01 0.78 0.00 0.0 99.10
47.50 32.50 12.80 1.48 1.19 0.00 0.00 95.60
53.30 35.10 8.81 1.07 0.71 0.00 0.00 §9.00
45.90 28.40 16.00 1.62 1.44 0.00 0.00 93.30
55.40 31.80 9.73 1.01 0.76 0.0 0.00 28.80
60.20 32,10 5.22 0.59 0.49 0.00 0.00 69,20
53.40 31.80 11.60 0.88 0.67 0.00 0.00 28.50
55.80 32.00 8.68 0.70 0.56 0.00 0.00 97.70
52.40 34.10 9.62 1.19 0.86 0.00 0.00 98.20
50.40 36.00 9,22 1.30 0.91 0.00 0.00 97.80
41,80 28.10 17.50 1.54 2.03 0.00 0.00 91.00
50.60 33.70 10.40 1.49 0.23 0.c0 0.00 97.10
47.50 29.50 13.60 1.73 1.18 0.00 0.00 093.90
47.40 30.00 14.20 1.81 1.27 0.00 0.00 04.80
49.50 31.30 12.20 1.67 1.18 0.00 0.00 96.60
50.80 32.50 12.40 1.32 0.96 0.00 0.00 97.90
51.00 31.40 13.10 1.03 0.84 0.00 0.00 97.40
50.20 31.60 11.30 1.43 0.82 0.00 0.00 96.10
49.40 31.80 12.70 1.62 1.07 0.00 0.00 96.70
49.80 32.70 11.10 1.34 0.89 0.c0 0.00 95.80
53.40 32.60 10.50 0.85 0.67 0.00 0.00 98.00
49.90 32.30 11.30 1.37 0.91 0.00 0.00 95.20
47.20 30.90 13.40 1.60 1.13 0.00 0.00 04.30
51.00 31.80 11.90 1.14 0.0 0.00 0.00 96.70
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
47.70 31.50 13.50 1.68 1.19 0.00 0.00 95.50
38.40 25.10 19.60 1.02 2.61 0.00 0.00 86.70
46.10 30.70 16.10. 1.72 1.48 0.00 0,00 95.10
51.00 34.80 10.80 1.09 0.87 0.00 0.00 98.60
43.60 26.60 17.70 1.756 1.77 0.00 0.00 91.30
40,70 22.70 20.90 1.50 2.18 0.00 0.00 88.00
48.80 29.20 15.20 1.63 1.22 0.00 0.00 96.60
47.90 26.00 17.30 1.85 1.44 0.00 0.00 94.40
46.70 26.60 16.60 1.86 1.38 0.00 0.00 93.20
46.80 28.60 15.90 1.86 1.44 0.00 0.00 04,60
42.80 24,10 19.10 A 1.86 0.00 0.00 89.70
-46.30 27.90 156.20 1.62 1.13 0.00 0.0 92.20
46.30 30.80 14.00 1.62 1.34 0.00 0.00 94.00
43,10 27.00 17.30 1.65 1.84 0.00 0.00 90.80
49.40 31.10 13.30 1.39 0.92 0.00 0.00 86.20
47.10 32.00 14.80 1.60 1.20 0.00 0.00 96.60
45.50 29.50 15.80 1.65 1.30 0.00 0.00 93.70
42.80 26.80 17.10 1.62 1.65 0.00 0.00 89.20
41.20 28.30 18.30 1.54 217 0.00 0.00 91.50
46.40 31.20 14.90 1.71 1.27 0.00 0.00 95.50
50.20 33.90 11.80 117 0.20 0.00 0.00 98.00
50.10 34.40 12.10 1.16 0.80 0.00 0.00 98.60
47.20 30.40 14.20 1.47 111 0.00 0.00 95.10
43.30 27.60 17.40 1.63 1.62 0.00 0.00 91.50
45,50 32.80 14.40 1.76 1.49 0.00 0.00 96.00
48.00 32.40 13.00 1.65 1.32 0.00 0.00 96.30
47.10 31.80 13.80 1.48 1.33 0.c0 0.00 95.60
41.50 28.920 18.50 1.44 2.03 0.00 0.00 92.30
34.10 21.30 23.20 0.07 3.15 0.00 0.00 81.80
46.80 33.10 13.70 1.34 1.29 0.00 0.00 96.20
45.20 31.60 15.20 1.61 1.33 0.00 0.00 94.80




Appendix A 31

Deseription 7

Tage | Thickness | .
F?;: eg 7 ’(?ggg Formation and Lithology
Wells Creek Formation
Dolomite, light-grayto olive-gray to greenish-graytolight-bluish-gray, with black mottling, micrograined
tofina-grained, earthy, porcelansous chert, Irregularly laminated with shals and argilla ceous partings,
989.9-1073.5 73 dolomiteof upper1.75ft. gradss downwardinto green shale from 1001.9t0 1003.3t.,in partintercalated

withgreensilty shales; interbeddedwith saveral 2-to 12-in.green siltyshales; scatteredquarizsandfrom
1037to 1038 it.; argillaceous with scattered quartz sand inlower 4 ft.; clasts of Knox dolomite and abun-

dant quartz sand in basal foot.




32

High-Carbonate, Low-Silica, High-Calcium Stone in the High Bridge Group, Mason County, Kentucky

Chemical Analysis

% % % % % % %

CO4 MgCOs AbO3 Fes03 Ko0 NapO otal
43,50 28,60 1.74 1.58 0.00 0.00 92.50
45.30 20.20 1.63 1.41 0.00 0.00 94.40
45,40 31.60 1.48 1.19 0.00 0.00 94,50
44,20 28.00 1.74 1.32 0.00 0.00 91.50
44,70 28.10 1.61 1.23 0.00 0.00 92,50
47.20 32,60 1.37 0.28 0.00 0.00 85.80
4480 30.00 1.52 1.19 0.00 0.00 092,70
46.20 32,10 1.29 1.1 0.00 0.00 94,50
4410 31.40 1.71 1.29 0.00 0.00 93.90
47.70 32.60 1.03 0.71 0.00 0.00 95.40
53.80 42.30 0.53 0.46 0.00 0.00 100.10
53.60 41.30 0.69 0.48 0.00 0.00 99.30
51.10 36.70 0.91 0.61 0.00 0.00 08.30
48.30 32,70 1.12 0.65 0.00 0.00 95.80
51.60 38.60 0.70 0.44 0.00 0.00 98.70
50.40 34.10 0.0 0.53 0.00 0.00 98.00
50.40 33.90 0.97 0.50 0.00 0.00 97.10
51.60 39.10 0.77 0.51 0.00 0.00 08.80
51.80 38.20 0.77 0.54 0.00 0.00 §9.50
52.60 36.80 0.92 0.48 0.00 0.00 98.50

0.00 0.00 0.00 0.00 0.00 0.00 0.00
53.70 42,90 0.66 0.48 0.00 0.00 100.10
52.60 40.70 0.84 0.49 0.00 0.00 £9.40
50.60 35.50 0.81 0.52 0.00 0.00 08.80
49.00 34.50 0.74 0.48 0.00 0.00 97.60
47.30 29.20 1.00 0.61 0.00 0.00 95.80
48.70 31.20 0.24 0.62 0.00 0.00 95.50
49,90 33.50 0.73 0.50 0.00 0.00 96.70
50.90 34.60 0.79 0.41 0.00 0.00 97.00
50.70 35.10 0.24 0.38 0.00 0.00 97.00
51.20 37.10 0.81 0.28 0.00 0.00 96.80
51.40 36.00 0.75 0.32 0.00 0.00 96.50
50.70 33.20 0.86 0.28 0.00 0.00 95,70
48.60 a3.70 0.98 0.58 0.00 0.00 $6.90
47.80 32.20 1.09 0.69 0.00 0.00 95.90
48.80 31.80 0.95 0.63 0.00 0.00 97.20
50.70 34.20 0.69 0.41 0.00 0.00 08.20
48.30 30.00 0.87 0.72 0.00 0.00 97.80
52.80 40.80 1.13 0.52 0.00 0.00 99.50
52.90 40.60 0.94 0.32 0.00 0.00 98.50
52.30 39.30 1.04 0.33 0.00 0.00 97.80
51.80 39.60 0.83 0.41 0.00 0.00 99.00
53.20 41.40 0.49 0.19 0.00 0.00 98.20
54,10 41.30 0.24 0.16 0.00 0.00 97.30
53.80 39.80 0.33 0.18 0.00 0.00 97.10
53.10 38.00 0.28 0.19 0.00 0.00 96.80
51.80 37.70 0.29 0.24 0.00 0.00 98.10
51.00 34.30 0.42 0.32 0.00 0.00 97.40
48.90 31.40 0.45 0.47 0.00 0.00 97.32

Bottom of sampled interval




Appendix A 33
Descriptlon
Footage Thickness | o P s —‘
(feet) (feet) Formation and Lithology

Wells Creek Formation (continued)

1073.5-1113.6

40

Knox Group
Kingsport Formatlon

Knoxdolomite attop; stylolites; inpartvugay and fractured;
laminations at 1089.2, 1099, and 1101.4 1t.

Dolomite, very light-gray to light-gray, in part light-olive-gray, finely crystalline; scatlered quartz sand;
abundant quartz sand in upper 2 ft.; tripolitic chert with dolomaldic texlurs, clasts of Wells Creek and

some oil staining and pyrite; scattered shale




Permit No. 096-9400
Revision

Subsidence Control Compliance

The May 14, 1998 Agreed Order (File No. NCP-23849-043) stipulates certain actions
concerning the subsidence control plan that must be followed by Sterling Ventures, LLC.
These actions include:

Prior to excavation of the production workings, Sterling shall submit as a permit
revision a subsidence control plan which will define the layout and
characteristics of the underground workings. The plan shall be designed to
provide a long-term safety factor, during and after mining, equal to or better than
1.75. The safety factor shall be calculated using accepled engineering practice.
Any changes to the mining method or mine layout will require submission of a
revised subsidence confrol plan as a permit modification.

Subsidence Control Plan

A subsidence control plan was submitted in the renewal application issued on November
14, 2002. Since that time, the mining plan has changed. Therefore, a new subsidence
plan is being submitted with this application.

The original mine plan called for the alignment of entries and stacking of pillars on three
levels: ventilation, Tyrone and the Camp Nelson. The new plan calls for the offsetting of
entries while maintaining the original pillar stacking concept.

Original Mine Plan New Mine Plan
Pillar Enfry Mine Pillar Entry Mine
Size | Width | Height | Y Size | Widh | Height | "™
Ventilation 50°x50° 50 20 In Line | 60’x60’ 30 20° Offset
Tyrone 50°x50° 50° 25° In Line | 50’x50° 40’ 25’ Offset
Camp Nelson | 50’x50° | 50 30 InLine | 50°x50° | 40’ 30° Offset

For details on the current mine plan, please see Page 9 for a detailed schematic of the
current mine plan and drawing SM-5.

The Camp Nelson pillar was chosen for analysis since it has the greatest vertical stress
and the lowest width-height ratio.

Based on the current mine plan, the Camp Nelson pillar is calculated to have a safety
factor of about 4.0. Refer to page 8 for this analysis. This evaluation is based on the
Tributary Area Theory that is recommended in the document titled Pillar Design Issues
in Underground Stone Mines by A.T. lannacchione.

The mine will continue to be monitored for geologic discontinuities that may lead to
possible pillar failure.

Subsidence Control Compliance Page 7
Original — July 30, 2003



Pillar Evaluation
Sterling Materials

Jul-03
Input s | Output
Pillar Width (ft) 50 Overburden Height (ft) | 941
Pillar Length (ft) 50 Extraction Ratio L ~_69%
Pillar Height (ft) 30 Width-Height Ratio 1.67if>1.4, use 1.4
Seam Base Elevation (ft) -171
Entry Width (ft) 40
Max. Topo Elevation (ft) 800
80 12000
& ," I I
3 , 10000 &
From Figure 7 # 501 o o
Pillar Strength (psi) 12000 A . A Fe000 &
Pillar Stress (psi) 3000 3 [N o ot 2o i 3
.g 40 1 (8 01) ‘p;\}f'_-" - 6000 ¥
$ e O - ¥
5 ‘_\.!;G m [ 4000
Safety Factor _ 4.00 ¥ doq (e ‘”k g
+ 2000
e s %0 m g
- (184 1|}-—-..___‘_______“' <«
0 . . . : 0
0.4 06 0.8 1.0 12 14
Width—{o-Heighl Ratio
Flgure 7 - Changes in slone pillar strength at width-
to-height ratios ranging from 0.4 to 1.4.

Figure 7 is from Pillar Design Issues in Underground Stone Mines
Comments by A.T. lannacchione

Sterling Materials mines about 25 feet in the Tyrone seam and about 30 feet in the Camp Nelson seam. The base

elevauqn for the Tyrone seam ranges from 47‘to -27 msl, while the base e!evatlon 1 for the Camp. NeEson seam ranges

from -191 to 171 msl. The pillars overlie one another. e

Th;s analysus apphes_ to the Camp Nelson Ievel only, since it i |s the Iowest level and has the smallgst plliar snze

See page 9 of this report for a skemahc of the ‘mining Ievels

NOTES:

This evaluation uses the Tributary Area Theory
Pillar Assumptions:

1) Stiffness = 6,000,000 psi

2) Friction Angle = 40 degrees

3) Cohesion = 1000 psi

4) No geologic discontinuities

Morgan Worldwide
Consultants

Page 8
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

J'(
“/(/J . Cenlers for Disease Control

- and Prevention (CDC)
National Institute for Occupational
Salety and Heallh
Pittsburgh Research Laboratory
PO, Box 18070
Pittsburgh, PA 15236-0070

January 9, 2006

Mr. Sam Van
Sterling Materials
100 Sierra Drive
Verona, KY 41092

Dear Mr. Van,

NIOSH Research into Roof Span and Pillar Design for Underground Limestone Mines

We have collected data on pillar and roof conditions at 17 different limestone operations in the Eastern
United States since the beginning of 2005. We thank you for the opportunity to have collected data at the
Sterling Mine during June 2005. The mine visits have provided valuable information for developing design
guidelines based on actual mine performance. The purpose of this letter is to provide brief summaries of the
collected data to mines that participated in this study.

The data are presented in the attached tables and a chart which list the mines visited in numerical order. Your
mine is represented by No. 13 in the tables and chart. There are a total of 54 observations at present. Note
that the observations do not necessarily represent current mining practice because we also visited some
mining areas that had been abandoned.

Table 1 summarizes the actual pillar dimensions measured at the mine sites. You will see that we measured
pillar length/width/height. The results show that the average pillar height on development is 25.1 ft and it
increases to 38.3 ft after floor benching. About 43% of the areas visited had been benched.

We are particularly interested in the performance of pillars with width-to-height ratios of less than 1.5. Table
I shows that 30 of the 54 areas visited (55%) had width-to-height ratios of less than 1.5. The pillars with
lower width-to-height ratios were typically formed after benching. We saw a few unstable pillars. Unstable
pillars are defined as pillars that required rib support, were abandoned because of rib instability or collapsed.
Only one collapsed pillar was observed.



Table 1: Pillar Data

Mine No Pillar Pillar Pillar Widlhito * Layoul ' Cover:  Bench- Develop Local Fillar

Height ~ Widlh A Widtn B Height © Type  deplh ed?  height Extraction  Load

() (1) (f) Jella e e () () Ralio! (psi)
1 28 36 36 1.3 Square 150 N 27 80% 894
1 61 34 32 0.6 Square 320 Y. 27 83% 2,243
1 60 50 75 0.8 Offset 380 b 31 69% 1,466
1 26 31 35 1.2 Square 320 N 26 82% 2,170
1 27 35 37 1.3 Square 320 N 27 80% 1,902
1 60 35 37 0.6 Square 320 Y 28 80% 1,902
2 28 56 44 2.0 Offset 300 N 28 76% 1,515
2 29 43 55 1.5 Offset 100 N 28 78% 545
3 18 17 55 0.9 Square 200 N 18 84% 1,480
3 18 20 55 1.1 Square 230 N 18 82% 1,500
3 16 20 47 1.3 Square 80 N 16 76% 393
4 50 41 37 0.8 Square 400 Y 28 80% 2,408
4 27 36 40 1.3 Square 300 N 27 77% 1,584
4 27 35 37 1.3 Square 275 N 27 79% 1,572
5 16 46 56 2.8 Square 300 N 16 75% 1,455
5 18 65 66 3.5 Square 100 N 18 69% 386
5 17 54 82 3.2 Square 250 N 17 69% 960
6 30 37 55 1.2 Square 290 N 29 69% 1,124
6 26 a7 70 1.4 Square 270 N 26 64% 908
6 30 41 51 1.4 Square 230 N 29 70% 906
7 75* 94 94 1.3 Square 1,300 Y 26 54% 3,381
7 33* 77 81 2.4 Square 1,340 Y 26 59% 3,916
7 55" 80 100 1.8 Square 1,750 Y 26 58% 5,036
8 95 50 52 0.5 Square 260 Y - 67% 956
8 43 60 60 1.4 Offset 477 Y - 67% 1,718
8 47 60 60 1.3 Offset 557 ¥ - 66% 1,994
9 48 70 70 1.5 Square 323 Y 28 67% 1,163
9 125 71 59 0.6 Offset 176 Y 28 55% 465
9 28 46 46 1.6 Square 368 N 28 75% 1,773
9 52 56 60 1.1 Offset 462 Y 28 73% 2,054
10 50 46 155 0.9 Offset 1,000 y 20 58% 2,825
10 50 49 155 1.0 Offset 1,000 y 20 58% 2,886
10 50 49 155 1.0 Offset 1,000 y 20 58% 2,886
11 24 36 49 1.5 Square 600 N 23 78% 3,216
11 50 36 49 0.7 Square 600 Y 23 78% 3,216
11 22 42 4 1.9 Square 600 ¥ 23 70% 2,362
11 50 42 41 0.8 Square 600 Y 23 70% 2,362
11 4 59 73 1.4 Offse 500 Y 23 80% 1,818
12 26 48 55 1.9 Square 900 n 26 68% 3,424
12 35 59 44 17 Square 900 n 35 70% 3,652
12 25 62 58 25 Square 900 n 25 64% 2,989
13 47 63 61 1.3 Offset 450 Y 26 58% 1,283
13 30 51 47 1.7 Offset 450 N 30 70% 1,789
13 27 54 52 2.0 Offset 480 N 27 66% 1,709




N
14 26 42 75 N
15 62 49 180 Y
15 30 48 280 N
15 28 44 180 N
16 24 49 200 N
16 49 52 200 ¥
16 25 51 280 N
17 27 60 120 N
17 27 50 200 N

Average  38.3 48.5 59.0 1.5 445 25.1

*Average height of low/high side of pillar in dipping formation
'Extraction ratio based on local pillar and room dimensions — not “planned” extraction

[\




Table2; Roof Data

Room "Inler_--_. T SRR
Mine  Width  seclion’ = “‘Roof  Hoof fall WIS
~Noo () span(ft) " Instability? lype* Roof Support
1 44.0 72.0 Yes H-stress Spot
i 47.0 69.0 Yes H-stress Pattern
1 48.0 . None - Spot
1 45.6 79.4 None Pattern
1 44.6 69.9 None - Pattern
1 44.6 69.9 - Yes H-stress Pattern
2 52.0 None None
2 55.0 - None - None
3 42.0 58.7 None - Pattern
3 42.3 64.0 Yes Beam Pattern
3 29.8 59.9 None - Pattern
4 47.9 68.9 None - None
4 41.3 64.9 Yes Struc Spot
4 42.6 66.6 None - Spot
5 515 83.0 None - None
5 51.8 73.5 None - None
5 51.8 81.0 Yes Struc None
6 35.4 63.6 None - None
6 33.5 71.5 None None
6 37.1 70.2 None - None
7 44.3 Yes Struc None
7 44.3 - None - None
7 48.9 - None - None
8 38.4 68.9 None Spall Pattern
8 44.0 None - Pattern
8 43.6 Minor Blocky Pattern
9 51.2 - None - Pattern
9 31.2 - None - None
9 45.9 80.4 None Spot
9 53.8 - None - Pattern
10 40.0 Yes H-stress Pattern
10 43.3 None - Pattern
10 43.3 - None H-stress Pattern
11 46.6 68.6 Minor Spall Pattern
11 46.6 68.6 None - Pattern
11 33.8 59.4 Yes Beam Pattern
11 33.8 59.4 Yes B Pattern
11 38.4 - Minor Spall Pattern
12 40.0 71.5 Yes H-stress None
12 42.3 71.8 None - None
12 39.7 73.8 Yes Beam None




15 75.1 None - Pattern
15 47.9 52.8 None - Pattern
15 47.9 71.5 Yes Beam Spot
16 46.6 58.0 None - Pattern
16 45.6 74.8 None - Pattern
16 42.6 72.8 None - Pattern
17 53.1 68.9 Yes Beam Spot
17 51.8 83.3 None - Spot
Ave: 43.7 69.1

*H-Stress: Roof instability induced by horizontal stress

Beam: Bedding plane beam failed

Blocky: Unfavorable joints or slips

Slruc: Major faults or slips caused instability
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Figure 1 shows the relationship between pillar widih-to-height ratio and pillar load. The Figure also shows
pillar layouts that contained one or more unstable pillars. We intend to add more points to this chart during
2006 so that we can develop guidelines relating pillar load to width-to-height ratio. The approximate pillar
load was calculated as:

1.2xh

(1-¢)

Load = (psi)

Where / is the depth of cover in feet and e is the extraction ratio,

Wealso collected data on roof stability, which is summarized in Table 2. We measured room widths as well
as the diagonal distance across intersections, measured from pillar corner-to-corner in mines that have a
square pillar layout, This gives us an indication of the maximum roof span in the workings. Almost every
mine visited had some occurrences of roof falls. The falls were mostly caused by local geological structure
such as faults, major slips or joints. Signs of roof damage caused by high horizontal stress were observed in
four mines. We intend to investigate the horizontal stress issue in greater detail in 2006 and 2007. Regular
roof support was used in 46% of the areas visited, while the remainder either did not use any roof support
(39%), or used spot bolting (15%), as required.

[trust this information is of value to you, We enjoyed the site visits and the opportunity to interact with you.
We appreciate your assistance with this project.

Sincerely

5

G.S. (Essie) Esterhuizen/

Senior Service Fellow(

NIOSH Pittsburgh Research Laboratory
Tel: 412-386-5207

Attachments,



30 CFR Metal and Nonmetal Mines, Part 57, Subpart B Ground Control:

§57.3200 Correction of hazardous conditions.

Ground conditions that create a hazard to persons shall be taken down or supported
before other work or travel is permitted in the affected area. Until corrective work is
completed, that area shall be posted with a warning against entry and, when left unattended, a
barrier shall be installed to impede unauthorized entry.

§57.3201 Location for performing scaling,
Scaling shall be performed from a location which will not expose persons to injury from
falling material, or other protection from falling material shall be provided.

§57.3202 Scaling Tools.

Where manual scaling is performed, a scaling bar shall be provided. This bar shall be of a
length and design that will allow the removal of loose material without exposing the person
performing the work to injury.

§57.3203 Rock Fixtures.
(a) For rock holts and accessories addressed in ASTM F432-95, “Standard Specification
for Roof and Rock Bolts and Accessories,” the mine operator shall-
(1) Obtain a manufacturer’s certification that the material was manufactured
and tested in accordance with the specifications of ASTM F432-95; and
(2) Make the certification available to an authorized representative of miners.
(b) Fixtures and accessories not addressed in ASTM F432-95 may be used for ground
support provided they-
(1) Have been successful in supporting the ground in an area with similar strata,
opening dimensions and ground stresses in any mine; or
(2) Have been tested and shown to be effective in supporting ground in an area
of the affected mine which has similar strata, opening dimensions, and ground
stresses as the area where the fixtures are expected to be used. During the test
process, access to the test area shall be limited to persons necessary to conduct
the test.
(c) Bearing plates shall be used with fixtures when necessary for effective ground
support.
(d) The diameter of the finishing bits shall be within a tolerance of plus or minus 0.030
inch of the manufacturer’s recommended hole diameter for the anchor used. When
separate finishing bits are used, they shall be distinguishable from other bits.
(e) Damaged of deteriorated cartridges of grouting material shall not be used.
(f) When rock bolts tensioned by torqueing are used as a means of ground support.



(1) Selected tension level shall be-
(i) At least 50 percent of either the yield point of the bolt or anchorage
capacity of the rock, whichever is less; and
(ii) No greater than the yield point of the bolt or anchorage capacity of
the rock,
(2) The torque of the first bolt, every tenth bolt, and the last bolt installed in
each work area during the shift shall be accurately determined immediately after
installation. If the torque of any fixture tested does not fall within the installation
torque range, corrective action shall be taken.
(g) When grouted fixtures can be tested by applying torque, the first fixture installed in
each work place shall be tested to withstand 150 foot-pounds of torque. Should it rotate
in the hole, a second fixture shall be tested in the same manner. If the second fixture
also turns, corrective action shall be taken.
(h) When other tensioned and non-tensioned fixtures are used, test methods shall be
established and used to verify their effectiveness.
(i) The mine operator shall certify that tests were conducted and make the
certification available to an authorized representative of the Secretary.

§57.3360 Ground support use.

Ground support shall be used where ground conditions, or mining experience in similar
ground conditions in the mine, indicate that it is necessary, the support system shall be
designed, installed, and maintained to control the ground in places where persons where
performing their assigned tasks. Damaged, loosened, or dislodged timber use for ground
support which creates a hazard to persons shall be repaired or replaced prior to any work or
travel in the affected area.

§57.3400 Secondary Breakage.

Prior to secondary breakage operations, the material to be broken, other than hanging
material, shall be positioned or blocked to prevent movement which would endanger persons
in the work area. Secondary breakage shall be performed from a location which would not
expose persons to danger.

§57.3401 Examination of ground conditions.

Persons experienced in examining and testing for loose ground shall be designated by
the mine operator. Appropriate supervisors or other designated persons shall examine and,
where applicable, test ground conditions in areas where work commencing, after blasting, and
as ground conditions warrant during the work shift. Underground haulageways and travelways
and surface area highwalls and banks adjoining travelways shall be examined weekly or more
often if changing ground conditions warrant.



§57.3430 Activity between machinery or equipment and the highwall of bank.

Persons shall not work or travel between machinery or equipment and the highwall or
bank where the machinery or equipment may hinder escape from falls or slides of the highwall
or bank. Travel is permitted when necessary for persons to dismount.

§57.3460 Maintenance between machinery or equipment and ribs.
Persons shall not perform maintenance work between machinery or equipment and ribs
unless the area has been tested and, when necessary, secured.

§57.3461 Rock bursts.
(a) Operators of mine which have experienced a rock burst shall-
(1) Within twenty four hours report to the nearest MSHA office each rock burst
which:
(i) Causes persons to be withdrawn;
(ii) Impairs ventilation;
(iii) Impedes passage; or
(iv) Disrupts mining activity for more than one hour.
(2) Develop and implement a rock burst control plan within 90 days after a rock
burst has been experienced.
(b) Then plan shall include-
(1) Mining and operating procedures designed to reduce the occurrence of rock
bursts;
(2) Monitoring procedures where detection methods are used; and
(3) Other measures to minimize exposure of persons to areas which area prone
to rock hursts.
(c) The plan shall be updated as conditions warrant.
(d) The plan shall be available to an authorized representative of the Secretary and to
miners or their representatives.



