
Alton Coal Development, LLC 
463 North 100 West, Suite 1 
Cedar City, Utah 84720 
Phone{435}867-5311 Fax{435}867-1192 

Daron R. Haddock 
Coal Program Manager 
Oil, Oas & Mining 
1594 West North Temple, Suite 1210 
Salt Lake City, UT 84114-5801 

October 4,2018 
RECEIVED 
NOV 05 2018 

DIV. OF OIL, GAS & MINING 

Re: NPL Northwest Spoil Stockpile, Alton Coal Development, LLC, Coal 
Hollow Mine, Kane County, Utah, C/025/0005 

Dear Mr. Haddock: 

Alton Coal Development, LLC (ACD) is submitting an amendment to the MRP to 
include a temporary spoil stockpile. The Northwest Spoil Stockpile will be placed in a location 
where the topsoil and subsoil have previously been removed and will shorten the haul distance 
for backfill ofthe final pit in Area 2 of the NPL. 

Changes to the MRP associated with this amendment have been uploaded to the 
DOOM's server for review. PDF versions ofthe drawings are not certified. Upon approval, 2 
(two) clean hard copies of the text and certified drawings for insertion into the MRP will be 
submitted. Please do not hesitate to contact me if you have any questions 435-691-1551. 

Very truly yours, 

tJ./~~~ 
B. Kirk Nicholes 
Environmental Specialist 
Alton Coal Development 



APPLICATION FOR COAL PERMIT PROCESSING 

Permit Change /81 New Permit 0 RenewalD Exploration 0 Bond Release 0 Transfer 0 

Permittee: Alton Coal Development, LLC 

Mine: Coal Hollow Mine Permit Number: C/02S/OOOS 

Title: Northwest Spoil Stockpile 

Description, Include reason for application and timing required to implement: 
Addition of Temporary Soil Stockpile in the NPL 

Instructions: If you answer yes to any of the first eight questions, this application may require Public Notice publication. 
Yes X No 1. Change in the size of the Permit Area? Acres: Disturbed Area: D increase Odecrea e. 
Yes X No 2. Is the application submitted as a result of a Division Order? DO# 

~~~-.~~~~r_~~~~~~ 
Yes X No 3. Does the application include operations outside a previously identified Cumulative Hydrologic Impact Area? 
Yes X No 4. Does the application include operations in hydrologic basins other than as currently approved? 
Yes X No 5. Does the application result from cancellation, reduction or increase of insurance or reclamation bond? 
Yes X No 6. Does the application require or include public notice publication? 
Yes X No 7. Does the application require or include ownership, control, right-of-entry, or compliance information? 
Yes X No 8. Is proposed activity within 100 feet ofa public road or cemetery or 300 feet of an occupied dwelling? 
Yes X No 9. Is the application submitted as a result of a Violation? NOV # 
Yes X No 10. Is the application submitted as a result of other laws or regulati-on-s-or-p-o-:l;:"ic....,i-es'?:---------

Explain: __ ~~--~r_~--~--~~------~--~~--~~~~~--~-------------------
11. Does the application affect the surface landowner or change the post mining land use? 
12. Does the application require or include underground design or mine sequence and timing? (Modification ofR2P2) 
13. Does the application require or include collection and reporting of any baseline information? 
14. Could the application have any effect on wildlife or vegetation outside the current disturbed area? 
15. Does the application require or include soil removal, storage or placement? 
16. Does the application require or include vegetation monitoring, removal or revegetation activities? 
17. Does the application require or include construction, modification, or removal of surface facilities? 
18. Does the application require or include water monitoring, sediment or drainage control measures? 
19. Does the application require or include certified designs, maps or calculation? 
20. Does the application require or include subsidence control or monitoring? 
21. Have reclamation costs for bonding been provided? 
22. Does the application involve a perennial stream, a stream buffer zone or discharges to a stream? 
23. Does the application affect permits issued by other agencies or permits issued to other entities? o Yes/8lNo 24. Does the application include confidential information and is it clearly marked and separated in the plan? 

Please attach three (3) review copies of the application. If the mine is on or adjacent to Forest Service land please submit four 
(4) copies, thank you. (These numbers include a copy for the Price Field Office) 

I hereby certity that I am a responsible official of the applicant and that the infonnation contained in this application is true and correct to the best of my information 
and belief in all respects with the laws of Utah in reference to commitments, undertakings, and obligations, herein . 

..::B:..,;. . ..;;.Ki-"'·""rk;..;N:...;.;;.;;ic.;;;;h.;;..ol""e.;;..s _____ Environmental Specialist 10104/2018 
Print Name Position Date 

Subscribed and s:vom to before me this ~ day of-=D""(;;;....:..1 ____ • c:lD I ~ 

Notary PUblj~...,...-:--"""T'"----------, state of Utah. 

My cO~I~ission Expires: ....!bHl~.2.~l~:t:.t,r~:;,.o~l~-------
CommIssIon Number: ..... ""~;....:IM():.I;...=-_:!..I._ _______ _ 
Address:?? N Mal N 
CIty: D.4 CtrI1 

For Office Use Only: 

Form DOGM- Cl (ReVIsed December 10, 2007) 

Signature (Ri 

} 
} ss: 
} 
} 

Assigned Tracking 
Number: 

JANALfE BEN SO"! 
Notary Public - State of Utah 

Comm. No. 696209 
My Commission Expires on 

Ju123,2021 

Received by Oil, Gas & Mining 



APPLICATION FOR COAL PERMIT PROCESSING 
Detailed Schedule Of Changes to the Mining And Reclamation Plan 

Permittee: Alton Coal Development, LLC 

Mine: Coal Hollow Mine Permit Number: C/025/0005 
Title: Northwest Spoil Stockpile 

Provide a detailed listing of all changes to the Mining and Reclamation Plan, which is required as a result of this proposed permit 
application. Individually list all maps and drawings that are added, replaced, or removed from the plan. Include changes to the table 
of contents, section of the plan, or other information as needed to specifically locate, identify and revise the existing Mining and 
Reclamation Plan. Include page, section and drawing number as part of the description. 
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DESCRIPTION OF MAP, TEXT, OR MATERIAL TO BE CHANGED 

D Remove Chapter 2, Drawing 2-4 

D Remove Chapter 5, Text 

D Remove Chapter 5, Drawing 5-47 

D Remove Chapter 5, Drawing 5-49 

D Remove Chapter 5, Drawing 5-51C 

D Remove Chapter 5, Appendix 5-11 
DRemove ____________________________________________________________ __ 

DRemove ____________________________________________________________ __ 
DRemove ____________________________________________________________ __ 
DRemove ____________________________________________________________ __ 
DRemove ____________________________________________________________ __ 
DRemove ____________________________________________________________ __ 
DRemove ____________________________________________________________ __ 
DRemove ____________________________________________________________ __ 
DRemove ____________________________________________________________ __ 
DRemove ____________________________________________________________ __ 
DRemove ____________________________________________________________ __ 
DRemove ____________________________________________________________ __ 
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DRemove 
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D Remove ____________________________________________________________ __ 

D Remove ___________________________________________________________ _ 

DRemove ___________________________________________________________ __ 
DRemove ___________________________________________________________ __ 

Any other specific or special instruction required for insertion of this proposal into the 
Mining and Reclamation Plan. 

Received by Oil, Gas & Mining 

Fonn DOGM - C2 (Revised December 10,2007) 



CHAPTER 5 

R645-301-500. ENGINEERING 

510. INTRODUCTION. 

The engineering section of the Mining and Reclamation Plan (MRP) is divided into the 
operation plan, reclamation plan, design criteria, and performance standards. All of the 
activities associated with the coal mining and reclamation operations are designed, 
located, constructed, maintained, and reclaimed in accordance with the operation and 
reclamation plan. 

511. GENERAL REQUIREMENTS 

511.100 - 511.300. Contents 

The operation and reclamation permit application includes descriptions of the coal 
mining and reclamation operations with attendant Drawings, plans, and cross sections. 
and its potential impacts to the environment as well as methods and calculations utilized 
to achieve compliance with design criteria. 

All this information can be viewed in this section, Drawings 5-1 through 5-44 and 
Appendices 5-1 through 5-10 and 5-13 for the existing Coal Hollow Mine and on 
Drawings 5-45 through 5-78 and Appendices 5-11, 5-12, 5-12A, and 5-14 for the North 
Private Lease. 

512. CERTIFICATIONS 

512.100. Cross Sections and Drawings. 

All cross sections and Drawings required under applicable portions of sections 512.100 
through 512.150 have been prepared by, or under the direction of, and certified by: a 
qualified, registered, professional engineer; a professional geologist; or a qualified, 
registered, professional land surveyor, with assistance from experts in related fields such 
as hydrology, geology and landscape architecture. 

Compliance with this section has been completed and certifications are available on all 
cross sections and Drawings. 

512.200. Plans and Engineering Designs. 

All plans for excess spoil, durable rock fills, coal mine waste, impoundments, primary " 
roads and variances from approximate original contour will be certified by a qualifie'd. ; 
registered professional engineer. 

NOV 06 2018 
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Plans for excess spoil, sediment impoundments, and primary roads have been certified by 
a qualified registered professional engineer. These certifications can be viewed on 
Drawings 5-22 through 5-37 for the existing Coal Hollow Mine and on Drawings 5-51A, 
5-51C & 5-58 through 5-75 for the North Private Lease. No coal mine waste or durable 
rock fills are planned. 

512.210 Excess Spoil Disposal Areas 

A professional engineer experienced in the design and construction of earth and rock fills 
will certify the design of Excess Spoil Disposal Areas according to 535.100. 

A professional engineer with experience in design and construction of earth and rock fills 
has certified the design of the Excess Spoil Disposal for the existing Coal Hollow Mine 
and of the Temporary Excess Spoil Pile for the North Private Lease according to 535.100. 
An expert in the field of slope stability and geotechnical analysis has provided a thorough 
review of the designs. These analyses can be viewed in Appendix 5-1 for the Coal 
Hollow Mine and in Appendix 5-11 for the North Private Lease. 

512.220 - 230 Durable Rock Fills and Coal Mine Waste Structures 

The MRP does not contemplate the construction of any permanent Durable Rock Fills or 
Coal Mine Waste structures. If such structures become part of the plan, a professional 
engineer experienced in the design of earth and rock fills and or disposal facilities will 
certify the design according to R645-301-535.1 00 - 536. 

512.240. Impoundments. 

A professional engineer experienced in the design and construction of impoundments will 
use current, prudent, engineering practices and will certify the design of the 
impoundment according to R645-301-743. 

A professional engineer experienced in the design and construction of impoundments 
with assistance from a geotechnical expert has used current, prudent, engineering 
practices to design the proposed impoundments. The plans have been certified and a 
detailed geotechnical analysis has been provided. The detailed investigation for 
impoundments 5 through 9 and T1 found soils to be representative ofthe Coal Hollow 
Mine, thus additional geotechnical analysis, specific stability analysis for the Coal 
Hollow Mine apply to the impoundments at the North Private Lease. The certifications 
and drawings can be viewed in Drawings 5-25 through 5-31 and Appendices 5-1 and 5-2 
for the existing Coal Hollow Mine and on Drawings 5-65 through 5-73 and Appendix 5-
11,5-12, and 5-12A for the North Private Lease. Investigation and analysis have been 
performed for all impoundme~ts ofthe North Pri~ate Lease. This includes P?rpS ~- ",,' ,!~;? (':"~, " D 
through 9 and T1 as well as dItches 5 through 20, Tl-01 and TI-02. II - ." , ' 
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512.250. Primary Roads. 

A professional engineer will certify the design and construction or reconstruction of 
primary roads as meeting the requirements of 742.420. 

Designs of primary roads have been certified as meeting the requirements of 742.420. 

512.260. Variance From Approximate Original Contour. 

In areas of the MRP where a variance from the approximate original contour is required, 
a professional engineer will certify the design for the proposed variance from the 
approximate original contour, as described under 270, in conformance with professional 
standards established to assure the stability, drainage and corifiguration necessary for 
the intended use of the site. 

The MRP does not contemplate any variances from Approximate Original Contour for 
the Coal Hollow Mine or the North Private Lease. 

513. COMPLIANCE WITH MSHA REGULATIONS AND MSHA APPROVALS. 

513.100. Coal Processing Waste Dams and Embankments 

The MRP does not contemplate the construction of any coal processing waste dams and 
embankments. 

513.200. lmpoundments and Sedimentation Ponds 

Impoundments and sedimentation ponds meeting the size or other qualifying criteria of 
MSHA, 30 CFR 77.216(a) will comply with the requirements ofMSHA, 30 CFR 77.216 
(see R645-301-533.600, R645-301-742.222, and R645- 301-742.223). 

No impoundments or sedimentation ponds meeting the size or other qualifying criteria of 
MSHA, 30 CFR 77.216(a) exist or are planned within the proposed Mine Permit Area. 
Should impoundments and sedimentation ponds meeting the size or other qualifying 
criteria ofMSHA, 30 CFR 77.216(a) become necessary, compliance with the 
requirements ofMSHA, 30 CFR 77.216 will be met. 

513.300. Disposal of Underground Development Waste, Coal Processing Waste and 
Excess Spoil in underground mine workings. 

The MRP does not contemplate any underground development waste, coal processing 0 6 20\8 
waste, or excess spoil being disposed of in underground mine workings. NOV 

Chapter 5 5-3 
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513 0400. Refuse Piles 

The MRP does not contemplate the construction of any refuse piles. 

513.500. Capping, Sealing and Backfilling Openings to the Surface from the 
Underground. 

Each shaft, drift, adit, tunnel, exploratory hole, entryway or other opening to the surface 
from the underground will be capped, sealed, baclifilled or otherwise properly managed 
consistent with MSHA, 30 CFR 75.1711 (see R645-301-551). 

Underground mine portals are located in the bottom of the Coal Hollow Pit 10, and will 
ultimately be reclaimed and sealed by the backfilling of the pit to a vertical depth of 
approximately 112 feet (as shown on Drawing 5-37A) when no longer required. 

All wells will be managed to comply with R645-301-748 and R645-301-765. Water 
monitoring wells will be managed on a temporary basis according to R645-301-738. 

Wells constructed for monitoring groundwater conditions in the proposed Coal Hollow 
Mine permit and adjacent area, including exploration holes and boreholes used for water 
wells or monitoring wells, will be designed to prevent contamination of groundwater and 
surface-water resources and to protect the hydrologic balance. A diagram depicting 
typical monitoring well construction methods is shown in Figure 7-11. Monitoring wells 
will include a protective hydraulic seal immediately above the screened interval, an 
annular seal plugging the borehole above the hydraulic seal to near the ground surface, 
and a concrete surface seal extending from the top of the hydraulic seal to the ground 
surface which is sloped away from the well casing to prevent the entrance of surface 
flows into the borehole area. Well casings will protrude above the ground surface a 
sufficient height so as to minimize the potential for the entrance of surface water or other 
material into the well. A steel surface protector with a locking cover will be installed at 
monitoring wells to prevent access by unauthorized personnel. Where there is potential 
for damage to monitoring wells, the wells will be protected through the use of barricades, 
fences, or other protective devices. These protective devices will be periodically 
inspected and maintained in good operating conditions. Monitoring wells will be locked 
in a closed position between uses. 

When no longer needed for monitoring or other use approved by the Division upon a finding 
of no adverse environmental or health and safety effects, or unless approved for transfer as a 
water well under R645-301-731.1 00 through R645-301-731.522 and R645-301-731.800, 
each well will be capped, sealed, backfilled, or otherwise properly managed, as required by 
the Division in accordance with R645-301-529AOO, R645-301-631.l00, and R645-301-748. 
Permanent closure measures will be designed to prevent access to the mine workings by 
people, livestock, fish and wildlife, machinery and to keep acid or other toxic d[ainage:from 'C'~ D 
entering ground or surface waters. 
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If a water well is exposed by coal mining and reclamation operations, it will be permanently 
closed unless otherwise managed in a manner approved by the Division. 

Permanent closure and abandonment of water wells greater than 30 feet in depth will be in 
accordance with the requirements of "Administrative Rules for Water Well Drillers", State 
of Utah, Division of Water Rights or other applicable state regulations. Abandonment of 
wells will be performed by a licensed water well driller. The wells to be abandoned will be 
completely filled using neat cement grout, sand cement grout, unhydrated bentonite, or 
bentonite grout, or other materials approved by the Utah State Engineer' s office. 
Alternatively, the well may be abandoned using a different procedure upon approval from 
the Utah State Engineer's office. 

Abandonment materials will be introduced at the bottom of the well or required sealing 
interval and placed progressively upward to the top ofthe well. The casing will be severed a 
minimum of2 feet below the ground surface. A minimum of2 feet of compacted native 
material will be placed above the abandoned well upon completion. 

Within 30 days ofthe completion of well abandonment procedures, a report will be 
submitted to the State Engineer by the responsible licensed driller giving data related to the 
abandonment of the well. This shall include the name of the licensed driller or other 
person( s) performing abandonment procedures, name of well owner at the time of 
abandonment, the address or location of the well by section, township, and range, 
abandonment materials and equipment used, water right or file number covering the well, 
the final disposition of the well, and the date of completion. 

Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or 
otherwise managed to prevent acid or toxic contamination of water resources and to 
minimize disturbance to the prevailing hydrologic balance. Exploration holes and 
boreholes will be managed to ensure the safety of people, livestock, fish and wildlife, and 
machinery. 

If a water well is exposed by coal mining and reclamation operations, it will be 
permanently closed unless otherwise managed in a manner approved by the Division. 

If any exploration boreholes are to be used as monitoring wells or water wells, these will 
meet the provisions of R645-30 1-731 

Boreholes will be backfilled to within 1 foot ofthe land surface with concrete or other 
materials approved by the Division as necessary to prevent contamination of groundwater or 
surface-water resources or to protect the prevailing hydrologic balance. The upper 
approximately 1 foot will be backfilled with native materials to facilitate reclamation (see 
Drawing 6-11). Exploration holes and boreholes that may be uncovered during ~g. an~l !; .•• ',.;' (~:_ 

reclamation activities will be permanently closed unless approved for water monitoring or 
otherwise managed in a manner approved by the Division. NOV 0 6 2018 
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513.600. Discharges into an underground mine 

The MRP does not contemplate discharges into an underground mine. 

513.700. Surface Mining Closer than 500 Feet to an Active Underground Mine 

The MRP does not contemplate mining within 500 feet of an active underground mine. 

513.800. Coal Mine Waste Fires 

The MRP does not contemplate the generation of any coal mine waste. 

514. INSPECTIONS 

All engineering inspections, excepting those described under R645-301-514.320, will be 
conducted by a qualified registered professional engineer or other qualified professional 
specialist under the direction of the professional engineer. 514.1 00 Excess Spoil. 

The professional engineer or specialist will be experienced in the construction of earth 
and rock fills and will periodically inspect the fill during construction. Regular 
inspections will also be conducted during placement and compaction of fill materials. 

The construction method for the excess soil specified in 528.310 is expected to meet the 
85% compaction standard. As verification, the fill compaction will be periodically field 
tested using methodes) as directed by the qualified registered professional engineer. A 
description of the test method and the test results will be provided to the Division as part 
of the quarterly inspection reports. 

514.110. Such inspections will be made at least quarterly throughout construction and 
during critical construction periods. Critical construction periods will include at 
minimum: 

514.111. Foundation preparation, including the removal of all organic material and 
topsoil; 

514.112. Placement of underdrains and protective filter systems. 

No underdrains or protective filter systems are planned as part of the excess spoil. 

514.113. Installation of final surface drain systems; and 

514.114. The final graded and revegetatedfill. 
NOV 06 2018 
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514.120. The qualified registered professional engineer will provide a certified report to 
the Division promptly after each inspection that the fill has been constructed and 
maintained as designed and in accordance with the approved plan and the R645-301 and 
R645-302 Rules. The report will include appearances of instability, structural weakness, 
and other hazardous conditions. 

514.200 - 250. Refuse Piles. 

The MRP does not contemplate the construction of any refuse piles. 

514.300. Impoundments. 

514.310 - 313. Certified Inspection. 

A professional engineer or specialist experienced in the construction of impoundments 
will inspect impoundments. Inspections will be made regularly during construction, upon 
completion of construction, and at least yearly until removal of the structure or release of 
the performance bond. The qualified registered professional engineer will promptly, after 
each inspection, provide to the Division, a certified report that the impoundment has been 
constructed and maintained as designed and in accordance with the approved plan and the 
R645 Rules. The report will include discussion of any appearances of instability, 
structural weakness or other hazardous conditions, depth and elevation of any impounded 
waters, existing storage capacity, any existing or required monitoring procedures and 
instrumentation and any other aspects of the structure affecting stability. A copy of the 
report will be retained at or near the mine site. 

514.320. Inspection Standard and Frequency 

Impoundments meeting the NRCS Class B or C criteriafor dams in TR-60, or the size or 
other criteria of 30 CFR Sec. 77.216 must be examined in accordance with 30 CFR Sec. 
77.216-3. Impoundments not meeting the NRCS Class B or C Criteriafor dams in TR-60, 
or subject to 30 CFR Sec. 77.216, shall be examined at least quarterly. A qualified 
person designated by the operator shall examine impoundments for the appearance of 
structural weakness and other hazardous conditions. 

The MRP does not contemplate construction of any impoundments meeting the NRCS 
Class B or C criteria for dams in TR-60, or the size or other criteria of30 CFR Sec. 
77.216. If such impoundments become necessary, they will be examined in accordance 
with 30 CPR Sec. 77.216-3. Impoundments not meeting the NRCS Class B or C Criteria 
for dams in TR-60, or subject to 30 CPR Sec. 77.216, will be examined at least fluarterlYl' 
A qualified person designated by Alton Coal Development LLC will examin i' I .. ' . 

impoundments for the appearance of structural weakness and other hazardous condition~. 
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515. REPORTING AND EMERGENCY PROCEDURES 

515.100. Slides 

Any time a slide occurs which may have a potential adverse effect on public, property, 
health, safety, or the environment, Alton Coal Development LLC will notify the Division 
by the fastest available means and comply with any remedial measures required by the 
Division. 

515.200. Impoundment Hazards. 

If any examination or inspection of an impoundment discloses that a potential hazard 
exists, the person who examined the impoundment will promptly inform the Division of 
the finding and of the emergency procedures formulated for public protection and 
remedial action. If adequate procedures cannot be formulated or implemented, the 
Division will be notified immediately. 

515.300. Temporary Cessation 

515.311 

During a temporary cessation of the Underground operations, surface access openings to 
underground operations and facilities in areas in which there are no current operations, 
but in which operations are to be resumed under an approved permit will be effectively 
maintained secured. Portal access will be controlled by security personnel, signage, 
temporary fencing and/or other means as determined appropriate by the company and 
MSHA. Portal access will be provided as required. Any facilities or equipment required 
to protect the underground workings, i.e. fans, pumps, etc., will be maintained and 
operated during this time. Since the portal area is graded to drain to a collection sump, 
any surface runoff will be collected there and will be utilized for dust control during 
operations and temporary cessation. 

515.312. 

During a temporary cessation, surface facilities in areas in which there are no current 
operations, but in which operations are to be resumed under an approved permit will be 
effectively secured. 

For the North Private Lease, the temporary excess spoil pile is expected to be in place for 
less than 6 months. Should a temporary cessation occur and cause the pile to remain 
longer than 6 months, erosion control measures such as a tackifier will be applied to the 
pile to minimize damage and ensure stability. ( . :: ,: , i ~, " ,';, ,: j 
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515.321. 

Before temporary cessation of coal mining and reclamation operations for a period of 30 
days or more, or as soon as it is known that a temporary cessation will extend beyond 30 
days, a notice of intention to cease or abandon operations will be submitted to the 
division. This notice will include: 

• . A statement of the exact number of surface acres and the horizontal and vertical 
extent of subsurface strata which have been in the permit area prior to cessation or 
abandonment" 

• The extent and kind of reclamation of those areas which has been accomplished, 
and 

• Identification of the backfilling, regrading, revegetation, environmental 
monitoring, and water treatment activities that will continue during the temporary 
cessation. 

515.322. 

Before temporary cessation of coal mining and reclamation operations for a period of 30 
days or more, or as soon as it is known that a temporary cessation will extend beyond 30 
days, a notice of intention to cease or abandon operations will be submitted to the 
division. This notice will include: 

• A statement of the exact number of acres which have been affected in the permit 
area prior to such temporary cessation, 

• The extent and kind of reclamation of those areas which has been accomplished, 
and 

• Identification of the backfilling, regrading, revegetation, environmental 
monitoring, and water treatment activities that will continue during the temporary 
cessation. 

516. PREVENTION OF SLIDES 

The moderate topography in the area of the planned Coal Hollow Mine will minimize the 
potential for unplanned slides. A natural barrier will, however, be left undisturbed except 
as necessary for roads, sedimentation control, temporary topsoil and spoil storage and 
similar features, beginning at the elevation of the coal seam and extending from the 
outslope for a distance of at least 50 ft. The barrier will be retained in place to prevent 
slides and erosion. 
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520. OPERATION PLAN. 

521. GENERAL. 

The plan, with Drawings, cross sections, narrative, descriptions, and calculations 
indicates how the relevant requirements will be met. The lands subject to coal mining and 
reclamation operations over the estimated life of the operations are identified and briefly 
described. All appropriate information for the Coal Hollow Mine is located in the 
subsequent sections and Drawings 5-1 through 5-44 and Appendices 5-1 through 5-10 
and Appendix 5-13. Topsoil piles and removal sequencing is shown on Drawing 2-2. 
All appropriate information for the North Private Lease is located in the subsequent 
sections and Drawings 5-45 through 5-79 and Appendices 5-11, 5-12, 5-12A, and 5-14. 
Topsoil piles and removal sequencing is shown on Drawing 2-4. 

The Coal Hollow Mine is located approximately 2.5 miles south of Alton, Utah. The 
North Private Lease is located approximately 0.8 miles south of Alton, Utah. In order to 
maximize the use and conservation of the coal resource, coal will be recovered using 
large hydraulic excavators, front end loaders, off-road trucks, underground continuous 
miner and a highwall auger miner (See Chapter 9 which addresses R645-302 
regulations). Mined coal will be hauled to a central coal area for crushing and placement 
into a stockpile. Coal from the stockpile will be transferred into a bin and loaded into 
over-the-road trucks for transport. Section 523 of this chapter provides detailed 
production, sequence, and timing information. Drawings 5-2 and 5-46 show the 
disturbance sequence for the Coal Hollow and North Lease permit areas, respectively. 

521.100. Cross Sections and Drawings. 

The application includes cross sections, Drawings and plans showing all the relevant 
information required by the Division. Appropriate information is provided in Drawings 
and cross sections 5-1 through 5-44 for the existing Coal Hollow Mine and on Drawings 
and cross sections 5-45 through 5-79 for the North Private Lease. 

521 .110. Previously Mined Areas. 

Historically, there has been some underground mining of coal within the Alton 
Amphitheater. The following underground mines are known to have historically existed 
within the Amphitheater: 

• Seaman Mine 
• Smirl Mine 
• Alton Mine 
• Johnson Mine NOV 06 2018 
• Silver Mine 
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There are not any known mines that existed or currently exist within the permit areas or 
the adjacent area as defined in R645-1 00-200. There is also not any active coal mining 
operations in the area. 

521.120. Existing Surface and Subsurface Facilities and Features. 

521.121. Buildings 

The location of all buildings in and within 1,000 feet of the proposed permit area, with 
identification of the current use of the buildings is shown on Drawings 1-5 and 1-6 for the 
Coal Hollow Mine. There are no buildings in or within 1,000 feet of the permit area for 
the North Private Lease. 

521.122. Surface and Subsurface Man-Made Features 

The only known surface and subsurface manmade features that exist within the existing 
and proposed permit areas are: 

• County Road 136 (locations shown on Drawing 5-3 and Drawing 5-47) 
• Alton Coal Mine Road (location shown on Drawing 5-47) 
• Water pipeline to Pond 20-1 (location shown on Drawing 7-7) 
• Water pipelines for agricultural uses in the North Private Lease (locations 

shown on Drawing 7-7) 

521.123. Public Roads 

Two Class B public roads, Kane County Road 136 (K3900) and Alton Coal Mine Road 
(K3100), are located in or within 100 feet of the permit areas and are shown on Drawing 
5-3 and Drawing 5-47. Drawing 5-48 also shows County Road 136 in relation to the 
North Private Lease Permit Area 1. While the bypass around the North Private Lease for 
County Road 136 is being constructed, mining operations will commence in Area 1. 
During this time, traffic on County Road 136 will continuously have unimpeded access 
and will not require escort through the mine permit area. Until the bypass road is 
complete, the mining area will be barricaded and fenced along County Road 136 and 
access will be limited to four (4) temporary gates. 

In addition, Kane County has recently made a claim on the two-track road located 
adjacent to Lower Robinson Creek which is also located within the permit boundary. 
This road has mostly been closed to the public since it crosses private land and ACD has 
worked with Kane County to develop an access agreement which includes access through 
the permit area by mine personnel escort only. This agreement is included as Appendix 
1-8 in Chapter 1. The County has named this Class D public road K3993. I .. :.:; ~:, , r'i,";-~:) 

521.124. Existin areas of s oil waste coal develo ment waste and noncoal w V 0 6 2018 
disposal, dams, embankments, other impoundments, and water treatment and air pol ution 
control facilities. 
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There are three impoundments currently located within the existing Coal Hollow Mine 
permit area which are Pond 20-1, Pond 29-3 and Pond 29-5 shown on Drawing 7-7. The 
area ofthese impoundments are approximately 3,400, 10,500 and 6,963 square feet 
respectively. There are four impoundments located within the North Private Lease 
permit area, Ponds 12-1 thru 12-3 and Pond 13-1 shown on Drawing 7-7. The area of 
these impoundments are approximately 823,3,853,8,319 and 33,525square feet, 
respectively. 

These stock ponds identified on Drawing 7-7 within the center and western drainages 
existing prior to mining will be eliminated per the landowner request. This requires 
coordination with the USACOE for the elimination of wet lands (final landform shown 
on Drawings 5-74 and 5-75) identified in the Preliminary Jurisdictional Determination 
SPK-2011-01248 November of2012 and updated September 2015 (MRP, Volume 10, 
NPL Wetland Study Report Final). Disturbances within the identified wetlands will not 
occur until approval of the 404 permit. The 404 permit will allow for take of the 
wetlands within the center drainage with wetlands being replaced in offsite mitigation 
under USCOE jurisdiction. 

There are no other areas of existing spoils, waste, coal development waste, and noncoal 
waste disposal, dams, embankments, other impoundments, and water treatment and air 
pollution control facilities within the permit area. 

521.125. Ponds and Other Impoundments 

The MRP does not contemplate construction of any permanent water impoundments; coal 
processing waste banks and coal processing waste dams or embankments. The planned 
location of each sedimentation pond is shown on Drawing 5-3 for the Coal Hollow Mine 
and Drawing 5-47 for the North Private Lease. Appendix 5-12 and Drawing 5-79 detail 
the post-mining surface hydrology of the North Private Lease 

521.130. Landowners and Right of Entry and Public Interest Drawings. 

All boundaries of lands and the names of present owners of record of both surface and 
subsurface within the Mine Permit Area are shown on Drawing 1-3 (Surface) and 
Drawing 1-4 (Subsurface). 

521.132. Permit Boundary 

The boundaries of land within the proposed permit area are shown on all applicahir; [} ,"; \ 'U s 'l'~ ;' . ;J 
Drawings. 

NOV 06 2018 
521.133. Public Roads 

Limited mining or reclamation operations are planned within 100 ft. of an operating 
public road. Operations adjacent to County Road 136 will occur during construction of 
the bypass road around the North Private Lease, and mine vehicles may cross the right-
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of-way of Kane County Road 136 for a short period early in the operation's life. Any 
mine traffic crossing the county road will be required to stop and yield to any County 
Road 136 traffic before proceeding. Other appropriate measures, including signage and 
mine operating practices and training will be implemented to protect the public. 
Appendix 1-11 includes an easement and agreement with Kane County to construct the 
North Private Lease bypass road and to safely conduct mining operations adjacent to the 
current county road concurrent with construction activities. 

521.133.2 Relocating a Public Road: 

The design of any relocated road will be approved by Kane County authorities, or such 
other authorities as have jurisdiction. Appropriate measures will be taken to prevent 
entrance into the mining area via the pre-existing road, and appropriate signage and 
barriers will be installed to protect the public. 

County Road 136 (K3900) and Alton Coal Mine Road (K3100) will be temporarily 
relocated outside the permit areas concurrent with the beginning of mining for both the 
existing Coal Hollow Mine and the North Private Lease until mining is complete and then 
reconstructed. The relocation of County Road 136 for both the Coal Hollow Mine and the 
North Private Lease will require construction of temporary bypass roads. The locations of 
these bypass roads are shown in Drawings 5-3 and 5-45 for the Coal Hollow Mine and 
North Private Lease respectively. Plans and details for these roads are shown in Appendix 
1-7 and 1-11. Each bypass road will be constructed, inspected, certified and available for 
public use prior to closure of the associated section of impacted County Road 136. The 
Alton Coal Mine Road (K31 00) will not require a significant bypass, but will be accessed 
via a new intersection with the North Private Lease bypass road approximately 500 ft. 
south ofthe current intersection with County Road 136. 

Drawing 5-48 shows County Road 136 in relation to the North Private Lease Permit Area 
1. While the bypass around the North Private Lease for County Road 136 is being 
constructed, mining operations will commence in Area 1. During this time, traffic on 
County Road 136 will continuously have unimpeded access and will not require escort 
through the mine permit area. Until the bypass road is complete, the mining area will be 
barricaded and fenced along County Road 136 and access will be limited to four (4) 
temporary gates. 

Upon completion of mining and reclamation activities in each permit area, the 
aforementioned pre-mining roads will be reestablished to their pre-mining state or better. 
The details for reestablishing road K3900 within the Coal Hollow Mine are shown on 
Drawings 5-22E, 5-22F and 5-22H. The details for reestablishing roads K3900 and 
K3100 within the North Private Lease are shown on Drawings 5-61 thru 5-63. The details 
related to reestablishing K3993 following mining are shown on Drawing 5-22C. 

I f\; C C; r: : :',~ ; \ i. ; . • : , : ~) 

It is expected that County Road 136 will be diverted around the Coal Hollow Mine for 
approximately 5 years, and diverted around the North Private Lease for approximatpJm6 06 2018 
years. 

Chapter 5 5-13 

05/04/2017 



521.140. Mine Drawings and Pennit Area Drawings. 

521.141 The boundaries of all areas proposed to be affected over the estimated total life 
of the coal mining and reclamation operations, with a description of size, sequence and 
timing of the mining, the coal mining and reclamation operations to be conducted, the 
lands to be affected throughout the operation, and changes in facilities or features to be 
caused by the proposed operations; 

These items are depicted on Drawings 5-1 through 5-44 for the Coal Hollow Mine and on 
Drawings 5-45 through 5-79 for the North Private Lease. 

Current land disturbance for the Coal Hollow Mine is shown on Drawing 5-2, while the 
expected land disturbance sequence for the North Private Lease is shown on Drawing 5-
46. Total disturbance for the Coal Hollow mine is 372.5 acres. Total disturbance for the 
North Private Lease is expected to reach a maximum of239.0 acres over a 6.5 year 
period, with 69.8 acres in Area 1 of operations, 112.0 acres in Area 2, and 57.2 acres in 
Area 3. 

Overburden mining for the Coal Hollow Mine and North Private Lease is depicted on 
Drawing 5-16 and Drawing 5-57 respectively, according to the methods and schedules 
detailed in section 523 Mining Methods of this chapter. 

Coal mining for the Coal Hollow Mine and North Private Lease is depicted on Drawings 
5-9 & 5-10 and Drawings 5-52 & 5-53 respectively, according to the methods and 
schedules detailed in section 522 Coal Recovery of this chapter. 

A layout of facilities, structures, and features for the Coal Hollow Mine and North Private 
lease is shown on Drawing 5-3 and Drawing 5-47 respectively. Sections 521.160, 
521.170, and 521.180 of this chapter describe these features and their construction and 
use. 

Post-mining topography and cross-sections of the reclamation plans ofthe Coal Hollow 
Mine pennit area are provided in Drawings 5-37 and 5-37A. This reclamation requires 
rehandling much of the fill above original contour to fill in the final pits, except Pits 9-C 
and 10 which will remain open until the closure of underground operations. Pits 9-C and 
10 will then require additional borrow (apx. 1.5 Million C.Y.) from the areas outlined in 
Drawings 5-19, 5-37 and 5-37A . In preparation for this final borrow, Pit B-1 (as shown 
on Drawing 5-10) will be excavated and simultaneously backfilled (as detailed in sections 
523 and 553 ofthis chapter) to remove all coal from the borrow volume to reach the 
intennediate landfonn depicted in Drawings 5-35 and 5-36. Upon completion of 
underground mining, Pit 10 will then be backfilled from the Borrow Area and all ground 
will be returned to the finallandfonn shown in Drawings 5-37 and 5-37 A.. Thi" te.l)aflpl~ ~" ,; ; ;; · . ·~r: D 
and additional borrow will bring all disturbed ground back to Approximate Original 
Contour (AOC). All post-mining landfonns, drainage, and slopes will be consistent.JtjVho 6 2018 
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pre-mining conditions and regional trends. A detailed description of the reclamation 
scenario is provided in Section 528.200 Overburden and 553 Backfilling and Grading of 
this Chapter. The Coal Hollow Mine requires 239.5 acres of Phase 1 reclamation, 372.5 
acres of Phase 2, and 372.5 acres of Phase 3. 

Reclamation plans for the North Private Lease area are provided in Drawings 5-74 thru 5-
76B and Drawing 5-79. These plans include restoration of all disturbed ground to AOC 
with only slight variation in landform, most notably a possible material void on the east 
of Kanab Creek which will result in a net increase of land available for agriculture and 
elimination of the center and western drainages east of Kanab Creek. In the case where 
borrow from the area east of Kanab Creek is not necessary, the material void will not 
occur and post-mining topography will achieve AOC while closely mirroring original 
topography as shown on Drawing 5-45. All post-mining landforms, drainage, and slopes 
will be consistent with pre-mining conditions and regional trends. A detailed description 
of the reclamation scenario is provided in Section 528.200 Overburden and 553 
Backfilling and Grading ofthis Chapter. The North Private Lease requires 189.3 acres of 
Phase 1 reclamation, 239.0 acres of Phase 2, and 239.0 acres of Phase 3. 

Underground mining is also permitted for the Coal Hollow Mine. Mine portals will be 
within an existing pit and coal will be loaded within the pit and hauled in the same 
manner as with the surface mining. Underground mining plans are shown in Drawings 5-
3, 5-3B, 5-9 and 5-10. 

521.142 

Drawing 5-10 shows the underground workings. All underground coal mining will be 
first mining only. Subsidence will be prevented by following the recommendations 
provided in the Norwest Corporation letter report found in Appendix 5-9. 

521.143 The proposed disposal sites for placing excess spoil generated at surface areas 
affected by surface operations, underground operations and facilities for the purposes 
COAL MINING and RECLAMATION ACTIVITIES according to: 

• R645-301-211: The applicant will present a description of the premining soil 
resources as specified under R645-301-221. Topsoil and subsoil to be saved 
under R645-301-232 will be separately removed and segregated from other 
material. 

The soil resources for the excess spoil disposal area in the Coal Hollow Mine are 
described in Appendix 2-1. A plan has been developed for removal of topsoil and 
suitable subsoil based on the soil descriptions in this appendix. The h dling plan!" 
can be viewed on Drawing 2-2. Topsoil and acceptable subsoil will be separately . 
removed and segregated from other material prior to placement of any spoil. 0 6 2018 
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The soil resources for the North Private Lease temporary excess spoil disposal 
areas are described in Volume 11. A plan has been developed for removal of 
topsoil and suitable subsoil based on the soil descriptions in this appendix. The 
handling plan can be viewed on Drawing 2-4 and is described in Chapter 2 
Section 231 and Section 523 of this Chapter. Topsoil and acceptable subsoil will 
be separately removed and segregated from other material prior to placement of 
any spoil. 

• R645-301-212: After removal, topsoil will be immediately redistributed in 
accordance with R645-301-242, stockpiled pending redistribution under R645-
301-234, or if demonstrated that an alternative procedure will provide equal or 
more protection for the topsoil, the Division may, on a case-by case basis, 
approve an alternative; 

Excess spoil will have topsoil and subsoil redistributed in an approximately 
uniform, stable thickness with the approved post mining land use, contours and 
surface water drainage systems. Material handling practices will prevent excess 
compaction of these materials. Handling practices will also protect the materials 
from wind and water erosion before and after seeding and planting. 

• R645-301-412.300: Criteria for Alternative Postmining Land Uses. 

The MRP does not contemplate alternative postmining land uses. 

• R645-301-512.210: Excess Spoil. The professional engineer experienced in the 
design of earth and rockfills will certify the design according to R645-301-
535.100. 

A professional engineer experienced in the design of earth and rock fills with 
assistance from a geotechnical expert has certified the design according to R645-
301-535.100. These certifications can be viewed on Drawings 5-37, 5-37A and 5-
17 for the Coal Hollow Mine and Drawings 5-51A and 5-51C for the North 
Private Lease. 

• R645-301-512.220: Durable Rock Fills 

No durable rock fills are planned. 

• R645-301-514.100: Excess Spoil. The professional engineer or specialist will be 
experienced in the construction of earth and rock fills and will periodically 
inspect the fill during construction. Regular inspections will also be conducted 
during placement and compaction of fill materials. 

-, ,: 

A professional engineer or specialist that is experienced in the construction of 
earth and rock fiUs will inspect the fill during construction and regular insP!mil>ri 6 20\8 
will also be conducted during placement and compaction of fi ll materials. 
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• R645-301-528.310: Excess spoil will be placed in designated disposal areas 
within the permit area, in a controllable manner to ensure mass stability and 
prevent mass movement during and after construction. Excess spoil will meet the 
design criteria of R645-301-535. For the purposes of SURF ACE COAL MINING 
AND RECLAMATION ACTIVITIES, the permit application must include a 
description of the proposed disposal site and the design of the spoil disposal 
structures according to R645-301-211, R645-301-212, R645-301-412.300, R645-
301-512.210, R645-528.310, R645-301-535.100 through R645-301-535.130, 
R645-301-535.300 through R645-301-535.500, R645-536.300, R645-301-
542.720, R645-301-553.240, R645-301-745.100, R645-301-745.100, R645-301-
745.300, and R645-301-745.400. 

Excess spoil will be placed in the area designated on Drawings 5-3 and 5-37 for 
the Coal Hollow Mine and on Drawings 5-47, 5-51A and 5-51C for the North 
Private Lease. This fill will be placed in lifts not to exceed 4 feet. The material 
will be transported from the overburden removal area to the fill by end dump haul 
trucks and a dozer(s) will spread the spoil to this lift thickness. The fill will meet 
at minimum 85% compaction as related to the standard Procter. Final slopes will 
be regraded to a maximum slope of 3h: 1 v. The top of the fill will be sloped to 
approximately 2% to prevent pooling of water and to reestablish drainage similar 
to original flow patterns. 

The excess spoil placed on the non-mined areas of the Coal Hollow Mine is 
approximately 32 acres and varies in height from 35 to 110 feet. Design and the 
geotechnical study for this fill can be viewed in Appendix 5-1. Due to actual 
swell factors of overburden material differing from swell factors used in initial 
planning, the size and configuration of the excess spoils has varied greatly from 
what was originally analyzed in Appendix 5-1. It is now anticipated that the 
excess spoil pile will be completely rehandled as pit backfill. 

The temporary excess spoil placed above pits 4,5 and 6 of the North Private 
Lease is approximately 9 acres and varies in height from 23 to 59 feet. Design 
of this temporary fill can be viewed in Drawing 5-51A and the geotechnical study 
can be viewed in Appendix 5-11. 

The Northwest (NW) temporary excess spoil placed adjacent to pits 18 to 21 of 
the North Private Lease is approximately 6 acres and varies in height from 27 to 
41 feet. Design of this temporary fill can be viewed in Drawing 5-51 C and the 
geotechnical study can be viewed in Appendix 5-11. 

• R645-301-535.100 through R645-301-130: Disposal of Excess Spoil 

A geotechnical analysis of the Coal Hollow Mine long tenn excess spoilrstnJcture" ,", ':) 
design has been completed by an expert in this field. The long tenn sta i'c' safetY' ; ." '"", 
factor for this structure design is estimated at 1.6 to 1.7. Lifts will be placed in 
thicknesses not to exceed 4 feet. The lifts will meet 85% compaction by theNOV 0 6 2018 
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standard Procter. The fill will be graded to allow for drainage similar to original 
patterns and to prevent excessive infiltration of water. Fill will then be rehandled 
as pit backfill prior to final reclamation while the remaining landform shown in 
Drawing 5-37 will be covered with subsoil and topsoil as specified in Chapter 2 to 
provide conditions suitable for revegetation of the area. The geotechnical study 
can be viewed in Appendix 5-1. 

A geotechnical analysis ofthe North Private Lease temporary excess spoil 
structure designs has also been completed by an expert in this field. The long 
term static safety factor for these structure designs is estimated at 1.6 to 1.7. Lifts 
will be placed in thicknesses not to exceed 4 feet. The lifts will meet 85% 
compaction by the standard Procter. The fill will be graded to allow for drainage 
similar to original patterns and to prevent excessive infiltration of water. As these 
excess spoil structures will be rehandled to backfill the open pit in a short time 
frame (less than 6 months), it is not anticipated that this fill will be covered with 
subsoil and topsoil. The geotechnical study can be viewed in Appendix 5-11. 

• R645-301-535.300 through R645-301-535.500: Disposal oJExcess - Spoil 
Durable Rock Fills. 

No durable rock fills are planned. 

• R645-301-536.300: Disposal oJeoal Mine Waste in Excess Spoil 

No coal mine waste is planned in the excess spoil area. 

• R645-301-542.720: Excess spoil will be placed in designated disposal areas 
within the permit area, in a controlled manner to ensure that the final fill is 
suitable for reclamation and revegetation compatible with the natural 
surroundings and the approved postmining land use. Excess spoil that is 
combustible will be adequately covered with noncombustible material to prevent 
sustained combustion. The reclamation of excess spoil will comply with the 
design criteria under R645-301-553.240. 

The Coal Hollow Mine long term excess spoil will be completely rehandled as pit 
backfill as shown in Drawing 5-37 and 5-37 A. The remaining landform will be 
suitable to the surrounding area and for the postmining land use of primarily 
grazing. No combustible excess spoil will be placed in the proposed structure. 
The reclamation of the spoil does not include any terraces and the slopes will not 
exceed 3h:1v. 

The North Private Lease temporary excess spoils will be rehandled and u~~d a~',.:':, ' U:",;",,:'iT) 
backfill in a short time frame (less than 6 months) and will not require any '.,~, ,', 
reclamation measures. 

NOV 06 2018 
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• R645-301-553.240: Thefinalfill configuration of the fill (excess spoil) will be 
suitable for the approved postmin ing land use. Terraces may be constructed on 
the outslope of the fill if required for stability, control of erosion, to conserve soil 
moisture, or to facilitate the approved postmining land use. The grade of the 
outslope between terrace benches will not be steeper than 2h:1v (50 percent). 

The Coal Hollow Mine long tenn excess spoil will be completely rehandled as pit 
backfill as shown in Drawings 5-37 and 5-37A. The remaining landfonn will be 
suitable to the surrounding area and for the postmining land use of primarily 
grazing. The reclamation of the spoil does not include any terraces and the slopes 
will not exceed 3h: 1 v. The long tenn static safety factor for these slopes is 
estimated to be 1.6 to 1.7. 

The North Private Lease temporary excess spoils will be rehandled and used as 
backfill in a short time frame (less than 6 months). The spoil will not include any 
terraces and the slopes will be maintained at no less than the natural angle of 
repose at an overall l.3h: 1 v. The static safety factor for these temporary slopes is 
estimated to be 1.6 to 1.7. 

• R645-301-745.100: General Requirements. 

745.110: Excess Spoil will be placed in designated disposal areas within the 
permit area, in a controlled manner to: 

745.111: Minimize the adverse effects of leaching and surface water runoff from 
the fill on surface and underground water; 

Reclamation of the finallandfonn following rehandle of the Coal Hollow Mine 
excess spoil will include topsoil and a subsoil layer. Infiltration through the 
reclamation is expected to be minimal based on the high clay content of these 
soils. The North Private Lease temporary excess spoils will be in use for such a 
short period of time and will be comprised mostly of high-clay tropic shale such 
that infiltration is also expected to be negligible. In addition, laboratory data 
located in Appendix 7-16 for the overburden shows that there is minimal potential 
for leaching of pollutants should infiltration rates become higher than expected. 

The foundations of the excess spoil areas also have high clay content with 
minimal potential for infiltration. This will provide an additional, natural barrier 
to protect ground water present beneath the proposed structures. 

745.112: Ensure permanent impoundments are not located on the completed fill. 
Small depressions may be allowed by the Division if they are needed to retain 
moisture or minimize erosion, create and enhance wildlife habitat or ass ·'St "" '::' , .... ,.',:,D 
revegetation, and if they are not incompatible with the stability ofthefitl/ and ,: : 
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Permanent impoundments are not planned on either of the excess spoil areas. 
Small depressions may be constructed as allowed by the Division to retain 
moisture, minimize erosion, create and enhance wildlife habitat or assist 
revegetation. 

745.113: Adequately cover or treat the excess spoil that is acid- and toxic 
forming with nonacid nontoxic material to control the impact on the surface and 
ground water in accordance with R645-301-731.300 and to minimize adverse 
effects on plant growth and approved postmining land use. 

Laboratory data located in Appendix 7-16 representative of the overburden 
planned for disposal in the excess spoil areas does not show acid- and toxic 
forming characteristics. 

745.120: Drainage Control. If the disposal area contains springs, natural or 
manmade water courses, or wet weather seeps, the fill design will include 
diversions and underdrains as necessary to control erosion, prevent water 
infiltration into the fill and ensure stability. 

A spring and seep survey available in Chapter 7 has identified no springs or wet 
weather seeps in the proposed excess spoil areas. The final surface of the 
landform underneath the Coal Hollow Mine excess spoil will be regraded to a 
contour that will route water from snowmelt and rainfall to natural drainages as 
shown on the final contours Drawing 5-37. There are no manmade water courses 
present in the excess spoil areas. No underdrains are planned for the excess spoil 
structures. 

745.121: Diversions will comply with the requirements ofR645-301-742.300 

No diversions are planned in the excess spoil areas. 

745.122: Underdrains 

No underdrains are planned in the excess spoil areas. 

745.300: Durable Rock Fills 

No durable rock fills are planned in the excess spoil areas. 

745.400: Preexisting Benches 

Excess spoil will not be disposed of through placement on preexisting benches. 

521.150. Land Surface Configuration Drawings. 

NOV 06 2018 
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, . Surface contours representing the existing land surface configuration of the Coal Hollow 
Mine permit area are shown on Drawing 5-1 and the post mining land configuration is 
shown on 5-37. Cross sections with both these landforms are shown on Drawing 5-37A. 

Surface contours representing the existing land surface configuration of the proposed 
North Private Lease permit area are shown on Drawing 5-45 and the post mining land 
configuration is shown on 5-74. Cross sections with these landforms are shown on 
Drawing 5-75. Post mining land configuration is also shown for each ofthe individual 
Permit Areas on Drawings 5-74A through 5-74C. 

521.151 Slope Measurements or Surface Contours: 

For both the Coal Hollow Mine and the North Private Lease, Drawings 5-1, 5-37 & 5-
37 A and Drawings 5-45, 5-74 & 5-75 respectively use topographical contours to 
represent the surface configuration for pre- and -post mining scenarios. The contours for 
the Coal Hollow Mine drawings occur at 2 ft. elevation intervals, with index contours 
occurring at 10ft. elevation intervals. The contours for the North Private Lease drawings 
occur at 2 ft. elevation intervals, with index contours occurring at 10ft. elevation 
intervals. Each Drawing has been certified according to R645-301-512. 

521.152 Previously Mined Areas: 

Neither the Coal Hollow Mine nor the North Private Lease propose activities on areas 
that have been previously mined. 

521.160. Maps and Cross sections of the Proposed Features for the Proposed Permit 
Area. These maps and cross sections will clearly show: 

521.161 Buildings, utility corridors, and facilities to be used: 

These items are shown on Drawings 5-3 through 5-8C for the Coal Hollow Mine and on 
Drawing 5-47 for the North Private Lease. 

521.162 The area ofland to be affected within the proposed permit area, according to 
the sequence of mining and reclamation: 

A yearly and overall disturbance sequence for the permit area is provided on Drawing 5-2 
for the Coal Hollow Mine and on Drawing 5-46 for the North Private Lease. 

521.163 Each area of land for which a performance bond or other equivalent guarantee 
will be posted under R645-301-512; 

The area ofland that will have a performance bond posted in the Coal Hollow ~infis., 
shown on Drawing 5-3. Drawing 5-3 was reconfigured in December of2014 prlor'to' L 

phased bond release to remove performance bond from areas that are no-longer within n 6 2018 
the MRP planed disturbance (not disturbed by mining), thus removing the need to NfdMIdt 
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in bond release. The total disturbance area is also broken up into discrete bond polygons 
on Drawing 5-19. 

The area ofland that will have a performance bond posted in the North Private Lease is 
shown on Drawing 5-47. The lease boundary encompasses three Permit Areas. The total 
disturbance area for the North Private Lease is also broken up into discrete bond 
polygons on Drawing 5-77. 

521.164 Each coal storage, cleaning and loading area. The map will be prepared and 
certified according to R645-301-512; 

These facilities can be viewed on Drawings 5-3 through 5-5 for the Coal Hollow Mine 
and on Drawing 5-47 through 5-51A for the North Private Lease. Note that coal loading 
will occur within the active pit excavation and backfill crest on the North Private Lease 
area, and the mine will not use a designated coal loading or stockpile area. 

521.165 Each topsoil, spoil, coal preparation waste, underground development waste, 
and noncoal waste storage area. The maps will be prepared and certified according to 
R645-301-512; 

For the Coal Hollow Mine, topsoil storage areas and handling can be viewed on Drawing 
2-2. Spoil placement and the excess spoil structure can be viewed on Drawings 5-3, 5-
17,5-37 and 5-37A. 

For the North Private Lease, prime farmland soils and topsoil storage areas and handling 
can be viewed on Drawings 2-4 and 5-51B. Temporary spoils placement can be viewed 
on Drawing 5-47 through 5-51C. 

521.166 Each source of waste and each waste disposal area relating to coal processing 
or pollution control; 

Only sizing of the coal is proposed. This process will not produce any waste. 

521.167 Each explosive storage and handling facility; 

Need for these facilities are not anticipated at this time. Instead, blasting will be 
contracted out to a local blasting company who is licensed to transport explosives. The 
blasting contractor will transport all explosives material needed for the shot into the mine 
for use, and take any remaining explosives inventory for storage offsite after each shot is 
completed. While onsite, all explosive materials will be handled solely by the licensed 
contractor. These activities will follow the blasting plan as outlined in Appendix 5-4. 
Should these facilities become necessary, appropriate drawings will be provided to the 
Division. 

I I ~.'.'" , ..... 

521.168 For the purposes of SURFACE COAL MINING AND RECI.AMATiC)N 
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ACTIVITIES, each air pollution collection and control facility; and NOV 0 6 2018 

Chapter 5 5-22 > "- • • '~)' ", '. ~" ~ -,":,~ \,.7, ',; i" ':' LliV, U! 'j, .:, ',," , ., '. 

05/04/2017 



There are no specific air pollution collection or control facilities proposed. 

521.169 Each proposed coal processing waste bank, dam or embankment. The 
map will be prepared and certified according to R645-301-512. 

The MRP does not contemplate processing of coal that will produce waste. 

521.170. Transportation Facilities Drawings. 

Transportation facilities for the Coal Hollow Mine include eight primary roads, a 
conveyor system, and miscellaneous ancillary/temporary roads. Numerous drawings 
detail the designs and specifications for each one of the proposed facilities. The 
following is a description of each facility and a reference for the associated drawings: 

• Roads: Three primary mine haul roads are planned within the permit area. The first 
road extends from the coal unloading area to the first series of pits along the west side 
of the property. This road will be utilized for access to the pits (pits shown on 
Drawing 5-10). This road will be approximately 1,400 feet in length and will be 
utilized throughout mining. There will be three culverts installed along this road all 
sized for a 100 year, 24 hour storm event. The first culvert will be across a tributary 
of Lower Robinson Creek and will be a 36 inch corrugated steel pipe. The second 
culvert is the main crossing over Lower Robinson Creek and is a 96 inch corrugated 
steel pipe. Both ofthese culverts have been sized based on analysis of the Lower 
Robinson Creek watershed. This analysis can be viewed in Appendix A5-3. The third 
culvert is crossing over a diversion ditch that will route water mainly from disturbed 
areas along the south side of Lower Robinson Creek to a sediment impoundment. 
This culvert will be a 24 inch corrugated steel pipe. 

The second road extends from the first road and proceeds southwest to join and run 
along a 1,200' section ofthe rebuilt County Road 136. This section of road will be 
single lane travel only for all production equipment. The road then continues to the 
southwest to provide access to Pit B-1. This road is approximately 4,750 feet in total 
length. There are two culvert crossings along the County Road 136 portion of this 
road that are placed to match the original county specifications. These culverts will 
be 18 inch culverts sized to match the County Road 136 culverts originally in place. 

The following specifications apply to these Primary mine haul roads: 
1) Roads will be approximately 80' in width 
2) Approximately a 2% crown 
3) Approximately one foot deep cut ditches along shoulders for controlling storm 
water 
4) 18" of crushed rock or gravel for road surfacing, except for the section of the 
Pit B-1 access extending from County Road 136 to the pit. This section of road 
will utilize approximately 6" of crushed rock or gravel for road surfacing. This ;: 
shallower depth of gravel will still provide the necessary benefits of dust control 
and sediment control for surface water runoff during a short usage life. For thi.s 0 6 
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section of road will be utilized for coal haulage for only around 2-3 months and 
the western half of it will be eventually mined out as part of the borrow area. 
5) Cut and fill slopes of 1.5 h: 1 v 
6) Minimum fill over each culvert will be 2 times diameter of culvert 
7) Berms placed as necessary along fills 

The underground mine portal access and haul road in Pit 10 will also be a primary 
road. This road is accessed from the main haul road from the coal unloading area. The 
underground accesslhaul road will be constructed to the same specifications for the 
haul roads above, except that the road may be narrowed to a 40 foot width. Drawing 
5-221 provides the as-built plan and profile for the underground access road. 

The ancillary roads will have similar specifications except surfacing will occur only 
as needed and may be narrowed to a 40 foot road width. A typical cross section for 
the ancillary roads can be viewed on Drawing 5-24. 

The location and details for Primary Mine Haul roads can be viewed on Drawings 5-3 
and 5-22 and 5-23. 

In addition to the three primary Mine Haul roads, the road located within the facilities 
area is also classified as a primary road. This road is planned to be 24 feet wide with 
24 inches of compacted sub base and 8 inches of compacted 1 inch minus gravel as 
surfacing. This road is referred to as "Facilities Roadway" and more details are 
described in 527.200 along with Drawings 5-22A and 5-22B. 

In addition to the primary roads that will be present during active mining, four 
additional roads are planned to exist postmining and are also classified as primary 
roads for this reason. 

Roads that will remain postmining are the following: 
• Road to Water Well with details shown on Drawing 5-22D 
• Road to east C. Burton Pugh property (K3993) with details shown on 

Drawing 5-22C. Kane County has claimed this road as County Road 
K3993. 

• County Road 136 (K3900) with details on Drawing 5-22E, 5-22F and 
5-22H. This County road will be reconstructed within the permit area by 
Kane County. This reconstruction will occur concurrently with the final 
phase of reclamation as scheduled on Drawing 5-38 and is expected to be 
completed by 2017. 

• Road to Swapp Ranch (same specification as the Water Well Road) 

The location of these roads is shown on Drawing 5-37 along with the post mining 
topography. 

The ramps, benches and equipment travel paths within the active sur a~e minIng area· 
are temporary in nature and will be relocated frequently as mining progresses. OWSZO\8 
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temporary travel ways are considered part ofthe pit due to their short term use, and 
are not individually designed nor engineered. They will be built and maintained to 
facilitate safe and efficient mine and reclamation operations. 

Other temporary ancillary roads (such as the Pond 3 access road shown on Drawing 
5-3) outside the mining area may be necessary from time to time to access facilities or 
impoundments during the life of operations. These roads will typically only comprise 
a single lane access approximately 14 feet wide that would see minimal use. Any 
surface flow on these roadways would not be highly erosive along generally gentle 
road gradients. Any flow on these roads will be controlled using minor berms or 
ditches, and in each case would be fully contained within the watershed of, and would 
report to the impoundments that they provide access for. These roads will not remain 
post-mining and also will not be individually designed nor engineered. They will be 
built and maintained to facilitate safe and efficient mine and reclamation operations. 

• Conveyors: A conveyor system will be used to stockpile coal and to load highway 
approved haul trucks for transportation to market. The first conveyor is mainly a 
stacker system for the coal stockpile which will be located at the coal unloading area 
and will be approximately 451' in length. This conveyor is estimated to be a 48" 
solid frame system. 

The second conveyor is a coal reclaim belt that will be loaded by an above ground 
reclaim feeder from the coal stockpile and will convey coal to the loadout chute 
which will load the highway approved coal haulage trucks. This section will be 
approximately 290' in length. Similar to the first section, this conveyor is estimated 
to be a 48" solid frame system. 

An additional stacking conveyor will be installed to transfer coal from the 
underground conveyor system to stockpile from which trucks will be loaded. The 
stacking conveyor will be a 48" wide, wheel-mounted system, approximately 125' in 
length. 

Drawings of these systems can be viewed on Drawings 5-3 through 5-5. 

Transportation facilities for the North Private Lease will consist of two primary roads, 
and miscellaneous ancillary/temporary roads. Drawings detail the designs and 
specifications for each one of the proposed facilities. The following is a description of 
each facility and a reference for the associated drawings: 

• Roads: A primary haul road shown in Drawings 5-47, 5-58 and 5-59 will extend from 
the entrance of the permit area to the Center of Pit 21. There is one culvert crossing 
on this road as shown on Drawing 5-59. Culvert 4 (C-4) is sized at 12 inches. This 
road is approximately 3,800 feet in length. This road is referred as the' - o;:fuem. '. 't ", ,": ~ 
Haul Road". A second primary haul road shown in Drawings 5-47 and 5-60, the 
"Southern Haul Road" extends from the South end of Pit 1 on the West, to thNn~W 6 2018 
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end of the Highwall Trench on the East. This road is approximately 2,980 feet in 
length. There are three culvert crossings along this road as shown in Drawing 5-60 
including a substantial culvert to cross Kanab Creek. Culvert 1 (C-1) is sized at 24 
inches. C-2 is sized at 36 inches to match the current culvert under County Road 136, 
and C-3 is sized at 144 inches for maximum anticipated flows in Kanab Creek. Final 
design of this culvert will be in conjunction with approvals and oversight from the 
Army Corps of Engineers. Culvert sizing calculations can be found in Appendix 5-12. 

The following specifications apply to this Primary mine haul roads: 
1) Roads will be approximately 80' in width 
2) Approximately a 2% crown 
3) Approximately one foot deep cut ditches along shoulders for controlling storm 
water 
4) 18" of crushed rock or gravel for road surfacing 
5) Cut and fill slopes of 1.5 h: Iv 
6) Berms placed as necessary along fills 

The ramps, benches and equipment travel paths within the active surface mining area 
are temporary in nature and will be relocated frequently as mining progresses. These 
temporary travel ways are considered part of the pit due to their short term use, and 
are not individually designed nor engineered. They will be built and maintained to 
facilitate safe and efficient mine and reclamation operations. On the North Private 
Lease area, topsoil and approved subsoil will be removed and salvaged for all surface 
mining areas and roadways as they are developed according to the plan and methods 
described in Chapter 2 Section 231 and Section 523 of this chapter and shown on 
Drawing 2-4. 

521.180. Support facilities. 

Description ofthe support facilities is provided in Section 526.220. Drawings 5-3, 5-3B, 
5-4, 5-5, 5-6, 5-7, 5-8, 5-8A, 5-8B, 5-8C, and 5-47, provide the maps, appropriate cross
sections, design drawings and specifications to demonstrate compliance with R645-301-
526.220 through R645-301-526.222 for each facility. 

521.200. Signs and Markers Specifications. 

Signs and markers will be posted, maintained, and removed by Alton Coal Development 
LLC. Signs and markers will be a uniform design that can be easily seen and read; made 
of durable material; conform to local laws and regulations, and be maintained during all 
activities to which they pertain; 

521.240. Mine and Permit Identification Signs. 

H- \" I 

Identification signs showing the name, business address, and telephone number of Alton 
Coal Development LLC and the identification number of the permanent program NDvmtt~ 
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authorizing coal mining and reclamation operations will be displayed at each point of 
access to the pennit area from public roads, and will be retained and maintained until 
after the release of all bonds for the pennit area; 

521.250. Perimeter Markers. 

The perimeter of a pennit area will be clearly marked with fencing before the beginning 
of surface mining activities. The perimeter of all pennitted and bonded surface 
disturbance areas will also be clearly marked with signage stating "disturbance 
boundary." 

The perimeter of the surface disturbance associated with Pit B-1 will be clearly marked 
prior to disturbance activities. Additionally, cultural resource sites will be demarcated, 
monitored and barricaded according to the practices detailed in chapter 4. 

521.260. Buffer Zone Markers. 

Buffer zones will be marked along their boundaries as required under 731.600 

521.270. Topsoil Markers. 

Markers will be erected to mark where topsoil or other vegetation - supporting material is 
physically segregated and stockpiled. 

522. COAL RECOVERY. 

The MRP is designed to maximize recovery of the coal resource within technological, 
safety and legal limitations. Coal will be recovered from the Smirl Seam which ranges in 
thickness from 11.0 to 18.5 feet averaging approximately 16 feet in the planned mining 
area. The Smirl Seam is the only surface mineable seam in the pennit area. Isopach 
maps of the coal thickness and strip ratio can be viewed on Drawings 5-13 and 5-14 for 
the Coal Hollow Mine and Drawings 5-54 and 5-55 for the North Private Lease. 

Some coal along the boundaries of the mine area will not be recovered in conjunction 
with the proposed operation. This includes coal underlying the pit highwalls and areas 
where drainage or sedimentation control structures (diversions, ditches, ponds, etc) are 
located. The mine is designed to minimize such losses by locating haulage ramps in the 
spoil rather than on the pit wall, by oversteepening the coal face at the pit edges, and by 
minimizing the use of out of pit ancillary roads. Coal which is left in place in these areas 
may be recovered in the future when adjacent property rights are secured. Current plans 
are for a planned maximum mining depth of approximately 200 ft. and a strip ratio of 
10: 1; however, the ultimate mining depth will depend on cost related factors. 

f 

Additional coal (shown on Drawing 5-9 and Drawing 5-10 as Pit B-1) at thetCbalI-1011~w 
Mine will also be encountered incident to reclamation and borrow activities wher~~At, p 6 20\8 
would not have been practical to mine otherwise. This coal will be surface minect\~~~a 
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mined in Pit B-1 will be extracted to an extent that protects eventual regrading and 
reclamation efforts in the Borrow Area from potential oxidation, heating, or spontaneous 
combustion. 

A detailed mine plan has been developed for the proposed permit area and the following 
tables for each area along with Drawing 5-9 for the Coal Hollow Mine and Drawing 5-52 
for the North Private lease summarize the coal extraction for the permit area for the open 
pit mining, highwall mining and underground mining: 

Xlstmg oa o ow me E . . C I H 11 M' 

Description Extraction Average Coal Average Strip Quantity 
Status Thickness (ft} Ratio* (yd3/Ton) (**Ton) 

Total Coal within Permit N/A 16.3 7.7 12,092,000 
Boundary 
High Strip Ratio Area (NE Not Mined 16.0 13.5 2,812,000 
corner of permit area) 
Coal under highwalls and Not Mined 17.2 4.8 2,305,000 
sedimentation structures 
Coal under Robinson Not Mined 15.5 3.9 172,000 
Creek Diversion 
Highwall & Underground Not Mined 16.0 0 2,460,000 
Recoverable Coal Mined 16.3 6.4 3,416,000 
(Surface) 
Recoverable Coal Mined 16.0 0 927,000 
(Underground) 

* All strip ratios are bank cubic yards of overburden to tons of coal 
** All coal tons are based on a 95% recovery factor for open pit mining and 45% for 
highwall mining and the underground mining. 

North Private Lease 
Description Extraction Average Coal Average Strip Quantity 

Status Thickness (ft) Ratio* (yd3/Ton) (**Ton) 
Total Fee Coal within N/A 15.4 4.5:1 7,127,300 
Permit Boundary 
Coal under highwalls and Not Mined 15.1 10.1 :1 2,201,700 
sedimentation structures 
Highwall Not Mined 15.2 0 1,514,900 
Highwall Mined 15.2 0 530,200 
Open Pit Mined 15.6 6.0:1 2,880,500 
Total Recoverable Coal Mined 15.5 4.6:1 3,410,700 
(Surface) - ., 

IN\...o ... 
* All strip ratios are bank cubic yards of overburden to tons of coal 
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** All coal tons are based on a 95% recovery factor for open pit mining and 35% for 
highwall mining. 
Once approval is received to progress with mining on the adjacent federal coal reserves, 
an additional 57% of the coal under the highwalls will be recovered as part of the 
progression into these adjacent reserves. 

With open pit mining, the application of highly flexible, open pit truck/shovel techniques 
will minimize losses of coal due to pit geometry or spoil support requirements, allowing 
the maximum possible exposure of the coal resource. The full seam section will be 
loaded primarily using large hydraulic backhoes. The backhoes, which can work from 
the top ofthe seam, provide the ability to efficiently and cleanly excavate the lower part 
ofthe coal seam without disturbing the pit floor. This, along with the machine's high 
degree of bucket horizon control will minimize floor losses. The backhoes can also work 
safely from the top of the seam to over steepen the loading face along the pit walls, thus 
recovering the maximum amount of coal. 

Where pit geometry or operational factors preclude the use of backhoes for loading, a 
large rubber tire front end loader will be used. These machines provide similar horizon 
control, can operate on the floor of the pit or on an intermediate bench, and can recover 
coal from confined areas such as the ends of the pits. 

With the highwall miner (See Chapter 9 which addresses R645-302 regulations), the 
application of a highwall mining system will be employed to recover coal from the 
exposed face. In this method of mining, an unmanned cutter module is driven 
underground and operated in front of the highwall. The highwall mining machine stands 
on the pit floor or on a bench, directly in front of the exposed seam and makes long 
parallel rectangular drives into the coal seam. A remote-operated cutter module is pushed 
into the seam by a string of push beams (unmanned coal-conveying elements) that 
transport the mined coal back to the entry of the drive onto a stockpile. 

The underground mining will utilize standard extraction methods. These will include a 
continuous miner, shuttle cars and a conveyor system to the surface. The mine plan calls 
for first mining only to prevent subsidence. Coal brought to the surface will flow to a 
stacking conveyor and stockpile as shown on Drawing 5-3B. 

The limited extraction, first-mining only and compliance with the recommendations in 
the Norwest Report (Appendix 5-9) will ensure access in the event the portals should 
need to remain open for future underground operations. 

For the Coal Hollow Mine, rear dump haul trucks, loaded by the backhoes or front end 
loader, will be used to move the coal from the pit via inpit roads and the primary haulroad 
to the crusher and stockpile. The trucks will be equipped with "combo" beds suitable for 
hauling both coal and overburden, and configured to minimize coal spillage. For the 
North private Lease, over-the-road trucks, loaded by the backhoes or frontle9-d loader~. · · ; :: ., , i 

will be used to move the coal from the pit via inpit roads and the primary haulroad to the 
Coal Hollow Mine crushing facility. For the initial cut, coal waste will be teuauIr 2018 
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pushed into a pile on top ofunmined coal until enough coal has been removed to place 
the coal waste on the floor of the pit. 

A net recovery of 95% (including the effects of in-pit coal losses and out-of-seam 
dilution) of the coal exposed in the open pit is anticipated. A net recovery of 45% of the 
coal mined by the highwall system (See Chapter 9 which addresses R645-302 
regulations) as well as the underground mining is anticipated. Normal coal losses are 
expected due to cleaning of the top of the seam, loading losses at the seam floor, and coal 
oxidation near the outcrop. 

No coal washing is contemplated at this time, thus there will be no coal processing losses. 

Maps and cross sections providing detailed information related to coal recovery activities 
can be viewed on Drawings 5-9 through 5-14 for the Coal Hollow and on Drawings 5-52 
through 5-55 for coal recoveries at the North Private Lease. 

523. MINING METHOD(s). 

The Coal Hollow Mine will be a combination coal mining operation, utilizing open pit 
mining, highwall mining (See Chapter 9 which addresses R645-302 regulations) and 
underground mining methods. Primary mining equipment will include hydraulic 
excavators, a highwall miner, standard underground mining equipment including a 
continuous miner, shuttle cars and conveyor system, and end-dump mining trucks. The 
coal will be crushed at the mine site, and hauled to market in over-the-road coal trucks. 

The Coal Hollow Mine is planned to produce approximately 3.6 million tons of coal over 
a life of approximately 7 years. The estimated production schedule is summarized below: 

Production Schedule 
Tons Produced 

Year (000) 
2011 405 
2012 578 
2013 741 
2014 534 
2015 326 

2016 - 118 
Surf 

2016- 362 
UG 

2017 - 565 

1: p. 
".; , 

UG NOV 0 6 2018 
Total 3,629 

Initial mine development will involve removal and storage of topsoil from mine 
infrastructure locations. Facilities for equipment maintenance/warehouse, coal handling, 
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and offices will be constructed. During the development and initial mining period, 
facilities temporary in nature may be used until permanent facilities can be built. 
Construction of sedimentation ponds, diversion ditches, and mine roads accessing the 
initial mining areas will also be ongoing. 

Mining will employ typical open pit methods using truck/loader type equipment to 
remove overburden and recover the coal. Mining will advance across the property in 
successive cuts approximately 250 ft. in width and 800 to 1,300 ft. long (generally equal 
to the width of the property less property barriers). Layout of these pits can be viewed 
on Drawing 5-10. Drawing 5-10 has been modified from the original layout to 
accommodate modifications to the plan for highwall mining, underground mining and 
anomalies encountered in the coal (large sand channels), thus the non-sequential 
numbering of the pits. The overburden will be removed in layers or lifts approximately 
20 to 40 feet deep. In practice, these overburden lifts are mined in a stairstep fashion 
ahead of the coal removal operation to provide adequate working room for the equipment 
and stable advancing slopes. Once mining is complete, excavated overburden (spoil) 
from a successive cut is used to backfill the excavation. General cross sections of this 
process can be viewed on Drawings 5-11 and 5-12. 

Prior to beginning mining, the area will be cleared of vegetation, and the topsoil will be 
recovered and either stockpiled or live hauled to regraded areas. It is not anticipated that 
blasting of the overburden will be necessary based on drilling data. Should this process 
become necessary, this is the phase where it would be implemented. Overburden will 
then be removed using large hydraulic excavator(s) or front end loaders and off-road 
trucks which will haul the spoil and place it in parts of the pit where the coal has been 
removed, or in the excess spoil area shown on Drawing 5-3. Overburden is removed in 
successively deeper benches until the coal seam is exposed. Some overburden in lower 
lifts may be moved by direct dozing into the mined out pit by large bulldozers. 

When overburden removal is finished in a particular pit, the top of the coal will be 
cleaned (removal of any roof rock or other non-coal material on top of the seam) using a 
motor grader, dozer or front end loader. The material removed will be placed in the 
adjacent mined out pit. For the open pit mined coal, if necessary, the coal seam will be 
loosened by drilling and blasting or ripping prior to loading. Drilling and blasting of the 
coal is not expected to be necessary. The cleaned, exposed coal is then excavated by 
backhoe or front end loader and placed into off-road rear dump trucks. Coal mined with 
a highwall miner would not require blasting. 

Once the coal is removed, the pit will be backfilled by spoil from adjacent mine pits. 
Spoil will be placed in lifts and spread with a dozer. Once the pit is backfilled to the 
planned final surface contour, suitable topsoil and subsoil will be replaced, and the area 
reseeded. Revegetation work will proceed seasonally as appropriate for planting. 

_. ~ .~'. I --j 

Overburden excavation and coal mining at Coal Hollow will begin near the SUllC(op'of., '.' " ;J 

the coal seam at the western end of the permit area in the NW ~ NE ~ of Section 30, 
T39S, R5W. Topsoil will be removed and stored separately in topsoil stockpiles as ~ 6 2018 
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on Map 2-2. Overburden from the initial pits will be hauled to the excess spoil pile east of 
the mining area. Once the initial pits are established, as much spoil as possible will be 
placed directly in the pit backfill, allowing reclamation to closely follow mining. This 
initial phase includes pits 1 through 9 as shown on Drawing 5-10. 

From the initial mining area, operations will proceed from the southeast ~ of Section 30, 
beginning with pit 28 and proceeding north to pit 22. Pit 9 will not be backfilled at this 
stage; it has been left open for placement of the highwall miner to recover coal from 
panels 1-3. In hole 27 of Pit 9 Panel 3, the highwall miner head became lodged. Another 
head was leased in order to continue highwall mining in pits 22 and 23 while a recover 
plan was approved to mine Pit 10 and recover the lodged miner head. Pit 21 was then 
mined along the highwall panels in 21, then Pitl O. Pit 10 will remain open for 
development of the underground portals and remain open until all underground coal is 
mined. Surface mining will continue with mining of Highwall Trench (HWT) 1 
continuing south to HWT 3. 

The last pit of coal (shown on Drawing 5-9 and Drawing 5-10 as Pit B-1) at the Coal 
Hollow Mine will be encountered incident to reclamation and borrow activities where it 
would not have been practical to mine otherwise. This resource is estimated at 118,000 
tons and is expected to be fully mined and immediately backfilled (to the intermediate 
landform shown in Drawings 5-35 and 5-36) in 2016. The coal will be surface mined 
utilizing the same equipment and methods as the previous pits and will be extracted to an 
extent that protects eventual regrading and reclamation efforts in the Borrow Area from 
potential oxidation, heating, or spontaneous combustion. Mining of Pit B-1 will begin by 
dozing a thin layer (apx. 5 ft) of overburden covering the eastern extent of Pit B-1 from 
east to west in a strip 50 to 100 ft wide to create a temporary overburden berm. The coal 
underneath this first strip will then be extracted leaving a void into which the berm and 
subsequent strip overburden can be placed. The coal strips will progress from east to 
west, with dozing and potentially truck haulage replacing the stripped overburden into the 
coal voids from west to east. Mining slopes will be maintained at a 1: 1 face angle for 
mining benches under 50 ft. Above 50 ft., a 40 ft. catch bench will be installed between 
40 ft. 1: 1 benches. Additional fill material will be sourced from the adjacent pit slopes as 
necessary to establish the final 3: 1 slope on the South pit wall and to meet the 
intermediate design surface depicted in Drawings 5-35 and 5-36. 

The North Private Lease will be a combination coal mining operation, utilizing open pit 
mining, and highwall mining. Primary mining equipment will include hydraulic 
excavators, a highwall miner, and end-dump mining trucks. The raw coal will be mined 
from the open pits and loaded to over-the-road coal trucks and delivered to the Coal 
Hollow Mine for crushing then hauled to market in over-the-road coal trucks. 

The North Private Lease is planned to produce approximately 3.4 million tons of coal 
over a life of approximately 6 years. The estimated production schedule is su arized~, . 
below: . " 

NOV 06 2018 
Tons Produced 
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Year (000) 

1 531 
2 724 
3 586 
4 536 
5 525 
6 345 
7 165 

Total 3,411 

Initial mine development will involve removal and storage of topsoil from mine 
infrastructure locations. Construction of sedimentation ponds, diversion ditches, and 
mine roads accessing the initial mining areas will also be ongoing. See chapter 2, section 
231.100 and Drawing 2-4 for topsoil handling methods, quantities, and plans. For the 
North Private Lease prior to mining Pit 1 the following steps will be followed: 

1. The A horizon (topsoil) will be salvaged along with B horizon (subsoil) to a 
depth of 14 inches (1.2 feet) from all active mining areas (pits, ponds, roadways, 
haul roads, storage and repair yards, etc.). The only exception is that topsoil can 
remain under topsoil storage piles. 

2. For the area inside the excavation perimeter of Pit 1, Pond 5 and Pond 6, the 
remaining subsoil (the B & C horizon above lithic contact, approximately 2.6 
feet) will also be removed and stockpiled in a subsoil stockpile. This means that 
roadways and the subsoil and spoil piles depicted in Drawing 2-4 will be placed 
on top of native subsoil. This native subsoil will be protected in place beneath the 
spoil stockpile by using a marker fence to delineate the subsoil surface on 100 ft. 
centers and by using a gps survey grid of the topography of the subsoil surface 
layer. The native subsoil will be protected in place on any roadway receiving 
surface treatment (ie. Gravel, additional fill) by placing marker fence along the 
roadway centerline. The native subsoil will then be recovered as part of the 
subsequent mining sequence and placed directly over regraded backfill to the 
cover depth required in section 232. 

4. A soil scientist will monitor the topsoil and subsoil removal and placement of 
geomarker. 

5. A surveyor will map the surface elevation of the subsoil being protected in 
place. 

Area 1 expanded increases Area 1 by 17.89 acres, all topsoil and subsoil will be 
salvaged and stockpiled as mining of Pits 7, 8 and 9 progress. Stockpile locations are 
shown and volumes tabulated for on Drawing 2-4. These stockpiles will rr;~main and 

1'< " , 
be utilized for final reclamation of the last pits mined. ' , 

As with the Coal Hollow Mine, topsoil and subsoil will be removed with doz~P~~o~ 2018 
scrapers to a depth detennined by the soil scientist. 

:. , v ,1'.11', 
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Mining will employ typical open pit methods using truck/loader type equipment to 
remove overburden and recover the coal. Mining will advance across the property in 
successive cuts approximately 200 ft. in width and 500 to 1,300 ft. long. Layout of these 
pits can be viewed on Drawing 5-53. The overburden will be removed in layers or lifts 
approximately 20 to 40 feet deep. In practice, these overburden lifts are mined in a stair 
step fashion ahead of the coal removal operation to provide adequate working room for 
the equipment and stable advancing slopes. Once mining is complete, excavated 
overburden (spoil) from a successive cut is used to backfill the excavation. General cross 
sections ofthis process can be viewed on Drawings 5-11 and 5-12. 

Following initial construction and prior to beginning mining of each pit, the area will be 
cleared of vegetation, and the topsoil will be recovered and either stockpiled or live 
hauled to regraded areas. Blasting of the overburden will then be performed according 
the plan and methods outlined in Section 524 of this chapter and Appendix 5-4. 
Overburden will then be removed using large hydraulic excavator(s) or front end loaders 
and off-road trucks which will haul the spoil and place it in parts ofthe pit where the coal 
has been removed, or in the temporary spoil area shown on Drawing 5-47. Overburden is 
removed in successively deeper benches until the coal seam is exposed. Some 
overburden may be moved by direct dozing into the mined out pit by large bulldozers. 

When overburden removal is finished in a particular pit, the top of the coal will be 
cleaned (removal of any roof rock or other non-coal material on top of the seam) using a 
motor grader, trackhoe, dozer or front end loader. The material removed will be placed in 
the adjacent mined out pit. For the open pit mined coal, if necessary, the coal seam will 
be loosened by drilling and blasting or ripping prior to loading. Drilling and blasting of 
the coal is not expected to be necessary. The cleaned, exposed coal is then excavated by 
backhoe or front end loader and placed into over-the-road trucks. Coal mined with a 
highwall miner would not require blasting. 

Once the coal is removed, the pit will be backfilled by spoil from adjacent mine pits. 
Spoil will be placed in lifts and spread with a dozer. Once the pit is backfilled to the 
planned final surface contour, suitable topsoil and subsoil will be replaced, and the area 
reseeded. Revegetation work will proceed seasonally as appropriate for planting. 

Overburden excavation and coal mining at the North Private Lease will begin near the 
sub crop ofthe coal seam at the southwestern end of the permit area in the SW y.; NW y.; 
of Section 13, T39S, R5W. Topsoil will be removed and stored separately in topsoil 
stockpiles as shown on Map 2-4. Overburden from the initial pit 1 and southern half of2 
will be hauled to the temporary excess spoil pile located on the future pits 3, 4 and 5. 
Once the initial pit is established, as much spoil as possible will be placed directly in the 
pit backfill, allowing reclamation to closely follow mining. As mining progresses to Pit 
3, material from the temporary excess spoil pile can be rehandled to be placed in the 
mined out void. As mining proceeds from pit 5 to pit 10 all spoils mined is pI c~ into, 
pit backfill. This initial phase includes pits 1 through 10 as shown on Drawing ~-53 . . ' " 
Depending on the timing of approval for Areas 2 and 3, mining in the extension of ~V b 6 
(which contains Pits 7, 8 and 9) may be limited as shown in Drawing 5-57 by Pondrtt1 
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and the geologic contact between Tropic Shale and Quaternary Alluvium in Pits 8 and 9. 
Pond Tl must remain in place until Pond 7 has been constructed and no alluvium will be 
mined until the hydrologic analysis of Areas 2 and 3 has been performed and approved. 
Once these approvals are obtained, the Area 2 facilities will be constructed and Pond Tl 
and the other Area 1 extension facilities will be mined out by advancing pits. 

From the initial mining area, operations will proceed to the North from Pit 11 to Pit 21. 
All spoils are placed in the proceeding void or in the NW temporary spoil stockpile. 
Once coal is removed from Pit 21, overburden above the final landform depicted on 
drawing 5-74 from the adjacent backfilled pits and the NW temporary spoil pile will be 
used to backfill the remaining Pit 21. 

The final mining area will be developed on the East side of Kanab Creek. Overburden 
from Highwall Trench 1 will proceed north in the trench with overburden being placed 
into the previously mined out area. Backfill for the final Highwall Trench will come 
from the temporary overburden stockpiles. 

Alton Coal Development, LLC is currently in the process of an Environmental Impact 
Study for Federal Reserve's adjacent to the private mining areas known as the LBA. It is 
expected that these rights will be acquired prior to the completion of the final phase in the 
proposed Permit Area. Also, if acquired, Pit 10 along with the underground portals will 
remain open to access underground coal within the LBA. The final landform for Coal 
Hollow Mine is shown on Drawings 5-37 and 5-37A. The final landform for the North 
Private Lease is shown on Drawings 5-74 and 5-75. In the case where borrow from the 
area east of Kanab Creek is not necessary, the material void will not occur and post
mining topography will achieve AOC while closely mirroring original topography as 
shown on Drawing 5-45. 

An estimate of the primary mining equipment planned for use at the Coal Hollow Mine 
and North Private Lease is listed below: 

Diesel - Hydraulic Excavators (15 to 38 cu. yd. capacity) 
Highwall Mining System (CAT HW300 or equivalent) 
Rubber Tired Front End Loaders (8 to 20 cu. yd. capacity) 
End Dump Trucks (100 to 240 ton capacity class) 
Track Dozers (Caterpillar D7 through Dll Class) 
Motor Graders (Caterpillar 16H to 24H Class) 
Water Trucks (8,000 to 20,000 Gallon Class) 
Underground miner and associated equipment 

A variety of other equipment will also be used to support the mining operation. 

Proposed engineering techniques for meeting the proposed mining methods wnl, fnclud~: • 
• Design support for roads, pits, sediment impoundments etc.. . " .. ',,' ,,', 

• Field staking of designs utilizing high precision GPS survey systems . 
NOV 06 2018 
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• Weekly field engineering support to view and provide guidance related to designs and 
environmental controls. 

• Ongoing geotechnical support for ensuring highwall stability 
• As additional information becomes available, update geological models to ensure full 

recovery of resource. 
• Weekly mine plans that specify appropriate engineering and environmental 

specifications. 
There are no known underground mines within 500 feet of the permit boundary. No 
surface mining or reclamation activities are proposed to take place within 500 feet of the 
underground mine. 

524. BLASTING AND EXPLOSIVES 

Explosives will be utilized as necessary at Coal Hollow Mine and the North Private Lease 
to break the overburden over the coal and may be used to break the coal for loading if 
necessary. In accordance with the requirements of this section, a blasting plan is provided 
to the Division in Appendix 5-4. Blasts that use more than five pounds of explosives or 
blasting agents will be conducted according to the schedule provided in R645-301-524 .. 

524.100 Blaster Certification 

Alton Coal Development, LLC (ACD) will, prior to conducting any surface blasting 
operations, ensure that all surface blasting incident to surface mining in Utah is 
conducted under the direction of a Utah Certified Blaster. Blaster certifications will be 
carried on the person ofthe Certified Blaster and copies of the Blasting licensees) will be 
on file at the mine. A blaster and at least one other person will be present at the firing of a 
blast. 

The Certified Blaster will be responsible for blasting operations at the blasting site, will 
be familiar with the blasting plan and site-specific performance standards, and give on
the-job training to persons who are not certified and who are assigned to the blasting 
crew or assist in the use of explosives. 

524.200 Blast Design 

There are no dwellings, public buildings, schools, churches, or community or institutional 
building within 1,000 feet of the planned blasting area for either the Coal Hollow Mine or. 

I 

the North Private Lease. There are also no historic underground mines within 500 feet of 
either of the permit areas. 
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Overburden shot size is generally 450x200 ft or 200,000 cubic yards. A typical 
overburden blast design has a burden and spacing of 18x 18ft at a depth of 60ft. 
Stemming height is typically 13 ft. Shots will be loaded with Ammonium Nitrate Fuel 
Oil (ANFO) in dry holes, and packaged emulsion on wet holes. Average pounds per hole 
will be 833 lbs. Powder Factors can range from .4 lbs/cyd to 1.25 lbs/cyd depending on 
geology. Each hole will have at least one booster (0.75Ib or lIb) and a 251500ms nonel 
cap, as shown in Figure 1 of Appendix 5-4. 

Timing will typically be 25 ms between holes with 84 ms between rows, and follow the 
pattern shown in Figure 2 of Appendix 5-4. 

The closest structure to any blast pattern for the Coal Hollow Mine is the Richard Dame 
(Swapp Ranch) property at 1,585 ft. from the closest blast pattern. For the North Private 
Lease, the nearest structures (a pole bam and a fish pond with an earthen dam) are 
located on property owned by Heaton Brothers LLC, at least 2032 ft. away (See Drawing 
1-7 for measured distances). The required scaled distance is 55 for Coal Hollow Mine 
and 55 for the North Private Lease per 524.640 - 662. Based on these scaled distances, 
the maximum pounds of explosives per 8 ms delay is 2,066 lbs for the Coal Hollow Mine 
and North Private Lease respectively. 

The above blast design, loading, and timing are general designs for the mine and may be 
altered due to geology, mine design, production needs, and blast optimization. 

Blasts conducted within 1000 ft. of a dwelling, public building, school, church, or 
community or institutional building will be submitted for Division and MSHA approval, 
prior to blasting. The blast design and shot report will contain sketches of the drill and 
delay patterns, decking, type and amount of explosives required per blast, critical 
dimensions, design factors utilized to protect the public, general location drawings of 
protected structures, which meet the applicable airblast, flyrock, and ground vibration 
standards in 524.600. 

The blast design and shot report will be prepared and signed by a Utah certified blaster. 
Records documenting blasting operations will be maintained at the mine site for at least 
three years and upon request will be made available to the Division upon request. These 
records will include all information as required in R645-301-524.700. The contractor 
will also keep blasting records for at least 3 years at the contractors' site office. 
See Appendix 5-4 Section 4 for a blank shot report and Section IH for a typical blast 

design. 

524.300 - 350 Preblasting Survey 

A preblasting survey will be conducted prior to commencement of blasting operations. 
As part of the preblasting survey Alton Coal Development LLC will: 
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• Notify, in writing, all residents or owners of dwellings or other structures located within 
one-half mile of the permit area how to request a preblasting survey at least 30 days 
before initiation of blasting. 

• Prepare a written report of any preblasting survey. A resident or owner of a dwelling or 
structure within one-half mile of any part of the permit area may request a preblasting 
survey. This request will be made, in writing, directly to Alton Coal Development LLC 
or to the Division, who will promptly notify Alton Coal Development LLC. Alton Coal 
Development LLC will promptly conduct a preblasting survey of the dwelling or 
structure and promptly prepare the written report. An updated survey of any additions, 
modifications, or renovation will be performed by Alton Coal Development LLC if 
requested by the resident or owner. 

• Determine the condition of the dwelling or structure and will document any preblasting 
damage and other physical factors that could reasonably be affected by the blasting. 
Structures such as pipelines, cables, transmission lines, and cisterns, wells, and other 
water systems warrant special attention; however, the assessment of these structures may 
be limited to surface conditions and other readily available data. 

• Require the written report of the survey be signed by the person who conducted the 
survey. Copies of the report will be promptly provided to the Division and to the person 
requesting the survey. If the person requesting the survey disagrees with the contents 
and/or recommendations contained therein, he or she may submit to both Alton Coal 
Development LLC and the Division a detailed description of the specific areas of 
disagreement. 

• Complete any survey requested more than ten days before the planned initiation of 
blasting, before blasting occurs. 

Preblasting surveys were conducted for the Swapp Ranch and the Darlynn Sorensen 
residence on August 23,2011 for the Coal Hollow Mine. 

There are no residences within Y1 mile of the North Private Lease requiring a preblasting 
survey. However, a preblasting survey will be offered to each ofthe owners of the five 
land parcels with structures in Alton Town that are nearest to the Northwest comer ofthe 
lease boundary. These parcels and ownership are depicted on Drawing 1-7 along with 
measured distances. Also shown on Drawing 1-7, there are two structures, a Pole Bam 
and a Fish Pond with an earthen dam, located on property owned by Heaton Brothers 
LLC that are both within the Y1 mile limit of Permit Area 1. Preblasting surveys will be 
offered and conducted for each of these structures prior to any blasting operations for 
Permit Area 1. 

524.400 Blasting Schedule 

Blasting will typically take place approximately once every 1.5 weeks, with a4jpstments 
made for production, weather, and the mine's or contractor's schedule. . ... 

524.410. Unscheduled Blasts Nnv 06 2018 
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Unscheduled blasts will be conducted only where public or operator health and safety so 
requires and for emergency blasting actions. When an unscheduled surface blast 
incidental to coal mining and reclamation operations is conducted, Alton Coal 
Development LLC, using audible signals (see section 524.500-532 for blasting signals), 
will notify residents within one-half mile of the blasting site and document the reason on 
the shot report in accordance with 524.760 

Also, for unscheduled blast in the Coal Hollow Mine, Darlynn Sorensen, and Richard 
Dame will be notified. Within the North Private Lease there are no residents within a ~ 
mile radius that require notification. 

524.420. Timing of Blasting 

All blasting will be conducted between sunrise and sunset unless nighttime blasting is 
approved by the Division. Alton Coal Development LLC will conduct blasting operations 
at times approved by the Division and announced in the blasting schedule. 

524.450 - 453. Blasting Schedule Publication and Distribution. 

Alton Coal Development, LLC will: 

• Publish the blasting schedule in a newspaper of general circulation in the locality of the 
blasting site at least ten days, but not more than 30 days, before beginning a blasting 
program; 

• Distribute copies of the schedule to local governments and public utilities and to each 
local residence within one-half mile of the proposed blasting site described in the 
schedule; and 

• Republish and redistribute the schedule at least every 12 months and revise and republish 
the schedule at least ten days, but not more than 30 days, before blasting whenever the 
area covered by the schedule changes or actual time periods for blasting significantly 
differ from the prior announcement. 

A copy of the public notice is included in Appendix 5-4 as Exhibit 1 

524.460 - 465. Blasting Schedule Contents. 

The blasting schedule will contain, at a minimum: 

• Name, address, and telephone number of operator; 

• Identification of the specific areas in which blasting will take place; 

• Dates and time periods when explosives are to be detonated; 

• Methods to be used to control access to the blasting area; and 

• Type and patterns of audible warning and all-clear signals to be used before and a~fJV 0 6 2018 
blasting. 
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A copy of the public notice is included in Appendix 5-4 as Exhibit 1 

524.500 - 532 Blasting and Warning Signs, Access Control 

Blasting signs will read "Blasting Area" and be conspicuously placed along the edge of 
any blasting area that comes within 100 feet of any public right-of-way, and at the point 
where any other road provides access to the blasting area. At all entrances to the mine 
permit area from public roads or highways, signs will be conspicuously placed which 
read "Warning! Explosives in Use", clearly list and describe the meaning of the audible 
blast warning and all-clear signals in use, and explain the identification of blasting areas 
where charged holes await firing at the blasting site in the mine permit area. 

Warning and all-clear signals of different character or pattern that are audible within a 
range of one-half mile from the point of the blast will be given. Each person within the 
permit area and each person who resides or works regularly within one-half mile of the 
blast site in the mine permit area will be notified of the meaning of the signals in the 
blasting schedule and notification. 

Prior to blasting, all persons will be evacuated from the blasting zone and guards 
will be posted at the entrance of the blasting area. When blasting in the North 
Private Lease, blockers will also be placed on County Road 136 (K3900) west of 
the permit boundary at least 1000 feet from the nearest blast hole to restrict public 
access into the blasting zone. The exact blocker location will be determined by the 
blaster at the pre blast safety meeting. A typical blast sequence will be the 
following: 

• 30 minute warning - Blast announced over all Coal Hollow Mine 
or North Private Lease radio channels. 

• 15 minute warning - Blast once again announced over all Coal 
Hollow Mine or North Private Lease radio channels. Guards are 
placed at the entrance of the blasting area and the pit is cleared. 

• 5 minute warning - Guards blocking all access, pit cleared, access 
to the blasting area blocked, radio silence required and siren 
activated. Siren will be three prolonged wales. 

• 1 minute warning - A series of short siren wales 
• Countdown to ignition @ 5,4,3,2,1 - Announced across Coal 

Hollow Mine or North Private Lease radio channels 
• All clear signal - One prolonged siren wale 

A post blast inspection will be conducted by the qualified blaster and/or foreman 
prior to clearing the area. All guards will remain at their assigned positions until 
the blast area has been cleared by the qualified person. 

The post blast inspection will include an examination of faces and/or m'lck piles, 
associated with the blasting operation. ~ , ' 
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Access within the blasting areas will be controlled to prevent presence of livestock or 
unauthorized persons during blasting and until the Certified Blaster has reasonably 
detennined that no unusual hazards exist, such as imminent slides or un-detonated 
charges; and access to and travel within the blasting area can be safely resumed. 

524.600 - 610 Adverse Effects Of Blasting 

Blasting will be conducted to prevent injury to persons, damage to public or private 
property outside the mine pennit area, and changes in the course, channels, or availability 
of surface or ground water outside the mine pennit area by following industry best 
practices, limits, and regulations 

524.620 Airblast Limits 

Airblast will not exceed the maximum limits listed below at the location of any dwelling, 
public building, school, church, or community or institutional building outside the mine 
pennit area, except for those structures and facilities owned by Alton Coal Development 
LLC as approved by the Division. Maximum airblast limits are as follows: 

Lower Frequency Limit of Measuring Maximum Level 
System, HZ (+3dB) dB 
2 Hz or lower - flat response 133peak 

(1) 

524.630. Monitoring: 

Periodic monitoring will be conducted once per quarter, unless there are no blasts, to 
ensure compliance with the airblast standards. Airblast measurements will be taken as 
required by the Division at locations specified by the Division. The measuring system 
used will have an upper-end flat frequency response of at least 125 Hz. 

The first blast in the North Private Lease will be monitored from the earthen dam of the 
pond located to the west of the lease on Heaton Brothers LLC property and from a 
location approximately 2500' away from the blast along County Road 136 (K3900). The 
Division will be notified prior to the first blast taking place to provide the Division with 
their own opportunity to conduct monitoring activities. Following the first blast, each of 
the subsequent blasts in Pennit Area 1 will be monitored from the earthen dam of the 
pond mentioned above until blasting activities are no longer within 'l1. mile of the 
structure. Periodic (quarterly) monitoring will then continue through Pennit Area 2 until 
mining commences in Pit 20 (Shown in Drawing 5-57). Each blast in Pits 20' ahd 21 will' ,;. 
be monitored from the nearest Alton Town structure located on Parcel A-B-23-2 (Shown 
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on Drawing 1-7). Subsequent blasting activities in Pennit Area 3 will be monitored 
periodically (quarterly). 

524.633. Flyrock: 

Flyrock traveling in the air or along the ground will not be cast from the blasting site 
more than one-half the distance to the nearest dwelling or other occupied structure; 
beyond the area of blasting access control or beyond the mine pennit area boundary. 
Each shot will be recorded to ensure flyrock falls within the limits described above. If 
flyrock occurs, it will be documented on the shot report in the comments section. 

524.640 - 662. Ground Vibration. 

In all blasting operations, except as otherwise authorized by the Division, the maximum 
ground vibration will not exceed the values approved by the Division. The maximum 
ground vibration for protected structures will be in accordance with the maximum peak
particle velocity limits. All other structures in the vicinity of the blasting area such as 
water towers, pipelines and other utilities, tunnels, dams, impoundments, and 
underground mines will be protected from damage by establishment of a maximum 
allowable limit on the ground vibration. These limits will be submitted by Alton Coal 
Development LLC and approved by the Division prior to blasting. A seismographic 
record will be provided for each blast if protected structures are within 2500 ft of the 
blast. If no protected structures are within the 2500 ft limit, periodic monitoring will be 
conducted once per quarter, unless there are no blasts, to ensure compliance with the 
ground vibration limits. In the event a scaled distance less than 55 or PPV greater than 
1.00 inls is anticipated in the blast design, Maximum Peak Particle Velocity Method and 
Scaled Distance Equation Method will be used to monitor. 

The first blast in the North Private Lease will be monitored for ground vibration from the 
earthen dam of the pond located to the west of the lease on Heaton Brothers LLC 
property and from a location approximately 2500' away from the blast along County 
Road 136 (K3900). The Division will be notified prior to the first blast taking place to 
provide the Division with their own opportunity to conduct monitoring activities. 
Following the first blast, each of the subsequent blasts in Pennit Area 1 will be monitored 
from the earthen dam of the pond mentioned above until blasting activities are no longer 
within Yz mile of the structure. Periodic (quarterly) monitoring will then continue through 
Pennit Area 2 until mining commences in Pit 20 (Shown in Drawing 5-57). Each blast in 
Pits 20 and 21 will be monitored from the nearest Alton Town structure located on Parcel 
A-B-23-2 (Shown on Drawing 1-7). Subsequent blasting activities in Pennit Area 3 will 
be monitored periodically (quarterly). 

Maximum Peak-Particle Velocity Method: The maximum ground vibration will not 
exceed the following limits at the location of any dwelling, public building, school, 
church, or community or institutional building outside the mine pennit area lR,aecqr4ance \. ,: ' . 
with the following: <)' ',.' • , 
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Distance (D) from Blast Maximum allowable Scaled distance factor to be 
Site in feet Particle Velocity (Vmax) applied without seismic 

for ground vibration, in monitoring (Ds) (2) 

inches/second (1) 

o to 300 1.25 50 
301 to 5,000 1.00 55 

5,001 and beyond 0.75 65 

(1) Ground vibration will be measured as the particle velocity. Particle velocity will 
be recorded in three mutually perpendicular directions. The maximum allowable 
peak particle velocity will apply to each of the three measurements. 

(2) Applicable in the scale-distance equation of 524.651. 

For the North Private Lease, as no structure resides within 300 feet of any planned 
blasting activity, all blasts will be designed and monitored to a threshold Peak-Particle 
Velocity of 1.00 inches/second. 

524.690. Standards. not Applicable 

The maximum airblast and ground-vibration standards of 524.620 through 524.632 and 
524.640 through 524.680 will not apply at the following locations: At structures owned 
by Alton Coal Development LLC and not leased to another person; and at structures 
owned by Alton Coal Development LLC and leased to another person, if a written waiver 
by the lessee is submitted to the Division before blasting. 

524.700 Records of Blasting Operations: 

Blasting records will be maintained at the mine site for at least three years and upon 
request, records will be available for inspection by the Division or the public. A blasting 
record will contain the name of Alton Coal Development LLC; location, date, and time of 
the blast; name, signature, and Utah certification number ofthe blaster conducting the 
blast. It will also include the identification, direction, and distance, in feet, from the 
nearest blast hole to the nearest dwelling, public building, school, church, community or 
institutional building outside the permit area, except those described in 524.690 and 
weather conditions, including those which may cause possible adverse blasting effects. 

The blasting record will include: The type of material blasted; sketches of the blast 
pattern including number of holes, burden, spacing, decks, and delay pattern; diameter 
and depth of holes; types of explosives used; total weight of explosives detonated in an 
eight-millisecond period; initiation system; type and length of stemming; and mats or 
other protection used. 

If protected structures are within 2500 ft of the blast or it is periodic monitoring as 
outlined in sections 524.620 through 524.690, a record of seismographic and a4"bt!f~t. i' ',i,', ( 

information will include: type of instrument, sensitivity, and calibration signal or 
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certification of annual calibration; exact location of instrument and the date, time, and 
distance from the blast; name of the person and firm analyzing the seismographic record; 
and the vibration and/or airblast level recorded; and the reasons and conditions for each 
unscheduled blast. 

See Appendix 5-4 for example shot report. 

524.800 Use of Explosives: 

Alton Coal Development LLC will comply with all appropriate Utah and federal laws 
and regulations in the use of explosives. 

525. SUBSIDENCE CONTROL PLAN 

The proposed underground mining is first-mining only and is planned for limited 
extraction with no subsidence. Refer to Appendix 5-9 (Norwest Report) for geotechnical 
and design information. Due to the design and mining method of underground mining in 
this plan, no subsidence is projected and no monitoring is planned. As requested by the 
Division, however, the company will conduct surface observation walkovers of each of 
the 4 developed panel areas in this proposed plan within 60 days of completion of mining 
in those areas. Two additional observation walkovers will be made at approximately 1 
year intervals following the initial walkover. Ifthe observations determine that no affects 
or voids have developed to the surface, it will be documented and forwarded to the 
Division. If surface cracking, sinkholes or other surface impacts are noted during the 
walkovers, they will be documented, located on a surface topographic map, reported to 
the Division, photographed and repaired after approval by the Division. If the observation 
indicates no deformation is occurring, no further walkovers are proposed to be conducted 
on the respective panel areas. 

It should be noted that, in addition to the larger pillar sizing near the portals (Appendix 5-
9), the portal entries will be lined with arches and/or crossbars in areas ofless than 120' 
of cover, per recommendations in the Norwest Report (Appendix 5-9), to further reduce 
the possibility of subsidence or failure in that low cover area. 

Highwall mining or Auger mining, as defined in the definitions in R645-1 00-200 is 
Surface Mining, thus Underground regulations do not apply. Therefore, highwall mining 
in this plan have been addressed using the regulations contained in R645-302-240· C' . 
Special Categories of Mining (See Chapter 9). The alternate highwall option has limited 
extraction with no subsidence. Refer to Appendix 5-8 (Feasibility of high wall mini1lt011eO 6 2018 
Smirl seam) for geotechnical and design information. Due to the design and mining 
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method of high wall mining in this plan, no subsidence is projected and no monitoring is 
planned. Appendix 1-2 Right of Entry, Exhibit 5 contains the New Dame Lease. In this 
document, under Article 7 Section 7.03, provisions have been made ifthere is material 
damage as a result of subsidence. 

526. MINE FACILITIES: 

The area ofland that will have a perfonnance bond posted in the North Private Lease is 
shown on Drawing 5-47. The lease boundary encompasses three Pennit Areas. Due to 
bond requirements and the scarcity of open space with relation to the soil and spoil 
stockpiles in Pennit Area 1, construction of facilities and development of the mining pits 
must follow a rigid sequence. As depicted in Appendix 8-2, the first increment of 
bonding in Pennit Area 1 covers all of Area 1 's Phase 2, Phase 3, and Facilities costs 
while only allowing Phase 1 (excavation) cost for Pit 1. Therefore, as shown in Drawing 
5-48, the first stage of mining activity involves construction ofthe South Haul Road, 
Ponds 5 and 6, Ditches 5 through 11, and the temporary topsoil, subsoil and spoil 
stockpiles. To construct each of these facilities, ground cover, topsoil, and subsoil must 
be removed and stockpiled according to the plan and methods set out in Chapter 2 section 
231 and section 523 of this chapter and also shown on Drawing 2-4. Once these facilities 
have been constructed, excavation of Pit 1 will commence. 

526.110-115 Existing Structures. 

There are no existing structures within the pennit areas that will be utilized for the 
purposes of coal mining or reclamation. 

526.116. Public Roads: 

526.116.1. Operations Within 100 ft. of a Public Road 

Initial mining operations at the Coal Hollow Mine will be on the western edge of the 
property, and will require rerouting Kane County Road #136 (K3900) so that operations 
do not come within 100 feet of this road. During the initial development phase (topsoil 
removal, diversion construction, etc.), equipment traffic may cross the county road right
of-way to access the necessary area, see Drawing 5-3. Details related to the road 
relocation and reestablishment can be viewed on Drawings 5-3, 5-22E, 5-22F, 5-22H and 
in Appendix 1-7. 

In addition, the road adjacent to Lower Robinson Creek (K3993) has been claimed by, 
Kane County as a public road. An agreement has been developed with the County to 
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restrict access on this road to escort by mine personnel only. Details for the 
reestablishment ofthis road following mining are provided on Drawing 5-22C. 

Initial mining operations at the North Private Lease will be on the western edge ofthe 
property, and will require rerouting Kane County Road #136 (K3900) and placing the 
intersection with the Alton Coal Mine Road (K3100) outside of the mine boundary. 
Concurrent with and during construction of the bypass road, mining or reclamation 
operations are planned within 100 ft. of County Road 136 and mine vehicles may cross 
the right-of-way of Kane County Road 136 for a short period early in the operation's life. 
Any mine traffic crossing the county road will be required to stop and yield to any 
County Road 136 traffic before proceeding. Other appropriate measures, including 
signage and mine operating practices and training will be implemented to protect the 
public. Appendix 1-11 includes an easement and agreement with Kane County to 
construct the North Private Lease bypass road and to safely conduct mining operations 
adjacent to the current county road concurrent with construction activities. Details related 
to the road relocation and reestablishment can be viewed on Drawings 5-47,5-48,5-61, 
through 5-63 and in Appendix 1-11. 

Drawing 5-48 specifically shows County Road 136 in relation to the North Private Lease 
Permit Area 1. While the bypass around the North Private Lease for County Road 136 is 
being constructed, mining operations will commence in Area 1. During this time, traffic 
on County Road 136 will continuously have unimpeded access and will not require escort 
through the mine permit area. Until the bypass road is complete, the mining area will be 
barricaded and fenced along County Road 136 and access will be limited to four (4) 
temporary gates. 

526.116.2 Relocating a Public Road: 

For the Coal Hollow Mine, following the initial development period, Kane County will 
temporarily relocate County Road #136 (K3900) to federal lands located west ofthe 
permit area which are managed by the BLM. This relocation will bypass the permit area 
for the duration of mining operations and is shown on Drawing 5-3. Details of 
agreements and appropriate approvals for this road relocation are located in Appendix 1-
7. The relocated road is not within 100 ft. of mining or reclamation operations. The 
design and route of the relocated road has been approved by Kane County authorities and 
the BLM. Kane County will continue to have sole jurisdiction and will maintain it as a 
public road. Following completion of mining operations within the permit area, Kane 
County will reestablish the road to the approximate original location and will also reclaim 
the temporary road as required by the BLM. The existing road from the north relocation 
diversion point to the permit boundary will also continue to be maintained as a public 
road by Kane County. Once the road intersects the permit boundary, appropriate signs 
and barricades will be installed to protect the public. This road will be reestablished 
following mining as provided in the agreements in Appendix 1-7 and shown on Drawings < •• 

5-22E, 5-22F and 5-22H. " .' " 
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For the North Private Lease, Kane County will temporarily relocate County Road #136 
(K3900) and the intersection with the Alton Coal Mine Road (K3100) to Private lands 
located west and south of the permit area which are leased by ACD. This relocation will 
bypass the permit area for the duration of mining operations and is shown on Drawing 5-
47. Details of agreements and appropriate approvals for these road relocations are 
located in Appendix 1-11. The relocated road is within 100 ft. of mining or reclamation 
operations. The design and route of the relocated road has been approved by Kane 
County authorities and the property owner. Kane County will continue to have sole 
jurisdiction and will maintain it as a public road. Following completion of mining 
operations within the permit area, Kane County will reestablish the road to the 
approximate original location and will also reclaim the temporary road as required by the 
BLM. A fence will be installed on the mine boundary between the public road and the 
active mine. Appropriate signs and barricades will be installed to protect the public. 
This road will be reestablished following mining as provided in the agreements in 
Appendix 1-11 and shown on Drawings 5-61 through 5-63. 

526.200 Utility Installation and Support Facilities 

526.210 Existing Utilities. 

There are no known oil, gas, and water wells; oil, gas, and coal-slurry pipelines, 
railroads; electric and telephone lines; and water and sewage lines passing over, under, or 
through the permit areas. Should such facilities be installed, mining and reclamation 
operations will be conducted in a manner that minimizes damage, destruction, or 
disruption of services provided by such facilities unless otherwise approved by the owner 
of those facilities and the Division. 

526.220 Support Facilities 

The primary mine support facilities will include an office, shop, wash bay, oil 
containment, fuel containment, coal stacking system, coalloadout system and an 
equipment parking area These facilities will be constructed on an isolated section of the 
Coal Hollow Mine permit area that is approximately 34 acres. This area is located 
immediately north of Lower Robinson Creek, in Township 39 South, Range 5 West, 
Section 19. A diversion ditch will route water from the up gradient area immediately east 
of the area around the facilities and into a tributary of Lower Robinson Creek as shown 
on Drawing 5-3. Storm water and snow melt that occurs within the facilities area will be 
routed to an impoundment that will contain sediment. This impoundment will have a 
drop-pipe spillway installed that will allow removal of any oil sheens that may result 
from parking lots or maintenance activities by using absorbent materials to remove the 
sheen. In addition to this pond, an additional small impoundment will also be located in 
the southwest comer of the facilities area to control drainage from the mine access road. 
Details for these impoundments can be viewed on Drawings 5-28 and 5-28B.j" '.'. ".:;. ". < 
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No additional support facilities are proposed for the North Private Lease permit area. 
Operations occurring within the North Private Lease will continue to utilize the Coal 
Hollow Mine support facilities as currently constituted. 

The following is a detailed description of each proposed facility and a reference to where 
detailed drawings can be found: 

• Office: The office will be located on the northwest comer of the facilities area, 
immediately adjacent to the facilities access road. This building will be a steel 
structure with concrete footers. This structure will be 150 feet long by 100 feet wide 
and will be two stories in height. The office will provide working space for 
administrative and technical personnel. Details for the office can be viewed of 
Drawings 5-3 and 5-6. 

• Shop: The shop will be located on the northeast side of the facilities area. This 
building will be a steel structure with concrete floors and foundation. The structure 
will be approximately 200 feet long by 100 feet wide and 50 feet high. This building 
will be used for maintenance of equipment, parts storage, tool storage, and office 
space for maintenance personnel. Details for this building can be viewed on 
Drawings 5-3 and 5-7. 

• Wash Bay: The wash bay will be located immediately east of the shop. This building 
will be a steel structure with a concrete foundation. The structure will be 50 feet long 
by 60 feet wide and 50 feet high. Included will be a closed circuit water recycle 
system. This system will eliminate and store water impurities and reroute water back 
through the wash bay for cleaning equipment. Details for this structure can be 
viewed on Drawings 5-3, 5-8, and 5-8A. 

• Oil and Fuel Containments: The oil and fuel containments will be concrete structures 
appropriately sized for containing metal tanks. The oil containment will contain 55 
gallon barrels and up to 2,000 gallon totes. This containment will be 80 feet long by 
30 feet wide and 3 feet deep. The fuel containment will store 3 fuel tanks. Included 
will be a 4,000 gallon unleaded fuel tank and two 12,000 gallon diesel tanks. This 
structure will 50 feet long by 30 feet wide and 3 feet deep. Details for this structure 
can be viewed on Drawings 5-3 and 5-8. 

• 

• 

Coal Stacking System: The coal stacking system will be located in the central part of 
the facilities area. This system will include a coal hopper, coal feeder breaker, feed 
conveyor, crusher, and an inclined conveyor belt. Trucks will dump coal into the coal 
hopper which will funnel coal through the feeder breaker onto a short feed conveyor 
belt. This conveyor belt will transport the coal approximately 195 feet to a crusher 
that will size the coal appropriately for market. Once the coal is sized through the 
crusher it will enter an inclined stacker conveyor belt that is angled at approximately 
16 degrees and is 186 feet long. This system will be a radial conveyor which will 
feed a coal stock pile with a live storage of approximately 50,000 tons. This system 
can be viewed on Drawings 5-3 through 5-5. 
Coal Loadout System: The coalloadout system will be located in the central part of 
the facilities area. This system will include an above ground reclaim feeder, a~9~~\ :~; ~ ) 
reclaim conveyor and an inclined conveyor. The reclaim feeder will be loaded by a 
dozer pushing the coal onto the feeder. One inclined conveyor that is approximat~v 0 6 2018 
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290 feet in length will convey the coal from the feeder to the loadout hopper. This 
loadout hopper will load highway approved haul trucks that transport coal to market. 

• Minor Facilities: The minor facilities will include a septic vault at the office (Drawing 
5-6), a power washing and water recycle system in the Wash Bay (Drawing 5-8A), 
conduit with electrical lines running from generators to various facilities (Drawing 
5-8B), Water System (Drawing 5-8C), an Equipment Hotstart Area (Drawing 5-3,5-
8B) and a Field Hydrant (Drawing 5-4, 5-5, 5-8B). 

• Electrical System: The electrical system for the facilities at Coal Hollow will consist 
oftwo diesel fuel powered generators. One generator is a 750 KVA unit that will 
provide electricity to all the buildings. The other generator is a 1200 KVA unit that 
will be used to supply electricity to the coal conveying, sizing, stockpiling and 
loading system. The anticipated layout of the electrical system is shown on Drawing 
5-8B. 

• Dust Control Structures: A water system will be constructed to provide water for 
non-potable uses at the facilities and also for fugitive dust control measures. This 
system will consist of a water well, 6" water transport pipe, and two 16,000 gallon 
water tanks. These two tanks are located at the facilities area to provide a water 
supply to the facilities for non-potable uses (cleaning equipment, restrooms, etc ... ) 
and to load the water truck which will spray water on the active roads for dust 
control. The pipeline connecting the tanks to the well will be buried (3,578 ft). The 
tanks are portable units with its own elevated base, no base is required. These tanks 
supply water to the crusher through a buried pipe (869 ft.) A third tank is located east 
of the underground portals in Pit 10 and will supply water for dust control 
underground and other non-potable uses. The pipe line connecting the tank to the 
well will be above ground (996 ft.). This tank is also a portable unit with its own 
elevated base, no other base is required. It supplies water to the Underground 
facilities through a pipeline above ground (413 ft.). Further details related to this 
water system can be viewed on Drawing 5-8C. 

• Underground Mining Facilities: Multiple facilities are required to provide air, water, 
and electricity to the underground operations as well as supporting coal handling 
functions. Air is provided by a 6 ft 150 hp Spendrup Mine fan. The mine fan is a 
single unit that is mounted, but easily removed. Electricity is produced by a 2,000 
kVA primary portable generator/power supply, and a secondary portable 
generator/power supply as needed. Water is supplied to the underground operations 
via the water supply system described above. Water is also supplied from the same 
tank and supply line to the underground mine office and the underground bath house. 
Wastewater from the underground mine office is piped to a buried wastewater 
holding tank and periodically pumped out. Greywater from the bath house is piped to 
a buried septic vault and drain field. No wastewater is produced at the bath house. 
Coal is transported by belt from the underground and transferred to the stacking 
conveyor at the portal of underground Entry #3. Coal is loaded and hauled from the 
stockpile beneath the stacking conveyor to the loadout facilities described above. The 
generator and stacker are mobile and considered temporary. All of these facilities are 
in an existing pit, and shown on Drawing 5-3B. 

, , ,'~ \ ,8 
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During mine development and the initial mining period, some facilities of a temporary 
nature such as mobile buildings and crusher/stacking conveyors may be utilized. 

Support facilities to provide lighting at night will be kept to a minimum but will need to 
be sufficient enough to provide safe operating conditions in the dark. The following 
lighting equipment is anticipated to be used to provide safe working conditions: 

• Two to three mobile light plants: Each light plant will have up to four 
1,000 watt lights. 

• Four to six exterior lights at the facilities area for lighting walkways and 
miscellaneous work areas: Each of these is expected to be 250 watt lights. 

• Lights on mobile mining equipment, support vehicles and building lights 

The support facilities will be located, maintained, and used in a manner that prevent or 
control erosion and siltation, water pollution, and damage to public or private property; 
and to the extent possible use the best technology currently available to minimize damage 
to fish, wildlife, and related environmental values; and minimize additional contributions 
of suspended solids to stream flow or runoff outside the mine permit area. Any such 
contributions will not be in excess oflimitations of Utah or Federal law. 

The facilities will be fully reclaimed at the end of mining operations with the exception 
of the water well. The final contour for this area can be viewed on Drawing 5-37 and an 
anticipated timetable is shown on Drawing 5-38. 

526.300 Water Pollution Control Facilities: 

Water pollution associated with mining and reclamation activities within the permit areas 
will be controlled by: 

• Construction of berms and/or diversion ditches to control runoff from all facilities 
areas. 

• Roads will be constructed with ditches to capture runoff 

• Diversion ditches will be constructed as necessary around active mining and 
reclamation areas to capture runoff from those areas. 

• Sedimentation impoundments will be constructed to control discharges 

• In areas where impoundments or diversions are not suitable to the surrounding 
terrain, silt fence or other appropriate structures will be utilized to control 
sediment discharge from the permit area. 

In order to accomplish these objectives for the Coal Hollow Mine, watershed analysis of 
the permit and adjacent areas has been completed and specific designs are established for 
each water pollution control structure. Primary control structures include five sediment 
impoundments, four diversion ditches and miscellaneous berms. The locations of these 
structures can be viewed on Drawing 5-3. The detailed analysis for these structures. ,and .. , ;'-'r -: ~J 
specific designs can be viewed on Drawings 5-25 through 5-34. In addition, a 
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geotechnical analysis of the impoundments to ensure stability can be viewed in Appendix 
5-1. The watershed and structure sizing analysis can be viewed in Appendix 5-2. An 
evaluation of the possible addition of underground mine water pumped to Sediment Pond 
3 is included as Appendix 5-13. Additionally, any stormwater produced within Pit 10 and 
surrounding the underground facilities is routed to the same sump used to pump water to 
Pond 3. The sump, ditches, culverts and flow paths for this area are shown on Drawing 5-
3B. 

In addition to these primary structures, temporary diversions and impoundments may also 
be implemented, as necessary, in mining areas to further enhance pollution controls. 

All these facilities will be reclaimed to approximate original contour. The reclamation 
sequence and final landform can be viewed on Drawings 5-37 and 5-38. 

In order to accomplish these objectives for the North Private Lease, watershed analysis of 
the permit and adjacent areas has been completed and specific designs are established for 
each water pollution control structure. Primary control structures include six sediment 
impoundments, eighteen diversion ditches, a temporary 18" culvert directing undisturbed 
runoff beneath Pond Tl, a temporary engineered mobile pump and pipeline system from 
Pond Tl to Pond 6, and miscellaneous berms. The locations ofthese structures can be 
viewed on Drawings 5-48 to 5-50, 5-65 and 5-65A. The detailed analysis for these 
structures and specific designs can be viewed on Drawings 5-67 through 5-73. In 
addition, a geotechnical analysis of the impoundments to ensure stability can be viewed 
in Appendix 5-11. The watershed and structure sizing analysis can be viewed in 
Appendices 5-12 and 5-12A. Depending on the timing of approval for Areas 2 and 3, 
mining in the extension of Area 1 (which contains Pits 7, 8 and 9) may be limited as 
shown in Drawing 5-57 by Pond Tl and the geologic contact between Tropic Shale and 
Quaternary Alluvium in Pits 8 and 9. Temporary Pond Tl must remain in place until 
Pond 7 has been constructed and no alluvium will be mined until the hydrologic analysis 
of Areas 2 and 3 has been performed and approved. Once these approvals are obtained, 
the Area 2 facilities will be constructed and Pond Tl and the other Area 1 extension 
temporary facilities will be removed or mined out by advancing pits. 

In addition to these primary structures, temporary diversions and impoundments may also 
be implemented, as necessary, in mining areas to further enhance pollution controls. 

All these facilities, except for the previously removed temporary structures in the 
extension of Area 1, will be reclaimed to approximate original contour. The reclamation 
sequence and final landform can be viewed on Drawings 5-74 through 5-76B. 

ACD has obtained aN ationwide Permit through the US Army Corps of Engineers (SPK 
2011-01248) for the crossing of Culvert C-2. ACD will send the Division a copy ofthe 
mitigation completion report for this permit along with the Division's annual report in the 
year which the mitigation is completed. ACD will also notify the Division of completion 
and approval by the Corp of ACD's application for an Individual Section 404 permit 
under the same number. This notification will include a copy of the approvalletteF and, 
reference to USACOE's public archive for viewing of the permit documents. i '" I ,. 

- \-
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526.400 Air Pollution Control Facilities: 

Air pollution (fugitive dust) emissions from mining and reclamation operations in the 
permit area will be controlled by a number of means, including: 

• Haul roads will be maintained and will have water or other dust suppressants 
applied as appropriate. 

• Road surfaces will be graded to stabilize/remove dust-forming debris as required. 

• Areas adjoining primary roads will be stabilized and vegetated as required. 

• Mobile equipment speeds will be controlled to minimize dusting conditions. 

• Cleared vegetation debris within the mine area will be disposed of by placement 
in pit backfills. 

A water system will be constructed to provide water for non-potable uses at the facilities 
and also for fugitive dust control measures. This system will consist of a water well, 6" 
water transport pipe, and three 16,000 gallon water tanks. Two ofthese are placed along 
the coal haul road near the crushing area and will be used specifically to load the water 
truck which will spray water on the active roads within the permit area to control dust and 
provide water for dust suppression at the crushing facilities as needed. The third tank is 
located above the underground facilities area to provide a water supply to the facilities for 
non-potable uses (cleaning equipment, restrooms, etc ... ). Further details related to this 
water system can be viewed on Drawing 5-8C. 

Due to the close proximity between permit areas, aside from the addition (in correlation 
with the Division of Air Quality) of monitoring stations, proposed activities at the North 
Private Lease permit area will continue to utilize the air pollution control facilities as 
currently constituted at the Coal Hollow Mine. 

For details related to air pollution control and monitoring, refer to Chapter 4 and 
Appendix 4-5 and 4-6 or additionally Air Approval Order DAQE-AN140470005-15 found 
at http://www.deq.utah.gov/Permits/air/index.htm. 
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527. TRANSPORTATION FACILITIES 

527.100 Classification of Roads 

Primary roads are any road that is used to transport coal or spoil and is frequently used 
for access or other purposes for a period in excess of six months; or is to be retained for 
an approved postmining land use. The following are the roads that meet the classification 
of a primary road based on this standard: 

Roads used to transport coal or spoil in excess of six months 

There are three roads in the Coal Hollow mine that will be used to transport coal or 
spoil in excess of six months and are referred to as "Facilities Access Haul Road" and 
"Pit B-1 Access Haul Road", and the Underground Portal AccesslHaul Road. The 
two main haul roads will be the main accesses for the pits throughout the life of the 
mine. Details for these roads are provided in Section 527.200 and on Drawings 5-22 
and 5-23. An as-built plan & profile ofthe Underground Portal Access is also 
provided in Drawing 5-221. In addition to these roads, the road located within the 
facilities area is also classified as a primary road. This road is referred to as 
"Facilities Roadway" and details are described in 527.200 along with Drawings 5-
22A and 5-22B. 

There are two roads in the North Private Lease that will be used to transport coal or 
spoil in excess of six months and are referred to as "Northern Haul Road" and 
"Southern Haul Road". Details for these roads are provided in Section 527.200 and 
on Drawings 5-58, 5-59 and 5-60. These roads and the North Private Lease will be 
accessed via an approximate 50 foot driveway from County Road 136 (K3900) as 
depicted on Drawings 5-47 and 5-48. 

Roads retained for an approved postmining land use 

! "' ~ ,r" r-" :" , ; ' , -,' " " , : ';":;1 
Roads retained for an approved postmining land use include the following:' lAccess tb - -
East Pugh Property (K3993), County Road 136 (K3900), Alton Coal Mine Road n 6 2018 
(K3100), Access to Water Well and Road to Swapp Ranch. Details and 10catioN~Vot' 
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these roads are shown on Drawings 5-61through 5-63 5-35,5-37, 5-22A, 5-22B, 5-
22C, 5-22D, 5-22E, 5-22F and 5-22H. 

All other roads planned for construction within the permit area will be classified as 
ancillary. These will include temporary ramps, benches and equipment travel paths 
within the active mining area. 

527.200 Description of Roads 

Transportation facilities for the Coal Hollow Mine include eight primary roads, 2 
stacking conveyors, a conveyor system, and miscellaneous ancillary/temporary roads. 
Numerous drawings detail the designs and specifications for each one of the proposed 
facilities. The following is a description of each facility and a reference for the 
associated drawings: 

• Roads: Two primary mine haul roads are planned within the permit area. The first 
road extends from the coal unloading area to the first series of pits along the west side 
of the property. This road will be utilized for access to the pits (pits shown on 
Drawing 5-10). This road will be approximately 2,800 feet in length and will be 
utilized throughout mining. There will be three culverts installed along this road all 
sized for a 100 year, 24 hour storm event. The first culvert will be across a tributary 
of Lower Robinson Creek and will be a 36 inch corrugated steel pipe. The second 
culvert is the main crossing over Lower Robinson Creek and is a 96 inch corrugated 
steel pipe. Both of these culverts have been sized based on analysis of the Lower 
Robinson Creek watershed. This analysis can be viewed in Appendix A5-3. The third 
culvert is crossing over a diversion ditch that will route water mainly from disturbed 
areas along the south side of Lower Robinson Creek to a sediment impoundment. 
This culvert will be a 24 inch corrugated steel pipe. 

The second road extends from the first road and proceeds southwest to join and run 
along a 1,200' section ofthe rebuilt County Road 136. This section of road will be 
single lane travel only for all production equipment. The road then continues to the 
southwest to provide access to Pit B-1. This road is approximately 4,750 feet in total 
length. There are two culvert crossings along the County Road 136 portion of this 
road that are placed to match the original county specifications. These culverts will 
be 18 inch culverts sized to match the County Road 136 culverts originally in place. 

The following specifications apply to these Primary mine haul roads: 
1) Roads will be approximately 80' in width 
2) Approximately a 2% crown 
3) Approximately one foot deep cut ditches along shoulders for controlling storm 
water 
4) 18" of crushed rock or gravel for road surfacing, except for the section of the 
Pit B-1 access extending from County Road 136 to the pit. This sectiHn. ;()f ~oad '::\.: .': .' :":,:J 
will utilize approximately 6" of crushed rock or gravel for road surfacing. This 
shallower depth of gravel will still provide the necessary benefits of dust ~r<tf 6 2018 
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and sediment control for surface water runoff during a short usage life. For this 
section of road will be utilized for coal haulage for only around 2-3 months and 
the western half of it will be eventually mined out as part of the borrow area. 
5) Cut and fill slopes of 1.5 h: 1 v 
6) Minimum fill over each culvert will be 2 times diameter of culvert 
7) Berms placed as necessary along fills 

The underground mine portal access and haul road in Pit 10 will also be a primary 
road. This road is accessed from the main haul road from the coal unloading area. The 
underground access road will be approximately 1,500' in length and will be 
constructed to the same specifications for the haul roads above, except that the road 
may be narrowed to a 40 foot width. A plan & profile of the as-built configuration for 
the underground access road is provided in Drawing 5-221. 

The ancillary roads will have similar specifications except surfacing will occur only 
as needed and may be narrowed to a 40 foot road width. A typical cross section for 
the ancillary roads can be viewed on Drawing 5-24. 

The location and details for Primary Mine Haul roads can be viewed on Drawings 5-3 
and 5-22 and 5-23. 

In addition to the threeprimary Mine Haul roads, the road located within the facilities 
area is also classified as a primary road. This road is planned to be 24 feet wide with 
24 inches of compacted sub base and 8 inches of compacted 1 inch minus gravel as 
surfacing. This road is referred to as "Facilities Roadway" and more details are 
described in 527.200 along with Drawings 5-22A and 5-22B. 

In addition to the primary roads that will be present during active mining, four 
additional roads are planned to exist postmining and are also classified as primary 
roads for this reason. 

Roads that will remain postmining are the following: 
• Road to Water Well with details shown on Drawing 5-22D 
• Road to east C. Burton Pugh property (K3993) with details shown on 

Drawing 5-22C 
• County Road 136 (K3900) with details on Drawing 5-22E, 5-22F and 

5-220. This County road will be reconstructed within the permit area by 
Kane County. This reconstruction will occur concurrently with the final 
stage of reclamation as scheduled on Drawing 5-38 and is expected to be 
completed by the end of Year 4. 

• Road to Swapp Ranch (same specification as the Water Well Road) 
The location ofthese roads is shown on Drawing5-37 along with the post mining 
topography. 

The ramps, benches and equipment travel paths within the active surface bIming area· ' 
are temporary in nature and will be relocated frequently as mining progresses. These 
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temporary travelways are considered part ofthe pit due to their short term use, and 
are not individually designed nor engineered. They will be built and maintained to 
facilitate safe and efficient mine and reclamation operations. Other temporary 
ancillary roads (such as the Pond 3 access road shown on Drawing 5-3) outside the 
mining area may be necessary from time to time to access facilities or impoundments 
during the life of operations. These roads will typically only comprise a single lane 
access approximately 14 feet wide that would see minimal use. Any surface flow on 
these roadways would not be highly erosive along generally gentle road gradients. 
Any flow on these roads will be controlled using minor berms or ditches, and in each 
case would be fully contained within the watershed of, and would report to the 
impoundments that they provide access for. These roads will not remain post-mining 
and also will not be individually designed nor engineered. They will be built and 
maintained to facilitate safe and efficient mine and reclamation operations. 

• Conveyors: A conveyor system will be used to stockpile coal and to load highway 
approved haul trucks for transportation to market. The first conveyor is mainly a 
stacker system for the coal stockpile which will be located at the coal unloading area 
and will be approximately 451' in length. This conveyor is estimated to be a 48" 
solid frame system. 

The second conveyor is a coal reclaim belt that will be loaded by an above ground 
reclaim feeder from the coal stockpile and will convey coal to the loadout chute 
which will load the highway approved coal haulage trucks. This section will be 
approximately 290' in length. Similar to the first section, this conveyor is estimated 
to be a 48" solid frame system. 

An additional stacking conveyor will be installed to transfer coal from the 
underground conveyor system to a stockpile from which trucks will be loaded. The 
stacking conveyor will be a 48'wide, wheel-mounted system, approximately 250' in 
length. 

Drawings ofthese systems can be viewed on Drawings 5-3 through 5-5. 

Transportation facilities for the North Private Lease will consist of two primary roads, 
and miscellaneous ancillary/temporary roads. Drawings detail the designs and 
specifications for each one of the proposed facilities. The following is a description of 
each facility and a reference for the associated drawings: 

• Roads: A primary haul road shown in Drawings 5-47, 5-58 and 5-59 will extend from 
the entrance of the permit area to the center of Pit 20. This road is approximately 
3,800 feet in length. This road is referred as the "Northern Haul Road". A second 
primary haul road shown in Drawings 5-47 and 5-60, the "Southern Haul Road" 
extends from the South end of Pit 1 on the West, to the South end of the Highwall 
Trench on the East. This road is approximately 2,980 feet in length. A po Ion of thls .. 
road will be constructed in designated wet meadow under Army Corps of Engi~Jov 0 6 
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permit NWP-14. Alton submitted pre-construction notification SPK 2011-001248 
describing the disturbance and mitigation. These roads and the North Private Lease 
will be accessed via an approximate 50 foot driveway from County Road 136 
(K3900) as depicted on Drawings 5-47 and 5-48. 

• There are three culvert crossings along this road as shown in Drawing 5-58 including 
a substantial culvert to cross Kanab Creek. Culvert 1 (C-1) is sized at 24 inches. C-2 
is sized at 36 inches to match the current culvert under County Road 136. Culvert C-
3 is sized at 144 inches for maximum anticipated flows in Kanab Creek. Final design 
of this culvert will be in conjunction with approvals and oversight from the Army 
Corps of Engineers. Culvert sizing calculations can be found in Appendix 5-12. 

The following specifications apply to these Primary mine haul roads: 
1) Roads will be approximately 80' in width 
2) Approximately a 2% crown 
3) Approximately one foot deep cut ditches along shoulders for controlling storm 
water 
4) 18" of crushed rock or gravel for road surfacing 
5) Cut and fill slopes of 1.5 h: 1 v 
6) Berms placed as necessary along fills 

The ancillary roads will have similar specifications except surfacing will occur only 
as needed and may be narrowed to a 40 foot road width. A typical cross section for 
the ancillary roads can be viewed on Drawing 5-24. 

The ramps, benches and equipment travel paths within the active surface mining area 
are temporary in nature and will be relocated frequently as mining progresses. These 
temporary travel ways are considered part of the pit due to their short term use, and 
are not individually designed nor engineered. They will be built and maintained to 
facilitate safe and efficient mine and reclamation operations. 

527.220 Alteration or Relocation of Natural Drainageways. 

As currently planned, no natural drainageways will be altered or relocated due to road 
construction, though a temporary diversion of Lower Robinson Creek will be constructed 
to allow for maximum recovery of coal. This temporary diversion of Lower Robinson 
Creek is not being constructed to facilitate road construction. If any other alterations or 
relocations are necessary, appropriate measures will be taken to obtain Division approval 
for such alterations or relocations. All culverts placed in natural drainageways for the 
North Private Lease have been described in Appendix 5-12 and shown on Drawing 5-47. 
Reclamation of these culverts is also described in the same Appendix and shown on 
Drawing 5-79. ACD has obtained a Nationwide Permit through the US Army Corps of 
Engineers (SPK 2011-01248) for the crossing of Culvert C-2. ACD will send the 
Division a copy of the mitigation completion report for this permit along with the 
Division's annual report in the year which the mitigation is completed. ACD will also 
notify the Division of completion and approval by the Corp of ACD's appli~ation for an 
Individual Section 404 permit under the same number. This notification will' include a 
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copy ofthe approval letter and reference to USACOE's public archive for viewing of the 
permit documents. 

Mine development work will include a temporary diversion of Lower Robinson Creek 
away from the mining area. This diversion has been designed for a flow capacity of a 
100 year, 24 hour storm event. The sides will be graded to a 3h: 1 v slope and rip-rap will 
be appropriately placed to minimize erosion of the channel beyond current channel 
conditions. All specifications required to meet the requirements for such a diversion have 
been included in this diversion design. Appendix 5-2 details the analysis/specifications 
for this diversion and Drawings 5-20 and 5-21 show the details of this design. 

As part of the reclamation process, Lower Robinson Creek will be reconstructed to its 
approximate original location. The design for this reconstruction is shown on Drawings 
5-20A and 5-21A. This design includes considerable improvements to the channel 
compared to the channel's current condition. The current condition is such that less than 
25% of the channel within the disturbed area has a flood plain present and most of the 
slopes are near the angle of repose with fair to poor vegetative cover. The reconstructed 
channel includes stable slope angles that will be revegetated with a flood plain on both 
sides of the channel for the entire length reconstructed. Sharp comers in the original 
alignment have been rounded to sinuous curve shapes and rip-rap will be installed in the 
bottom section of the channel to minimize erosion. The flood plain will seeded and 
covered with erosion matting to control erosion until a natural vegetative condition can 
be attained. 

527.230 Road Maintenance 

All roads will be maintained on an as needed basis using motor graders, water trucks for 
dust suppression, and other equipment as necessary. Crushed stone and/or gravel will be 
used as a surface course for primary roads outside the active mining area, and may be 
used as needed for ramps and travel ways within the pit. Should the roads be damaged by 
a catastrophic event, such as an earthquake or a flood, repairs will be made as soon as 
possible after the damage has occurred or the road will be closed and reclaimed. 

527.250. Geotechnical Analysis 

No alternative specifications or steep cut slopes associated with roads are anticipated 
outside the active mine area. A report of appropriate geotechnical analysis will be 
provided should such alternative specifications or steep cut slopes where approval of the 
Division is required, become necessary. 

I, "I ,~ i ~ 
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528. HANDLING AND DISPOSAL OF COAL, OVERBURDEN, EXCESS SPOIL, 
AND COAL MINE WASTE: 

528.100. Coal removal, handling, storage, cleaning, and transportation areas and 
structures; 

Coal handling activities are confined to the active pit and underground portal areas, and 
the coal sizing/loading areas located north of Pit 10 at the Coal Hollow Mine. For the 
North Private Lease, coal handling activities will be isolated to the active mining pit 
backfill and excavation crest. Temporary stockpiling of coal will only occur within the 
active pit backfill and excavation crest. Coal will then be transported in over-the-road 
trucks from the North Private Lease active pit to the loadout at Coal Hollow Mine for 
sizing and final loading. All areas and facilities will be designed and constructed, utilized 
and maintained in conformance with industry standards and all applicable regulations. At 
the conclusion of mining, the facilities will be removed as part of final mine reclamation 
activities. Material from coal stockpile areas, and other areas of potential coal 
accumulation will be excavated and the excavated material placed in the final mined out 
pit. 

528.200. Overburden; 

Overburden will be excavated after the removal of topsoil and subsoil as defined in 
Chapter 2. The overburden excavation will be accomplished by utilizing hydraulic 
excavators with end dump haul trucks and dozers. This process will include excavating 
this material in a stairstep fashion that will include benches approximately every 40 feet 
in depth. These benches are planned to be approximately 40 feet in width and will create 
an overall 2h: 1 v slope for the highwalls to create a stable and safe working area. This is 
a conservative approach for initial mining and once mining begins, ongoing geotechnical 
studies and monitoring will be used to further define the proper slope angle to ensure 
slope stability while maximizing resource recovery. 

For the Coal Hollow Mine, based on the overburden isopach map (Drawing 5-15), the 
overburden removal has been separated into three major stages. The first stage of 
overburden removal is the initial mining area Pits 1-9. These pits have a relatively low 
strip ratio, approximately 4.3: 1 (refer to Drawing 5-13). In order to efficiep.tl~· r~ove c\. " .. 

overburden for this phase, spoil from the first three pits will be placed in an excess spoil 
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area. This excess spoil structure will hold approximately 2.7 million loose cubic yards 
(LCY) of material. Once the excess spoil pile is filled, overburden from the next 5 pits 
can then be used as pit backfill as the mining progresses through Pit 9. 

As is depicted, each Pit/Highwall Trench consists of Panels, each panel consisting of 10 
holes. The spacing between the holes and the spacing between the panels are dictated by 
the amount of overburden over the panels. Highwall mining (See Chapter 9 which 
addresses R645-302 regulations) is designed such that subsidence does not occur to the 
surface with nonyieldable webs and barriers. Specific information concerning these 
design are found in Appendix 5-8. Highwall mining will have only the disturbance 
associated with the pit/trench for placement of the highwall miner and will have no 
impact on the surface above the highwall panels. 

During the course of mining, some additional excavated overburden may be placed 
temporarily on mined over and backfilled areas due to operational considerations. This 
material will be re-excavated and moved to a final placement location as operations 
allow. 

Following the completion of surface mining in the highwall trench, backfill operations 
from the long-term excess spoil structure to the open pit has been ongoing to bring both 
the spoil structure and highwall trench areas to AOC. It is anticipated that backfill of the 
highwall trench will be completed by the 9th of June, 2016. 

The last pit of coal (shown on Drawing 5-9 and Drawing 5-10 as Pit B-1) at the Coal 
Hollow Mine will be encountered incident to reclamation and borrow activities where it 
would not have been practical to mine otherwise. This resource is estimated at 118,000 
tons and is expected to be fully mined and immediately backfilled (to the intermediate 
landform shown in Drawings 5-35 and 5-36) in 2016. The coal will be surface mined 
utilizing the same equipment and methods as the previous pits and will be extracted to an 
extent that protects eventual regrading and reclamation efforts in the Borrow Area from 
potential oxidation, heating, or spontaneous combustion. Mining of Pit B-1 will begin by 
dozing a thin layer (apx. 5 ft) of overburden covering the eastern extent of Pit B-1 from 
east to west in a strip 50 to 100 ft wide to create a temporary overburden berm. The coal 
underneath this first strip will then be extracted leaving a void into which the berm and 
subsequent strip overburden can be placed. The coal strips will progress from east to 
west, with dozing and potentially truck haulage replacing the stripped overburden into the 
coal voids from west to east. Mining slopes will be maintained at a 1: 1 face angle for 
mining benches under 50 ft. Above 50 ft., a 40 ft. catch bench will be installed between 
40 ft. 1: 1 benches. Additional fill material will be sourced from the adjacent pit slopes as 
necessary to establish the final 3: 1 slope on the South pit wall and to meet the 
intermediate design surface depicted in Drawings 5-35 and 5-36. This backfillfwilHlnHi' ., .' 
remain in place until closure of the Underground Mine and finally rehandled as backfill 
to Pit 10. NOV 0 6 2018 

The underground mining will be accessed through portals in an existing pit~)iTl'\~reWriH':: l); i" i.j i I:! i . 
be no additional overburden removal associated with the underground mining; however, 
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cross sections of the portal area are shown on Drawing 5-3B. Cover or overburden 
depths for the underground mining are described in Section 627. Following the 
completion of underground mining, backfill of Pit 10 will be completed utilizing borrow 
from the areas delineated in Drawings 5-19 and 5-37. Final backfill will require 
approximately 1.5 Million C.Y. of borrow material, but will still achieve AOe. 

All maps related to the overburden removal process can be viewed on Drawings 5-15 
through 5-17. 
The following table summarizes overburden movement for the Coal Hollow Mine. 

Coal Hollow Mine Overburden 
Summary 

2011 3,511,849 CY 
2012 2,135,022 CY 
2013 3,090,547 CY 
2014 3,423,635 CY 
2015 2,375,581 CY 
2016 277,000 CY 
Borrow 1,516,200 CY 
Total 16,329,834 CY 

Based on the overburden isopach map (Drawing 5-56), the overburden removal has been 
separated into three major stages. The initial area of overburden removal is the mining 
area, Pits 1-10. These pits have a relatively low strip ratio, approximately 4.6:1 (refer to 
Drawing 5-52). In order to efficiently remove overburden for this phase, spoil from pit 1 
and pit 2 will be placed in a temporary excess spoil area on the area of pits 5 and 6. This 
excess spoil structure will hold approximately 505,866 loose cubic yards (LCY) of 
material. Once the excess spoil pile is filled, overburden from the remaining pits can 
then be used as pit backfill as the mining progresses through Pit 10, also as pit 4 is 
completed, material from the temporary spoils pile can be placed in pit backfill. 

In the North Private Lease permit area, coal will be loaded directly into over-the-road 
trucks at the pit floor. To the extent it is needed, a coal surge pile will be located on the 
pit floor or within the active pit backfill and excavation crest. Coal waste from cleaning 
the exposed seam will be retained in the pit. For the initial cut, coal waste will be 
temporarily pushed into a pile on top ofunmined coal until enough coal has been 
removed to place the coal waste on the floor of the pit. 

From the initial mining area, operations will proceed North from pit lIto Pit 21. These 
pits have a strip ratio increasing from 4.7:1 to 9.6:1. All spoils are placed in the 
preceding void or the NW temporary spoil stockpile. Once coal is removed from Pit 21, 
overburden above the final landform depicted on Drawing 5-74 from the adjacent .; . It '~' ti ..•. . 

backfilled pits and the NW temporary spoil stockpile will be used to backfill the 
remaining Pit 21. NnV 0 6 2018 
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The final mining area will be developed on the East side of Kanab Creek. Overburden 
removal from Highwall Trench 1 will proceed north in the trench with overburden being 
placed directly as backfill in the same highwall trench, progressing from South to North. 

The following table summarizes overburden movement for the North Private Lease. 

North Private Lease Overburden 
Summary 

Year 1 2,013,603 CY 
Year 2 2,414,827 CY 
Year 3 3,429,000 CY 
Year 4 3,429,000 CY 
Year 5 3,456,000 CY 
Year 6 3,456,000 CY 
Year 7 1,254,600 CY 
Total 19,453,030 CY 

528.300. Spoil, coal processing waste, mine development waste, and noncoal waste 
removal. handling, storage, transportation, and disposal areas and structures; 

528.310. Excess Spoil. Excess spoil will be placed in designated disposal areas within 
the permit areas, in a controllable manner to ensure mass stability and prevent mass 
movement during and after construction. Excess spoil will meet the design criteria of 
R645-301-535. For the purposes of SURFACE COAL MINING AND RECLAMATION 
ACTIVITIES, the permit application must include a description of the proposed disposal 
site and the design ofthe spoil disposal structures according to R645-301-211, R645-301-
212, R645-301-412.300, R645-301-512.21O, R645-528.310, R645-301-535.100 through 
R645-301-535.130, R645-301-535.300 through R645-301-535.500, R645-536.300, 
R645-301-542.720, R645-301-553.240, R645-301-745.100, R645-301-745.100, R645-
301-745.300, and R645-301-745.400. 

Excess spoil will be placed in the areas designated on Drawing 5-3 for the Coal Hollow 
Mine and on 5-47, 5-51A and 5-51C for the North Private Lease. This fill will be placed 
in lifts not to exceed 4 feet in thickness. The material will be transported from the 
overburden removal area to the fill by end dump haul trucks and a dozer(s) will spread the 
spoil to this lift thickness. The fill will meet at minimum 85% compaction as related to the 
standard Procter. Final slopes at the coal hollow mine will be regraded to a maximum 
slope of 3h: 1 v. The top of the fill will be sloped to approximately 2% to prevent pooling 
of water and to reestablish drainage similar to original flow patterns. The excess spoil 
placed on the non-mined areas at the Coal Hollow Mine is approximately 3~ ~'C.res,'!ln(L "J ,--::) 

varies in height from 35 to 120 feet. The excess spoil pile will be completely rehandled as 
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pit backfill prior to final reclamation. Following the completion of surface mining in the 
highwall trench, backfill operations from the long-term excess spoil structure to the open 
pit has been ongoing to bring both the spoil structure and highwall trench areas to AOe. It 
is anticipated that backfill ofthe highwall trench will be completed by the 9th of June, 2016. 
Design and the geotechnical study of this long-term fill can be viewed in Appendix 5-1. 

The temporary excess spoil placed above pits 4, 5 and 6 ofthe North Private Lease is 
approximately 9 acres and varies in height from 23 to 59 feet. Design of this temporary 
fill can be viewed in Drawing 5-51 A and the geotechnical study can be viewed in 
Appendix 5-11. 

The Northwest (NW) temporary excess spoil placed adjacent to pits 18 to 21 of the North 
Private Lease is approximately 6 acres and varies in height from 27 to 41 feet. Design of 
this temporary fill can be viewed in Drawing 5-51C and the geotechnical study can be 
viewed in Appendix 5-11. 

The report provided in Appendix 5-11 lists the spoil geotechnical characteristics for the 
North Private Lease. 

• R645-301-211: The applicant will present a description of the premining soil 
resources as specified under R645-301-221. Topsoil and subsoil to be saved 
under R645-301-232 will be separately removed and segregatedfrom other 
material. 

The soil resources for the proposed long-term excess spoil disposal area in the 
Coal Hollow Mine are described in Appendix 2-1 . The soil resources for the 
North Private Lease temporary spoil disposal area are described in Volume 11. A 
plan has been developed for removal of topsoil and suitable subsoil based on the 
soil descriptions in these appendices. The handling plan can be viewed on 
Drawings 2-2 and 2-4. Topsoil and acceptable subsoil will be separately removed 
and segregated from other material prior to placement of any spoil. 

• R645-301-212: After removal, topsoil will be immediately redistributed in 
accordance with R645-301-242, stockpiled pending redistribution under R645-
301-234, or if demonstrated that an alternative procedure will provide equal or 
more protection for the topsoil, the Division may, on a case-by case basis, 
approve an alternative; 

Excess spoil will have topsoil and subsoil redistributed in an approximately 
uniform, stable thickness with the approved post mining land use, contours and 
surface water drainage systems. Material handling practices will prevent excess 
compaction of these materials. Handling practices will also protect the ~aleriars; . . , . :j 
from wind and water erosion before and after seeding and planting. These 
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practices include seeding and grading stockpiles that will exist for more than year 
to stabilize the soil. 

• R645-301-412.300: Criteria for Alternative Postmining Land Uses. 

The MRP does not contemplate Alternative Postmining Land Uses. 

• R645-301-512.210: Excess Spoil. The professional engineer experienced in the 
design of earth and rockfills will certifY the design according to R645-301-
535.100. 

A professional engineer experienced in the design of earth and rock fills with 
assistance from a geotechnical expert has certified the design according to R645-
301-535.100. These certifications can be viewed on Drawings 5-37, 5-37A and 5-
17 for the Coal Hollow Mine and on Drawing 5-47, 5-51A and 5-51C for the 
North Private Lease. 

• R645-301-512.220: Durable Rock Fills 

No durable rock fills are planned. 

• R645-301-514.100: Excess Spoil. The professional engineer or specialist will be 
experienced in the construction of earth and rock fills and will periodically 
inspect the fill during construction. Regular inspections will also be conducted 
during placement and compaction of fill materials. 

A professional engineer or specialist that is experienced in the construction of 
earth and rock fills will inspect the fill during construction and regular inspections 
will also be conducted during placement and compaction of fill materials. 

• R645-301-535.100 through R645-301-130: Disposal of Excess Spoil 

A geotechnical analysis of the excess spoil structure designs has been completed 
by an expert in this field. The long term static safety factor for these structure 
designs are estimated at 1.6 to 1.7. Lifts will be placed in thicknesses not to 
exceed 4 feet. The lifts will meet 85% compaction by the standard Procter. The 
fill will be graded to allow for drainage similar to original patterns and to prevent 
excessive infiltration of water. For the Coal Hollow Mine, fill will be covered 
with subsoil and topsoil as specified in Chapter 2 to provide conditions suitable 
for revegetation of the area. The excess spoil pile will be completely rehandled as 
pit backfill prior to final reclamation. Following the completion of surface mining 
in the highwall trench, backfill operations from the long-term excess spoil 
structure to the open pit has been ongoing to bring both the spoil structure and 
highwall trench areas to AOC. It is anticipated that backfill ofthe hig4'f~1 trench .... ; , 
will be completed by the 9th of June, 2016. Design and the geotechnic! l study of .. , ,. ,~ > 
this long-term fill can be viewed in Appendix 5-1. The geotechnical studieN6v 0 6 2018 
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both pennit areas can be viewed in Appendix 5-1 for the Coal Hollow Mine and 5-
11 for the North Private Lease. 

• R645-301-535.300 through R645-301-535.500: Disposal of Excess - Spoil 
Durable Rock Fills. 

No durable rock fills are planned. 

• R645-301-536.300: Disposal of Coal Mine Waste in Excess Spoil 

No coal mine waste is planned in the excess spoil area. 

• R645-301-542.720: Excess spoil will be placed in designated disposal areas 
within the permit area, in a controlled manner to ensure that the final fill is 
suitable for reclamation and revegetation compatible with the natural 
surroundings and the approved postmining land use. Excess spoil that is 
combustible will be adequately covered with noncombustible material to prevent 
sustained combustion. The reclamation of excess spoil will comply with the 
design criteria under R645-301-553.240. 

The landfonn underneath the Coal Hollow Mine long-tenn excess spoil as shown 
in Drawing 5-37 and 5-37A will be suitable to the surrounding area and for the 
postmining land use of primarily grazing. No combustible excess spoil will be 
placed in the proposed structure. The final reclamation of the spoil does not 
include any terraces and the slopes will not exceed 3h: 1 v. 

The North Private Lease temporary spoil piles will be in place for less than 6 
months before being rehandled as pit backfill. Therefore, no postmining land use 
has been considered. 

• R645-301-553.240: Thefinalfill configuration of the fill (excess spoil) will be 
suitable for the approved postmining land use. Terraces may be constructed on 
the outs lope of the fill if required for stability, control of erosion, to conserve soil 
moisture, or to facilitate the approved postmining land use. The grade of the 
outslope between terrace benches will not be steeper than 2h:1v (50 percent). 

The landfonn underneath the Coal Hollow long-tenn excess spoil as shown in 
Drawings 5-37 and 5-37 A will be suitable to the surrounding area and for the 
postmining land use of primarily grazing. The reclamation of the spoil does not 
include any terraces and the slopes will not exceed 3h: 1 v. The long tenn static 
safety factor for these slopes is estimated to be 1.6 to 1.7. 

• R645-301-745.100: General Requirements. 
-,-

745.110: Excess Spoil will be placed in designated disposal areas withi'n thi '. 
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745.111: Minimize the adverse effects of leaching and surface water runoff from 
the fill on surface and underground water; 

Reclamation of the landform underneath the Coal Hollow long-term excess spoil 
will include a topsoil cover and subsoil layer. Infiltration through the reclamation 
is expected to be minimal based on the high clay content of these soils. The North 
Private Lease temporary excess spoils will be in use for such a short period of 
time and will be comprised mostly of high-clay tropic shale such that infiltration 
is also expected to be negligible. In addition, laboratory data found at Appendix 
7-16, page 20, for the overburden shows that there is minimal potential for 
leaching of pollutants should infiltration rates become higher than expected. 

The foundations of these excess spoil areas also has high clay content with 
minimal potential for infiltration. This will provide an additional, natural barrier 
to protect ground water present beneath the proposed structure. 

745.112: Ensure permanent impoundments are not located on the completedfill. 
Small depressions may be allowed by the Division if they are needed to retain 
moisture or minimize erosion, create and enhance wildlife habitat or assist 
revegetation, and if they are not incompatible with the stability of the fill; and 

Permanent impoundments are not planned on the excess spoil areas. Small 
depressions may be constructed as allowed by the Division to retain moisture, 
minimize erosion, create and enhance wildlife habitat or assist revegetation. 

745.113: Adequately cover or treat the excess spoil that is acid- and toxic 
forming with nonacid nontoxic material to control the impact on the surface and 
ground water in accordance with R645-301-731.300 and to minimize adverse 
effects on plant growth and approved postmining land use. 

Laboratory data discussed at Appendix 7-16, pages 26-27, and representative of 
the overburden planned for disposal in the excess spoil areas does not show acid
and toxic forming characteristics. 

745.120: Drainage Control. If the disposal area contains springs, natural or 
manmade water courses, or wet weather seeps, the fill design will include 
diversions and underdrains as necessary to control erosion, prevent water 
infiltration into the fill and ensure stability. 

A spring and seep survey available in Chapter 7 has identified no springs or wet 
weather seeps in the proposed excess spoil areas. The final surfaces will be 
regraded to a contour that will route water from snowmelt and rainfall around the 
excess spoil as shown on the final contours Drawing 5-37 and 5-74. There are no 
manmade water courses present in the excess spoil area. No underdrain,.sare .' 
planned for the excess spoil structure. 
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745.121: Diversions will comply with the requirements ofR645-301-742.300 

No diversions are planned in the excess spoil area. 

745.122: Underdrains 

No underdrains are planned in the excess spoil area. 

745.300: Durable Rock Fills 

No durable rock fills are planned. 

745.400: Preexisting Benches 

The MRP does not contemplate disposal of excess spoil on preexisting benches. 

528.320. Coal Mine Waste. 

The MRP does not contemplate processing coal that would produce coal mine 
waste. 

528.321 Coal Processing Waste 

The MRP does not contemplate processing coal that would produce coal 
processing waste that would be returned to the Underground workings. 

528.322. Refuse Piles. 

The MRP does not contemplate the construction of any refuse piles, 

528.323. Burning and Burned Waste Utilization. 

The MRP does not contemplate processing coal that would produce coal mine 
waste, eliminating the any potential for coal mine waste fires. 

528.330. Noncoal Mine Waste. 

Noncoal mine wastes including, but not limited to, grease, lubricants, paints, flammable 
liquids, garbage, abandoned mining machinery, lumber and other combustible materials 
generated during mining activities will be temporarily stored in appropriate containers 
and removed from the permit area and will be properly disposed of according to 
applicable State and Federal regulations. 

528.332. 
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Final disposal of noncoal mine wastes will be in a State-approved solid waste disposal 
site not located within the pennit area. Exceptions to the removal of all noncoal mine 
waste from the pennit area is concrete pads for the generator and fan utilized in the 
underground operation will remain and will be covered with approximately 120' of 
overburden. 

528.333. 

At no time will any noncoal mine waste be deposited in a refuse pile or impounding 
structure, nor will any excavation for a noncoal mine waste disposal site be located 
within eight feet of any coal outcrop or coal storage area. 

528.334. 

Notwithstanding any other provision to the R645 Rules, any noncoal mine waste defined 
as "hazardous" under 3001 ofthe Resource Conservation and Recovery Act (RCRA) 
(Pub. L. 94-580, as amended) and 40 CFR Part 261 will be handled in accordance with 
the requirements of Subtitle C ofRCRA and any implementing regulations. 

528.340 

As development of the Underground workings originates in the existing Surface mining 
Pit, development wastes have been stored in the excess spoils pile. Once all mining is 
complete spoils will be returned to the mined out Pit following the surface mining 
regulations. 

528.350. Acid-Fonning and Toxic Materials 

If coal, having qualities that make it unmarketable, are to be left in the pit backfill in 
quantities greater than 5,000 tons: a minimum of 1 composite sample per 5,000 Tons of 
coal will be analyzed for the parameters list in Table 3 and 7 of the "Soil and Overburden 
Guidelines". A record of the volume of coal remaining and laboratory analytical results 
will be kept onsite. Debris, acid-fonning, toxic-fonning materials and materials 
constituting a fire hazard will be identified and disposed of in accordance with R645-301-
528.330, R645-301-537.200, R645-301-542.740, R645-301-553.100 through R645-301-
553.600, R645-301-553.900, and R645-301-747. Appropriate measures will be 
implemented to preclude sustained combustion of such materials; and 

528.400. Dams, embankments and other impoundments. 

Plans do not include using dams, embankments or other impoundments for disposal of 
coal, overburden, excess spoil or coal mine waste 1 \': ,', ,,:-~., t", ~; , 
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When no longer required, underground mine openings will be closed in accordance with R645-
301-513, R645-301-529, R645-301-551 and MSHA approved requirements and backfilled. Each 
entry to the Underground mine if temporarily inactive, but having further projected useful 
service will be secured by barricades or other covering devices and posted with signs, to 
prevent access into the entry and identify the hazardous nature of the openings. 

Highwall mining (See Chapter 9 which addresses R645-302 regulations) will produce 
openings (holes) in the coal at the bottom oftrenches specifically constructed for 
highwall mining. Trench depth to the holes range from 60 feet to 200 feet. After 
highwall mining is completed in a given trench, that trench will be completely backfilled, 
burying any openings made by highwall mining. 

All wells will be managed to comply with R645-301-748 and R645-301-765. Water 
monitoring wells will be managed on a temporary basis according to R645-301-738. 

Wells constructed for monitoring groundwater conditions in the proposed Coal Hollow 
Mine permit and adjacent area, including exploration holes and boreholes used for water 
wells or monitoring wells, will be designed to prevent contamination of groundwater and 
surface-water resources and to protect the hydrologic balance. A diagram depicting 
typical monitoring well construction methods is shown in Drawing 7-11. Monitoring 
wells will include a protective hydraulic seal immediately above the screened interval, an 
annular seal plugging the borehole above the hydraulic seal to near the ground surface, 
and a concrete surface seal extending from the top of the hydraulic seal to the ground 
surface which is sloped away from the well casing to prevent the entrance of surface flows 
into the borehole area. Well casings will protrude above the ground surface a sufficient 
height so as to minimize the potential for the entrance of surface water or other material into 
the well. A steel surface protector with a locking cover will be installed at monitoring 
wells to prevent access by unauthorized personnel. Where there is potential for damage 
to monitoring wells, the wells will be protected through the use of barricades, fences, or 
other protective devices. These protective devices will be periodically inspected and 
maintained in good operating conditions. Monitoring wells will be locked in a closed 
position between uses. 

When no longer needed for monitoring or other use approved by the Division upon a finding 
of no adverse environmental or health and safety effects, or unless approved for transfer as a 
water well under R645-301-731.100 through R645-301-73 1.522 and R645-301-731.800, 
each well will be capped, sealed, backfilled, or otherwise properly managed, as required by 
the Division in accordance with R645-301-529.400, R645-301-63 1.100, and R645-301-748. 
Permanent closure measures will be designed to prevent access to the mine workings by 
people, livestock, fish and wildlife, machinery and to keep acid or other toxic drainage from 
entering ground or surface waters. 

If a water well is exposed by coal mining and reclamation operations, it will be permanently 
closed unless otherwise managed in a manner approved by the Division. ,\,' 

f\ J 

Permanent closure and abandonment of water wells greater than 30 feet in dep~ ~6n20\8 
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of Utah, Division of Water Rights or other applicable state regulations. Abandonment of 
wells will be perfonned by a licensed water well driller. The wells to be abandoned will be 
completely filled using neat cement grout, sand cement grout, unhydrated bentonite, or 
bentonite grout, or other materials approved by the Utah State Engineer's office. 
Alternatively, the well may be abandoned using a different procedure upon approval from 
the Utah State Engineer's office. 

Abandonment materials will be introduced at the bottom of the well or required sealing 
interval and placed progressively upward to the top of the well. The casing will be severed a 
minimum of2 feet below the ground surface. A minimum of2 feet of compacted native 
material will be placed above the abandoned well upon completion. 

Within 30 days of the completion of well abandonment procedures, a report will be 
submitted to the State Engineer by the responsible licensed driller giving data related to the 
abandonment of the well. This shall include the name of the licensed driller or other 
person(s) perfonning abandonment procedures, name of well owner at the time of 
abandonment, the address or location of the well by section, township, and range, 
abandonment materials and equipment used, water right or file number covering the well, 
the final disposition of the well, and the date of completion. 

Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or 
otherwise managed to prevent acid or toxic contamination of water resources and to 
minimize disturbance to the prevailing hydrologic balance. Exploration holes and boreholes 
will be managed to ensure the safety of people, livestock, fish and wildlife, and machinery. 

If a water well is exposed by coal mining and reclamation operations, it will be pennanently 
closed unless otherwise managed in a manner approved by the Division. 

If any exploration boreholes are to be used as monitoring wells or water wells, these will 
meet the provisions ofR645-301-731 

Boreholes will be backfilled to within 1 foot ofthe land surface with concrete or other 
materials approved by the Division as necessary to prevent contamination of groundwater or 
surface-water resources or to protect the prevailing hydrologic balance. The upper 
approximately 1 foot will be backfilled with native materials to facilitate reclamation (see 
Drawing 6-11). Exploration holes and boreholes that may be uncovered during mining and 
reclamation activities will be pennanently closed unless approved for water monitoring or 
otherwise managed in a manner approved by the Division. 

530 OPERATIONAL DESIGN CRITERIA AND PLANS: 
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531 GENERAL: 

There are five sediment impoundments for the Coal Hollow Mine permit area and six 
sediment impoundments for the North Private Lease. These structures will be 
constructed using a combination of dozers and backhoes. The structures have been 
designed to contain the required storm events as specified in Appendix 5-2 for the Coal 
Hollow Mine and Appendices 5-12 and 5-12A for the North Private Lease. The 
structures will have sediment removed as necessary to ensure the required capacities. 
Details for these structures can be viewed on Drawings 5-25, 5-26 and 5-28 through 5-32 
with calculations and supporting text in Appendix 5-2 for the Coal Hollow Mine. An 
evaluation of the possible addition of underground mine water pumped to Sediment Pond 
3 is included as Appendix 5-13. Details for the North Private Lease sediment 
impoundments are on drawings 5-67 through 5-71A with calculations and supporting text 
in Appendices 5-12 and 5-12A. 

There are no other coal processing waste banks, dams or embankments proposed within 
the permit areas. 

Underground mining has begun within the Coal Hollow Mine permit area, but none of 
the planned underground workings are closer than 900 ft. from the nearest sediment 
impoundment as shown by comparing Drawing 5-3 to Drawing 5-10. Also, all 
underground mining has been planned as "first mining" only, which means that 
underground workings are not expected to cause any surface subsidence. 

532 SEDIMENT CONTROL: 

Six diversion ditches along with five sediment impoundments are proposed for the Coal 
Hollow Mine. In addition, miscellaneous controls such as silt fence and berms are also 
proposed for specific areas. The proposed locations for these structures are shown on 
Drawing 5-3. Details associated with these structures can be viewed on Drawings 5-25 
through 5-34 and Appendix 5-2. An evaluation ofthe possible addition ofthe 
underground mine water pumped to Sediment Pond 3 is included as Appendix 5-13. 
These structures have also been analyzed in relation to the requirement for borrow at the 
end of underground operations to backfill Pit 10. The Drawings and Appendices listed 
above note this analysis. Eighteen diversion ditches, a temporary 18" culvert directing 
undisturbed runoff beneath Pond Tl, a temporary engineered mobile pump and pipeline 
system from Pond Tl to Pond 6, along with six sediment impoundments are proposed for 
the North Private Lease. In addition, miscellaneous controls such as silt fence and berms 
are also proposed for specific areas. The proposed locations for these structures are 
shown on Drawing 5-65. Details associated with these structures can be viewed on 
Drawings 5-67 through 5-71A and Appendices 5-12 and 5-12A. 

~., P,~""" ,- -,' 
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Mulch will be placed on the seedbed surface once soil amendments have been 
incorporated and seeding has been accomplished in areas that will be reclaime~mv 0 6 2018 
native plant communities. The mulch should control erosion by wind and water, 
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decrease evaporation and seed predation, and increase survivability of the seeded 
species. Like the seeding methods, mulch will be applied with a variety of techniques 
and materials depending on the reclaimed area. 

532.100 Disturbed Area: 

The smallest practicable area, consistent with reasonable and safe mine operational 
practices will be disturbed at anyone time during the mining operation and reclamation 
phases. This will be accomplished through progressive backfilling, grading, and prompt 
revegetation of disturbed areas. An estimated reclamation schedule is shown on Drawing 
5-38 for the Coal Hollow Mine and on 5-76A and 5-76B for the North Private Lease. 

532.200 Backfill Stabilization: 

The backfilled material will be stabilized by grading to promote a reduction of the rate 
and volume of runoff in accordance with the applicable requirements. The excess spoil 
and fill above approximate original contour at the Coal Hollow Mine will be graded to a 
maximum angle 3h:l v slope and revegetated to minimize erosion. This area is designed 
with concave slopes and slope irregularities that will also assist in minimizing erosion. A 
geotechnical analysis of this configuration has been completed and the factor of safety is 
estimated at 1.6 to 1.7. This analysis can be viewed in Appendix 5-1 . The remaining 
backfill will be placed in the mined out pit, and thus confined on all sides. Any backfill 
placed along pit boundaries or on top of operational highwalls to blend with original 
topography will be contoured at a final slope angle not to exceed 3h: 1 v (18.4°). Appendix 
5-5 provides an analysis of reclaimed slopes which shows that a minimum safety factor 
of these slopes reclaimed with a planned maximum slope angle of3h:l v (18.4°) will be 
1.7 which exceeds the requirement of 1.3. Appendix 5-5 also states that this planned 
reclaim slope angle is much less than the general area angle of repose. In fact it is at least 
14° less. Therefore, postmining slopes reclaimed at the planned angle of3h:l v (18.4°) are 
inherently stable. Any backfill material that must be stockpiled for longer than six 
months will be stabilized using tackifier or another surface stabilization method. 
Additionally, in areas up gradient of completed or near completed reclamation, temporary 
berms will be utilized to ensure a reduction of rate and volume of runoff into and through 
working areas. Also, all pits will be bermed to minimize runoff into and through working 
areas. 

Mulch will be placed on the seedbed surface once soil amendments have been 
incorporated and seeding has been accomplished in areas that will be reclaimed to 
native plant communities. The mulch should control erosion by wind and water, 
decrease evaporation and seed predation, and increase survivability of the seeded 
species. Like the seeding methods, mulch will be applied with a variety of techniques 
and materials depending on the reclaimed area. 

~ :' \ (' , , . " 
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533.100. 

No impoundments meeting the NRCS Class B or C criteria for dams in TR-60, or the size 
or other criteria of30 CFR Sec. 77.216(a) are planned for the Coal Hollow Mine. 

533.110 

Impoundments not included in 533.100, will be designed and constructed with a minimum 
static safety factor of 1.3 for a normal pool with steady state seepage saturation 
conditions or meet the requirements ofR645-301-733.210. 

The proposed sediment impoundments are expected to impound seasonal water and 
storms. A geotechnical analysis of these designs has been performed and can be 
reviewed in Appendix 5-1 for the Coal Hollow Mine and Appendix 5-11 for the North 
Private Lease. Static safety factors for the proposed designs range from 2.2 to 5.3. 

533.200. Foundations. 

Foundations for temporary and permanent impoundments will be designed so that 

• Foundations and abutments for the impounding structure are stable during all 
phases of construction and operation. Such foundations for temporary and 
permanent impoundments will be designed based on adequate and accurate 
information on the foundation conditions 

Refer to Appendices 5-1 and 5-11 for information related to foundations of the 
proposed impounding structures. No permanent impoundments are proposed. 

• All vegetative and organic materials will be removed and foundations excavated 
and prepared to resist failure. Cutoff trenches will be installed if necessary to 
ensure stability. 

All vegetation, topsoil and subsoil as identified in Chapter 2 will be removed from 
the impoundment areas prior to construction. Cutoff trenches will not be 
necessary for stability. 

• Slope protection will be provided to protect against surface erosion at the site and 
protect against sudden drawdown. 

Slopes of impoundments will be seeded and sloped to protect against erosion at 
the site. The high clay content and compaction characteristics of the material 
present at the impoundments will also assist with minimizing erosion of the 
slopes. 

• Faces of embankments and surrounding areas will be vegetated except that faces 
where water is impounded may be riprapped or otherwise stabilized in 
accordance with accepted design practices. ~ ;" ~,' . 
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Faces of embankments will be vegetated to minimize erosion. Standing water in 
the ponds is expected to be minimal and therefore these faces will also be seeded 
for erosion control. 

• The vertical portion of any remaining highwall will be located far enough below 
the low- water line along the full extent of h igh wall to provide adequate safety 
and access for the proposed water users. 

All highwalls will be fully covered following active use and backfilling of pits. 

533.300 

A rapid drawdown analysis was completed assuming the spillways are plugged, the basin 
fills to top of the embankments and then the water is released or pumped down to the base 
of basins. The soil strengths utilized were based on total stress conditions as determined 
from the triaxial shear tests completed for this project. It should be noted that rapid 
drawdown is highly unlikely since spillway and outlet piping will be no more than 4-feet 
below the top of embankments. The resulting safety factors under these conditions range 
from 1.2 to 1.9. Based on this analysis, no additional protection measures are needed for 
the impoundments in relation to rapid drawdown. Details for this analysis on Coal Hollow 
impoundments are provided in Appendix 5-1, pages 6 through 7 in the main section of the 
report. Details for this analysis on the North Private Lease also refer to Appendix 5-1, 
pages 6 and 7, as the geotechnical report provided in Appendix 5-11 lists the soil 
characteristics present in the North Private Lease to be identical to those in the Coal Hollow 
Mine. 

533.600. 

The MRP does not contemplate construction of impoundments that meet the criteria of 
MSHA, 30 CFR 77.216(a). 

533.700 - 714. Plans. 

Each detailed design plan for structures not included in 533.610 shall: 

• Be prepared by, or under the direction of, and certified by a qualified, registered, 
professional engineer, except that all coal processing waste dams and 
embankments covered by R645-30J-536 and R645-30J- 746.200 shall be certified 
by a qualified, registered, professional engineer; 

Designs for the proposed impoundments have been prepared by a qualified, 
registered, professional engineer, with assistance from a geotechnical expert. 
These certifications can be viewed on Drawings 5-28 through 5-31 for the Coal 
Hollow Mine and on Drawings 5-67 through 5-71A for the North Private Lease. 

• Include any design and construction requirements for the structure, including any 
required geotechnical information; \. , -

A geotechnical analysis of the impoundments has been prepared by an exper:t,Un h 20\8 
this field. This analysis can be viewed in Appendix 5-1 for the Coal Hollb~Mn~ 

Chapter 5 5-74 

05/04/2017 



and Appendix 5-11 for The North Private Lease. Embankments will be 
constructed in 2 foot lifts as recommended by the analysis. 

• Describe the operation and maintenance requirements for each structure; and 

The proposed impoundments are designed to temporarily store water from storm 
events and snow melt. Long term standing water in the impoundments is 
anticipated to be seasonal and sediment will be removed as necessary to provide 
the required storage capacities. Emergency spillways have been included in the 
designs to provide a non-destructive discharge route should the capacities ever be 
exceeded, except in the case of Pond T1 which will utilize an engineered pump 
and pipeline to discharge excess water to Pond 6 Surveys of these impoundments 
will be regularly conducted to ensure that design capacities are available. An 
evaluation of the possible addition of underground mine water pumped to 
Sediment Pond 3 is included as Appendix 5-13. 

• Describe the timetable and plans to remove each structure, if appropriate. 

All impoundments will be reclaimed at the end of operations except Pond T1, 
which will be mined through directly following construction of Pond 7 in Area 2 
and will not be rebuilt following backfill and reclamation. Pond T1 will remain in 
place until approval of Areas 2 and 3 for mining. The estimated timeline for 
removal ofthese structures are shown on Drawing 5-38 for the Coal Hollow Mine 
and Drawing 5-76B for the North Private Lease. Expected removal is year seven 
of the mining and reclamation process for the Coal Hollow Mine and year five -
seven for the North Private Lease. In areas where soils are not stabilized 
following the removal of these sediment impoundments, silt fence will be 
appropriately installed and maintained to provide sediment control until stable 
conditions are met. 

Detailed designs of impoundments can be viewed on Drawings 5-28 through 5-31 for the 
Coal Hollow Mine and Drawings 5-67 through 5-71A for the North Private Lease. 
Locations can be viewed on Drawing 5-3 and 5-25 for the Coal Hollow Mine and 
Drawings 5-47,5-65 and 5-65A for the North Private Lease. 

534. ROADS 

534.100-200 Roads will be located, designed, constructed, reconstructed, used, 
maintained, and reclaimed so as to: 

• Prevent or control damage to public or private property; 

All roads will be reclaimed to approximate original contour as shown on 
Drawings 5-37, 5-37 A and 5-38 for the Coal Hollow Mine and Drawings 5-74 
through 5-76B for the North Private Lease. These roads are designed to control 
damage to public and private property. 

• Use nonacid - or nontoxic-forming substances in road surfacing; (lnd '~), " -

There will be no acid or toxic forming substances used in road surfaciN~·V 0 6 2018 
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• Have, at a minimum, a static safety factor of 1.3 for all embankments. 

All embankments are designed with static safety factors that exceed 1.3. 

• Have a schedule and plan to remove and reclaim each road that would not be 
retained under an approved postmining land use. 

All roads not planned to remain postmining will be removed and reclaimed 
according to Drawings 5-37 and 5-37 A for the Coal Hollow Mine and Drawings 
5-74, and 5-75 for the North Private Lease. The estimated timetable for removing 
these roads is shown on Drawing 5-38 and 5-76B respectively. 

• Control or prevent erosion, siltation and the air pollution attendant to erosion by 
vegetating or otherwise stabilizing all exposed surfaces in accordance with 
current, prudent engineering practices. 

Cut ditches will be established on the shoulders of all primary roads to control 
drainage and erosion. Cut and fill slopes along the primary roads will be minimal 
and are not expected to cause significant erosion. In locations where there are 
culvert crossings (i.e. Lower Robinson Creek), the fills slopes will be stabilized 
by utilizing standard methods such as grass matting or straw wattles. Also, the 
upper slope of pit 10 is cut into alluvium at 4:1, this slope will be stabilized by 
planting with the interim seed mix found in Chapter 2 page 2-25. 

• To ensure environmental protection and safety appropriate for their planned 
duration and use, including consideration of the type and size of equipment used, 
the design and reconstruction of roads will incorporate appropriate limits for 
grade, width, surface materials, and any necessary design criteria established by 
the Division. 

The following specifications apply to the Primary Mine Haul roads: 
1) Roads will be approximately 80' in width 
2) Approximately a 2% crown 
3) Approximately one foot deep cut ditches along shoulders for controlling storm 
water 
4) 18" of crushed rock or gravel for road surfacing, except for the section of the 
Pit B-1 access extending from County Road 136 to the pit. This section of road 
will utilize approximately 6" of crushed rock or gravel for road surfacing. This 
shallower depth of gravel will still provide the necessary benefits of dust control 
and sediment control for surface water runoff during a short usage life. For this 
section of road will be utilized for coal haulage for only around 2-3 months and 
the western half of it will be eventually mined out as part of the borrow area. 
5) Cut and fill slopes of 1.5 h: 1 v 
6) Minimum fill over each culvert will be 2 times diameter of culvert 
7) Berms placed as necessary along fills 

The underground mine portal access and haul road in Pit 10 (shown in Drawing 5-
221) will also be a primary road. This road is accessed from the main ~ql ro~d from 
the coal unloading area. The underground access road will be approxi~ately 1500' in 
length and will be constructed to the same specifications for the haul roadlftWv8'6 2018 
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except that the road may be narrowed to a 40 foot width. 

The ancillary roads will have similar specifications except surfacing will occur only 
as needed and may be narrowed to a 40 foot road width. A typical cross section for 
the ancillary roads can be viewed on Drawing 5-24. 

The location and details for Primary Mine Haul roads can be viewed on Drawings 5-
3, 5-22, 5-23, 5-47, and 5-58 through 5-60. 

For the Coal Hollow Mine, in addition to the two primary Mine Haul roads, the road 
located within the facilities area is also classified as a primary road. This road is 
planned to be 24 feet wide with 24 inches of compacted sub base and 8 inches of 
compacted 1 inch minus gravel as surfacing. This road is referred to as "Facilities 
Roadway" and more details are described in 527.200 along with Drawings 5-22A and 
5-22B. 

In addition to the primary roads that will be present during active mining, four 
additional roads are planned to exist postmining and are also classified as primary 
roads for this reason. 

Roads that will remain postmining are the following: 
• Road to Water Well with details shown on Drawing 5-22D 
• Road to east C. Burton Pugh property (K3993) with details shown on 

Drawing 5-22C 
• County Road 136 (K3900) with details on Drawings 5-22E, 5-22F and 

5-22G for the Coal Hollow Mine, and Drawings 5-61 and 5-63 for the 
North Private Lease. This County road will be reconstructed within the 
permit area by Kane County. This reconstruction will occur concurrently 
with the final stage of reclamation as scheduled on Drawings 5-38 and 5-
76B and is expected to be completed by the end of Year 5 for the Coal 
Hollow Mine and Year 7 for the North Private Lease. 

• Alton Coal Mine Road (K3100) in the North Private Lease with details on 
Drawings 5-62 and 5-63. This short section of County Road will also be 
reconstructed within the permit area by Kane County. The reconstruction 
will occur concurrently with the final stage of reclamation as scheduled on 
Drawing 5-76B and will be completed in Year 7. 

• Road to Swapp Ranch (same specification as the Water Well Road) 
The location of these roads is shown on Drawings 5-37 along with the post mining 
topography. 

The ramps, benches and equipment travel paths within the active surface mining area 
are temporary in nature and will be relocated frequently as mining progresses. These c 

temporary travel ways are considered part of the pit due to their short t~iJll. usei ::and ~ 
are not individually designed nor engineered. They will be built and maintained to 
faci litate safe and efficient mine and reclamation operations. NOV 06 20\8 
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Other temporary ancillary roads (such as the Pond 3 access road shown on Drawing 
5-3) outside the mining area may be necessary from time to time to access facilities or 
impoundments during the life of operations. These roads will not remain post-mining 
and also will not be individually designed nor engineered. They will be built and 
maintained to facilitate safe and efficient mine and reclamation operations. 

534.300-340. Primary Roads. 

Primary roads will: 

• Be located, insofar as practical, on the most stable available surfaces; 

These roads are designed on the most practicable, stable surfaces. 

• Be surfaced with rock, crushed gravel, asphalt, or other material approved by the 
Division as being sufficiently durable for the anticipated volume of traffic and the 
weight and speed of vehicles using the road; 

Primary haul roads will be surfaced with approximately 18" of crushed rock or 
gravel to provide a durable surface for the anticipated volume of traffic and 
equipment, except for the section of the Pit B-1 access extending from County 
Road 136 to the pit. This section of road will utilize approximately 6" of crushed 
rock or gravel for road surfacing. This shallower depth of gravel will still provide 
the necessary benefits of dust control and sediment control for surface water 
runoff during a short usage life. For this section of road will be utilized for coal 
haulage for only around 2-3 months and the western half of it will be eventually 
mined out as part of the borrow area. 

• Be routinely maintained to include repairs to the road surface, blading, filling 
potholes and adding replacement gravel or asphalt. It will also include 
revegetation, brush removal, and minor reconstruction of road segments as 
necessary; and 

All roads will be maintained on an as needed basis using motor graders, water 
trucks for dust suppression, and other equipment as necessary. Crushed stone 
and/or gravel will be used as a surface course for primary roads outside the active 
mining area, and may be used as needed for ramps and travel ways within the pit. 
Should the roads be damaged by a catastrophic event, such as an earthquake or a 
flood, repairs will be made as soon as possible after the damage has occurred or 
the road will be closed and reclaimed. Roads will be reclaimed once they are no 
longer needed for their intended use. 

• Have culverts that are designed, installed, and maintained to sustain the vertical 
soil pressure, the passive resistance of the foundation, and the weight of vehicles 
using the road. 

( ''--'.,,:'" . 

Road fill over culverts will be at minimum two times the diameter of the culvert: 
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535. SPOIL 

535.100 -150 Disposal of Excess Spoil. 

Excess spoil will be placed in designated disposal areas within the permit area in a 
controlled manner. The fill and appurtenant structures will be designed using current, 
prudent engineering practices and will meet any design criteria established by the 
Division. 

• The fill will be designed to attain a minimum long-term static safety factor of 1. 5. 
The foundation and abutments of the fill must be stable under all conditions of 
construction. 

A geotechnical analysis has been completed for both the long tenn excess spoil 
structure located at the Coal Hollow Mine and the temporary excess spoil 
structures located at the North Private Lease. These analyses estimate the long
tenn safety factor to be 1.6 to 1.7 based on the proposed designs. Following 
proper construction practices of building the structures in maximum four foot lifts 
and meeting 85% compaction based on the standard Procter will ensure that the 
structures will be stable under all conditions of construction. The following 
earthwork specifications will be followed: 

1) Areas to receive fill will be stripped of all vegetation, organic material, 
and debris. Any existing undocumented or non-structural fill/backfill 
materials and other unsuitable materials will be excavated in their entirety. 
All areas that are to receive fill will be observed by a professional 
engineer experienced in the design of earth and rock fills prior to 
placement of fill. 

2) Fill will be compacted to 85% of the maximum density as compared to 
ASTM D 698 (standard proctor) for the spoil. 

3) Individual lift thickness will not exceed 4 feet, unless approved by both 
the Division and the professional engineer based on compaction test 
results during field verification. 

4) Saturated soils will be placed in an area that will have minimal effect on 
the perfonnance of slopes. 

5) A qualified professional engineer with experience in the design of earth 
and rock fills will periodically observe the placement of fill and conduct 
in-place field density tests on the fill to check for adequate moisture and 
relative compaction. The compaction tests will be conduded as part of the 

. c, "/'-' 

periodic inspections required in R645-301-514.100, 514.311, and,R(545- ' 
301-514.120. These compaction tests will be conducted using nuclear 
density (ASTM D2292-9) or equivalent method. Ifless than the sRmfiD~ 2018 
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relative compaction is obtained, additional compactive effort will be 
applied and the fill moisture-conditioned as necessary until the specified 
relative compaction is attained. 

6) Wherever, in the opinion of the ACD's representatives, an unstable 
condition is being created, the work will not proceed in that area until an 
evaluation has been made and the grading operations revised, if necessary. 

7) During unfavorable weather conditions, construction of the fill will not 
proceed without confirmation from the professional engineer experienced 
in the design of earth and rock fills. 

This construction will occur only in the designated excess spoil areas as shown on 
Drawings 5-3,5-37, for the Coal Hollow Mine and Drawing 5-47 for the North 
Private Lease. The fill will be placed with end dump haul trucks and lifts will be 
constructed using dozers. High precision GPS systems will be regularly utilized 
to check grades and appropriate lift thickness. Following the completion of 
surface mining in the highwall trench, backfill operations from the long-term 
excess spoil structure to the open pit have been ongoing to bring both the spoil 
structure and highwall trench areas to AOe. It is anticipated that backfill of the 
highwall trench will be completed by the 9th of June, 2016. In preparation for final 
borrow, Pit B-1 (as shown on Drawing 5-10) will be excavated and 
simultaneously backfilled to remove all coal from the borrow volume to reach the 
intermediate landform depicted in Drawings 5-35 and 5-36. The spoil and coal 
will be surface mined utilizing the same equipment and methods as the previous 
pits and will be extracted to an extent that protects eventual regrading and 
reclamation efforts in the Borrow Area from potential oxidation, heating, or 
spontaneous combustion. Mining of Pit B-1 will begin by dozing a thin layer 
(apx. 5 ft) of overburden covering the eastern extent of Pit B-1 from east to west 
in a strip 50 to 100 ft wide to create a temporary overburden berm. The coal 
underneath this first strip will then be extracted leaving a void into which the 
berm and subsequent strip overburden can be placed. The coal strips will progress 
from east to west, with dozing and potentially truck haulage replacing the stripped 
overburden into the coal voids from west to east. Mining slopes will be 
maintained at a 1: 1 face angle for mining benches under 50 ft. Above 50 ft., a 40 
ft. catch bench will be installed between 40 ft. 1: 1 benches. Additional fill 
material will be sourced from the adjacent pit slopes as necessary to establish the 
final 3: 1 slope on the South pit wall and to meet the intermediate design surface 
depicted in Drawings 5-35 and 5-36. Then, upon completion of underground 
mining, Pit 10 will be backfilled and all ground will be returned to the final 
landform shown in Drawings 5-37 and 5-37 A. The geotechnical analysis for this 
structure can be viewed in Appendix 5-1 for the Coal Hollow Mine and in 
Appendix 5-11 for the North Private Lease. 

• Be located on the most moderately sloping and naturally stable areas available, 
as approved by the Division, and placed, where possible, upon or above a n~)h~ 6 2018 
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terrace, bench or berm, if such placement provides additional stability and 
prevents mass movement; 

The excess spoil is planned to be placed in areas where natural grades range from 
o to 5%. These are some of the most moderately sloping locations in the Permit 
Area. Stability of these structures is estimated to be 1.6 to 1.7 based on the 
Appendix 5-1. 

• Be subject of sufficient foundation investigations. Any necessary laboratory 
testing of foundation material, will be performed in order to determine the design 
requirements for foundation stability. The analyses of foundation conditions will 
take into consideration the effect of underground mine workings, if any, upon the 
stability of the jill and appurtent structures; and 

Geotechnical borings and trench samples were completed in the foundations of 
the proposed disposal areas. Laboratory analysis of these borings and trench 
samples have also been completed. Details ofthis analysis can be viewed in 
Appendix 5-1 and Appendix 5-11. 

• Incorporate keyway cuts (excavations to bedrock) or rock buttresses to ensure 
stability where the slope in the disposal area is in excess of2.8h:lv (36 percent), 
or such lesser slope as may be designated by the Division based on local 
conditions. Where the toe of the spoil rests on a downslope, stability analyses will 
be performed in accordance with R645-301-535.150 to determine the size of rock 
toe buttresses and keyway cuts 

Slopes for the proposed long-term excess spoil will not exceed 3h: 1 v (33 percent), 
therefore no keyway cuts have been proposed in the design. Appendix 5-1 and 
Appendix 5-11 detail the stability analyses for the proposed structures. 

• Excess spoil may be disposed of in underground mine workings,,, 

Excess spoil will not be disposed of in underground mine workings. 

• Placement of Excess Spoil. Excess spoil will be transported and placed in a 
controlled manner in horizontallijts not exceeding four feet in thickness; 
concurrently compacted as necessary to ensure mass stability and to prevent mass 
movement during and after construction; graded so that surface and subsurface 
drainage is compatible with the natural surroundings: and covered with topsoil 
or substitute material in accordance with R645-301-232.100 through R645-301-
232.600, R645-301-234, R645-301-242, and R645-301-243. The Division may 
approve a design which incorporates placement of excess spoil in horizontallijts 
other than four feet in thickness when it is demonstrated by the operator_and 
certified by a professional engineer that the design will ensure the stabNity o/the 
jill and will meet all other applicable requirements. 

NfW 06 20\8 
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Horizontal lifts will not exceed four feet in thickness unless otherwise approved 
by the Division. The lifts will be concurrently compacted to meet 85% of the 
standard Procter. The geotechnical analysis (Appendix 5-1 and Appendix 5-11), 
provides information showing that these construction standards will provide mass 
stability and will prevent mass movement during and after construction. The 
excess spoil will be graded to provide drainage similar to original flow patterns. 
Topsoil and subsoil as designated in Chapter 2 will be removed and separated 
from other materials prior to placement of spoil. 

• For the purposes of SURFACE COAL MINING AND RECLMATION 
ACTIVITIES the design of the spoil disposal structures will include the results of 
geotechnical investigations as follows: 

1) The Character of the bedrock and any adverse geologic conditions in the 
disposal area; 

Refer to Appendix 5-1 and Appendix 5-11. 

2) A survey identifying all springs, seepage, and ground water flow observed or 
anticipated during wet periods in the area of the disposal site; 

Spring and seep survey information is provided on Drawing 7-1. There are no 
springs or seeps identified in the excess spoil area. 

3) A survey of the potential effects of subsidence of the subsurface strata due to 
past and future mining operations; 

There no historical underground mining operations in the proposed excess 
spoil area. There are also no future underground operations proposed. 

4) A technical description of the rock material to be utilized in the construction 
of those disposal structures containing rock chimney cores or underlain by a 
rock drainage blanket; and 

There are no rock chimneys or drainage blankets proposed. 

5) A stability analysis including, but not limited to, strength parameters, pore 
pressures and long-term seepage conditions. These data will be accompanied 
by a description of all engineering design assumptions and calculations and 
the alternative considered in selecting the specific design specifications and 
methods. 

The stability analysis and all supporting data are available in Appendix 5-1 for 
Coal Hollow and Appendix 5-11 for the North Private Lease. 

NOV 06 2018 
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• Iffor the purposes of SURFACE COAL MINING AND RECLAMATION 
ACTIVITIES, under R645-301-535.112 and R645-301-535.113, rock-toe 
buttresses or key-way cuts are required, the will include the following: 

Neither rock-toe buttresses nor key-way cuts are required under R645-301-
535.112 or R645-301-535.113. 

535.200. Disposal of Excess Spoil: Valley Fills/Head-of-Hollow Fills. 

The MRP does not contemplate disposal of excess spoil as valley fill or head-of-hollow 
fills. 

535.300. Disposal of Excess Spoil: Durable Rock Fills. 

The MRP does not contemplate disposal of excess spoil as durable rock fill. 

535.400. Disposal of Excess Spoil: Preexisting Benches. 

The MRP does not contemplate disposal of excess spoil on preexisting benches. 

535.500 Disposal of Excess Spoil: At Drift Entries. 

The MRP does not contemplate disposal of spoils resulting from face-up operations at the 
drift entries. Drift entries will originate from the existing Pit, excess spoil for which are 
stored in the pit backfill or in the approved Excess Spoils Pile. 

536 COAL MINE WASTE: 

The MRP does not contemplate processing of coal that would produce coal mine waste. 

537 REGRADED SLOPES: 

537.100 Geotechnical Analysis: 

The long-term excess spoil structure and fill above approximate original contour at the 
Coal Hollow Mine are the only alternative specifications proposed. Although the 
structure will be rehandled as pit backfill prior to final reclamation to achieve AOC, a 
geotechnical analysis has been completed for this proposal and can be viewed in 
Appendix 5-1. All other mined areas within the Coal Hollow Mine and North Private 
Lease, for surface or underground will be restored to approximate original contour. 

537.200 Regrading of Underground Fills/Spoil: NOV 06 2018 
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Any spoils produced by underground operations at the Coal Hollow Mine will be placed 
in the first instance in unused crosscuts or underground voids. If necessary, underground 
spoils may also be placed in the Pit 10 void, not to exceed approximate original contour. 
As a last resort, underground spoils may also be placed in the long-term excess spoil 
structure under the design criteria detailed in Appendix 5-1. No underground spoils are 
expected from the North Private Lease permit area. 

540 RECLAMATION PLAN: 

541.100 - 400 General 

Concurrent with mining operations and when coal mining is complete, all pits within 
each permit area will be backfilled and reclaimed in accordance with the R645 rules and 
this permit. All equipment, structures, and other facilities, unless approved by the 
Division as suitable for the postmining land use or environmental monitoring, will be 
removed and the affected land reclaimed. Following the completion of surface mining in 
the highwall trench, backfill operations from the long-term excess spoil structure to the 
open pit has been ongoing to bring both the spoil structure and highwall trench areas to 
AOC. It is anticipated that backfill of the highwall trench will be completed by the 9th of 
June, 2016. In preparation for final borrow, Pit B-1 (as shown on Drawing 5-10) will be 
excavated and simultaneously backfilled to remove all coal from the borrow volume to 
reach the intermediate landform depicted in Drawings 5-35 and 5-36. The spoil and coal 
will be surface mined utilizing the same equipment and methods as the previous pits and 
will be extracted to an extent that protects eventual regrading and reclamation efforts in 
the Borrow Area from potential oxidation, heating, or spontaneous combustion. Mining 
of Pit B-1 will begin by dozing a thin layer (apx. 5 ft) of overburden covering the eastern 
extent of Pit B-1 from east to west in a strip 50 to 100 ft wide to create a temporary 
overburden berm. The coal underneath this first strip will then be extracted leaving a void 
into which the berm and subsequent strip overburden can be placed. The coal strips will 
progress from east to west, with dozing and potentially truck haulage replacing the 
stripped overburden into the coal voids from west to east. Mining slopes will be 
maintained at a 1: 1 face angle for mining benches under 50 ft. Above 50 ft., a 40 ft. catch 
bench will be installed between 40 ft. 1: 1 benches. Additional fill material will be 
sourced from the adjacent pit slopes as necessary to establish the final 3:1 slope on the 
South pit wall and to meet the intermediate design surface depicted in Drawings 5-35 and 
5-36. Then, upon completion of underground mining, Pit 10 will be backfilled and all 
ground will be returned to the final landform shown in Drawings 5-37 and 5-37A. 

Underground mine portals will be closed in accordance with R645-301-513, R645-301-
529, R645-301-551 and approved MSHA plans and backfilled. 

1:': .... 

Since the underground mine portals are located in the bottom of Pit 10 at the co~i'H'ono~ 'j,,," 

Mine, they will be reclaimed and pernlanently closed by the backfilling of the pit to aNOV 0 6 2018 
depth of greater than 100' when no longer required. Following the completion of, 
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underground mining, backfill of Pit 10 will be completed utilizing borrow from the areas 
delineated in Drawings 5-19 and 5-37. Final backfill will require approximately 1.5 
Million C.Y. of borrow material, but will still achieve AOC. 

When no longer needed for monitoring or other use approved by the Division upon a finding 
of no adverse environmental or health and safety effects, or unless approved for transfer as a 
water well under R645-301-731.100 through R645-301-731.522 and R645-301-731.800, 
each well will be capped, sealed, backfilled, or otherwise properly managed, as required by 
the Division in accordance with R645-301-529.400, R645-301-63 1.100, and R645-301-748. 
Permanent closure measures will be designed to prevent access to the mine workings by 
people, livestock, fish and wildlife, machinery and to keep acid or other toxic drainage from 
entering ground or surface waters. 

If a water well is exposed by coal mining and reclamation operations, it will be permanently 
closed unless otherwise managed in a manner approved by the Division. 

Permanent closure and abandonment of water wells greater than 30 feet in depth will be in 
accordance with the requirements of "Administrative Rules for Water Well Drillers", State 
of Utah, Division of Water Rights or other applicable state regulations. Abandonment of 
wells will be performed by a licensed water well driller. The wells to be abandoned will be 
completely filled using neat cement grout, sand cement grout, unhydrated bentonite, or 
bentonite grout, or other materials approved by the Utah State Engineer's office. 
Alternatively, the well may be abandoned using a different procedure upon approval from 
the Utah State Engineer's office. 

Abandonment materials will be introduced at the bottom of the well or required sealing 
interval and placed progressively upward to the top ofthe well. The casing will be severed a 
minimum of2 feet below the ground surface. A minimum of2 feet of compacted native 
material will be placed above the abandoned well upon completion. 

Within 30 days of the completion of well abandonment procedures, a report will be 
submitted to the State Engineer by the responsible licensed driller giving data related to the 
abandonment of the well. This shall include the name of the licensed driller or other 
person(s) performing abandonment procedures, name of well owner at the time of 
abandonment, the address or location of the well by section, township, and range, 
abandonment materials and equipment used, water right or file number covering the well, 
the final disposition of the well, and the date of completion. 

Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or 
otherwise managed to prevent acid or toxic contamination of water resources and to 
minimize disturbance to the prevailing hydrologic balance. Exploration holes and boreholes 
will be managed to ensure the safety of people, livestock, fish and wildlife, and machinery. 

If an exploration borehole is exposed by coal mining and reclamation operatio s;'itwillbe " 
permanently closed unless otherwise managed in a manner approved by the DivisiNbv 0 6 20\8 
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If any exploration boreholes are to be used as monitoring wells or water wells, these will 
meet the provisions ofR645-301-731 

Boreholes will be backfilled to within 1 foot ofthe land surface with concrete or other 
materials approved by the Division as necessary to prevent contamination of groundwater or 
surface-water resources or to protect the prevailing hydrologic balance. The upper 
approximately 1 foot will be backfilled with native materials to facilitate reclamation (see 
Drawing 6-11). Exploration holes and boreholes that may be uncovered during mining and 
reclamation activities will be permanently closed unless approved for water monitoring or 
otherwise managed in a manner approved by the Division. 

542 NARRATIVE, DRAWINGS AND PLANS: 

542-100 through 600 Plan and Timetable. 

Reclamation at the Coal Hollow Mine and North Private Lease includes both ongoing 
reclamation and final reclamation activities. Ongoing reclamation will follow mining 
operations as closely as practicable during the mine production phase. Major steps in the 
ongoing reclamation process are: 

• Backfilling and Grading. The planned backfilling and grading operations are 
described more fully under section 553 below. 

• Topsoil and Subsoil Replacement. Following grading, suitable topsoil and subsoil 
will be replaced on the regraded area. Topsoil may be direct placed from areas 
ahead of the mine, or may be taken from available stockpiled material. The 
planned topsoil operation will have topsoil ahead of the operation dozed into 
windrows, and loaded into trucks by a front end loader. The trucks will haul the 
topsoil to the regraded area, or to a temporary topsoil stockpile. Subsoil will be 
handled similar to topsoil. Once dumped on the regraded area, topsoil and 
subsoil layers will be dozed to a consistent thickness. Approximately 8 inches of 
topsoil is expected to be removed ahead of mining and replaced over the regraded 
area. Subsoil removed and replaced will average 40 inches thick and will be 
placed between the topsoil layer and run of mine spoil. The total profile thickness 
of topsoil and subsoil in mined areas will average 48 inches. Once in place, the 
area will be fine graded to remove small erosion features and depressions. It is 
important to note that bonding calculations have accounted for double handling of 
the topsoil and subsoil quantities for the borrow area at the Coal Hollow Mine. 

• Revegetation. Following replacement of topsoil the area will be revegetated by 
seeding. Mulch will be placed on the seedbed surface once soil amendments 
have been incorporated and seeding has been accomplished in areas th~ , ')NiH be. , ,'. 
reclaimed to native plant communities. The mulch should control erosion by' ,), 
wind and water, decrease evaporation and seed predation, and increase 8 
survivability of the seeded species. Like the seeding methods, mulch will b!NOV 0 6 201 
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applied with a variety of techniques and materials depending on the reclaimed 
area. 

Generally, mined areas will be backfilled and graded within approximately 60 days 
following coal removal, or 1,500 feet of the active coal removal face. One exception to 
this standard is that a portion of Pit 10 will be left open for access to the underground 
portals until completion of underground mining. Following the completion of 
underground mining, backfill of Pit 10 will be completed utilizing borrow from the areas 
delineated in Drawings 5-19 and 5-37. Final backfill will require approximately 1.5 
Million c.Y. of borrow material, but will still achieve AOC. Areas needed for in-pit 
roads, ramps, drainage controls or areas which must be left open temporarily for 
operational reasons will be backfilled and graded when they are no longer needed. The 
rate of backfilling will depend on the availability of mined out pit areas for backfilling, 
and the rate of production at the mine. Based on anticipated production rates, Drawing 
5-38 for the Coal Hollow Mine and Drawing 5-76A and 5-76B for the North Private 
Lease provide an estimated sequence and timing for reclamation. 

Topsoil will be replaced on the graded areas as soon as operationally practicable. This 
work will depend on weather and soil conditions in the removal and replacement areas, 
but is generally anticipated to occur within 90 days of completion of regrading. 

Revegetation activities will be seasonal in nature. As currently planned, initial seeding 
will occur at the first planting opportunity following replacement of topsoil. 
Supplemental seeding may be done subsequently as needed. 

At the Coal Hollow Mine, surface mining operations are at a steady state and nearing 
completion. As such, all material mined goes directly to a backfill or reclaim capacity and 
is covered by subsoil and topsoil then prepared for mulching and seeding as soon as 
possible. During this last stage of mining, material from the Highwall Trench is directly 
backfilled into the remnants of Pits 9, 10 (a portion), 20, 21 and the northern extent of the 
trench itself. While a majority of Pit 10 will remain open until completion of 
underground mining, all other pits will be backfilled and reclaimed to approximate 
original contour. Any shortage of material for final backfill of the Highwall Trench will 
be made up by rehandle of spoil from the long term excess spoil pile. Following the 
completion of surface mining in the highwall trench, backfill operations from the long-
term excess spoil structure to the open pit have been ongoing to bring both the spoil 
structure and highwall trench areas to AOC. It is anticipated that backfill of the highwall 
trench will be completed by the 9th of June, 2016. The last pit (shown on Drawing 5-9 
and Drawing 5-10 as Pit B-1) at the Coal Hollow Mine will be encountered incident to 
reclamation and borrow activities where it would not have been practical to mine 
otherwise. Mining of Pit B-1 will begin by dozing a thin layer (apx. 5 ft) of overburden 
covering the eastern extent of Pit B-1 from east to west in a strip 50 to 100 ft wide to 
create a temporary overburden beilll. The coal underneath this first strip will then be . 
extracted leaving a void into which the berm and subsequent strip overburd~n ean he 
placed. The coal strips will progress from east to west, with dozing and potentially truck 0\8 
haulage replacing the stripped overburden into the coal voids from west to easNMirllrfg 2 
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slopes will be maintained at a 1: 1 face angle for mining benches under 50 ft. Above 50 
ft., a 40 ft. catch bench will be installed between 40 ft. 1: 1 benches. Additional fill 
material will be sourced from the adjacent pit slopes as necessary to establish the final 
3: 1 slope on the South pit wall and to meet the intermediate design surface depicted in 
Drawings 5-35 and 5-36. As shown on in these drawings, this pit is nearly fully contained 
within the greater Borrow Area but will require approximately 91,000 CY of backfill 
material to establish the final 3: 1 slope on top of the 1: 1 operational slope and bench on 
the South pit wall. This 91,000 CY will remain in place in the final slope and will not be 
recovered in the final borrow. The remaining backfill will then remain in place until 
closure ofthe Underground Mine and finally rehandled as backfill to Pits 9-C and 10. 
Upon completion of underground mining, Pits 9-C and 10 will be backfilled and all 
ground will be returned to the final landform shown in Drawings 5-37 and 5-37A. For the 
disturbed area that falls within the 62.0 acres required for eventual borrow and backfill of 
Pit 10, the ground surface will be smooth graded subsoiled and treated for topsoil 
cultivation (according to described plans in Chapter 2) following completion of backfill 
of Pit B-1. The ground will remain in this cultivated state, but will not be released, until 
borrow and backfill following completion of the underground mine. 

For start-up of the North Private Lease, some delay is unavoidable in reclamation of the 
initial mining areas due to the time required to establish the initial working pit and 
backfill area, and to achieve a steady state excavationlbackfill operation. As currently 
planned, Pits 1 and 2 will be backfilled to the planned post mining contour, graded, and 
the subsoil and topsoil replaced concurrently with mining of Pits 3, 4, and 5 midway 
through the first year of mining. Depending on the timing of approval for Areas 2 and 3, 
mining in the extension of Area 1 (which contains Pits 7,8 and 9) may be limited as 
shown in Drawing 5-57 by Pond T1 and the geologic contact between Tropic Shale and 
Quaternary Alluvium in Pits 8 and 9. Temporary Pond T1 must remain in place until 
Pond 7 has been constructed and no alluvium will be mined until the hydrologic analysis 
of Areas 2 and 3 has been performed and approved. Once these approvals are obtained, 
the Area 2 facilities will be constructed and Pond T1 and the other Area 1 extension 
temporary facilities will be removed or mined out by advancing pits. Reclamation 
activities will proceed at the regular planned rate thereafter. As mining progresses 
through Pit 21 the semi-final pit void will require approximately 1,600,000 cubic yards to 
be rehandled from the backfill or the NW temporary spoil stockpile located above the 
final landform depicted in Drawing 5-74 previously placed in the adjacent pits. No other 
borrow or rehandle will be necessary from the highwall trench area, but the final 
landform depicts the previously approved borrow configuration of the topographic ridge 
should the operational need for material arise. Either configuration of this ridge will 
provide that natural landform, post-mining land use, and drainage will be maintained or 
improved. In the case where borrow from the area east of Kanab Creek is not necessary, 
the material void will not occur and post-mining topography will achieve AOC while 
closely mirroring original topography as shown on Drawing 5-45. Proposed final 
reclamation contours and cross sections can be viewed on Drawings 5-37 and 5-37A for 
the Coal Hollow Mine and on Drawings 5-74 and 5-75 for the North Priva~~ L~ase. 

~ i .• 
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The sequence and timing of reclamation activities is dependent on the coal production 
rate. Should that rate differ significantly from the current plan, the reclamation schedule 
will also vary. 

Final reclamation includes the following: 

• Backfilling and Grading. Backfilling of all final pits will commence at the 
conclusion of coal production. All highwalls, spoil piles, and depressions will be 
removed, except that small depressions may be constructed if they are needed to 
retain moisture, minimize erosion, create and enhance wildlife habitat, or assist 
revegetation. No permanent final pit impoundments are currently planned. 
Following the completion of surface mining in the highwall trench, backfill 
operations from the long-term excess spoil structure to the open pit has been 
ongoing to bring both the spoil structure and highwall trench areas to AOC. It is 
anticipated that backfill of the highwall trench will be completed by the 9th of 
June,2016. Therefore, a small portion (apx. 250k C.Y.) of the long-term excess 
spoil structure may remain at the Coal Hollow Mine until final backfill of Pit 10. 
In preparation for final borrow, Pit B-1 (as shown on Drawing 5-10) will be 
excavated and simultaneously backfilled to remove all coal from the borrow 
volume to reach the intermediate landform depicted in Drawings 5-35 and 5-36. 
Then, following the completion of underground mining, backfill of Pit 10 will be 
completed utilizing borrow from the areas delineated in Drawings 5-19 and 5-37. 
Final backfill will require approximately 1.5 Million C.Y. of borrow material, but 
will still achieve AOC. All exposed coal seams, and acidic or toxic-forming strata 
will be covered with at least five feet of noncombustible material. 

• Topsoil and Subsoil Replacement. 8 inches of topsoil underlain by 40 inches of 
subsoil will be placed on the backfilled pits and excess spoil. Other disturbed 
areas will have topsoil replaced (including facilities sites, roads etc.). 

• Removal of Structures. Before abandoning the permit area or seeking bond 
release, all structures not needed for the approved post mining land use will be 
removed and reclaimed. The Lower Robinson Creek diversion is proposed to be 
temporary. Material from the coal stockpile base area and other areas where coal 
spillage may accumulate will be excavated and placed in a controlled manner in 
the final pit and covered with noncombustible material to prevent sustained 
combustion. The only structure for both permit areas planned to exist postmining 
is the water well in the Coal Hollow Mine permit area with details shown in 
Drawing 5-8C and location shown on 5-3, 5-35 and 5-37. 

• Removal of Roads. Roads not retained for use under an approved postmining 
land use will be reclaimed immediately after they are no longer needed for mining 
and reclamation operations. Roads that are not listed as postmining roads in this 
section, will be closed to traffic, and all bridges and culverts removed. Prior to 
reclamation, surface material that is incompatible with the postmining land use 
and revegetation requirements will be removed from the roads and properly ..' 
disposed of at the mine site. The main haul road roadbeds will be 'S:(3~.fied' or 
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ripped to break up the surface. Topsoil will be replaced on the roadbed and the 
surface revegetated in accordance with the standards set forth in R645. The portal 
access/haul road is in Pit 10 and will be backfilled when no longer needed. 

Roads that will remain postmining are the following: 
• Road to Water Well with details shown on Drawing 5-22D 
• Road to east C. Burton Pugh property (K3993) with details shown on 

Drawing 5-22C 
• County Road 136 (K3900) with details on Drawing 5-22E, 5-22F and 

5-22G for the Coal Hollow Mine permit area and Drawings 5-61 and 5-63 
for the North Private Lease. This County road will be reconstructed 
within the permit areas by Kane County. This reconstruction will occur 
concurrently with the final stage of reclamation as scheduled on Drawing 
5-38 for the Coal Hollow Mine and Drawing 5-76B for the North Private 
Lease and is expected to be completed by 2017 and year 5 of operations, 
respectively. 

• Alton Coal Mine Road (K3100) with details on Drawings 5-62 and 5-63. 
This County road will also be reconstructed within the permit area by 
Kane County, and will also be constructed concurrently with the final 
stage of reclamation as shown on Drawing 5-76B. It is expected to be 
completed by year 5 of operations. 

• Road to Swapp Ranch (same specification as the Water Well Road) 
The location of these roads is shown on Drawings 5-37 and 5-38 along with the 
post mining topography for each permit area. 

• Removal of Water Control Structures. All sedimentation control structures, 
including ditches, berms and sedimentation ponds not retained as part of the 
approved post-mining land use will be removed, the areas regraded, topsoil ed, and 
revegetated. All water control structures will be removed at final reclamation. 
See Appendices 5-12 and 5-12A and Drawing 5-79 for descriptions and plans. 
ACD has obtained a Nationwide Permit through the US Army Corps of Engineers 
(SPK 2011-01248) for the crossing of Culvert C-2. ACD will send the Division a 
copy of the mitigation completion report for this permit along with the Division's 
annual report in the year which the mitigation is completed. ACD will also notify 
the Division of completion and approval by the Corp of ACD's application for an 
Individual Section 404 permit under the same number. This notification will 
include a copy of the approval letter and reference to USACOE's public archive 
for viewing of the permit documents. 

Final pit backfilling, removal of buildings, roads and other facilities, along with 
replacement of topsoil is expected to require approximately 15 months after the last coal 
is removed. 

542.700. Final Abandonment of Mine Openings and Disposal Areas. 

Final abandonment of alternative mined highwall panels (See Chapter 9 whibh ~ddre~s~~ ' 
R645-302 regulations) will be at the time when completed panels are backfilled as 20\8 
described in Section 529. N.OV 06 
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Underground mine openings will be closed in accordance with R645-301-513, R645-301-
529, R645-301-551 and approved MSHA requirements and backfilled. 

When no longer needed for monitoring or other use approved by the Division upon a finding 
of no adverse environmental or health and safety effects, or unless approved for transfer as a 
water well under R645-301-731.100 through R645-301-731.522 and R645-301-731.800, 
each well will be capped, sealed, backfilled, or otherwise properly managed, as required by 
the Division in accordance with R645-301-529.400, R645-301-631.100, and R645-301-748. 
Permanent closure measures will be designed to prevent access to the mine workings by 
people, livestock, fish and wildlife, machinery and to keep acid or other toxic drainage from 
entering ground or surface waters. 

If a water well is exposed by coal mining and reclamation operations, it will be permanently 
closed unless otherwise managed in a manner approved by the Division. 

Permanent closure and abandonment of water wells greater than 30 feet in depth will be in 
accordance with the requirements of "Administrative Rules for Water Well Drillers", State 
of Utah, Division of Water Rights or other applicable state regulations. Abandonment of 
wells will be performed by a licensed water well driller. The wells to be abandoned will be 
completely filled using neat cement grout, sand cement grout, unhydrated bentonite, or 
bentonite grout, or other materials approved by the Utah State Engineer's office. 
Alternatively, the well may be abandoned using a different procedure upon approval from 
the Utah State Engineer's office. 

Abandonment materials will be introduced at the bottom of the well or required sealing 
interval and placed progressively upward to the top of the well. The casing will be severed a 
minimum of2 feet below the ground surface. A minimum of2 feet of compacted native 
material will be placed above the abandoned well upon completion. 

Within 30 days of the completion of well abandonment procedures, a report will be 
submitted to the State Engineer by the responsible licensed driller giving data related to the 
abandonment of the well. This shall include the name of the licensed driller or other 
person( s) performing abandonment procedures, name of well owner at the time of 
abandonment, the address or location of the well by section, township, and range, 
abandonment materials and equipment used, water right or file number covering the well, 
the final disposition of the well, and the date of completion. 

Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or 
otherwise managed to prevent acid or toxic contamination of water resources and to 
minimize disturbance to the prevailing hydrologic balance. Exploration holes and boreholes 
will be managed to ensure the safety of people, livestock, fish and wildlife, and machinery. 

If an exploration hole is exposed by coal mining and reclamation operations, it will be .. 
permanently clos.ed unless otherwise managed in a manner approved by the DlVislori~ .~ .. 
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If any exploration boreholes are to be used as monitoring wells or water wells, these will 
meet the provisions ofR645-301-731 

Boreholes will be backfilled to within 1 foot ofthe land surface with concrete or other 
materials approved by the Division as necessary to prevent contamination of groundwater or 
surface-water resources or to protect the prevailing hydrologic balance. The upper 
approximately 1 foot will be backfilled with native materials to facilitate reclamation (see 
Drawing 6-11). Exploration holes and boreholes that may be uncovered during mining and 
reclamation activities will be permanently closed unless approved for water monitoring or 
otherwise managed in a manner approved by the Division. 

542.720. Disposal of Excess Spoil. 

A geotechnical analysis has been completed for the proposed long term and temporary 
excess spoil structures for each permit area. This analysis estimates the long-term safety 
factor to be 1.6 to 1.7 based on the proposed design. Following proper construction 
practices of building the structure in maximum four foot lifts and meeting 85% 
compaction based on the standard Procter will ensure that the structure will be stable 
under all conditions of construction. This construction will occur only in the designated 
excess spoil area as shown on Drawings 5-3 and 5-35 for the Coal Hollow Mine and 
Drawing 5-47, 5-51A and 5-51C for the North Private Lease. The fill will be placed with 
end dump haul trucks and lifts will be constructed using dozers. High precision GPS 
systems will be regularly utilized to check grades and appropriate lift thickness. The 
geotechnical analysis for this structure can be viewed in Appendix 5-1 for the Coal 
Hollow Mine and Appendix 5-11 for the temporary structures at the North Private Lease. 
Following the completion of surface mining in the highwall trench, backfill operations 
from the long-term excess spoil structure to the open pit has been ongoing to bring both 
the spoil structure and highwall trench areas to AOC. It is anticipated that backfill of the 
highwall trench will be completed by the 9th of June, 2016. Therefore, a small portion 
(apx. 250k C.Y.) of the long-term excess spoil structure may remain at the Coal Hollow 
Mine until final backfill of Pit to. In preparation for final borrow, Pit B-1 (as shown on 
Drawing 5-10) will be excavated and simultaneously backfilled to remove all coal from 
the borrow volume to reach the intermediate landform depicted in Drawings 5-35 and 5-
36. Then, following the completion of underground mining, backfill of Pit 10 will be 
completed utilizing borrow from the areas delineated in Drawings 5-19 and 5-37. Final 
backfill will require approximately 1.5 Million C.Y. of borrow material, but will still 
achieve AOC. 

Excess spoil that is combustible will be adequately covered with noncombustible material 
to prevent sustained combustion. 

542.730. Disposal of Coal Mine Waste. 

The MRP does not contemplate processing of coal that would produce c almine waste. 

542.740. Disposal of Non coal Mine Wastes. NOV 06 2018 
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Noncoal mine waste including, but not limited to grease, lubricants, paints, flammable 
liquids, garbage, abandoned mining machinery, lumber and other combustible materials 
generated during mining activities will be placed and temporarily stored in a controlled 
manner in a designated portion ofthe permit area and hauled offsite to a state approved 
recycling or solid waste disposal site. Final disposal of noncoal mine waste will not take 
place within the permit area. With the exception of removal of perforated piping used in 
the construction of Alluvial Ground Water Drains that will be left in place as mining 
advances and water line piping. This perforated piping will be covered in place 
approximately 20' to 30' below the final reclaimed surface. All other waste materials (ie. 
metal culvert) associated with the Alluvial Ground Water Drains will be removed and 
disposed of in a State-approved solid waste disposal site. The buried water line from the 
well to the Coal Yard, all buried water pipe within the Coal Yard and the buried water 
line from the tank East of Pit 10 will be cut off 4' below the final surface, capped and left 
in place. 

542.800. Reclamation Cost. 

The amount of the bond will depend upon the requirements of the approved permit and 
reclamation plan (R645-830.120). 

A preliminary estimate of reclamation costs is included in Chapter 8 and Appendices 8-1 
and 8-2. This estimate is based upon the proposed plan of open pit, highwall and 
underground mining, as well as eventual borrow to backfill Pit 10 at the conclusion of 
underground mining. A final bond estimate will be provided by the applicant to the 
Division upon completion of the approved permit and reclamation plan. 

550. RECLAMATION DESIGN CRITERIA AND PLANS 

551. SEALING AND CASING OF UNDERGROUND OPENINGS 

When no longer required, underground mine openings will be closed in accordance with 
R645-301-513, R645-301-529, R645-301-551 and MSHA approved requirements and 
backfilled. When no longer needed for monitoring or other use approved by the Division 
upon a finding of no adverse environmental or health and safety effects, or unless approved 
for transfer as a water well under R64S-30 1-731.1 00 thro~gh R645-301-731.S22 and R645-
301-731.800, each well will be capped, sealed, backfilled, or otherwise prqp~Flymanaged, ,: 'l 

as required by the Division in accordance with R645-301-529.400, R64S-301-631.100, and 
R645-301-748. Permanent closure measures will be designed to prevent accessN<n~wrf!tl'8 
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workings by people, livestock, fish and wildlife, machinery and to keep acid or other toxic 
drainage from entering ground or surface waters. 

If a water well is exposed by coal mining and reclamation operations, it will be permanently 
closed unless otherwise managed in a manner approved by the Division. 

Permanent closure and abandonment of water wells greater than 30 feet in depth will be in 
accordance with the requirements of "Administrative Rules for Water Well Drillers", State 
of Utah, Division of Water Rights or other applicable state regulations. Abandonment of 
wells will be performed by a licensed water well driller. The wells to be abandoned will be 
completely filled using neat cement grout, sand cement grout, unhydrated bentonite, or 
bentonite grout, or other materials approved by the Utah State Engineer's office. 
Alternatively, the well may be abandoned using a different procedure upon approval from 
the Utah State Engineer's office. 

Abandonment materials will be introduced at the bottom of the well or required sealing 
interval and placed progressively upward to the top ofthe well. The casing will be severed a 
minimum of2 feet below the ground surface. A minimum of2 feet of compacted native 
material will be placed above the abandoned well upon completion. 

Within 30 days of the completion of well abandonment procedures, a report will be 
submitted to the State Engineer by the responsible licensed driller giving data related to the 
abandonment of the well. This shall include the name of the licensed driller or other 
person(s) performing abandonment procedures, name of well owner at the time of 
abandonment, the address or location of the well by section, township, and range, 
abandonment materials and equipment used, water right or file number covering the well, 
the final disposition of the well, and the date of completion. 

Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or 
otherwise managed to prevent acid or toxic contamination of water resources and to 
minimize disturbance to the prevailing hydrologic balance. Exploration holes and boreholes 
will be managed to ensure the safety of people, livestock, fish and wildlife, and machinery. 

If an exploration hole is exposed by coal mining and reclamation operations, it will be 
permanently closed unless otherwise managed in a manner approved by the Division. If any 
exploration boreholes are to be used as monitoring wells or water wells, these will meet the 
provisions ofR645-301-731 

Boreholes will be backfilled to within 1 foot of the land surface with concrete or other 
materials approved by the Division as necessary to prevent contamination of groundwater or 
surface-water resources or to protect the prevailing hydrologic balance. The upper 
approximately 1 foot will be backfilled with native materials to facilitate reclamation (see 
Drawing 6-11). Exploration holes and boreholes that may be uncovered during mining and 
reclamation activities will be permanently closed unless approved for water m?l.litoringpr 
otherwise managed in a manner approved by the Division. ' 

552. PERMANENT FEATURES. NOV 06 20\8 
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552.100 

Small depressions may be constructed if they are needed to retain moisture, minimize 
erosion, create and enhance wildlife habitat, or assist revegetation. 

552.200 

All impoundments will be reclaimed, no permanent impoundments are proposed. 

553 BACKFILLING AND GRADING: 

Backfilling and Grading of the mined areas will proceed in conjunction with coal 
recovery operations. 

The following is a description of the overburden removal and backfilling process: 

For the Coal Hollow Mine, based on the overburden isopach map (Drawing 5-15), the 
overburden removal and backfilling process has been separated into three major stages. 
The first stage of this process is for the initial mining area, Pits 1-9. These pits have a 
relatively low strip ratio, approximately 4:3 (refer to Drawing 5-13). In order to 
efficiently remove overburden for this phase, spoil from the first three pits will be placed 
in an excess spoil area located immediately west of Pit 1. This excess spoil structure will 
hold approximately 2.7 million loose cubic yards (LCY) of material. Once the excess 
spoil pile is filled, overburden from the next 5 pits can then be used as pit backfill as the 
mining progresses through Pit 9. Pit 9 will not be backfilled at this stage; it has been left 
open for placement of the highwall miner (See Chapter 9 which addresses R645-302 
regulations) to recover coal from panels 1-3. 

From the initial mining area, operations will proceed from the southeast ~ of Section 30, 
beginning with pit 28 and proceeding north to pit 20. Material from pit 28 was place in 
the excess spoil structure with overburden material from successive pits to the north 
being placed in the mined out pit to the south. These pits were not mined as initially laid 
out due to the coal being eroded in the eastern half of pit 28 and numerous sand channels 
replacing much of the coal in the eastern portions of pit 22-27. These pits as mined have a 
relatively low strip ratio of approximately 5.0:2. While overburden removal was 
occurring in pit 22, coal recovery was occurring from the pit 9 highwall panels. In this 
method of mining, an unmanned cutter module is driven underground and operated in 
front of the highwall. The highwall mining machine stands on the pit floor or on a bench, 
directly in front ofthe exposed seam and makes long parallel rectangular drives into the 
coal seam. A remote-operated cutter module is pushed into the seam by a string of push 
beams (unmanned coal-conveying elements) that transport the mined coal back to the 
entry of the drive onto a stockpile. Coal is then removed to the sizing/loading area The. 
miner is moved along the face making successive pushes into the coal face. 0 be co~al i's 
removed from the Pits/ Highwall Trench, overburden from excavation of the next 
HighwaU Trench is used to backfilled the mined out area continuing with the progr~Q.~nO 6 2018 
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ofthe trench. In hole 27 of Pit 9 Panel 3, the highwall miner head became lodged. 
Another head was leased in order to continue highwall mining from pits 22 and 23 while 
a recover plan was approved to mine Pit 10 and recover the lodged miner head. 

In Stage three, Pit 21 was then mined along with the highwall panels in 21, then Pitl O. 
The strip ratio for these two pits was 8.0 and 12.1 respectively. Overburden was placed in 
the pits to the south from pit 21 and in pit 9 from pit 10. Pit 10 will remain open for 
development of the underground portals and remain open until all underground coal is 
mined. There will be no additional overburden removal associated with the underground 
mining. Surface mining will continue with mining of Highwall Trench (HWT) 1 
continuing south to HWT 3. The strip ratio for the highwall trench is 10.3:1. Overburden 
from HWT 1 will fill the remaining pit 9 with material from HWT 2 and 3 filling the 
previously mined portions of high wall trench and any remaining void in Pits 9, 20, 21, 
and 22. 

Following the completion of surface mining in the highwall trench, backfill operations 
from the long-term excess spoil structure to the open pit has been ongoing to bring both 
the spoil structure and highwall trench areas to AOC. It is anticipated that backfill of the 
highwall trench will be completed by the 9th of June, 2016. Therefore, a small portion 
(apx. 250k C.Y.) of the long-term excess spoil structure may remain at the Coal Hollow 
Mine until final backfill of Pit 10. In preparation for final borrow, Pit B-1 (as shown on 
Drawing 5-10) will be excavated and simultaneously backfilled to remove all coal from 
the borrow volume to reach the intermediate landform depicted in Drawings 5-35 and 5-
36. Mining of Pit B-1 will begin by dozing a thin layer (apx. 5 ft) of overburden covering 
the eastern extent of Pit B-1 from east to west in a strip 50 to 100 ft wide to create a 
temporary overburden berm. The coal underneath this first strip will then be extracted 
leaving a void into which the berm and subsequent strip overburden can be placed. The 
coal strips will progress from east to west, with dozing and potentially truck haulage 
replacing the stripped overburden into the coal voids from west to east. Mining slopes 
will be maintained at a I: 1 face angle for mining benches under 50 ft. Above 50 ft., a 40 
ft. catch bench will be installed between 40 ft. I: 1 benches. Additional fill material will 
be sourced from the adjacent pit slopes as necessary to establish the final 3:1 slope on the 
South pit wall and to meet the intermediate design surface depicted in Drawings 5-35 and 
5-36. As shown on in these drawings, this pit is nearly fully contained within the greater 
Borrow Area but will require approximately 91,000 CY of backfill material to establish 
the final 3: 1 slope on top of the 1: 1 operational slope and bench on the South pit wall. 
This 91,000 CY will remain in place in the final slope and will not be recovered in the 
final borrow. The remaining backfill will then remain in place until closure of the 
Underground Mine and finally rehandled as backfill to Pits 9-C and 10. Final backfill will 
require approximately 1.5 Million C.Y. of borrow material, but will still achieve AOC. 

The following table summarizes the overburden and backfill movement for the; GOal , ';, 
Hollow Mine: 

NOV 06 2018 
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Coal Hollow Mine Overburden 
Summary 

2011 3,511 ,849 CY 
2012 2,135,022 CY 
2013 3,090,547 CY 
2014 3,423,635 CY 
2015 2375,581 CY 
2016 277,000 CY 
Borrow 1, 516,200 CY 
Total 16,329,834 CY 

Rough backfilling and grading operations will follow coal removal by not more than 60 
days or 1500 linear feet except that Pit 10 will remain open until removal of underground 
coal is complete. Another possible exception would be the necessity ofleaving a block of 
approximately 200' X 600' of North Private Lease Pit 9 open pending final approval of 
continued mining in Areas 2 and 3. Should approval of Areas 2 and 3 for further mining 
be delayed, the block would need to remain open until construction of Pond 7 was 
completed, so that mining and backfilling of Pit 9 could progress through Pond T1. As 
shown on Drawing 5-76A, under any final circumstance that disallows continuation of 
mining from the extension of Area 1 into Areas 2 and 3, the final pit void remaining in 
Pits 9 will be backfilled from backfill borrow up gradient to the West while achieving 
AOC in both areas. 

For the North Private Lease, the lease boundary encompasses three Permit Areas. 

Based on the overburden isopach map (Drawing 5-56), the overburden removal has been 
separated into three major stages. The initial area of overburden removal is the mining 
area, Pits 1-10. These pits have a relatively low strip ratio, approximately 4.6: 1 (refer to 
Drawing 5-54). In order to efficiently remove overburden for this phase, spoil from pit 1 
and pit 2 will be placed in a temporary excess spoil area on the area of pits 5 and 6. This 
excess spoil structure will hold approximately 506,000 loose cubic yards (LCY) of 
material. Once the excess spoil pile is filled, overburden from the remaining pits can 
then be used as pit backfill as the mining progresses through Pit 10, also as pit 4 is 
completed, material from the temporary spoils pile can be placed in pit backfill. 

From the initial mining area, operations will proceed North from Pit 11 to Pit 21. These 
pits have a strip ratio increasing from 4.7:1 to 9.6:1. All spoils are placed in the 
proceeding void or in the NW temporary spoil stockpile in preparation for final backfill 
of Pit 21. 

The final mining area will be developed on the East side of Kanab Creek. Overburden 
removal from Highwall Trench 1 will proceed north in the trench with overBurdenlbeing , 
placed directly as backfill in the same highwall trench, progressing from South to North. 

NOV 06 2018 
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For start-up of the North Private Lease, some delay is unavoidable in reclamation of the 
initial mining areas due to the time required to establish the initial working pit and 
backfill area, and to achieve a steady state excavationlbackfill operation. In accordance 
with R645-30 1-553, backfill of each pit will commence no more than 60 days after the 
removal of coal. As currently planned, Pits 1 and 2 will be backfilled to the planned post 
mining contour, graded, and the subsoil and topsoil replaced concurrently with mining of 
Pits 3, 4, and 5. Depending on the timing of approval for Areas 2 and 3, mining and 
backfill in the extension of Area 1 (which contains Pits 7, 8 and 9) maybe limited as 
shown in Drawing 5-57 by Pond T1 and the geologic contact between Tropic Shale and 
Quaternary Alluvium in Pits 8 and 9. Temporary Pond T1 must remain in place until 
Pond 7 has been constructed and no alluvium will be mined until the hydrologic analysis 
of Areas 2 and 3 has been performed and approved. Once these approvals are obtained, 
the Area 2 facilities will be constructed and Pond T1 and the other Area 1 extension 
temporary facilities will be removed or mined out by advancing pits. Reclamation 
activities will proceed at the regular planned rate thereafter. As mining progresses 
through Pit 21 the semi-final pit void will require approximately 1,600,000 cubic yards to 
be rehandled from the backfill located above the final landform depicted in Drawing 5-74 
previously placed in the adjacent pits or in the NW temporary spoil stockpile. No other 
borrow or rehandle will be necessary from the highwall trench area, but the final 
landform depicts the previously approved borrow configuration of the topographic ridge 
should the operational need for material arise. Either configuration of this ridge will 
provide that natural landform, post-mining land use, and drainage will be maintained or 
improved. In the case where borrow from the area east of Kanab Creek is not necessary, 
the material void will not occur and post-mining topography will achieve AOC while 
closely mirroring original topography as shown on Drawing 5-45. 

Of note, erosional scours and the stock ponds identified on Drawing 7-7 within the center 
and western drainages existing prior to mining will be eliminated per the landowner 
request. This requires coordination with the USACOE for the elimination of wet lands 
(final landform shown on Drawings 5-74 and 5-75) identified in the Preliminary 
Jurisdictional Determination SPK-2011-01248 November of2012 and updated 
September 2015 (MRP, Volume 10, NPL Wetland Study Report Final). Disturbances 
within the identified wetlands will not occur until approval of the 404 permit. The 404 
permit will allow for take of the wetlands within the center drainage with wetlands being 
replaced in offsite mitigation under USCOE jurisdiction. 

The following table summarizes overburden movement for the North Private Lease. 

North Private Lease Overburden 
Summary 

Year 1 2,013,603 CY 
Year 2 2,414,827 CY 
Year 3 3,429,000 CY 
Year 4 3,429,000 CY 
Year 5 3,456,000 CY 
Year 6 3,456,000 CY Nnv 06 2018 

Chapter 5 5-98 

05/04/2017 



Year 7 1,254,600 CY 
Total 19,453,030 CY 

Major steps in the backfilling and grading process for both pennit areas are: 

• Backfilling of the Mined Out Pit. Material from active pits will be used to 
backfill mined out pits as mining progresses. Material will be placed in the in-pit 
backfill in lifts, until the approximate planned final elevation is reached. Working 
stability in the backfill will be achieved by placement of the material, and control 
of the overall spoil face slope at stable angles. The mined out area will be filled to 
its planned post-mining elevation, which approximates the pre-mining land 
contour. The backfill will be inherently stable because the exposed surface will 
have shallow slopes, and the backfill surface will not be significantly higher than 
the surrounding undisturbed ground. 

• Backfilling of Ramps. Ramps and travelways within the active mining will be 
moved as necessary for safe operation and efficient hauling of overburden and 
coal. When a particular ramp or travelway is no longer needed, it will be 
backfilled with excavated overburden from the advancing pit. 

• Grading. After backfilling is complete in each mined out area, the area will be 
graded using dozers and motor graders to achieve the planned post-mining 
contour, facilitate stable positive drainage patterns, and to blend in with the 
surrounding topography. Postmining slopes will not exceed either the angle of 
repose or such lesser slope as is necessary to achieve a minimum long-tenn static 
safety factor of 1.3 and prevent slides. A geotechnical analysis has been 
completed for the excess spoil structure and can be found in Appendix 5-1. 

Timing of backfilling and grading operations will depend on the rate of mine advance and 
the availability of backfill space and material. It is planned that mined areas will 
commence backfilling and grading within 60 days following coal removal. As described 
in the previous text there will be a variance from this standard for Pit 10 of the Coal 
Hollow Mine as it remains open during underground mining operations. Also, as the 
North Private Lease progresses toward Pit 21 in the North of Penn it Area 2 and 
accumulates an ever-growing void, the width of the void space increases but never 
exceeds 400 ft. at coal level (or approximately two pit widths), therefore the area in the 
void may take slightly longer to commence backfill activities than the standard 60 days. 
This will be immediately resolved once mining commences in the Highwall Trench on 
the eastern side of the pennit area. Areas needed for in-pit roads, ramps, drainage 
controls or areas which must be left open temporarily for operational reasons will be 
backfilled and graded as they become available. 

553.110 
~ ~ ;:;' " ... 

All areas will be restored to approximate original contour for the Coal Hollow Mine as 
shown on Drawing 5-37. R645-301 -553.800 (Thick Overburden) does not applyttl»'1hiQ 6 2018 
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surface mine. The slopes will be regraded to a maximum angle of 3h: 1 v and most slopes 
are flatter as shown on Drawing 5-37 and 5-37A. A geotechnical analysis has been 
completed to verify that the spoil material will be stable long term. This analysis can be 
viewed in Appendix 5-1. 

All areas will be restored to approximate original contour for the North Private Lease as 
shown on Drawings 5-74 and 5-75. R645-301-553.700 (Thin Overburden) does not apply 
to this surface mine. The slopes will be regraded to a maximum angle of 3h: 1 v and most 
slopes are flatter as shown on Drawing 5-74 and 5-75. A geotechnical analysis has been 
completed to verify that the spoil material will be stable long term. This analysis can be 
viewed in Appendix 5-11. 

553.120 

All highwalls will be eliminated in the final landform. Small depressions may be 
constructed as needed to retain moisture, minimize erosion, create and enhance wildlife 
habitat or assist vegetation. All spoil piles will be eliminated as shown on Drawing 5-37. 

553.130 

Postmining slopes for both permit areas will not exceed the angle of repose which is 
expected to be approximately 1.5h:1 v (33° to 35°) as described in Appendix 5-5. This 
appendix is an analysis by Dr. Ben Seegmiller addressing the safety factor for the post 
mining reclaimed slope with the lowest safety factor outside the excess spoil area. This 
analysis concludes that a minimum safety factor of these slopes reclaimed with a planned 
maximum slope angle of3h:1 v (18.4°) will be 1.7 which exceeds the requirement of 1.3. 
Appendix 5-5 also states that this planned reclaim slope angle is much less than the 
general area angle of repose. In fact it is at least 14° less. Therefore, postmining slopes 
reclaimed at the planned angle of 3h: 1 v (18.4°) are considered stable. 

The excess spoil slopes have been analyzed by Alan Taylor, P.E., an expert in 
geotechnical engineering. These slopes also significantly exceed the required 1.3 safety 
factor. Details for this analysis by Mr. Taylor can be viewed in Appendix 5-1. 

553.140 

Slopes will be regraded and vegetated to minimize erosion and water pollution on and off 
the site. 

553.150 

Backfilling and grading will be conducted to support the approved post mining 1<lN~.sO. 6 2018 
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553.200 Spoil and Waste. 

Spoil located in each of the excess spoil areas will be compacted to 85% of the standard 
Procter to provide long term stability of these structures. Remaining backfill in mined 
out areas will be confined and regraded to approximate original contour and will 
therefore not require compaction for long term stability. Subsoil will be placed over 
spoils and waste prior to placement of topsoil. This subsoil layer will provide a covering 
with minimal infiltration rate to prevent leaching of toxic materials. 

553.210 

Excess spoil from surface mining activities will be disposed of according to R645-30 1-
211, R645-301-212, R645-301-412.300, R645-301-512.21O, R645-528.310, R645-301-
535.100 through R645-301-535.130, R645-301-535.300 through R645-301-535.500, 
R645-536.300, R645-30 1-542.720, R645-301-553.240, R645-301-745.1 00, R645-301-
745.100, R645-301-745.300, and R645-301-745.400. Detail for meeting these standards 
can be reviewed in the corresponding sections. 

553.220 

The MRP does not contemplate placing spoil on areas outside the mined-out surface area 
for the purposes of restoring the approximate original contour. 

553.300. Covering of Exposed Coal Seams, and Acid- and Toxic-Forming Materials. 

Exposed coal seams, acid- and toxic-forming materials, and combustible materials 
exposed, used, or produced during mining will be adequately covered with nontoxic and 
noncombustible materials, or treated, to control the impact on surface and ground water 
in accordance with R645-301-731.1 00 through R645-301-73 1.522 and R645-301-
731.800, to prevent sustained combustion, and to minimize adverse effects on plant 
growth and on the approved postmining land use. 

553.400. Cut and Fill Terraces 

The MRP does not contemplate constructing cut and fill terraces. 

553.500. Previously Mined Areas (PMA's) and Continuously Mined Areas (CMA's). 

The MRP does not contemplate operations associated with PMA's, CMA's, or areas with 
remaining highwalls. 

NOV 06 2018 
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The MRP does not contemplate operations associated with PMA's, CMA's, or areas with 
remaining highwalls. 

553.700. Backfilling and Grading: Thin Overburden. 

The Coal Hollow project is expected to have approximately 1.5 million cubic yards of 
spoil shortfall; but ACD proposes to make up for this void and still meet approximate 
original contour by handling approximately 1.5 million cubic yards of material from a 
borrow area as shown in Drawings 5-19, 5-37 and 5-37A to complete backfill of Pit 10 
and the underground portals. In so doing, a surface configuration and drainage pattern 
that closely resemble original conditions will be achieved so that neither R645-301-
553.700 nor 301-553.800 apply to the Coal Hollow Mine permit area. 

F or the North Private Lease, based on updated swell factors of mined material found in 
Appendix 5-11, mining is expected to result in a deficit of spoil of approximately 1.0 
million cubic yards from original topography. ACD proposes to make up for this void 
and still meet approximate original contour utilizing the designed post mining landform 
depicted in Drawings 5-74 to 5-75. This landform accounts for the deficit while ensuring 
that a surface configuration and drainage pattern that closely resemble original conditions 
will be achieved so that neither R645-301-553.700 nor 301-553.800 apply to the North 
Private Lease permit area. 

553.800. Backfilling and Grading: Thick Overburden. 

553.810 

This rule does not apply to either the Coal Hollow Mine or the North Private Lease. 

553.820 - 553.830 

Backfilling and Grading of thick overburden will meet the following requirements: 

• R645-301-211: The applicant will present a description of the premining soil 
resources as specified under R645-301-221. Topsoil and subsoil to be saved 
under R645-301-232 will be separately removed and segregatedfrom other 
material. 

The soil resources for the proposed excess spoil disposal areas are described in 
Appendix 2-1. A plan has been developed for removal of topsoil and suitable 
subsoil based on the soil descriptions in this appendix. The handling pI c.an be, '.' . 
viewed on Drawing 2-2. Topsoil and acceptable subsoil will be separately c c ' \.., -:r ! 

removed and segregated from other material prior to placement of any spoil. 
NOV 06 2018 

• R645-301-212: After removal, topsoil will be immediately redistributed in 
accordance with R645-30 1-242, stockpiled pending redistribution wider R645i.~· .. - '; ; 
301-234, or if demonstrated that an alternative procedure will provide equal or 
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more protection for the topsoil, the Division may, on a case-by case basis, 
approve an alternative; 

The landfonn underneath the Excess spoil will have topsoil and subsoil 
redistributed in an approximately unifonn, stable thickness with the approved post 
mining land use, contours and surface water drainage systems. Material handling 
practices will prevent excess compaction of these materials. Handling practices 
will also protect the materials from wind and water erosion before and after 
seeding and planting. 

• R645-301-412.300: Criteria for Alternative Postmining Land Uses. 

Not Applicable 

• R645-301-512.210: Excess Spoil. The professional engineer experienced in the 
design of earth and rockfills will certify the design according to R645-301-
535.100. 

A professional engineer experienced in the design of earth and rock fills with 
assistance from a geotechnical expert has certified the design according to R645-
301-535.100. These certifications can be viewed on Drawings 5-37, 5-37A, 5-47, 
5-51A, 5-51C and 5-17. 

• R645-301-512.220: Durable Rock Fills 

No durable rock fills are planned. 

• R645-301-514.100: Excess Spoil. The professional engineer or specialist will be 
experienced in the construction of earth and rock fills and will periodically 
inspect the fill during construction. Regular inspections will also be conducted 
during placement and compaction of fill materials. 

A professional engineer or specialist that is experienced in the construction of 
earth and rock fills will inspect the fill during construction and regular inspections 
will also be conducted during placement and compaction of fill materials. 

• R645-301-528.310: Excess spoil will be placed in designated disposal areas 
within the permit areas within the permit area, in a controllable manner to ensure 
mass stability and prevent mass movement during and after construction. Excess 
spoil will meet the design criteria of R645-301-535. For the purposes of 
SURFACE COAL MINING AND RECLAMATION ACTIVITIES, the permit 
application must include a description of the proposed disposal site qt;d,-the , , .. 
design of the spoil disposal structures according to R645-301-211, R645-301-
212, R645-301-412.300, R645-301-512.210, R645-528.310. R645-301-53J.rI~f1) 6 2018 
through R645-301-535.130. R645-301-535.300 through R645-301-535.5(JtJ.' 

, ' t\ 
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R 645-536.3 00, R645-301-542.720, R645-301-553.240, R645-301-745.100, R645-
301-745.100, R645-301-745.300, and R645-301-745.400. 

Excess spoil will be placed in the areas designated on Drawings 5-3 and 5-37 for 
the Coal Hollow Mine. This fill will be placed in lifts not to exceed 4 feet. The 
material will be transported from the overburden removal area to the fill by end 
dump haul trucks and a dozer(s) will spread the spoil to this lift thickness. The 
fill will meet at minimum 85% compaction as related to the standard Procter. 
Final slopes will be regraded to a maximum slope of 3h: 1 v. The top of the fill will 
be sloped to approximately 2% to prevent pooling of water and to reestablish 
drainage similar to the original flow patterns. The excess spoil placed on the non
mined areas at the Coal Hollow Mine is approximately 32 acres and varies in 
height from 35 to 110 feet. The excess spoil pile will be completely rehandled as 
pit backfill prior to final reclamation. Following the completion of surface mining 
in the highwall trench, backfill operations from the long-term excess spoil 
structure to the open pit has been ongoing to bring both the spoil structure and 
highwall trench areas to AOC. It is anticipated that backfill of the highwall trench 
will be completed by the 9th of June, 2016. Design and the geotechnical study of 
this long-term fill can be viewed in Appendix 5-1. 

• R645-301-535.100 through R645-301-130: Disposal o/Excess Spoil 

A geotechnical analysis of the excess spoil structure designs has been completed 
by an expert in this field. The long term static safety factor for these structure 
designs is estimated at 1.6 to 1.7. Lifts will be placed in thicknesses not to exceed 
4 feet. The lifts will meet 85% compaction by the standard Procter. The fills will 
be graded to allow for drainage similar to original patterns and to prevent 
excessive infiltration of water. For the Coal Hollow Mine, following the 
completion of surface mining in the highwall trench, backfill operations from the 
long-term excess spoil structure to the open pit have been ongoing to bring both 
the spoil structure and highwall trench areas to AOC. It is anticipated that backfill 
of the highwall trench will be completed by the 9th of June, 2016. The landform 
beneanth the fill will be covered with subsoil and topsoil as specified in Chapter 2 
to provide conditions suitable for revegetation of the area. The geotechnical study 
can be viewed in Appendix 5-1 for the Coal Hollow Mine. 

• R645-301-535.300 through R645-301-535.500: Disposal o/Excess - Spoil 
Durable Rock Fills. 

Not Applicable 

• R645-301-536.300: Disposal o/Coal Mine Waste in Excess Spoil 
~. .. , ::' 

• _,1 • 

No coal mine waste is planned in the excess spoil area. ~~r'" 0 6 2018 
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• R645-301-542.720: Excess spoil will be placed in designated disposal areas 
within the permit area, in a controlled manner to ensure that the final fill is 
suitable for reclamation and revegetation compatible with the natural 
surroundings and the approved postmining land use. Excess spoil that is 
combustible will be adequately covered with noncombustible material to prevent 
sustained combustion. The reclamation of excess spoil will comply with the 
design criteria under R645-301-553.240. 

The landfonn beneath the Coal Hollow Mine long tenn excess spoil as shown in 
Drawing 5-37 and 5-37 A will be suitable to the surrounding area and for the 
postmining land use of primarily grazing. No combustible excess spoil will be 
placed in the proposed structure. The reclamation of the spoil does not include 
any terraces and the slopes will not exceed 3h:1 v. 

• R645-301-553.240: Thefinalfill configuration of the fill (excess spoil) will be 
suitable for the approved postmining land use. Terraces may be constructed on 
the outs lope of the fill if required for stability, control of erosion, to conserve soil 
moisture, or to facilitate the approved postmining land use. The grade of the 
outslope between terrace benches will not be steeper than 2h:1v (50 percent). 

The landfonn beneath the Coal Hollow Mine excess spoil as shown in Drawings 
5-37 and 5-37A will be suitable to the surrounding area and for the postmining 
land use of primarily grazing. The reclamation of the spoil does not include any 
terraces and the slopes will not exceed 3h: 1 v. This slope angle has been utilized 
at similar mining operations and found to be suitable for erosion control and 
revegetation of reclaim slopes. The long tenn static safety factor for these slopes 
is estimated to be 1.6 to 1.7. 

• R645-301-745.100: General Requirements. 

745.110: Excess Spoil will be placed in designated disposal areas within the 
permit area, in a controlled manner to: 

745.111,' Minimize the adverse effects of leaching and surface water runoff from 
the fill on surface and underground water; 

Reclamation of the landfonn beneath the Coal Hollow long tenn excess spoil will 
include a topsoil cover and subsoil layer. Infiltration through the reclamation is 
expected to be minimal based on the high clay content of these soils. In addition, 
laboratory data for the overburden shows that there is minimal potential for 
leaching of pollutants should infiltration rates become higher than expected. 

The foundation ofthe excess spoil area also has high clay content with minimal · .. · 
potential for infiltration. This will provide an additional, natural barrier to protect 
ground water present beneath the proposed structure. 

~'0\1 06 2018 
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745.112: Ensure permanent impoundments are not located on the completedfill. 
Small depressions may be allowed by the Division if they are needed to retain 
moisture or minimize erosion, create and enhance wildlife habitat or assist 
revegetation, and if they are not incompatible with the stability of the fill; and 

Permanent impoundments are not planned on the excess spoil area. Small 
depressions are also not planned in the excess spoil and are not viewed as a 
necessary enhancement to final reclamation based on average annual moisture 
data and the proposed slope configuration of the pile. 

745.113: Adequately cover or treat the excess spoil that is acid- and toxic 
forming with nonacid nontoxic material to control the impact on the surface and 
ground water in accordance with R645-301-731.300 and to minimize adverse 
effects on plant growth and approved postmining land use. 

Laboratory data representative of the overburden planned for disposal in the 
excess spoil area does not show acid- and toxic forming characteristics. 

745.120: Drainage Control. If the disposal area contains springs, natural or 
manmade water courses, or wet weather seeps, the fill design will include 
diversions and underdrains as necessary to control erosion, prevent water 
infiltration into the fill and ensure stability. 

A spring and seep survey available in Chapter 7 has identified no springs or wet 
weather seeps in the proposed excess spoil area. The final surface will be 
regraded to a contour that will route natural water from snowmelt and rainfall 
around the excess spoil as shown on the final contours Drawing 5-37. There are 
no manmade water courses present in the excess spoil area. No underdrains are 
planned for the excess spoil structure. 

745.121: Diversions will comply with the requirements ofR645-301-742.300 

No diversions are planned in the excess spoil area. 

745.122: Underdrains 

No underdrains are planned in the excess spoil area. 

745.300: Durable Rock Fills 

No Durable Rock fills are planned. 

745.400: Preexisting Benches 
,.h .~' .- .,'~ .f' , --

I r, i, < \ ! - : _; ; , 
~ I ",,",-J ,-'.' " -

The MRP does not contemplate disposal of excess spoil on preexistin~\nvcllti. 2018 
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Alton Coal Development, LLC will provide the Division, as part of the annual report for 
each calendar year, Drawing 5-38 for the Coal Hollow Mine and Drawing 5-76A and 5-
76B for the North Private Lease. The Drawings will provide an as-built of the 
reclamation sequence, d~picting the acres of open pit and lor trench, the acres backfilled, 
the acres fully reclaimed (topsoiled and seeded) and revisions to the reclamation 
timetable. This information will be submitted by March 28th of each calendar year with 
the appropriate Cl/C2. 

560. Performance Standards 

Coal mining and reclamation operations will be conducted in accordance with the 
approved permit and requirements ofR645-301-510 through R645-301-553. 

~\fW 06 20\8 
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Subject: Geotechnical Report - Alton Coal Development Mine - North Area 
Revision # 2 
Southeast of Alton, Utah 

Enclosed is our geotechnical investigation report for the suhject open pit mine - North 
Area - Southeast of Alton, Utah. On September 6, 2018 a representative of GEM 
Engineering excavated an additional trench (T-8) in the northeast comer of the north area 
of the subject site. This additional trench log and laboratory testing was added to the 
existing geotechnical report for the area an ~ubrnitted as this revision. All opinions and 
recommendations still apply. 

The report details our field exploration and laboratory testing program and presents our 
analysis, opinions and recommendations for the proposed project. 

Compressiable / loose soils were encountered as outlined in this report. 

We appreciate this opportunity to be of service on this phase of the project and look 
forward to being of service as the project progresses. If you have any questions, please 
contact this office at your convenience. 

Sincerely, " r ,,/ 

G~ff 
Joel A. Myers, P.E. 
President 
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1.0 INTRODUCTION 

1.1 General 

This report presents the results of a geotechnical investigation perfonned for the Alton 

Coal Development Coal Mine - North Area, Southeast of Alton, Utah. The site is located 

within Township 39 South, Range 5 West of the Salt Lake Base and Meridian Utah. The 

study was conducted in accordance with the client's authorization. On September 6,2018 

a representative of GEM Engineering excavated an additional trench (T-8) in the 

northeast comer of the north area of the subject site. This additional trench log and 

laboratory testing was added to the existing geotechnical report for the area an submitted 

as this revision. All opinions and recommendations still apply. 

The purposes of this investigation were to: (1) evaluate the general nature and 

engineering properties of the subsurface soils at the site; (2) identify the general site 

geotechnical conditions and (3) provide recommendations and opinions regarding general 

site grading and the design and construction of foundations, concrete slabs-on-grade and 

slope stability. The investigation included a site reconnaissance, subsurface exploration, 

representative soil sampling, laboratory testing, engineering analyses, review of existing 

geologic studies perfonned in the area and preparation of this report. The Taylor Geo

Engineering was relied on for much of the geotechnical data analysis for this site. That 

report is contained in appendix B. The soils that were tested in the Taylor Geo

Engineering report are essentially the same as in this report. 

The recommendations contained in this report are subject to the limitations presented in 

the "Limitations" section of the report. We recommend that all individuals reading this 

report read the limitations section of this document. 

1.2 Project Description 

We understand that an open pit coal mine is to be developed at the north area as shown 

on Plate 1 of this report. The site will be mined and stockpiles and drainage 

impoundments will be constructed also as shown on Plate 1 of this report. , NCO n PO n i~Tr: D 

The site plan on Plate 1 shows the approximate trench location with respect ~o0lteO 6 2018 
approximate property lines and proposed stockpiles and impoundments. 01'./. oj' Oll, GelD S~ i\':inir j;:; 
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2.0 FIELD EXPLORATION 

The subsurface soil conditions were explored by excavating, with a rubber tired back hoe 

and trackhoe 8 exploratory trenches to depths of approximately 10 to 15 feet below the 

existing site grade. The approximate locations of these explorations are shown on Plate 1. 

Soils and subsurface conditions encountered in the explorations were classified, logged 

and recorded at the time of excavation by our field geologists. The results of the 

explorations are presented on the enclosed Plates 2 through 9. A key to soil symbols and 

terms is found on Plate 19. 

INCORPOR/\TED 
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3.0 LABORATORY TESTING 

Representative soil samples from the explorations were tested in the laboratory to verify 

the field classifications and to evaluate other pertinent engineering characteristics. The 

soil samples were tested for moisture, density, solubility, gradation, consolidation 

behavior and maximum density. Results are presented on Plate 10. 

INCORPOR/\TED 

NOV 06 2018 
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4.0 GEOLOGIC AND SEISMIC CONDITIONS 

4.1 Geologic Setting 

The Alton Valley lies near the border of the Basin and Range and the Colorado Plateau 

physiographic provinces. The area is dominated by normal fault-block structure common 

to the Basin and Range Province, however, a small area of thrust faults are present in the 

valley. 

The valley fill material consists of alluvial deposits of silt, sand, and clay up to gravel 

size materials. The thickness of valley fill deposits may be up to 200 feet. The valley fill 

deposits are generally underlain by the Clarion Formation. 

4.2 Geologic Hazards 

Although some potential geologic hazards may be identified in this Geotechnical 

Investigation Report, this is NOT a Geologic Hazards Report and should not be regarded 

as such. 

No evidence of know faults was found within 500 feet of the proposed North Area 

location. 

NOV 06 2018 
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5.0 SITE CONDITIONS 

5.1 Surface Conditions 

As stated previously the site is located approximately southeast of Alton, Kane County, 

Utah. At the time of our investigation the site was vacant undisturbed pasture and range 

land. The surface generally consisted of sandy and silty clays. Vegetation consisted of 

grass, brush, native trees and weeds typical of the area. Drainage was pronominally by 

sheet flow to the southwest. 

5.2 Subsurface Conditions 

The on site soils encountered in the excavations generally consisted of sandy and silty 

clays followed by either sandy gravel, sandy silt and clayey soils which extended to the 

bottom of the holes. Bedrock or refusal was not encountered in any of our explorations. 

Numerous factors contribute to fluctuations in groundwater levels and locations. The 

evaluation of these factors was beyond the scope of this study. However, groundwater 

was not encountered during the exploration. The soils were in a slightly moist to moist 

condition throughout the depths explored. 

The encountered subsurface conditions are described in detail on the enclosed trench 

logs, Plates 2 through 8. Due to the nature and depositional characteristics of the native 

soils, care should be taken in extrapolating subsurface conditions beyond the exploration 

lactations. 

The laboratory tests results indicated that the on-site soils exhibited a relatively low 

solubility, low plasticity and a low to critical collapse potential. 

NOV 06 2018 
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6.0 ENGINEERING ANALYSIS AND RECOMMENDATIONS 

6.1 General 

Based on our investigation there are loose, soft and/or collapsible soils located at the site 

which will require some stabilization and/or overexcavation prior to the placement of 

structural fill or stockpiles. However, it is our opinion that the subject site is suitable for 

the proposed construction provided that the recommendations contained in this report are 

followed. 

The following sections of this report present our recommendations to reduce the potential 

for structural damage. They contain specific opinions and recommendations concerning 

construction considerations, site preparation and grading, structural fill, foundation 

design, retaining walls, concrete slabs-on-grade, soil corrosion, moisture protection and 

structural pavement sections. 

One of the most critical recommendations to follow in order to reduce potential for 

structural damage is to set the finished floor slab elevations high enough to facilitate 

proper drainage away from the structures. 

6.2 Construction Considerations 

RG1362r2 

6.2.1 Support for Structures 

After excavation of loose or organic soils and recompaction is completed, the 

spoil structures and embankments can be supported by the underlying soils as 

recommended in section 6.3 Earthwork of this report. 

NOV 06 2018 
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6.3 Earthwork 

RGl362r2 

6.3.1 Site Preparation and Grading 

Within the areas to be graded which are to recieve structural fill or stockpiles, 

existing vegetation, loose soils, and debris, should be removed and stockpiled for 

replacement at the end on the mining operations. Any undocumented fill soils, 

and soft, loose, collapsible and/or disturbed native soils should be excavated to 

expose competent, dense or medium dense granular soils. 

It is anticipated that competent medium stiff or medium dense granular soils will 

be encountered at 1 to 2 feet below the ground surface. Usually, direcly beneath 

the vegitative layer or top soil. A GEM Engineering representative should 

observe the excavation to verify that competent granular soils have been reached 

and that no additional overexcavation is required. If additional overexcavation is 

required the width of overexcavation should extend laterally at least 5 feet beyond 

the edge of footing on each side or to a distance equal to the depth of 

overexcavation, whichever is greater. In some circumstances, after review of the 

excavation, GEM Engineering may approve a width of lateral overexcavation less 

than 5 feet but in no case shall this width be less than the required depth of 

overexcavation. 

Slabs-on-grade, exterior concrete flatwork, and pavements should be supported by 

a zone of properly placed and compacted structural fill. If soft or collaspisable 

soils are encountered after all existing vegetation, loose soils, and debris has been 

removed than additional overexcavation will be required. Overexcavations, if 

required, shall extend laterally at least 2 feet beyond exterior flatwork and 

pavement areas. Excavations may be terminated if competent, medium dense 

native soils are encountered. 

If loose, soft or pumping soils are encountered at the bottomo wfote2018 

overexcavations, stabilization and/or additional overexcavatiol!. will be required 
, ' . .1 ,. d I C.', • . '. ;."'" . . ,;ii-Ur-l :.~ 

GEM ENGINEERING,INC. Page 7 



• I 

) 

) 

prior to the placement of structural fill. Overexcavations may be terminated if 

competent, medium-dense granular soils are encountered. A GEM Engineering 

representative should observe excavation and determine if it is acceptable to 

terminate the excavation or reduce the overexcavation depth. 

The majority of on-site soils, free of organics and debris, should be suitable for 

reuse as structural fill with the exception of the fat clays. If using on-site soils for 

backfill or structural fill a shrinkage factor of up to 15 percent can be expected. 

Following excavation of the unsuitable soils as described above, a representative 

of this office should observe the excavation bottoms prior to the continuance of 

grading to verify that unsuitable materials have been removed and that competent 

soils have been exposed. The native soils exposed after overexcavation should be 

scarified to a depth of 6 inches, brought to within 2 percent of the optimum 

moisture content for granular soils and slightly above optimum for fine-grained 

soils, and compacted to at least 90 percent of the maximum dry density for 

granular soils and 85 percent of the maximum dry density for fine grained soils as 

determined by ASTM D-1557. The site should then be brought to the proper 

grade with structural fill as described in the Structural Fill section. 

Subgrade materials supporting slabs-on-grade, exterior concrete flatwork, and 

pavements should be kept moist and not be allowed to dry out and crack. If the 

sub grade has been disturbed or dried out prior to placement of aggregate base, the 

exposed soils should be moisture-conditioned and recompacted as outlined in the 

Structural Fill section of this report. 

We recommend that a GEM Engineering representative be allowed to review the 

grading plans when prepared to evaluate their compatibility with the 

recommendations of this report. 

'NeoP
j Dr!'.""" "rr"D • ~ ti \.".,,' i'~~l~~ c: 
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6.3.2 Excavations 

The majority of the soils encountered in our explorations should be excavatable 

with conventional earthwork equipment. It is also possible that soft pumping soils 

may be encountered. Pumping soils will need to be stabilized prior to placing of 

structural fill. Safety of construction personnel is the responsibility of the 

Contractor. 

6.3.3 Material Volume Changes 

There will be shrinkage losses when excavating and compacting the on-site soils 

from a native state to a compacted structural fill state. An estimated average 

shrinkage factor of 10 to 15 percent is applicable for the loose to medium

dense/medium stiff near-surface native soils when compacted to 90 percent of 

ASTM D-1557. A subsidence factor of 0.1 should be used in all areas where the 

surficial soils are scarified and recompacted to a depth of 6 inches. 

The following table illustrates a shrinkage and expansion analysis that was 

preformed at the site on the different soil types encountered: 

SHRINKAGE AND EXPANSION - SUMMARY OF TEST RESULTS 

Based on the above shrinkage and expansion values the bank(native density) to 

loose expansion factor is calculated to be 10.7 percent for the anticipated 3 to 1 

Tropic Shale to Alluvium mixture. 

Additionally, when backfilling the pit after the coal column is t"el:Ooye~riroru\"r':D 

expansion factor from the bank (native density) to placed in the hole is anticipated 
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to be 9.5 percent because of the natural consolidation that occurs due to 

consolidation of the soils that occurs in large fills. 

6.3.4 Structural Fill 

All fill placed for the support of slabs-on-grade, exterior concrete flatwork, and 

pavements should be structural fill. Structural fill may consist of approved 

excavated on-site or imported fill materials. Structural fill should have a swell 

potential less than 10 percent under a 60 psf surcharge, have a solubility of less 

than 3 percent, be free of organics, salts, or inert materials larger than 4 inches 

nominal size, and be similar in gradation to the on-site soils. 

Structural fill should be placed in maximum eight-inch loose lifts and compacted 

on a horizontal plane, unless otherwise approved by the Geotechnical Engineer. 

Soils in compacted fills should be compacted to at least 90 percent of the 

maximum dry density as determined by ASTM-D698. The moisture content 

should be within 2 percent of optimum for granular soils and at least 2 percent 

above optimum for fine-grained soils. Any imported fill materials should be 

approved prior to importing. Also, pr~or to placing any fill, the excavations should 

be observed by a GEM Engineering representative to observe that unsuitable 

materials have been removed. 

6.4 Slope Stability Analysis 

A detailed slope stability analysis was preformed by GEM Engineering. The Factors of 

safety for the highest slopes range from 2.22 to 5.21 against failure depending on the soil 

type and cross-sections utilized. A factor of safety of 1.5 is required. The analysis was 

preformed utilizing STEDwin which is a slope stability software program. The results of 

the analysis are contained in Appendix C of this report and can be utilized for the subject 

North Area Stockpiles as long as the 3 to 1 horizontal to vertical slopes are nfl\p:tain~a. ~s 'i)~/\ TF: D 
recommended. 

NOV 06 2018 
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6.5 Excess Spoil Structures and Sediment Impoundments 

It is our understanding that a temporary excess spoil structure and Sediment 

Impoundments will be constructed on the site. We recommend that the maximum slope 

will be 3:1 (horizontal to vertical) for fill slope slopes and a maximum of 2: 1 (horizontal 

to vertical) cut slopes in Sediment Impoundments. It is our understanding that none of 

the spoil structures are permanent. While ground water was not encountered during our 

investigation, some dewatering may be necessary at the bottoms of the sediment 

impoundments if groundwater is encountered. All embankments constructed for the 

Sediment Impoundments should be constructed with structural fill as recommended in 

section 6.3.4 of this report and State of Utah R645-Coal Mining Rules. 

6.6 Settlement 

Based on the anticipated loading of the spoil piles as shown on plate 1 and the 

consolidation behavior assessed in the laboratory testing in this report, we estimate the 

settlement of spoil stock piles to be on the order of 1.5 to 2 feet. It should be noted that 

farming activities can be performed on the reclamated areas but structures should not be 

placed on the reclamated areas due to the large anticipated settlements. 

6.7 Bulking 

During mass excavation operation of dense materials, the placement of spoils generally 

requires more volume of space than that originally occupied by the same soil mass in its 

native state. Based on dry densities of the CH - Silty Clay materials in their intact state 

and Standard Proctors preformed, the CH - Silty Clay spoils and testing preformed by our 

firm in the south area there will be volume increase of approximately 10 to 15 percent. 

The Alluvium (Lean Clay, Sand and Gravel) materials will have an increase of 

approximately 5 to 10 percent. 

NOV 06 2018 
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7.0 CLOSURE 

7.1 Limitations 

The recommendations contained in this report are based on the field exploration, 

laboratory tests, and our understanding of the proposed construction. The subsurface data 

used in the preparation of this report were obtained from the exploration made during this 

investigation. It is possible that variations in the soil and groundwater conditions could 

exist elsewhere on the site. The nature and extent of variations may not be evident until 

construction occurs. If any conditions are encountered at the site which are different from 

those described in this report, GEM Engineering should be immediately notified so that 

we may make any necessary revisions to recommendations contained in this report. In 

addition, if the scope of the proposed construction changes from that described in this 

report, GEM Engineering should likewise be notified. 

This report was prepared in accordance with the generally accepted standard of practice 

at the time the report was written. Although some potential geologic hazards may be 

indentified in this Geotechnical Investigation Report, this is NOT a Geologic Hazards 

Report and should not be regarded as such. No warranty, express or implied, is made. It is 

the Client's responsibility to see that all parties to the project, including the Designer, 

Contractor, Subcontractors, etc., are made aware of this report in its entirety. The use of 

information contained in this report for bidding purposes should be done at the 

Contractor's option and risk. GEM Engineering will not accept the responsibility for 

damage caused by the uncontrolled action of water at the site. 

7.2 Additional Services 

The recommendations made in this report are based on the assumption that an adequate 

program of tests and observations will be made during the construction to verify 

compliance with the recommendations. These tests and observations shour~ ~~ud~, .but . ) . 

not necessarily be limited to, the following: T 
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• Observations and testing during site preparation, earthwork and structural 

fill placement 

• Observations of footing excavations 

• Consultation as may be required during construction 

We also recommend that project plans and specifications be reviewed by us to verify 

compatibility with our conclusions and recommendations. Additional information 

concerning the scope and cost of these services can be obtained from our office. 

NOV D 6 2018 
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Sample: • Drive Sample 

Soil Description 
(Additional comments below) 

~ BagSample 

~ o 
8 

S 

UTI Bucket Sample 

Notes: 

l1t2~~=~=~~~~~~~~~~~~~~::=============1 Groundwater: 
Not encountered 
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Botton at 13.5 Feet. 
15 

20 

Sample: • Drive Sample 

Soil Description 
(Additional comments below) 

t'liI Bag Sample [ill Bucket Sample 

.... o 
8 

Notes: 
~~5;;;F~:-~-~;;;j;';~7fiJr;;fi;t;~~;mc~;;s;;;;;;;-';""'------------1 Groundwater: 

Not encountered 
= Very Dense Fine 

t~-~~=;;,;;;;;;;;;;~f:~;;;;;;;=~~~~;;;;;;;-;;=;,;;i,:;;;------------' Caving of side walls: 
None noted 
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20 

Sample: • Drive Sample 

Soil Description 
(Additional comments below) 

rliI Bag Sample UTI Bucket Sample 
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o 
8 

Notes: 

12t2~~=~=~~~~~~~~~~~~~~~============1 Groundwater: 
Not encountered 
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15 Bottom at 14 feet. 

20 

Sample: • Drive Sample 

) 

Soil Description 
(Additional comments below) 

~ 
UUU Bag Sample [IT] Bucket Sample 

- North Area 

L.. o 
8 

Brown 

Orange 
Brown 

SM 
to 
M 

SM 

Notes: 

MS none #4 

Groundwater: 
Not encountered 

GEm Plate: 

NOV 06 2018 

r ~iv. 010/'/' (' 
J '(. ..• ) ..! 



) 

2 
'-" 

10 

AT,M 
Sol 
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AT,M 

at 15 feet. 

Soil Description 
(Additional comments below) 

Brown 

Notes: 

I2t~~~=~=~~;~~~~~~~~~~~~==:==========t Groundwater: 
Not encountered 

t-;;)-~~~~~~~17r:fc;;~~~~tk;7~~~;;;;;ti,:;;;------------' Caving of side walls: 
None noted 

, - 1/4"), CS=Coarse Sand (#10-#4), 
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Sample: • Drive Sample 

Soil Description 
(Additional comments below) 

B?lI Bag Sample D Bucket Sample 
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to to 
M VS 

to to 
M VS 

Notes: 
t-;~~~;:-~-~;:;,;j;;;;;:-;;Fi7,;iii;;;t.~n:;;r,;:;;;;;;;;s:;:;:;;;-';""'-----------1 Groundwater: 

Not encountered 
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Sol, P 

At, M,C 
Sol, P 

Soil Description 
(Additional comments below) 

.... o 
8 

with Red 
Streaks 

to 
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H 

Notes: 
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Not encountered 

t-;;;--~~;k~~;t;;;~~~~~;;;;;~~~~;;;~~trtk;;;------------"1 Caving of side walls: 
None noted 
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I CONSOLIDATION TEST DATA 

Load (pst) 
100 1000 10000 

0.00 

1.00 

--:R 0 - 2.00 c 
0 .. 
RII 
:E ~ 

~ 3.00 '\. ........ 
c i' 
0 '\. :.......... U .... ............. .......... c 

" .............. .......... 
~ 4.00 I'\. ........... " 
IU .... ""'--, a. 

~ 
........ 

........ 
5.00 ........ , 

"" 
6.00 

Sample Location - T-l @ 3' 
Water added at 2000 pst 

Load (pst) 
Percent Net Percent 

Consolidation Consolidation * 
500 2.62 0.00 

1000 4.32 1.70 

2000 5.34 2.72 

2000 + H2O 3.38 0.76 

4000 4.33 1.71 

500 2.67 0.05 

* Net consolidation assumes that existing native pressure on 
soil is aproximately equal to 500 psf 

PROJECT: Alton Coal Development - North Area --m South East ot Alton, Utah 
111:;1 ,- i'\\.: 

Plate: 
Client: Alton Coal Development ~, 1i .: 'j ... ,,, ~"-,,,r' t . 

Report No: RG1434 E GINEERING, INC. • j - [) ) 
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CONSOLIDATION TEST DATA 

Load (pst) 
100 1000 10000 

0.00 

0.50 I 

-... 
....... ...., - ........ 

~ 1.00 ........ a - ........ 
C 
0 
:i:l 
ra 1.50 :2 
'0 
III 
C 
0 
U 2.00 
oW c 
~ 
CU 

Do 2.50 

3.00 

I 
I 

3.50 

Sample Location - T-2 @ 4' 
Water added at 2000 psf 

Load (pst) 
Percent Net Percent 

Consolidation Consolidation * 
500 0.60 0.00 

1000 0.87 0.27 

2000 1.22 0.62 

2000 + H2O 3.00 2.40 

4000 3.05 2.45 

500 3.07 2.47 

'" Net consolidation assumes that existing native pressure on 
soil is aproximately equal to 500 psf 

PROJECT: Alton Coal Development - North Area 

iil:.iQ!CI South East of Alton, Utah Plate: 
Client: Alton Coal Development n 1!2 \ , " 

Report No: RG1434 ENGINEERING, INC. ) 
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CONSOLIDATION TEST DATA 

Load (pst) 
100 1000 10000 

0.00 

1.00 ,... - ..... .-
2.00 -- -~ 0 ..... 

C 
0 3.00 :c; 
I'll 
:s! 
'0 
UI 4.00 
C 
0 '\ 
U '\ .... '\ 
C 

5.00 '\ IU '\ 
~ '\ 
IU '\ A. 

6.00 L"-
'\ 
'\ - '\ -- '\ 

7.00 r---l 

B.OO 

Sample Location - T-3 @ l' 
Water added at 2000 psf 

Load (psf) 
Percent Net Percent 

Consolidation Consolidation * 
500 1.08 0.00 

1000 1.64 0.56 

2000 2.20 1.12 

2000 + H2O 3.93 2.85 

4000 6.95 5.87 

500 6.15 5.07 

* Net consolidation assumes that existing native pressure on 
soil is aproximately equal to 500 psf 

PROJECT: Alton Coal Development - North Area --m South East of Alton, Utah DI:.I '': Plate: 
Client: Alton Coal Development ""it,,;; ,0,; 1\ 

.,.s' I! ii3 )t i 
Report No: RG1434 ENGINEERING, INC. ) 
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CONSOLIDATION TEST DATA I 

Load (pst) 
100 1000 10000 

0.00 

I -- r- ..... 
1.00 --... 

..... 
S! 2.00 
0 -C 
0 I I :w 
III 3.00 :E 
'0 
VI c 
0 
U 4.00 .... '-C '-GJ 
U '-.. 

'-GJ 
A-

5.00 " 
'-
'-
'-

6.00 

7.00 

Sample Location- T-3 @ 6' 
Water added at 2000 pst 

Load (pst) 
Percent Net Percent 

Consolidation Consolidation * 
500 0.46 0.00 

1000 0.73 0.27 

2000 1.04 0.58 

2000 + H2O 3.79 3.33 

4000 5.89 5.43 

500 5.39 4.93 

* Net consolidation assumes that existing native pressure on 
soil is aproxlmately equal to 500 psf 

PROJECT: Alton Coal Development - North Area 

GEm South East of Alton, Utah Plate: 
Client: Alton Coal Development 

ENGINEERING, INC. I N "' {"I 14 Report No: RG1434 '\." ... ,' .. ," .\ I ~ ) 
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I CONSOLIDATION TEST DATA I 

Load (psf) 
100 1000 10000 

0.00 -
2.00 

..... -- - ..... 

- 4.00 

se 0 -c 
0 6.00 :w 
ftI 
:s! 
'0 
III 8.00 c 
0 
U .... 
c 

10.00 ~ 
GI 

'" A. 

'" 12.00 '" 
'" '" '" 14.00 

16.00 

Sample Location - T-6 @ 5' 
Water added at 2000 psf 

Load (pst) 
Percent Net Percent 

Consolidation Consolidation * 
500 0.76 0.00 

1000 2.05 1.29 

2000 3.02 2.26 

2000 + H2O 10.56 9.80 

4000 13.68 12.92 

500 12.84 12.08 

* Net consolidation assumes that existing native pressure on 
soil is aproximately equal to 500 psf 

PROJECT: Alton Coal Development - North Area 

GEin South East of Alton, Utah Plate: 
Client: Alton Coal Development 

ENGINEERING, INd t,: • <- 1S 
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, CONSOLIDATION TEST DATA I 

Load (psf) 
100 1000 10000 

0.00 
I\.. 

"-
'\. 

0.50 
\ " '\ - \ '\ 

:::e , 
I' 0 -c \ , 

0 \ "-:c; 1.00 ra "-:5! 1\ '\. '0 
VI , 
C 
0 \ ~ u 

'\.. ... 
1.50 c \ '\. cu 

~ r\. "-cu c:a. "\. r\. 
"\. '\. 

2.00 '\.. '" "\. 
"-

2.50 

Sample Location - T-7 @ 2' 
Water added at 2000 psf 

Load (psf) 
Percent Net Percent 

Consolidation Consolidation * 
500 0.51 0.00 

1000 1.64 1.13 

2000 2.21 1.70 

2000 + H2O 1.34 0.83 

4000 1.98 1.47 

500 0.03 -0.48 

* Net consolidation assumes that existing native pressure on 
soil is aproximately equal to 500 psf 

PROJECT: Alton Coal Development - North Area 

GEili South East of Alton, Utah Plate: 
Client: Alton Coal Development 
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, CONSOLIDATION TEST DATA 

Load (psf) 
100 1000 10000 

0.00 

0.50 .~ 
r\., 

'\: 
~ - " ~ 1.00 

0 - l ~ 
C ~ 0 ,-, ~ 
IV 1.50 " :2 " ~ " , , c , , 
0 
U 2.00 

, , ... , , 
c , l' 
~ , "" GJ 

, 
" "" 2.50 " ~ ...... 

"' " 3.00 

3.50 

Sample Location - T-7 @ 6' 
Water added at 2000 pst 

Load (psf) 
Percent Net Percent 

Consolldation Consolidation * 
500 0.39 0.00 

1000 1.40 1.01 

2000 2.43 2.04 

2000 + H2O 2.20 1.81 

4000 2.90 2.51 

500 0.50 0.11 

* Net consolidation assumes that existing native pressure on 
soil is aproximately equal to 500 psf 

PROJECT: Alton Coal Development - North Area 

a~rn South East of Alton, Utah Plate: 
Client: Alton Coal Development 
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i CONSOLIDATION TEST DATA 

Load (pst) 
100 1000 10000 

0.00 

1.00 

-::.e 0 - 2.00 c 
0 "-~ 
III 
:E ""-
'0 , 
1/1 3.00 c I' 0 

~ U .... ........ ........... c ....... ......... I 
~ 4.00 ..... ......... 
CU .............. ""'I ......... A. 

.......... ........ 
........... ..... 
~ 

5.00 

6.00 

Sample Location - T-S @ 5' 
Water added at 2000 psf 

Load (pst) 
Percent Net Percent 

Consolidation Consolidation * 
500 2.17 0.00 

1000 3.37 1.20 

2000 4.12 1.95 

2000 + H2O 3.94 1.77 

4000 4.82 2.65 

500 3.41 1.24 

* Net consolidation assumes that existing native pressure on 
soil is aproximately equal to 500 psf 

PROJECT: Alton Coal Development - North Area ---iQ South East of Alton, Utah g~1 r 

Plate: 
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COARSE 
GRAINED SOILS 

50% or more is 
retained (larger than) 

the No. 200 sieve. 

FINE GRAINED 
SOILS 

50% or more passes 
(smaller than) the No. 

200 sieve. 

Gravels Clean Gravels 

Less than 5% fines 
More than so % of 
coarse part is larger Gravels with Fines 
than the No.4 sieve. 

More than 12% fines 

Sands Clean Sands 

Less than 5% fines 
More than SO % of 

coarse part is smaller Sands wI Fines 
than the No.4 sieve. 

More than 12% fines 

Silts and Clays 
Liquid Limit less than SO 

Silts and Clays 
Liquid Limit SO or more 

Highly Organic Soils 

PLASTICITY CHART 

60 
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>< 
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C 30 ... 
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0 

PROJECT: 

ML 
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Liquid Limit (ll) 

Alton Coal Development - North Area 
South East of Alton, Utah 

70 

Well graded gravels, gravel sand mixtures, 
little or no fines 

Poo~y graded gravels/gravel sand mixtures 

Silty gravels, gravel·sand·sllt mixtures 

Clayey gravels, gravel·clay·sand mixtures 

Well graded sands, gravely sands, little or no nnes 

Poo~y graded sands or gravely sands, little or no fines 

Silty sands, sand·sllt mixtures 

Clayey sands, sand clay mixtures 

Inorganic sill5 and very fine sands, rock nour, silty or 
clayey fine sands or clayey slits with low plasticity 

Inorganic clay·silt mixture and very nne sand, silty or 
clayey fine sands or clayey slits w~h low plasticity. 

Inorganic days of low to medium plasticity, gravely 
clays, sandy days, silty days, lean clays 

Organic sl~ and organic silty clays of low plastldty 

Inorganic silts, micaceous or diatomaceous fine sandy or 
silty solis, elas~c 51115 

80 

Inorganic days of high plasticity, fat clays 

Organic clays or medium to high plasUcity, 
organic slits 

Peat and other highly organic slits 

-----1----

90 100 110 
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,- I OVEREXCAVATION, DRAINAGE AND 
I MOISTURE PROTECTION DIAGRAM 

Landscaped areas: 4 

5% slope for 10'-Q" required 
(6" of fall over 1 0') 

PROJECT: 

Client: 

Report No: 

Width of 
overexcavation 2 

Total width of 

Basement Foundation 

Total width of 
overexcavation 3 

Slab-On-Grade Foundation 

Alton Coal Development - North Area 
South East of Alton, Utah 
Alton Coal Development 
RG1434 

Direct roof drainage away from 
foundation in accordance with 
R401.3 & 801-3 (2012IRC) or 

1804.3 (2012 IBC) 

Compacted 
Structural Fill 

Hardscaped areas: 4 

2% slope for 10'-Q" required 
(2 1/2" of fall over 10') 

Native soil 

1 The depth of overexcavation shall extend from the bottom 
of the footing or existing site grade whichever is 
GREATER. 

2 The width of overexcavation is equal to 51t past the edge 
of Itg or equal to the depth of overexcavtion which is 
GREATER. 

In some casses GEM Engineering may approve a width of 
lateral overexcavation less than 5'-0" but it shall never be 
less than the required depth of overexcavation. 

3 The total width of overexcavation is euqal to the width of 
the footing plus 2x the width of lateral overexcavation. 

4 Drainage and gradation shall be constructed in 
accordance with the requirements of section R401.3 & 
R801.3 of the 2012 IRe or section 1804.3 of the 2012 
IBC. Refer to geotechnical report for additional drainage & 
grading requirements & recommendations. 

Plate: 
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1.0 INTRODUCTION 

This report presents the results of the geotechnical engineering study perfonned at the subject 
property. The proposed Alton Coal Mine is located within Township 40 South, Range 5 West 
Salt Lake Base and Meridian. As shown on Figure 1, Vicinity Map and Figure 2, Site Plan 
(Appendix A), the area investigated is located on the west side of State Highway 10, 
approximately 3 miles south of Alton, Utah. 

The proposed Coal Hollow Mine will be an open pit coal mine approximately 440 acres in size 
with the portion addressed in this report comprising 80 acres. It is anticipated that during 
operation of the mine. approximately 2,000,000 cubic yards of coal will be mined per year with 
approximately 14,000,000 cubic yards of overburden moved per year. The mining equipment 
hauling the material is expected to range in weight from 100 tons to 240 tons. They will dump 
large piles up to IS feet in height and large dozers (010 to 011 in size) will spread the material, 
which will require tracking over the fill material several times during placement to four foot lifts. 

For the initial 80 acres of the project, an excess spoil pile and 4 sedimentation ponds will be 
constructed. The purpose of the study was to verify the stability of the proposed spoil structure 
and impoundment slopes as designed by Alton Coal Development. 

2.0 PREVIOUS STUDIES 

Previous investigations have been conducted prior to this study. Several borings were drilled in 
200S by Petersen Hydraulic for a hydraulic study of the proposed mine. Prior to 2005, several 
test pits and borings were completed as part of an economical geologic study of the area to study 
overburden thickness and coal stratum thickness. 

Test Pits SP-13, SP-1S, SP-16 and CH-32, and borings CH-I-OS, CH-3-0S, CH-S-OS are relevant 
to this study. The location of the test pits and borings are shown on Figure 2. Borings logs were 
provided to TGE by Peterson Hydraulic for borings CH-I-OS, CH-3-05 and CH-5-0S. Logs of 
the Test Pits were not provided to TGE. 

The following samples from the previous subsurface investigations by others were provided by 
Alton Coal Development to TGE: 

ALTON COAL DEVELOPMENT 
DESCRIPTION 

TEST PIT AND BORING NUMBER 
SP-13 Sandy Clay (CL) 
SP-13 Silty Sand (SM) 
SP-15 Silty Clay (CL-ML) 
SP-15 Silty Sand (SM) 
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SAMPLE 
DEPTH 
24"-48" 
72" - 84" 
20" - 37" 
57" - 73" 
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SP-16 Clay (CL) 36" - 56" 
SP-16 Sandy Silt (ML) 56" - 68" 
SP-16 Silt (ML) 68" - 90" 

CH-32 (Coal Hollow) Clay (CL) 31" - 54" 
CH-32 Clay (CL) 54" - 72" 

CH-I-05 (Rock Core) 
Weathered Shale 

40' - 55' 
Fat Clay (CH) 

CH-3-05 (Rock Core) Shale 41' - 44.5' 
CH-5-05 (Rock Core) Shale 48' - 55' 
CH-5-05 (Rock Core) Shale 98' - IDS' 

Samples SP-13, SP-I5, SP-16 and CH 32, were combined to make a sample representative of the 
upper soil profile which TOE labelled SP-l6-13. Samples CH-I-05 and CH-3-05 were hand 
crushed and combined to create sample CH-I-3. The remaining core samples were hand crushed 
and labelled CH-5-48 for the 4S-55 ft. core and CH-5-98 for the 98-108 ft. core. 

3.0 SCOPE OF WORK 

This study included the following scope of work. 

3.1 Site reconnaissance 

A site reconnaissance was conducted by TOE on February 22, 2007. The purpose of the visit 
was to observe existing site conditions, determine boring locations, and pick up subsurface 
samples from the previous investigations that have been in storage. 

3.2 Subsurface Exploration 

Five (5) exploratory borings were drilled on February 28,2007 and March 1,2007, at the site to 
evaluate subsurface conditions. The borings were drilled with a hollow stem auger drill rig, to 
depths of 5 to 41 feet below the surface. As shown on Figure 2, 3 borings were located within 
the proposed mining area, one boring was located on the western point of the proposed excess 
spoil structure, and one boring was located near the proposed Sedimentation Pond #3 
embankment. 

Subsurface conditions observed in the exploratory boring were carefully documented at the time 
of drilling by TOE field personnel. Samples of representative soils were obtained from the 
borings for laboratory testing and visual classification. A description of the field exploration 
program and the logs of exploratory borings are presented on Figures 3 through 7 in Appendix B, 
Field Exploration. 

Page 2 of9 

INCORPORATED 

OCT 1 5 2009 

(:;:" ... , <) " 

, ''' .. ' ,~ Iv' it" I'" . 
I : [!('\' 



• 

• 

• 

December 15,2008 Taylor Geo-Engineering Project No. 30700 I 

3.3 Laboratory Testing 

The representative samples obtained from the TGE field investigation and previous 
investigations were tested in the laboratory to aid in classification and to detennine pertinent 
engineering properties. These tests included natural. dry density and moisture content; Atterberg 
Limits, grain size analysis and unconfined compression shear tests, hydrometer analysis, and 
consolidated undrained triaxial shear tests with pore pressure measurement. A description of the 
laboratory test methods and test results are presented in Appendix C, Laboratory Testing Data 
Sheets. Results of the laboratory testing are presented on the boring logs, Table 1 and attached 
data sheets in Appendix C. 

3.4 Engineering Analyses and Report 

Data obtained from the exploratory borings and the laboratory testing program was evaluated. 
Geotechnical engineering analyses were performed which included preparation of this report 
presenting the findings and recommendations developed during the study. 

4.0 SITE CONDITIONS 

4.1 General 

The area investigated consist of open range land vegetated with field grass, sage brush, pinions, 
and cedar trees. The surface of the area is fairly level with a gentle slope to the west. Relatively 
large drainage ravines, 1 to15 feet deep, traverse the northern portion of the property. Two small 
knolls are located on the west side of the property. The knolls appear to be comprised of 
weathered sandstone and alluvial deposits. A shallow ravine is also located between the knolls 
and south of Borings GT-4 and GT- 5. Topographic conditions are shown on Figure 2. 

Snowmelt was observed seeping into the deep ravine from various locations. Snowmelt was also 
observed draining into a shallow ravine between the two knolls. 

4.2 Subsurface Conditions 

Alluvial/colluvial sediments were documented in the exploratory boring to depths of about 5 to 
30 feet below existing ground surface. The alluvial/colluvial sediments consist of silty sand 
(SM), sandy silt (ML) and lean clay (CL). The sediments are underlain by higbly weathered 
shale (fat clay, CH) and slightly to moderately weathered shale, which was documented by 
others to a maximum depth 41 feet. The shale is underlain by a coal deposits. 

Detailed descriptions of subsurface conditions documented at the site are presented on the TGE 
Boring Logs Figures 3 through 7, and Boring Logs 8 through 10, Peterson Hydraulic logs 
redrawn with permission by Taylor Geo-Engineering (Appendix B). 
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4.3 Subsurface Water 

Subsurface water was documented in the borings at a depth of 10± feet (recorded at the time of 
drilling) in borings OT-I, OT-2 and OT-3. Subsurface water was also observed at a depth of 
about 15 feet in OT -5. Boring OT -4 tenninated at 5 feet below the surface on sandstone bedrock 
and was free of water. 

Flowing sands were documented in the exploratory borings at a depth of 15 to 25 feet±. The 
flowing sands likely denote a zone of very loose sands that act as a liquid during drilling 
activities. 

The subsurface investigation was performed during a period of high snowmelt which could add 
to the groundwater table at the time of the investigation. Seasonal fluctuations in groundwater 
conditions do occur, and groundwater fluctuations of several feet are not unusual. NUmerous 
factors contribute to groundwater fluctuations such as seasonal recharge, regional and local 
irrigation, and periods of heavy precipitation. The detailed evaluation of these and other factors 
which may be responsible for groundwater fluctuations is beyond the scope of this study. 

4.4 Subsurface Variations 

Based on the results of the subsurface exploration and our experience, variations in the 
continuity and nature of subsurface conditions should be anticipated. Due to the nature and 
depositional characteristics of soils documented at the site, care should be taken in interpolating 
or extrapolating subsurface conditions between or beyond the exploratory borings. 

5.0 SLOPE STABILITY ANALYSIS 

Slope stability analyses were perfonned for the proposed excess spoil structure, for the interior 
slopes of the proposed sedimentation Ponds #1 through #4. Stability analyses were perfonned 
using OSTABL 7 software and safety factors were calculated by the Modified Bishop Method. 

Site ground acceleration for the pseudo-static stability analysis was based on the peak ground 
acceleration with a 2 percent probability of being exceeded in a 50-year period. 1 The peak 
bedrock ground acceleration (POA) for the site with a 2 percent probability of being exceeded in 
50 years is 0.29g. In accordance with industry standards, the pga was reduced by 50 percent and 
a value ofO.145g was used in the analyses. 

Based on the information provided, TOE understands that the spoil pile will be constructed in 
thick lifts using large mining equipment; therefore, laboratory testing of the proposed fill 
materials was completed at 90 percent of the standard Proctor. The engineering characteristics 
obtained from laboratory testing were utilized in the stability analyses. Since the excess spoil 

USGS, 2002, U.S. Geological Survey seismic hazard maps: http://eqhazmap.ussrt.JebRPORATED 
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pile will consist of soils from above the coal layer, the strength characteristics of the sandy clay, 
and fat clay from CH-1-3 and CH-5-48 were avemged to verify the stability of the slopes under 
static and seismic conditions. The average strength characteristics were reduced 10 percent to 
account for weakened strengths of materials placed to 85 percent of the standard Proctor. 
Slope stability analyses for proposed Sedimentation Ponds #1, #IB, #2, and #4 used strength 
parameters obtained from sample SP-16-13, since the pond embankments in those areas will be 
constructed of soils representative of SP-16-13. The analyses considered a maximmn slope 
height of 15 feet, even though not all the ponds will have slopes extending to 15 in height. 

The slope stability analysis for the sedimentation Pond #3 embankment was completed using the 
soil unconfined compression strengths from samples obtained from boring GT -5. Laboratory 
testing indicated unconfined compressive strength of 9429 psf or a cohesive strength of 4700 psf. 
For stability purposes a cohesion of700 psf and a friction angle (e) of 10 degrees was utilized for 
static and seismic analyses. The strength values were conservatively reduced to assumed total 
stress parameters of 300 psf and 8 degrees for the rapid drawdown analysis. 

Locations from which the cross-sections for the each of the slope analyses were taken from are 
shown on Figures 11 through 15, Appendix D. Lines At-AI, A2-A2, Bt-Bl and B2-B2 for the 
excess spoil pile are shown on Figure 11, Line F-F for the sedimentation ponds is shown on 
Figure 15, and Line E-E for Pond #3 is shown Figure 14. Profile views with the accompanying 
output files for each of the static and seismic stope stability analyses are shown on, Figures 16 
through 37, in Appendix E, Profile Views and Output Files of Static and Pseudo-static Slope 
Stability Analyses. 

~.l Excess SpoU Structure 

Based on the information provided, TGE understands the excess spoil structure will be a 
pennanent structure after mining operations are complete. The proposed structure has been 
designed with maximum 3:1 (horizontal: vertical) slopes. As shown on Figure 11, Proposed 
Embankment Design, embankment height will vary from 75 feet at the east end to 120 feet at the 
west end .. The top of the embankment will descend to the northwest at a 2.2 percent grade. 

The embankment will be comprised of soil deposits that overlie the coal bed to be removed 
during mining operations. Although the soils will likely consist of a mixture of silt, clay, sand, 
and shale, the stability analyses considered the materials separately. The analyses assume the 
materials will be compacted to at least 85 percent of the standard Proctor. 

The subsurface infonnation indicates that the subsurface profile varies between the area of GT-
2/GT-3 and GT-S. Therefore, four stability analyses were performed representing Line At-AI, 
A2-A2. Line BI-Bt and Line B2-B2, Figure 11. Additionally, TGE analyzed the spoil pile 
having a finished height of 120 feet in the area of the west end of the structure and 100 feet for 
the central portion of the structure and 75 to 86 feet for the east end of the structure. 
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Generally, the subgrade in the area of Lines AI-AI and A2-A2 will be comprised of all backfill 
with the depth of backfill decreasing from east to west. The subgrade in the area of Lines B I-B 1 
and B2-B2 contains loose sand 100feet to 20-feet in depth underlain by stiff clay then shale. It is 
anticipated that the groundwater elevation could be different after mining operations. TGE 
attempted to predict long term groundwater elevations after mining is complete with the depth of 
water shown on the attached stability profiles Figures 16 through 23. 

Representative Factors of Safety ofthe stability analyses with the respective soil parameters used 
are tabulated below. 

SLOPE SET pm. COHESION STATIC PSEUDO-STATIC 
AI.,Al 19 240 1.6 1.1 
A2-A2 19 240 1.6 1.1 
BI-Bl 19 240 1.7 1.1 
B2-B2 19 240 1.6 1.1 

SOIL STRENGTHS USED BELOW THE FILL 
SAMPLE SET pm, COHESION 

SP-16-13 29.6 94 
CH-I-3 21.6 319 

CH-S-48 20.1 321 
CH-5-98 25.4 216 

5.2 Sediment Impoundments #1, #2 and #4 

Sediment Impoundments 1 IB, 2 and 4 vary in size from 1.7 to 6.28 acre/feet. The proposed 
basin areas will be derived from digging into the original grades and constructing a portion of the 
embankments with the spoils. The depth of each sedimentation pond varies but the maximum 
depth shown on the attached plan sheets is 15 feet, Figures 12, 12B, 13 and IS. The profile 
obtained for this analysis is based upon Line F-F of Pond #4, Figure 15. The soils associated 
with the side slopes and dikes for the detention ponds will be similar to sample SP-16-13. The 
proposed ponds are intended to detain runoff (rom a major storm event. The slope analyses 
considered the basis full to spillway level for static and pseudo-static conditions. 

A rapid drawdown analysis was completed assuming the spillways are plugged, the basin fills to 
top of the embankments and then the water is released or pumped down to the base of basins. 
The soil strengths utilized were based on total stress conditions as determined from the triaxial 
shear tests completed for this project. It should be noted that rapid drawdown is highly unlikely 
since spillway and outlet piping will be no more than 4-feet below the top of embankments. 

The results of the stability analyses are tabulated below and graphically provided on Figures 24 
through 26 in Appendix E. INCORPORATED 
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LINE F-F 
SEDIMENT MAXIMUM HEIGHT STATIC PSEUDO- RAPID 

IMPOUNDMENT HEIGHT OF FREE STATIC DRAWDOWN 
BOARD 

Pond #1, lB, 2 & 4 15 feet 4 feet 2.2 1.3 1.2 

5.3 Sediment Impoundment #3, Valley Pond 

Based on the information provided, TGE understands that Valley View Pond will be a 
sedimentation pond located at the western most point of the mining area and at the base of the 
tailings embankment between the two knolls spoken of earlier in this report. The base of the 
pond will be cut 10 feet into the native stiff clay soils and the remainder of the embankment will 
constructed from soils derived from the excavation of the interior of the pond. The height of the 
fill for the pond embankment will be approximately 14-feet The soils associated with the slopes 
and embankment for the pond will be sjmilar to soils analyzed for samples from GT -5. 

A rapid drawdown analysis was completed assuming the spillway is plugged, the basin fills to 
top of the embankment and then the water is released or pumped down to the base of basin. The 
soil strengths utilized were based on the stress conditions as previously discussed in section 5.0. 
It should be noted that rapid drawdown is highly unlikely since the spillway will be no more than 
4-feet below the top of embankment. 

The results are tabulated below and graphically provided on Figures 27 through 29 in Appendix 
E. 

SEDIMENT MAXIMUM HEIGHT STATIC PSEUDO- RAPID 
IMPOUNDMENT HEIGHT OF FREE STATIC DRAW DOWN 

BOARD 
Pond #3 14 feet 4 feet 5.3 3.2 1.9 

For temporary structures, such as Sedimentation Ponds # 1, 1 B, 2 , and 4, a static Factor of Safety 
of 1.3, 1.0 and l.2 for Static, Pseudo-static and Rapid Drawdown conditions is considered 
adequate. For pennanent structures such as the excess spoil structure and the sediment 
impoundment Pond #3, a static Factor of Safety of 1.5 and 1.0 for Static and Seismic conditions 
is considered adequate. Long Term rapid drawdown should be at least 1.2. 

6.0 SETTLEMENT 

The existing subgrade that will not be mined but will be supporting the 100 to 120 feet of spoils 
will potentially consolidate under the 13,000 psf to 14,000 psf loads associated with theO!IDQil

ED INCOAP IRAT 
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pile. Additionally, as the spoil pile is constructed, the spoil materials placed near the base of the 
spoil pile will consolidate to densities greater than densities at the time of initial placement. 

Consolidation of the native materials in the area of GT -3 under the 110 foot embankment could 
be on the order of 4 to 5 feet. Consolidation of the native materials in the area of GT -4 and GT-5 
will be negligible based on the stiffness of the clay soils and the presence of sandstone bedrock. 

Consolidation of the spoil materials after placement will be on the order of 0 to 15 percent, 
depending the depth below finish grade the spoil is located. In all cases, since the spoil pile will 
be constructed over a period of several years, the effects of the differential settlement across the 
structure is anticipated to be minimal and should not affect the short teon or long teon 
perfonnance of the spoil pile. 

7.0 BULKING 

During mass excavation operations of dense materials, the placement of spoils generally requires 
more volume of space during placement than that originally occupied by the same soil mass in its 
native state. Based on dry densities of the shale materials in their intact state and the standard 
Proctors conducted for this project, the shale spoils will have a a volume approximately 30 
percent higher after mining than prior to mining. The silty sand and clay soils will have minimal 
bulking with an average of approximately 10 percent. However, as indicated in section 5.0 
SETTLEMENT, the overall apparent bulking may be lower after the fill pile is complete due to 
post placement consolidation. 

8.0 RECOMMENDATIONS 

The proposed excess spoil structure and sediment ponds may be constructed as designed by 
Alton Coal Development. The laboratory shear tests were conducted on materials compacted to 
at least 90 percent of the standard Proctor. Analysis of the spoil pile was based on reduce 
strengths to account for lighter compaction. Therefore, fill materials should be placed and 
compacted to at least 85 percent of the standard Proctor (ASTM test method 698) for the spoil 
pile and 90 percent for the sedimentation embankments. An engineer from TOE or his 
representative should be present periodically to verify that the placement of fill materials are 
being completed properly and that testing inspection is taking place in accordance with 
Appendix F of this document and the State of Utah R645 - Coal Mining Rules. 

It is anticipated that the large mining equipment used to haul and doze the spoil pile material will 
provide the required loading to achieve 85 percent compaction. The fill used to construct the 
embankments for the sedimentation ponds may require vibratory compaction during placement 
to achieve the 90 percent compaction as required . 
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Based on the presence of groundwater (see Section 4.3), a dewatering plan will likely need to be 
implemented during excavation operations. The satiability of the cut walls of the strip mining 
area will be dependent on temporarily diverting groundwater seepage from the excavation. The 
design of a dewatering plan was beyond the scope of this study. 

If a dewatering plan is properly implemented and the temporary cut slopes are kept dry, TOE 
recommends that temporary cuts in the stiff clay and shale may be no greater than 1 H: 1 V 
(horizontal:vertical), and temporary cuts in the lean clay and sand layers my no greater than 
2H: 1 V. If after inspection of the shale formation and additional groundwater observations are 
made, the cut slopes may be steepened as directed by TOE. 

Based on the information provided, TOE's understands that the spoil pile is not intended to be 
constructed for the future support of structures. The recommendations for fill placement as 
provided in Appendix F, Recommended Earthwork Specifications, are based on this 
understanding. Therefore, TOE does not recommend that the excess spoil pile be used in the 
future for the support of structures since the material is being placed with a moderate level of 
compaction (at best) and long term differential settlement of the pile will occur. 

9.0 CLOSURE 

The findings and recommendations of this report were prepared in accordance with generally 
accepted professional geotechnical engineering principles and practice in this area of Utah at this 
time. There is no other warranty, either express or implied. 

The conclusions and recommendations presented herein are based on the results of limited 
subsurface exploration and laboratory testing, combined with interpolation and extrapolation of 
subsurface conditions between and beyond exploration locations. As the project evolves, TOE's 
continued consultation and construction monitoring should be considered an extension of the 
services performed to date. Subsurface conditions may differ in some locations from the 
conditions observed in the explorations, and may require additional analyses and possibly 
modified recommendations. 

This report was written for the exclusive use of Alton Coal Development and only for the 
proposed project described herein. TOE is not responsible for technical interpretations by others 
or exploratory information which has not been described or documented in this report. Specific 
questions or interpretations concerning the findings and conclusions presented herein may 
require written clarification to avoid possible misunderstandings. The opportunity to be of 
service is appreciated. 
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APPENDIXB 
FIELD EXPLORATION 

Project No. 30700 I 

The program of subsurface expluration consisted of drilling five (5) borings to explore 
subsurface conditions in the vicinity of the proposed structures and to obtain samples for 
laboratory testing. Subsurface conditions observed in the borings were carefuUy documented by 
experienced TGE field personnel. Subsurface materials were classified in accordance with 
Unified Soil Classification System (ASTM Method D 2488). 

Boring locations are shown on Figure 2, Site Plan (Appendix A). Borings were located by TOE 
field personnel using surveyed property corners, and infonnation shown on a Figure 2. 

Exploratory borings were drilled to depths of about 5 to 41 feet below existing ground surface. 
The borings were advanced with a truck mounted drilJ rig using 8-inch outside diameter hollow
stem augers. 

Relatively lll1disturbed and bulk samples of representative soils were obtained from the borings 
at frequent intervals for laboratory testing and visual classification. Relatively undisturbed 
samples were obtained using either a l.4-inch inside diameter (ID) split-spoon sampler (Standard 
Penetration Test Sampler). a 2-inch lD "Modified California" sampler (lined with 4-inch brass 
sleeves), or a Shelby Tube sampler. 

A sampler was advanced a maximum of 18 inches by successive drops ("blows") from a 140-
pound hammer falling 30 inches. The number of blows required to advance the sampler three 
successive 6-inch increments was recorded. The total number of blows required to advance a 
sampler the second and third 6-inch increment represents the penetration resistance value (N
value). For the lA-inch sampler, this test constitutes the Standard Penetration Test (SPT) as 
described by ASTM Method 1) 1586. 

A description of soils observed in the borings, the sample types, depths at which the samples 
were taken, and N-values are shown on the Logs of Exploratory Borings included in this 
appendix. A legend of boring symbols and the Unified Soil Classification System is also 
included herein. 
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DRILL LOG TAYLOR GEO-ENGlNEERING Figure No.3 

80ring No. GT-l 

Project : Alton Hollow Project 

Project No.: 307001 
location: Alton, Utah 

Elevation: 6900 feet 

Oepth .. 
(ft.) G'roH1roc uses 'a 

E Description 
0 .Il/ 
1 TOPSOIL: U,ht brown, moist. loose, ,. thick. 

~ lfAN CLAY: Very stiff, moist to waf. sreenlsh brown. 

+-
-!-5 
6"" ~ 1" --.- ~ 

--g a. 
To 

~ ""'i1 
-U-
--rr- r-' 

14 
r-tr-

~ ~ 
~ r-rs- F-' 

7 
~ rn- ~ r-n 

23 I ·r,~ FAT CLAY: Stiff. motst to wet, probable perched water 
24 I.!."t/"~; between 22 and 2S feet, some pebbles and gravel, srav wlt~ 
2S I F:l~ 

~ 
tan specs. 

7& it ::' 7 
Ts CH 

'--' 

"29" .' 

~ 
I,' 

X ~ 

iY r-n '-' 

7 
~ .. 
~ ~I!W,; 

SIW! 

5( 
IiHALE: Weathered, hard, moist, brownish Bray to Iray. 

36 
37 

'38 
~rlnB Terminated at 36 F4HIt. 

~ 
7 
7 
72 
'43 
7 
ITs 
Notes: 140 II! sampler u~in8 drive cable. LOW EffIclGncy. 

Date of Drilling: February 28, 2007 

Drillil1l Company: GTS 
Equipment: Mobile 8-80 
loued By: A. T. 

GWT: 10 feet 

LaboratDry Test Results 

/.IIC-12.6% 

~o = 111.6 pet 
U.-47 Pla31 

~C.14.~ 

[INC .. 2B.6'Jjj 

1P0 = 95.0 pet 
iLL = 69 '1=52 
~C =4TT7pif 

other Data 

2" ID S;lmpktr 
29, 53, SOls" 

2" 10 Sampler 
~1, 56, 50/3" 

2" ID Sampler 
20,37, SlJ/5" 

~. 10 Sampler 
12.26.40 

2" 10 Sampler 
!, 16,25 

Zoo 10 Sampler 
1,24,26 

1'IDSamlller 
17,50/5" 

IN( ' 

ilf ov 06 2018 
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• DRILL LOG TA YLOR ORO-ENGINEERING Figure No.4 

Boring No.: GT-2 Date of Drilling: March 1, 2007 

Project: Alton Hollow Project Drilling Company: GTS 

Project No.: 307001 Equiprnent: Mobile 8-80 

Location: Alton. Utah Logged By; A.T. 

Elevation: 6900 feet 
GWT: 10 feet 

OrIjXft 
'uses -t 

(ft., 'Gr~phJt 

~ 
De5tription Laboratory Test Results Other Data 

0 
1 tTOI'SOIL: Light brown. moi,t. 100 ... 6" thick. 

~- ISlLlY SAND: Medium dense to loose, moist to wet, srav to 

~- an. 

f-4-
~ 

~ Standard Spoon 6 
'"7 11,10,13 

T 
"9 SM 

10 1:/" 10 Sampler 

-tt- X r-vc s 10 6" 5,8,7 

12 -200=33.3% 

"'"'i3 '-' 

"""i4 
fs" 

X 7 No Recovery Due to GWT and loa,. Sind • 2" ID Sampler 

-V- ~, 5,8 

fa"" """" • ~ CLAYEY SAND: very loose, wet, tan. 

~ SC 

D< 
21 ;2" 10 Sampler 

r4. ~fAN CLAY: some sand, very soft, wet, tannish arav. 1),],5 

r-#-
I'-l 

~ Cl 

~ 

~ liQUified wi! h vibration. \lie = 27.B% t' 10 Sampler 
~ 
~ lL = J7 PI = 19 t 6,9 

~ 
29 

rc-rao- 2" 10 Sampler 

t-#- - j •• - ~ , MT CLAY: With .and, medium stiff. moist, bluish gray with We-18.5% 1,6,8 

t4- '; CH ~ark gray seams. 

33 
~ 1-

t-~ 111
1; ~;i 

SHAll 

ts: 
SHAlf: Weathered, hard, moist, light srav to dark gray, 

36 1:1" 10 Samolor 

...4- ~Ing Terminated at 35.5 Feet. ~O/S" 

38 

t-r9 
'40 
t-.tt-
7 
7 
7 
~ 
~otes: 1040 Ib .ampler uoing drive cable. low Efficiency. 

J.:'tJCCSP( In ATED • OCT 1 5 2009 
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• DRILL LOG TA YLOR GEO-ENGINEERING Figure No. 5 

Boring No.: GT-3 Date of Drilling: Febr uary 28, 2007 

Project: Alton Hollow Project Drilling Company: GTS 
Project No.: 307001 Equipment: Mobile 8-80 
Location: Alton, Utah Logged By: A.T. 
Elevation: 6900 feet 

GWT: 15 feet 

~ 
GrAph)USCS 

~ 
[ft., ~ Description Labo .... tory Test Result. other Data 

0 '" 
1 rrOPSOIL: URhl brown. moist. 10059, 6" thiCk, 

~- p.lILTY SAND: Medium den5e to 1005e, moist to wet, Bray to 
] an. r-r 

f-s r--s- X 2" 10 Sampler 

~ 12,20,lb 

7 '""' rg-
10 2" 10 Sampler 

-it- X Iwe= 11.0% ... 6,11 -u- -200 = 37.5" 
'-IT- ..... 
14 SM 

• 
15 
'7 X No Recovery Due to GWT and Loose Sand. 2"10 Sampler 

17 il, 3, 3 
18 

L..: 

""'!9 CLAYEY SAND; Very loose. wet, tan, -zo--rr- t-""; 
2·ID Sampler 

'""'i'i"" ~ LEAN CLAY; Some •• nd. very soft. wet, tann15n 8roy. 5,5,8 
23 
~ 
f-Ts-
~ ~ Liqumed with vibration. ;2" ID Sampler 

r-t- fl. 26,75/5.5" 
7 I'-' 

29 ~ HIGH PLASTICITY SILT: Very Stiff, wet, dark gray to black. WC·37.3% 
30 ...;;.. MH ~ 00= 76.6pd 2" 10 Sampler 

31 ~. U-74 PI~ 38 G,18,30 

32 ~ 
I'-' 

UC= 19561)'( 
33 'Vo,: ~AT CLAY; Very Stiff, moist, gray. s.amp~n8 terminated due 

"'14 : , ! 10 water intrusion into hole from above layers. 
~ !1' ! :8 ~ CH 1" 10 Sampler 
I-V- ;,1 

~ 
~, 25,-

f-38 
39 " 

~ lll;!l'm~ 
SHAlE 

5< 
!iHALE: We.thered, hard, moist. light gray 10 dark gray_ Il" 10 So.mpl.r 

41 . 3,50/5" 

~ !larlng Terminated at 41 Feet. 
43 

7 
45 
f'lotoo: 140 Ib ~mprer usins drive coble. low Efflci.nq. 

• I l\r""lq~,.,~ lL!. "T'ED 

OCT 1 5 2009 
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DRILL LOG TA YLOR GEO-ENGlNEERING Figure No.6 

Boring No.: GT-4 

Project: Alton Hollow Project 
Project No.: 307001 
~ocation: Alton, Utah 
Elevation: 6900 feet 

De~t ~ h (ft.) Graphl~ I~ E Description 

'" Q VI 

1 lUll TOPSOIL: li~ht ~roWl'!, mg~t !<'<!~; 6" thick, 

~ SILlY SAND: Medium <lanse, moist. tan. 

.4 SM 

--!- ~ 5 

~ IIOrlnll Terminated at 5 Feet on sand5tone bednoct. 
7 

I-s 
~ 
~ 
f-tt" f-.fz" 
7 
7 
'is 
7 
T7"" -tr-
19 
ffo'" 
7 
~ 
7 
f-ii'" 
7 
ITs" 
"it' 
7 
7 
~ 
7 
7 
7-
~ 
loTs-
I-g-
.-'37 
7 
'fg-
7 
tTt 
7 
7 
7 
'4t 
lNotes; 140 ib sampler using drive cable. Low EffJciencv. 

I 

Date of DriDing: March 1, 2007 

Drilling Company: GTS 
Equipment: Mobile 8-80 
Logged BV: A.T. 

GWT: NA 

Laboratory Test Results Other Data 

[standard Spoon 

$0/0" 

INCOFiP OF I~ JED 

OCT 1 ~ 2009 

NOV 06 2018 
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.•. "", l~ If tnlilg" 
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• DRILL LOG TAYLOR GEO-ENGTNli.lERING Figure No.7 

Boring No.: GT·5 Date of Drilling: March 1,2007 

Project : Alton Hollow Project Drillins Company! G1'S 
Project No.: 307001 Equipment! Mobile B·80 
l.Dcatlon: Alton, Utah Logged By: A.T. 
Elevation: 6900 feet 

GWT: 15 feet 

1.lO!OQI .!! 
[ft.1 Gnp" [e uses 0.. 

Description , Laboratory Test Re5uIts OtherDala E 
0 ~ 

1 .,--. l0PS0IL: tiRht brown, moist. loose, 6" thick. 

~ I .J'~' ,:,', AT ClAY: Very Stiff. mDlst, dark brown WIth tan .pea. 
3 Isome pebbles at 15 feet and saturated sand layers at 15 

t-r 

!1~ 
!eel. Potential perched water. 

"""s 
7 ~ WC: IB.7lii :lhA .... rd S;Jmpler 
7 :0. ~D s 108.3 pet 11,26,32 

r-s CH LL~63 PI =44 
f-y 
tw" ~. !~. 10 Sampler 

~ I·. ~ WC= 11.1lii 14. so. 50/5" 
7 ;..: DO= 102.0 pd 

13 :~~ 
f-' 

~=63 PI =45 
~. UC-9429psf 
is .~ 7 ~ wc= 11,2" In IC Sampler 

17 00= 120.0 pd 10,40, SO/S" 

-M-- lIIoringTermiAated at 16.5 feet. 

.-g... 
~ 21 

, 
} • 

22 
7 
~ 
Ts 
7 
"Z7 
'28 
Z9 
:7 
7 
'7 
"7" 
~ 
Ts 
ffs-
137 
7 
f-jg 
1"40 
~ 
~ 
7 
4t" 
'""'is 
riot", : 140 Ib w mpler 1l51"8 drive cable. Low Elf"ociency. 
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DRILL LOG 

AIlQIl HQllow Pn;i~ 
No;; 301001 

~n,Utah 

69ODfe~t 

CL 

PETERsoN HYDRAUUC 

C<p"tJllla ... lUlmra .......... ''''''j 
This boring is close to Gr-! 

Date of OriDing: 

Drilling Company; DA Smith Drillers 
Equipment: 
Logged By: Eric Peterson 

GWT: Not Indicated 

fN 

Div. U;' 

I ! RPORATED 

OCT 1 5 2009 

Div. of Oil, Gas & Mining . . ( 
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DRILL LOG 

Alton Hollow Project 
No.: 307001 

Alton, Utah 
6900 feet 

PETERSON HYDRAUUC Figure No.9 

Date of Drilling: Nov. 12, 2005 

Drilling Company: DA Smith Drillers 

Equipment: 

Logged BV: Eric Pelerson 

GWT: Not Indicated 

laboratOf'{ Test Results Other Data 

~o Core (Auser hole) 

Coal, black, mo~or brownish coal, minor pyrite 

This bor1ns I. close to GT-2 

OCT 152009 



• DRILL LOG PETERSON HYDRAUUC Figure No. lO-A 

Boring No.: CH'()HJ5 Oate of Drilling: Nov. 8, 2005 

Project : Alton Hollow Project Drilling Company: DA Smith Drillers 

Project No.: 307001 Equipment: 

Location: Alton, utah Logged By: Eric Peterson 

ElevaUon: 6900 feet 
GWT: 15 feet 

~ .. 
1ft.) lil'o1lII\l c llSal 

1:1. 
Labor'tor'\' Tes! Results Other Data e D@ocrlplion 

0 ~ 

2 OPSOIL: LIght brown. moist. loose. 6' thick, 
4 CL ()-5 Sotl. Cia""" 

~ J.,14 Gravel with •• ntf.nd <ill, rp.<ldi,h 
GM 

f-to- I 

~ 
7 
~ 1~-16.6 Oayey slit. wet 

~ 16.S-20 Clav. moist, wet 
20 

~ 20-34 Silty clay, dark gray. I ... dens. than abo"" 

~ CL 

~ 
~ 
7 

• 34 

~)i§! 
~4-43 Oay. stlff: medlum gray , 

~ ..;;;;. 
38 

Itl i4o- CH 
~ 
'44 
~ 
~ I "-~, 

SO 18-55 Dark gray 'ilty c.rbona .. ous shale. soft. W.'Y 1eJrtur. 
152' ~e minor interbedded snaley siltstone, iron-stained ,,= 20.1 
~ 

Ii ' 1 I'r,ctur. lone .t SO-51 fee' ",hesion - 321 psi 

hr 'IS-68 Carbonaceous snile with minor slit. dark gril'( to OM-20 rra-
I!~i 

black. more competent than above MOO=99.S 170- L=61 PI = 38 

Ifz-
, ;:~f , r7 

~ 
~f 

68-69.5 fradu.!!tJ/brck.n carbonaceous shale. dark sray 10 
I-fo"" SHALE ~I.ck 
lit" ';9.5-88 ,5 Carbonaceou, shale. dark gray to black. ~oft. waxy 

~ r. ;'~ 1-.-
I-fa'- I 

I-i5-
t-t-
7 
'"it" 

I r~1 "fs- I I-i'il as.5-89.5 Medlutll R~ siltstone 

No"": Auger 10-40 feet), Continou. NO core (4~17S feet) 

• INCORPORATED 

OCT 1 5 2009 
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• DRIll lOG PETERSON HYDRAULIC Figure No. 10-B 

Boring No.: CH-oHJS Date of Drilling: Nov.8,2005 

Ooopln 
Graphl e usc; ~ Description Laboralory Tost Results OtherOata 

(ft·1 E 
.~ 

~ "~~ Oi 1l!l.5-!l2 Bantonit., medium to dark gray, pure 

~ 
"',::~ 

92-92.5 Siftslone, medium gray 

~ 92.S-1D7 CabOnac:eous shale, dark gray to black, soft. waxy 

~ texture I- = 25.4 
100 ""hesion = 216 psi 

'102 ' ..... 
107-1IJ9.5 Siltstone and cabonaceous sna •• Imerbedded, iJM = 17.0 

1 104 
iii 

tIlinlv larnillated, dark gray 1.400=108.4 
~ 106 'I ,. 109.5-110 carbonacwus shale. dark gray 10 illilck, sort, L-SJ PI-ll 
'108 

" 
waxy texture 

'lID !HAl! 110-115 SiitstolM! and cabonaceous shale, inleriledded, 
~ 

I~J! 
tIlinlv laminated. dark ,,"V 

~ J15-121.5 camonaceotls shale. dark gray to black. soft, 
~ waxy t8Xtura, (pc<>rcore recovery) 
Tti- 121.5-122 Limey claynone, dark gray, fossiliferous, (small, 
'"Uij- 1-" , 

V I open fracture in tIlis intervall 
~ : I 122-125 Little or no r"overy in this zone 

~ 
~,1. ' 125-127.5 carbonacl!OUsshale. dark K"'V 10 black, soft, 

~ 1w."Y texture 

1
128 , ... .t. u; [~].5-U1I Bentonit .. , medium 10 IIgn! Bray 

130 II 128·135 Carbonaceoullhale, dark gray to black, soft, wm<y 

I--ffi"" I--
SHAlE lI!xtUrl! 

' 134 . 135-137 Carbonaceousw shale, harder than above 
, 136 I.~. l.1 J37-138I1entonlte and lmerbedded carbonaceous shale, 

138 ( ;>'>1:- Ol lark and medium gray, thinly laminaled 
140 

III 
138-143.5 Caroonaceoos shale, dark graVto "'act, soft 

, 142 143.5-144 Bentonite and interbedded canoonaceous shale, 
1144 .. ~i' dark and medium gray, thinly laminated 

1
146 ....... 144-146 carbon.ceou, shale and thin int.noed, of siltstone, 

• I 146-152.5 Silt<tonewhh minor thin interbeds of 

1>-1'18, '; !I ' cabonaceous shale. mottled gray to black 

~ 150 .,:j 152 

r:;;~ 152.5-154.7 Coal, low lrode or highly carbonaceous ,hale, 

,154 black, abundant white fosslls/fossll hash 

1>-156 ~;; 
, 158 , 

160 .... COlli.. 
Iitr 
~ . 154.7-171.5 (oal, black with some bnown mottled zones. 
~ . 
I 168 

, .~~ 
1

170 
~ 171.5-171-7 eoal,low IV"de, brown and black 
I 174 [~tlll 171.7-173.5 Carbonaceous .hole, dorkgroy te bloCk 

~176 1735-175 Slh5lone, gray, Interbeddedw~h minor 
178 camonaceou5 ,hale 

I 180 
~182 
1-184 
!fat 
7a 
70" 
rirr 
\'jotes: Auser (<HO feetl, Continous NQ tore (4G-175 feet) 

• Il'~ n pORATED 
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December \5, 2008 Taylor Geo-Engineering Project No. 307001 

APPENDIXC 
LABORATORY TESTING PROGRAM 

Laboratory tests were conducted on representative soil samples obtained from the exploratory 
borings for the purpose of evaluating specific engineering properties and 10 aid in classification. 
Laboratory testing was performed at IGES Geotechnical Laboratory (Murray, Utah). A 
summary of the various laboratory tests, conducted in accordance with AS1M or other approved 
procedures follows: 

Tests Conducted: 

Natural Moisture Content 
ASTMD2216 

Natural Dry Density 
ASTM 0 2922 

Grain Size Analysis 
ASTMD422 

Hydrometer 
ASTM 0 422 

Atterberg Limits 
ASTM 0 423 and 0 424 

Standard Proctor 
ASTMD698 

Unconfmed Compressive Strength 
ASTMD2166 

Triaxial Shear Test 

To Determine: 

Moisture content representative of field conditions at 
the time samples were taken. 

Dry unit weight of samples, representative of in-place 
conditions at the time samples were taken. 

Size and distribution of soil particles (i.e. gravel, 
sand, and the combined percentage of clay and silt) 
within a soil sample . 

Size and distribution of soil particles (i.e. gravel, 
sand, clay, and silt) within a soil sample. 

Effect of varying water content on the consistency of 
fine-grained soils. 

Delermine lhe maximum density and optimum 
moisture for fill compaction effort. 

Compressive strength of sample, determined without 
a confining pressure. 

Angle of friction and cohesion under a confining 
pressure. 

Results of the laboratory tests are summarized on Table-I, Slunmary of Laboratory Test Results. 
Laboratory data sheets are provided in Appendix C-l and C-2. 
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TAYLOR GEO-ENGINEERING, LLC TABLE 1 

Alton Coal Hollow Project TGE Project No. 307001 

Summary of laboratory Test Results 
Sample tocabon Gradation Atlerberg limits Standard Proctor eu TriaKialTest 

Natural Natural Unconfined 
Moisture Dry liquid ptastlclry Com pressive Optimum 

Maximum 
Effective 

Boring Depth Gravel Sand Silt Clay Dry Effective uses 
Content Density Umit Index Strength Moisture Cohesion 

No. (ft.) 
('Yo) (Pd) (%) (%) ('Yo) ('Yo) 

('Yo) 1%) Ipsf) ('Yo) 
Density (iii) 

(psf) 
(pet) 

GT·l 10-11.5 12,6 1116 47,0 I 31,0 Cl 

GT-l 20-21.5 14.4 CL 

GT-1 25-26.5 28,6 95.0 69,0 520 4777 0 CH 

6T-2 10-11.5 10.6 33,3 SM 

GT-2 25-26,5 278 37,0 19,0 CL 

GT-2 30-31.5 185 Cl 

GT-3 10-11,5 11.0 37.5 SM , 

GT-3 30-31.5 37.3 76.6 74.0 38.0 1956.0 MH 

GT-5 5-6.5 18.7 108, 3 63,0 440 CH 
. 

GT-S 10-11.5 17.1 1D20 63.0 450 94290 CH 

6T-5 15-165 17.2 1200 CH 

SP-1G-13 39120.0 0.0 20.5 51.1 28.4 31.0 15.0 17.0 110..4 29.6 94.0 Cl 

CH-I-3 40 -44 5 11 4.4 57.8 37.8 53-0 I 320 20,5 101.9 216 319.0 CH 

CH-5-48 48- 55 5,7 1329. 13.2 40.7 46.1 61.0 38.0 20.0 99.5 20.1 3210 SC 

CH-5·98 98-108 7.4 297 629 53.0 360 17,0 lOU 25.4 216.0 Oi 
t:j 
:;::' -z 
0 0 - ("") 

2 ~ 

G) 

19 
Ji ~ 

'"". 1 
. 

'" L71 
VI ....., 
f2c ~ 

~ 
~ 
!.D 

5 
S 
ro 

:tl ~, 2: 
~ 

'oJ 

0 ..... 
Z o· (''''1 rn 0 ,>-. 0 <:: -~-~ 

".: . ...,;,' 

C) c:::> ~~: 

~i 0'> C1 c";; 
~ . . ..... :-r-. 
C) ' .. r. -' 

:?: CO -j 
'.' ..... .,. 
i .. ~ 

t::1 
·.·.7: 
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Moisture Content aad Unit Weight of Soli 
(In GftIenl A_MI ...... wilb ASTM ImJJ7 .ad 0l116) 

Project: Taylor Geo..:[nginecring 
No: M00991-002 

.. 
Q,,£ 
5 .: 

en 

.s! .= 
~ .OJ 

~ -'c 
~ 

~ 

~ 
'0 
~ 

Location: ~_ 

Date: 3!9I2007 
By: NB 

Borinlt No. 
Samole: 
Depch.: 

SamoLe heiaht. H (in 

Sample diameter. V (in \ 
Sample volume, V (~l 
Wt. rinl"1S +wetsoil (Ill 

WL rimls/tare (Ill 

Moislsoi l. Ws (g) 
Moist urn l wt., 1m (pcl) 

Wet soil + tare (~j 

DIY soil + tare r c) 
Tare (R) 

Moisture Content. w C%) 

Dry Vnit Wto, 'Yd (pet) 

Entered by:. ___ _ 

Rcvicwcd: _ __ _ 

GT-l GT-I 

1'1-1 IS 20.21.5' 

~ . ' :. ,~: 
0.001& 
miS1 
1l.00 

' 102.87 
1-25.13 

292A.5 670.40 

216.79 603.47 
riZ_92 140.21 

116 14.4 
11l.6 

-c:n'Zl 

1O .. lls 

g 

., 

43&.81 
·HI}I, 
140.5:l 

10.6 

c I"-~ C,:~ [ 

75-26.5' Tti-~IS 
-(1 

t 

295.22 3~(,jJ 

~64.:;6 345.01 
152.iO In,n 

17.8 .1L5 

IGES 
CIGES 20()04 

(jT-~ <11-5 (iT-5 

10-11.5' j-6.:i' 15-16.5 

4.J;\1) 2.4.\0 

1.373 I.K2;~ 

0.0038 0.0037 

2.,'?2A3 ~ 234 ~:! 

" liO U.fl(} 

222A3 234.72 
1 28.S3 140.70 

492~1 ~.41 . 3l!5.~9 

457J~ Jbi)I .1 5 I) ,8~ 

13'JX~ ISO:7S [50.62 

11.0 18.7 17-2 

108.3 llD.O 

OCT 1 5 2009 

Div, ~ Gas &Mlmng 
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Liquid Limit. Plastic Limit, and Plasticity Index of Soils 
(ASTM D4J18) 

- IGES 
@IGES2004 

Project: Taylor Ceo-Engineering 
No: M0099]-002 

Location: 
Date: .1(1 112007 

By: BRR 

Boring No.: CT-! 
Sample: 

Deptb: 10-11.5 
Description: Not Requested 

Preparation method: Air Dry 
Liquid limit test method: Multi point 

Plastic Limit 
Detennination No 1 

Wet Soil + Tare (21 9.48 
Dry Soil + Tare (g) 8.37 
Moisture Loss (2) 1.11 

Tare(~) 1.39 
Drv Soil ( Il 6.98 

Moisture Content. w (%) 15.90 . 
JqUl lOll U dL 

Deteonination No I 
Number of DroDs. N 35 

Wet Soil + lare (c:) 10 .04 
Dry Soil + Tare (g) 7.36 

Moisture Loss (!!) 2.68 
Tare (g) 1.37 

Drv Soil (g) 5.99 
Moisture Content, w (%) 44.74 

One-Point LL (%) 

Liquid Limit, LL (%) 47 
Plastic Limit, PL (%) 16 

Plasticity rnde:t. PI (%) 31 

49.5 

49 I 
48.5 i 

~ 48 

547.5 
C 
g 47 .. 
. ~46.5 I 
c , 

;::;: 46 I 

45.S I , 
45 , , 

44.5 

10 

~ 
\ 
\ 
\ 
\ 

Flow Curve 

\ 

Number of drops, N 

Entered by: 
Reviewed: .----

100 

2 
10.49 
9.24 
1.25 I 
1.39 I 
7.85 -
15.92 

2 3 
27 18 

11.8& 10.87 
S.53 7.75 
3.35 3.12 
1.39 1.39 
7.14 6.36 
46.92 49.06 

47 

~) ~-------------------------7~------~ 
Plasticity Chart 
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, II I 
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II 10 20 30 40 ~O 60 10 80 90 100 

Liquid LImit (LL) 
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!11\} . ~.~ i . 
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LIquid Limit. P12stlc Limit, aDd Plasticity Iadex or Soils 
(ASfM IMJI8) 

IGES 
®IGE52004 

Project: Taylor Ceo-Engineering 
No: M00991-002 

Location: 
Date: 311 5/2007 

By: NB 

Boring No.: GT-l 
Sample: 

Deptb: 25-26.5 
Description: Not Requested 

Preparation method: A ir Dry 
Liquid limit test method: Multipoint 

Plastic Limit 
Dctcnnination No 1 

Wet Soil + Tare (g) 4.1 
Dry Soil + Tare (g) 3.7 
Moisture Loss (2) 0.4 

Tare (~) 1.38 
Dry Soil (2) 2.32 

Moisture Content, w (%) 17.24 . . . 
,lqUI 1m. l dL 

Detennination No I 
Number ofDroos. N 37 
Wet Sod + Tare (~) 8.66 
Dry 'Soil + Tare (~ 5.76 

Moisture Loss (2 2.9 
Tare (g) 1.39 

Dry Soil (g) 4.37 
Moisture Content w (%) tiO.3fi 

One-Point LL (%} 

Liquid Limit, LL (%) 69 
Plastic Limit, PL W.) 17 

1'Ijls([cltvlndex. PI (%) 52 

70 I 

69.5 ~ ~ Flow Curve 

\ 
~ILL=69 1 

,-.. 
69

1 \ t i -a 68.5 \ .. 
-a t 8 68 

~ • , 
'8 67.5 

I 
I 
\ 

~ \ 67 

66.5 
~ 

66 · 
10 

Number of drops, N 
100 

Entered by: 
Reviewed: 

2 ! 
4.23 
3Jl1 
0.42 
1.38 
2.43 
17.28 

2 3 
30 23 

7.73 "7 
I 

5.16 4.7 
2.57 2.3 
1.39 1.4 
3.77 3.30 
6R.17 69.70 

70 69 

~ ~------------------------r-------~ 

S8 

I J 

10 
( . 

o ~--~------~~~--------------~ 
10 20 30 40 )0. 60 

Liquid LImit (LL) 
70 80 90 100 o 

iNCORPORATED 
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OC 1 5 20DS 
II 
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Liquid Limit, Plastic Limit, aod Plasticity lode. of Soils 
(ASrM 1M318) 

WIGES 
Q IGES 2004 

Project: Taylor Gt~o-Engineering 

No: "M00991-002 
Location: 

Date: 3/ 13i2007 
By: BRR 

Boring No.: GT-2 
Sample: 

Depth: 25-26.5 . 
Description: Not Requested 

Preparation method: Air Dry 
Liquid limit test method: Multipuinl 

Plastic Limit 

9.63 
8.35 
1.28 
1.39 
6.96 
18.39 

LI 
Determination No 

Number of Drops. N 30 
Wet Soil + Tare (Il) II 
Drv Soil + Tare (e' 8.43 

Moisture Loss) 2.57 
Tare (IZ 1.4 

Drv Soil (g) 7.03 
Moisture Content, w (%) 36.56 

Liquid Limit, LL (%) 37 
Plastic Limit, PL (%)1 18 

PW(icHy Index, PI (%) 19 

40.5 

40 , 

39.5 

~ J9 

5 
'i: 38.5 
8 
~ 38 
2 
'" I 
'0375 I 
~ . I 

37 1 

36.5 I 
36 

~ 
\ 
\ 
\ 
\ , 

\ 

\ 
~, 

Flow Curve 

37 

10 
Number of drops, N 

100 

Enlered by:. _ _ __ _ 
Revicwcd: ___ _ _ 

2 
9.76 
8.47 
1.29 
1.4 

7.07 
18.25 

2 3 
20 13 

11.9 10.25 
1).02 7.72 
2.88 2.53 
1.39 1.39 
7.63 6.33 
37.75 39.97 

37 

00 __ --------------------~4-----~ 

10 
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• 

liquid Limit, Plastic Limit, and Plasticity Index of Solis
(ASTM D4J18) 

- IGES 
@IGES2004 

Project: Taylnr (;eo-Eoginecring 

No: MOtl991-002 
Location: 

Date: 3/15/2007 
By: NB 

Boring No.: GT-3 
Sample: 

Depth: 30-31.5 
Description: Not Requested 

Preparation method: Air Dry 
Liquid limit test method: Mu Itipoint 

Plastic Limit 
Detennination No 1 

Wet Soil + Tare (J!} 4.54 
Drv Soil+ Tare (g\ 3.7 

Moisture Loss (J!) 0.84 
Tare (I!) 1.39 

Drv Soil (I!) 2.3] 
Moisfure Content, w (%) 36.36 . m IqUI Li dLi It 

Determination No 1 
Number of Drops, N 34 
Wet SOli + Tare (II:) 7 .02 
Dry SoH + Tare (II:) 4.67 
Moisture Loss (I!) 2.35 

Tare (I!) 1.38 
Dry Soil (g) 3.29 

Moisture Content. w (%) 71.43 
Olle-Point LL (%~ 

Liquid Limit. LL (Ole) 74 
Plastic Limit, PL (%) 36 

PI~sticity Index. PI {%} 38 

@ Flow Curve , 

10 
Number of drops, N 

100 

Entered by: . ___ ~~ __ 
Reviewed: ___ _ 

2 I 
4.32 I 
3.5) I 
0.77 I 
1.39 I 
2.16 1 
35.65 I 

2 3 
23 15 

8.35 8' .'-

5.36 5.23 
2.99 2.97 
1.39 1.39 
3.97 3.84 
75.31 77.34 

15 

~ r--------------------------7~------~ 

50 

o 

Pla.,\ticity Chart 

, . 

10 20 30 40 ~O 60 70 
Liquid Limit (LL) 
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80 90 100 
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• 

Uguld Limit, Plastic Limit, and Plasticity Index of Soils 
(ASl'M 04318) 

IG 5 
(gIGES2004 

Project: Taylor Ceo-Engineering 
No: MO()991-002 

Location: 
Dale: 3i \3(20fJ7 

By: RRR 

Boring No.: G1'-5 
Sample: 
Depth: 5-6.5 

Description: Not Requested 

Preparation method: Air Dry 
Liquid limit test method: Multipoint 

Plastic Limit 
Detennination No 1 2 

Wet Soil + Tare (g) ~U2 lUS 
Dry Soil + Tare (g) 7.'2 7.28 

Moisture Loss (~) 1.1 ].] 

Tare (2) 1.39 1.38 
Drv Soil (2) 5.83 5.90 

Moisture Content, w (%, 18.87 18.64 . . 
IqUI 1m LI dL it 

Determination No. 1 2 3 
Number ofDroos. N 28 22 17 
Wet Soil + Tare (I!} 9.23 8.43 10.49 
Dry Soil + Tare (j!;) 6.25 5.68 6.82 

Moisture Loss (2) 2.98 2.75 3.67 
Tare (g) 1.39 1.39 1.38 

Dry Soil (g) 4.86 4.29 5.44 
Moisture Content., w (%) 61.32 04.10 67.46 

One-Point LL (%) 

Liquid Limit, LL (%) 63 
Plastic Limit, PL (0/.) 19 

P13micity Index. PI (%) 44 

68 

67 

",,66 1 
~ 

~65 I 
0:: I 864 
'" . 
~63 I 

~ 
62 

61 ' 

¢
; 
1 

\ , , 
1 \ CIt[ve 

62 

60 · 

10 
Number of drops, N 

lOt) 

Entcn.'::d ltv: 
Re"lewed:~_=:=_=__:..-_-

63 

~ r---------------------~~------~ 

040 
e:, 
~ 
] 30 
.g 
~ 20 

P\as(icilY bart 

'I. 

o L-__ ~ __________ ~ ________________ ~ 

o 20 30 40 $0 60 70 8Q 9{1 100 
Liquid Limit (LL) 

INCORPORATED 
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Liquid Limit, Plastic: Limit, aDd P1astic:ity Index of Soils 
(ASTM 0018) 

IGES 
@IGES2004 

Project: . 
No: MOD991-U1J2 

Location: 
Date: VI 512007 

By: NB 

Boring No.: GT-5 
Sample: 

Deptb: 10-11.5 
Description: Not Requested 

Preparation method: Air Ory 
Liquid limit test method: Multipoint 

Plastic: Limit 
Determination No ] 

Wet Soil + Tare (~) 5.3 
Dry Soil + Tare (g) 4.7 

Moisture Loss (g) 0.6 
Tare (l!:) 1.35 

Dry Soil (e) 3.35 
Moisture Content. w (%) 17.91 

Uquid Limit 
Determination No I 

Number of Dr ODS, N 34 
Wet Soil + Tare (g) 8.93 
Dry Soil + Tare (g) 6.05 
Moisture Loss (2) 2.88 

Tare (g) I .3 8 

Dry Soil (g) 4.67 
Moisture Content. w (%} 61.67 

One-Point LL (%) 

Liquid Limit. LL (%) 63 
Plastic Limit, PL (%) 18 

Plasticity rndex. PI (% ) 45 

68 

67 

~66 

~65 
8 ! 
~64 I 
's I 

~63 

62 • 

61 

10 

. , 
\ 
'\ 

Flow Curve 

Number of droPs. N 

Entered by: 
Reviewed: .----~--

100 

2 
5. I 3 
4.61 
0.57 
1.35 
3.26 
17.48 

2 3 
25 I ~ -' 

3.19 10.32 
5.54 6.72 
2.65 3.6 .. . 
1.35 1.39 
4.19 5.33 
63.25 67.54 

63 

~ ~-------------------------7~------~ 
PIa. .. ticity Chart 

I I 
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Amount of Material in Soil Finer than tbe No. 200 (7Sum) Sieve 
(ASTM 01140) 

Project: Taylor Ceo-Engineering 
No: M00991-002 

.B 

.5 

.!! ... 
S 
AS 

III 

c::, 
~ c:, 2 ·c 

" u£ 

Co _ c 
~'t 
<:JJ f' ..;, 

Location: 
Date: 3:' 11:'2 DO 7 

By: :--:!1 

Borin~No. 

Samnlt: 

Depth 

SoIi1 

Split Sieve" 

Moist total samDle wt. (Jill 

Moist coarsc fraction (II· 

On' solit fraction (2'1 

No. 200 Orv wi. retained (fl ' 

Solit sieve" Dry 1111. retained (fl; ' 

Drv total sample wI. (Il 

Moist soil + tare (II 

Drv soil + tare (g) 

Tare (IZ) 

Moisture content (%') 

Moist soil + tare (a\ 

Dry soil + tare (g) 

Tore (I/;) 
Moisture conlcnt (%) 

Percent oasslne solit sieve· (%) 

Percent passim! No. 200 sieve (%) 

Entered by: 
Reviewed:. ___ _ 

OT·2 ll ' j ~J 

10-11.5 10·11 .5 

"11\. N" 

29&.34 ' ~,. ..".., ,;:" __ .) t 

179.78 I '!X 5~ 

269.64 317.54 

~ 

4),8.87 +'JC . ~ I 

4JO.17 157.l{( 

140.53 11<) iP 

JO.64 10.97 

33.3 37.5 

1 

." 

.~ 

t 

~ 

- IGES 
® IGES 2004 

.H 

! 

~ ~ 

" .. -:' 
.-

'.~ 

.. 
.. .-

.. .. 
~ -;; 

.- ... 

-~ 

Div. 01 Oil, Gas & MI:1ing 

frl 
I TeD 

NOV 06 2018 



Un~f)nllned Compml~in Strengtb of Cobeslve SoUs 
(ASTM D211i6) 

Project: Taylor Ceo-Engineering 
No: M00991-OQ2 

Location: 
Date: 31 U /2 007 

By: DS 

Axial 

Strain 
(%) 
0.00 
0,'" 
010 
U.I' 
020 
0,26 
0.31 
0.3' 
0.40 
046 
0:70 
095 
1.20 
1.46 
1.70 
1.95 
220 
2~' 
270 
2.9$ 
3 .. 0 
3.4~ 
3.71 
3.95 
4.10 
4.45 
4.70 
4.9$ 
$,46 
~ 9' 
EAS 
6.9$ 
746 
i.% 
I.H 
8.96 
9 .• ' 
9.~ 

1M' 
10.96 
11.46 
11.95 
12.45 
12.9' 
1l4j 
13.95 
14.4$ 
14.~ 
1546 
159/\ 
16M 
16.96 
1745 
17.95 
IB45 
1896 
1945 
19.96 
2D.46 
20.96 
21.45 
2195 
22.0 

Samp), height. H (ill.) 
Sample diameter. D (in.) 

Sample volume, V (tt') 
WI. rings + wet soil (g) 

WI. rings/\are (g) 
Moist soil, Ws (g) 

Moist unit Wl, y., (pet) 

Dry unit wI., ld (pel) 

od Q 
01-03 112 od 
(psI) (psI) 
00 00 

25.8 129 
45.1 22.6 
70.9 355 
1l6.D 580 
I3SJ 676 
180) 90 I 
13S) 119.1 
296.0 148.0 
392,4 196.2 
924' 462.3 
1517.9 759.0 
19742 9BU 
2JIl6.7 1153,4 
25996 1299.8 
2865.6 1432.8 
J085.1 1542.9 
32Th3 1t.36.7 
3422.1 1711 I 
)538.6 17E9) 
3654.4 1827.2 
J73'22 111M) 
3m.9 l'lOU 
3849 0 1924.5 
39132 19566 
394'.9 1973,0 
393<1.5 19923 
4017.0 20085 
4080.6 2040.3 
4137.1 2068.9 
4" I 8 2090.9 
4DI.2 21156 
4279 ~ 21397 
4326.8 2163.4 
4356.5 2178,3 
4390.9 2195.5 
44133 2206 7 
4440,9 222O.S 
4473 4 2236.7 
44'J9 5 2249.8 
45195 22598 
4533.' 2266.8 
4$l8. 1 2279.1 
45820 2291 ,0 
4600.0 2300 0 
4l>IU 2)058 
4628.' 2314.3 
_ .9 2322S 
4654.9 132'7 S 
4675,7 2317,Q 
4680.0 2340 0 
4693,8 2346.9 
4702,7 23S1.4 
4710.1 2355.4 
47236 23.1. 
473'-4 23677 
47426 2)713 
47'J 5 2376 B 
4719 Z 23796 
47'9.2 23796 
4764.2 2312.1 
47611 Z3844 
47773 2388.7 

4250 
1930 

0.0072 

398 :H 
0.01) 

398.84 
122.2 
9!'1.1l 

6000 

5000 

l3OO0 
'" .. .s 
~ 
.= 2000 

1000 

Entered by: 

RI:"ii:WW: 

Boriog No.: GT-l 

Sample: 
Depth: 25-26.5 f«l 

Sample Description: Brown clay 

Sample type: Undi~lurbeJ 

Wet soil + Jan: (g) 

Dry soil + tare (g) 
Tare (g) 

MoistUII: conlent. w (%) 
Strain J'IIle (%/min) 

S1rain at f\illun:. tlr (%) 

Deviator stress lit failure:. (a 1-(3)f (PSt) 

SlIcar strC:15 at failun:, ~ ~ (0 1 r0'3.)12 (PSt) 

000 

/ 10 

o 
o 

o 
o 

o 
o 

o 

o 

o 

5 10 15 
Axial stndn ("I.) 

~IGE5 

53 J2 

5202 
,,(100 

28.6 
20 

22.45 
4777 
23&9 

20 

ClIGES2005 

4.??7 

2S 

RATED 
) 

OCT 1 5200S 

Div.ol 

NOV 06 2018 
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Liquid Limit, Plastic Limit. and Plasticity Index of Soils 
( .~MD4l18) 

IGES 
© IGES2004 

Project: Ta~' I(Jr Ceo-Engineering 
No: \lOO<)<)l-UOl 

Location: 
Date: 3:8/2007 

By: OKS 

Boring No.: _ 
Sample: CH-5-98 

Depth: _ 
Description: (jray W~a,hered Claystone 

Preparation method: ,\ir Dry 
Liquid limit test method: Multipoint 

Plastic Limit 
Determination No 1 

Wet Soil + Tare (Q) R.38 
Dry Soil + Tare (g' 7.37 

Moisture Loss (~) 1.01 
Tare {f!) 1.39 

Dry Soil (g) 5.98 
Moisture Content, w (%) 16.89 . 

LIQUid LImit 

"" ::f. 
~ -
E 

DetemlinatJon No 1 
Number of Drops. N 3() 

Wet Soil + Tare (g\ 11 .22 
Dry Soil + Tare (g) 7.!:lS 

Moisture Loss (g \ 3.37 
Tare (g) I ~ q .J . 

Drv Soil (I!) 6.46 
IyIoisture Content, w (%) 52.17 

One-Point LL (%) 

Liquid Limit, LL (%) 53 
Plastic Limit, PL (%) 17 

P illstl~it" Index, PI (%) 36 

55.5 

S5 

54.5 I 

54 

<i> Flow Curve 
\ 
\ , 

\. 

" , 
853.5 %ILL=S3! 

4 ~ 53 
.~ 
~ 

2 
12.66 
10.99 
1.67 
1.38 1 , 
9.61 I 
17.38 I 

2 3 
26 16 

12.94 liS? 

8.92 7.<)5 

4.02 3.62 
1.35 1.J9 
7.57 6.56 
53 .10 55.18 

53 

~ ----------------------~r_------~ 
Plaslii:ilY Chan 

'0 
~ \ 

\e> 

0:: 20 

52.5 

52 

51.5 

10 
Number of drops, N 

100 

Entered by: 
Reviewed: _ .. _-._. 

liJ 
It 

o L-__ ~ __________ ~----_,~--~~~ 

o 30 40 SO 60 70 80 90 100 
Liquid Limit (LL) OCT 1 5 2009 
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Liquid L imit, P1nstic Limit. and Plasticity Tndex of Soils 
(ASTM D4318) 

Project: Tayll)l' Geo-Engineering 
No: M00991-001 

Location: 

Boring No.: _ 
Sample: SP-16-13 

Depth: _ 
Date: 3 : ~V2(j07 

By: BRR 
Description: Not Requt:slcd 

Plastic Limit 
Determination No 

Wet Soil + Tare (g) 
Dry Soil + Tare (e:) 

Moisture Loss (g) 
Tare ( 2") 

Dry Soil (I! ) 

Moisture Content, w (%) 
Liauld Limit 

Determination No 
Number ofDroos. N 
Wet Soil + Tare (I:() 

Dry Soil + Tare (g} 

Moisture Loss (g) 
Tare (g) 

Dry Soil (gl 
Moisture Content, w (%) 

One-Point LL (%) 

29 

Preparation method: Air Dry 
Liquid limit test method: Multipoint 

I 2 
12 12.16 

1ll5J 10.66 
l.47 1.5 
IA 1.39 

9.13 9.27 
16.10 16.18 

I 2 3 
33 'l' ,,-.J lR 

9.64- 10.95 10.77 
7.76 &.6& 8.48 
1.88 2.27 2.29 
1J9 1.37 1.35 
6.37 7.31 7.13 

:H).'ll 3 i.OS 32.12 
31 

I 

©IGES2004 

10 100 20 30 40 50 60 7J).CT aD 5..9iJ.9 100 
Liquid Limit (LL) U I LUU 

[ 0 
Number of drops, N 

Entered by: ____ _ 
Reviewed: ._----

if ~ ... n f 
.1J'.'. ).: . 

Nova 6 2018 
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• 

• 

Liquid Limit. Plastic Limit, and Plasticity Index of Soils 
(ASTM D4318) © IGES2004 

Project: Taylor Geo-f:nginccring 
No: M00991-001 

Location: 
Date: 3i1 212[)07 

By: NB 

Boring No.: 
Sample: CR-I-3 

Depth: 
Description: 'Jut Requested 

Preparation method: Air Dry 
Liquid limit tesl method : rYlultip,)i!lt 

Plastic Limit 
Determination No 1 

Wet Soil + Tare (Q) 6. 'H 
Dry Soil + Tare (Q) 5.)7 

Moisture Loss (g) 0.87 
Tare (Q'I 1.38 

Drv Soil (II) 4.19 
Moisture Content, w (%) 20.76 . . LIQUld LImIt 

Determination No I 
Number of DroDs. N 35 
Wet Soil + Tare (Q) 8.41 
Dry Soil + Tare (~) 6.09 

Moisture Loss (Q) 2.38 
Tare (g) 1.38 

Dry Soil (e:) 4.71 
Moisture Contenl, w (%) ~O . 53 

One-Point LL (%) 

Liquid Limit, LL (%) 53 
Plastic Limit, PL (%) 21 

Plasticity Index, PI (1)/,,) 32 

55.5 

SS 

54.5 
~ 

\ 
" 

,-. 54 
~~ 
::'53.5 
" <1J 

E 
0 

53 
u 
1: 52.5 
= 
.'g 52 
0 

::E 51.5 

51 

50.5 
\~ 

50 

10 
Number of drops, N 

100 

Entered by :. ______ _ 
Reviewed: ._------

2 I 
6,43 I I 
5.57 I 
0.86 I 
1.39 L I 
4.18 I 
20.57 J 

2 3 
27 20 

811 10.6 i 
5.8 7-35 

2.31 3.26 
1.39 1.'1 I 
4.41 5.95 
:52.38 54.79 

53 53 

60 ----------------------------~~------~ 
Plasticity Chart 

50 

10 

() L-____ ~ __________ ~~ ________________ ~ 

o III 21l .. 0 . I SO. ,60 
LiqlJ d I Ifml ( L ) 

70 80 1)0 100 
'1 0::0 

V PROlECTSIM00991. Taylor _ Gco-~~Lj!g~o~pm l.xl.)3 

Oiv. of Oil, Gas & Mining 
tf '" ,: \. " '. -, 

" ..•.• : ' j. T 

NOV 06 2018 
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Lig uid Limit, I'lastic Limit. a nd Plasticity Index of Soil!! 
(ASTM D4JI8) 

Project: Taylor Geo-Fngineering 
No: M00991 ·00 I 

Location: 
Date: l! 12C:007 

By: NR 

Boring No.: 
Sample: CH-S-48 

Depth: 
Description: Not Requested 

Preparation method: Air LJry 
Liquid limit test method: i'v1ulLipuint 

Plastic Limit 
Detennination No 1 

Wet Soil + Tare (g) &.58 
Dry Soil + Tare (12) 7.22 

Moisture Loss (g) 1.36 
Tare (g) 1.4 

Dry Soil (gl 5.82 
Moisture Content, w (%) 23.37 

lq ui 1m L d L it 
Determination No I 

Number of Drops. N 38 
Wet Soil + Tare (g) 8.69 
Dry Soil + Tare (g) 6.04 

Moisture Loss (g) 2.65 
Tare (g) 1.39 

Dry Soil (g) 4.65 
Moisture Content, w (%) 56.99 

One· Point LL (%) 

Liquid Limit, LL (%) 61 
Plastic Limit, PL (%) 23 

I'billtic.ity Index, PI (%) 38 

66 

65 

64 . 

~63 C . 
C:L:'J 
~v ... , 
C • 

861 : 
OJ • 

,360 ; 
'" '0 
~59 I 

~/ 
·1,, \\, 'I! 

\. 
\ 

IlL-611 
t . .. 

; 

60 

50 

=-40 e:. 
>< u 
] 30 

OJ 

.~ 

ii: 20 

[0 

2 
10.39 ... ,--,~~--
8.71 
1.68 
1.39 
7.32 
22.95 

2 3 
25 18 
9 9.55 

6. 1 ; 6.3.1 
2.87 3.22 
1.39 1.38 
4 .74 4.95 
6fUS 65.05 

61 

Plasticity Chart 

1: 1 

( ., 
5R 

57 

56 n L-__ ~~ __________ L-______________ ~ 

10 100 o 20 30 40 ~O 60 7qNC~RP .: t~D 
Liquid Limit (LL) Nwnber of drops, N 

Entered by:, ____ _ 
Reviewed:. _ _ __ _ 

OCT 1 5 2009 
Z:\PROJECTS\MOO991_ Taylor_ Geo·Engineering\oo1 \[ALv I ,xls)4 

Dlv. of 9i!~ 9as & Mining 
'I ; ''. ' ''. , ; ; j 'j . . J", ':1.," 

NOV 06 2018 
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• 

• 

Particle-Size Analysis of Soils 
(ASTMD42Z) 

Project: Taylor Geo-Engincering 
No: M00991-001 

Location: _ 
Date: 3/6/2007 

U DKS sy: , 

Split: Yes 

Split sieve: 3/8" 
Moist Dry 

Total sample wt. (g): ? 142.6 6906.5 
+ 3/g" Coarse fraction (g): 523- 1 505.9 

·3/g" Split fraction (g): 1270.1 1228.10 

Split fraction: 0.927 

,\CCllm, Gmfn Siz,: I'(rcelll 
Sil:',<c. WL R.:-L UI) (lM'Il Finer 

1'2" - 300 · 
S" 0 200 · 
6" - 150 · 
4" 100 · 
]" . 75 -
1 5" . 37.S -
3,'4 11 19 100.0 
)/3" 505 .90 9.5 92.7 
No4 lAO 4.75 92.6 
N').10 PLIO 2 91.3 
No.20 102.50 0.8S 84.9 
1\'0 ..10 176 . .10 0.425 79.4 
No.60 :2J7.:!O 0.25 75.5 
No 100 289.00 0.15 70.9 
Nc).'.'i10 1944(1 0.075 62.9 

3 in 1'10.4 No.IO 
100 

90 

80 

- 70 .l:I 
.!!II .. 
~ 

~ 
60 

"- 50 " I: 
C 

~ 40 
... 

;' .. .. 30 
., 

~ 

20 

10 

0 

100 Ii) 

Boring No.: _ 
Sample: CH-5-98 

Depth: _ 

IGES 
~ IGES20G4 

Description: Gray Weathered Claystone 

MCli~IUn: dnta C.fi.( "318"1 S.F.(.3/S''} 
Moist soil + tare (g): 

Dry soil + tare (g): 
Tare (g): 

Moisture content (%): 

-Split 

629.80 
616.32 
220.90 

3.4 

~().20U 

-8-MechanicaJ 

0.1 

I 

I I 
I 
I 
I 
I 
I 

: I 
I I 
) 

I 
1 

1661-40 
1619.:10 
39 J.Jt) 

3.4 

0.01 

INCORPORATED 

OCT 1 5 2009 
Enten:d by: Gl1Iill .b.)e (mllil) 
Reviewed: 
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• 

• 

Panicle-Size Analysis of Soils 
(ASBI D412) 

Project: Taylor Gco-Engineering 
No: 1\100991-001 

Location: 
Date: 3.1611007 

B sy: DKS 

Split: Yes 

Split sieve: 3;&" 

Moist Dry 
Total sample wt (g): 5766 I 5455.0 

+ Jig" Coarse fraction (g): 7GO.6 719.0 
·3/8" Split fraction (g): 46'U 439.40 

Split fi'actioll: 0.868 

Accum. Grain Size Percent 
Sieve Wt.Ret.(fl (mm) Finer 
12" - 300 -
8" · 200 -
6" · 150 . 
.v· 100 -
3" · 75 
1.5" 37.5 100.0 
3/~P' 27.60 19 99.S 
V8" 719.00 9.5 86.8 
\0 ,1 0.'20 4.75 86.8 

1\0.10 11 . 10 2 84.6 
No.20 :,8.60 0.85 79.2 
"~1).40 67.70 0.425 73.4 
;-,,,,60 96, III 0.25 67.8 

No,IOO 1.36.70 0.15 59.8 
:--ill.20n 205.90 0.075 46.1 

No.4 No.lO 
100 

90 

80 

:= 70 
QD 

'ijl 
~ 

S 
60 

... 
50 .. = &.: 

c:i 40 II I II ~ I I .. 30 ~ 
I 

20 I 
I 

10 I 
I 

0 I 

100 10 

Boring No.: _ 
Sample: CH-5-48 

Depth: _ 

IGES 
Q IGES2004 

Description: Gray Weathered Claystone 

MOI~t1ITe t!JlIl! CF.(+:l/lI") S.F.(-J/X") 

Moist soil + tare (g): 440.80 646.60 
Dry soil + tare (g): 426.29 621 .60 

Tare (g): 175.80 182.20 
Moisture content (%); 5.8 5.7 

-Split 

No.40 No.200 

-a-!l.h:l:hIIIl>",1 

INCORPORATED 

0.1 0.01 OCT 1 5 2009 
Entered by: ----- . Gr.lin liu (inm) 
Reviewed: .1..'rHUlllt:l~iII.t""1 ~ I 9 

~':O \l 0 6 2018 



• 

Pu.rticlc-Size Analysis of Soil!! with hvdromefer 
(ASTMD421) 

IGES 
©IGES2004 

Project: Taylor Geo-Engineering 

No: M00991-00 1 
Location: 

Date: ]/ 12/2007 
BV' BRR 

Split sieve: 
Split sieve: 

Total sample wt. (g): 
+3/8" Coarse fraction (g): 

·3/8" Split fraction (g): 
Hydrometer fraction (g): 

Split fraction: 

ACClnn. 
Sieve WI. Ret. (2 

12" . 
s·, -
(," 

4·' 
" :' .J 

IS' 
3/4" 
.liS " 79 .60 
No,'~ 

~o.IO (\ 40 
"in.lO 0.10 
\ioAO 0,25 
\0.60 VAl! 

!'iv. IOO 0.75 
No.200 ~ , 6 ) 

100 
3 in ) 1!1,jn .. 

90 

80 

... 70 .c 
~ 

'il 
~ 60 £. 
"- 50 .. = J;: 

'5 40 
:: .. 30 ~ 

20 

lO 

0 

100 

Yes 

3i8" 

Moist Dry 
777~ 7397.19 
8301 79.60 

;56.nO 339.30 
(;2.26 60.20 
0.989 

Grain Size Percent 
( mm) Finer 
300 -
200 . 
L50 
100 . 
75 -

37.5 -
19 100.0 
9.5 98.9 

4.75 98 .9 
2 98.8 

0.85 98.6 
0.425 98.4 
0.25 98.2 
0.15 97.6 
0.Q75 94.5 

1 0 4 No.l O 

I 
I 
1 
I 
1 
I 
I 
I 
I , 
I 
I 
I 
I 

I Iii 
I I 

10 

Boring No.: 
Sample: CH-1-3 

Depth: 
Description: Descrip[ion 

Moisture data C.P.{+3/S-) S.f.(-J/S") Hyd.(-No. IO) 

Moist soil + tare (g): 
Dry soil + tare (g): 

Tare (g): 
Moisture contcnt (%): 

Hl:dro!D~e[ gi!ll\ 
Hyd. split: 

Gs: 
Composite carr.: 

Dispersion oeriod (min): 
Elapsed 11m 

(min ) 
()j 

I 
2 

:-
15 

:14 
6-1 

¢oSplil 160 
258 

<=,split hyd. 5'21 
1 ~()6 

0.1 

224 ~ O 92.06 61.75 
1/.000 H9.0'i (,(:.70 
14 1.00 ]0.00 )G.04 
4.77 5.10 3.42 

Slope: -0.164 
No.IO Intercept: 16.3 
.1.65 .A.c:~:IJmcct a: 1.00 

6 Hyd. fraction: 98.81 
15 Disoersion device: _-\ir-icl 

Temp. Hydromele 
(0(;) Readin,1! 
16.5 51) 

16.5 5S 
16.5 50 
16.5 46 
17 4.1 

175 40 

18 J 7.5 
19 14.5 
20 ,~ J_ 

21.5 2') 
11 ~6 

~~ech.ni0al 

~-Hydrometer 

0.01 0.001 

Grain Size % Soil in 
(mm) Suspcrlsion 

0.05190 86.99 
0.03847 80.43 
0.02870 72.22 
0.01l!87 65 .65 
0.01112 60.73 
0.00754 55.81 
0.00557 51.70 
0.00357 46.78 
0.00282 42.68 
0.00199 37.75 
0.00125 32.83 

INCORPO~ATED 

OCT 1 5 2009 
.,\1" :d 1>)': __ 

Grain size (mm) 
I~ 'icwcd: 

! " 

Nrv 06 2018 

. Mining 
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• 
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Particle-Size Analvsis of Soils witll lzydroltteJer 
(ASTMD422j 

ICiE 
@IGES2004 

Project: T!lylor Geo-E llginccring 
No: l\IOOQ91 -00 I 

Location: 
Date: 3i1 2J2D07 

Bv: BRR 

Split sieve: 
Splil sieve: 

Total sample wt. (g); 
+3/8" Coarse fraction (g): 

·3/8" Split fraction (g): 
Hydrometer fraction (g): 

Split fraction : 

Accum. 
Sieve Wt.Ret.le 

12" -
S" -
6" . 
1" . 

.1" -
1-5" 
1 ~., 
_, 'T -
3·I X" 
No.1 

\;0 II) 1.6) 
'i,).2(l () 14 
':0,10 0.55 
'\0 (,0 I 98 

\,<,) 100 5.'(' 
No.'Ot) 9.94 

100 
3 in ]/4 in 

I 
90 I 

1 
80 I I 

I 
.i 70 , 
I>ll 1 .;; 
~ 60 I: .., 

.Q ... 
50 

:1 .. = 1 0:: 
1 

-= 40 .. .1 ;::: 
11 .. 30 '" :1 
;1 

20 :1 

10 
:1 
I 
~ 

0 
100 

Ye:; 
3,'g" 

Moist Dry 
105'!7...! 10387.95 

0.00 
, 11_30 501.19 
~,! .61 49.11 
1.000 

Grain Size Percent 
(mm) Finer 
300 · 200 -
150 · 
100 · 
75 · 

37.5 
19 -
9.5 · 

4.75 100.0 
2 99.7 

0.85 99.4 
0.425 98.6 
0.25 95.7 
0.15 88 .8 

0.075 79.5 

10 

Boring No.: 
Sample: SP-16-t3 

Depth: 
Description: Description 

MOisrure dam CJ:'-:(+J/8") -S.F.(_:l/RH) Hyd.( ·No.1 0) 

Moist soil + tare (g): 
Dry soil + tare (g): 

Tare (g): 
Moisture contont (%); 

H~drQme(er da!iJ 
Hyd. split: 

Gs: 
Composite corr.: 

Dispersion period (min): 
Elapsed titn 

(min) 
0.5 
I 
2-
5 
IS 
:;c 
7(: 

<=Split 123 
26(, 

<=Splithyd. 533 
141] 

0.1 

. 680. 10 95 .73 

- 6iiq 71 9504 

- IHAO 30.00 
0.00 2.02 1.06 

Slope: ·0.164 
:--:0. 10 Intercept: 16.3 
2.li5 \ ':;~)lIll1e( a: 1.00 

6 Hyd. fraction: 99.67 
15 Disocrsion device: Air-let 

Temp. Hydromete 
(ac) Reading 

17 II 
17 -l2 

17 39.5 
17 36 
17 J _, 

Ii 5 , I 

18 27 
19 25.5 
20 0' .:....l 

21.~ 20 
1! 19 

-a-Mech,,,,,cal 

-G-Hydromcter 

0.01 0.001 

Grain Size % Soil in 
(mm) Susm:nsion 

0.06039 77.13 
0.04347 73.07 
0.03140 67.99 
0.02043 60.89 
0.01207 54.80 
0.00861 50.74 
0.00553 42.62 
0.00434 39.58 
0.00296 34.50 
0.00208 28.42 
0.00130 26.39 

INCORPORf..,TEO 

OC1 \ 5 2009 

Oiv. of Oil, Gas & Mining 
Entered by: _____ _ 
Reviewed : 

Grain size (mm) 
Z:IPIIOJECTSIM00991_T.ylo,_G<o-Eng;n..nn.IOOII[GSDHYDvI :de]l 

T -I 
, I • 

NOV 06 2018 
Oi . . ( ': G 



• 

• 
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Laboratory Compaction Characteristics of Soil 
(ASTM D6?81 DI!!!!7) ~IGES2004 

Project: Taylor Geo-Engineering 
No: IVIO0991-00 1 

Location: 
Date: 3/ 1/2007 

By: NR 

Boring No.: 
Sample: SP-16-13 

Depth: 
Sample Description: 

Engineering Classification: Not requested 
As-received moisture content (%): 2.02 

Preparation method: Moisl Method: ASTM D698 B 
Mold volume efe): 0.0333 Rammer: l\'lechanical-circular face 

Rock Correction: No 
Optimum moisture content ('Yo): 17 
Maximum dry unit weight (per): 110.4 

Pomt Number +IU 112 f 14 

Wt. Sample + Mold (g) 5962.0 6033 .3 6106 .0 
Wt. of Mold (g) 4181.8 4181.8 4181.8 

Wet Unit Wt., Ym (pet) 117.7 122.5 127.3 
Wet Soil + Tare (g) 738.9 593.5 820.4-
Dry Soil + Tare (g) 674.gS 538,79 728.12 

Tare (g) 140 \50.7 153.3 
Moisture Coment w ('Yo) [2.(J 14.1 16.1 

Dry Unit Wt., Yd (pet) 105.1 107,3 109.7 

120 .,------ ---;----""'t 

115 

100 

X Maximum dry unit wei!ht ftnd 
Dprimllm DlOislUn comeill' 

+-16 +Ils 
6120.3 6075.2 
41RLR 4181.8 
128.2 125.2 
685.7 719 
602.71 620.21 
152.4 152.7 
ItlA .:!Ll 

J08.3 103.4 

" 

" 

" 
" 

' . , __________ ~~~~~~ ATED 
95 

5 10 15 20 25 
Entered by :, __ _ Moisture ~ontent (%) 
Reviewed :, ___ _ 

30 OCT 1 !P~009 

/) J\' 
1" . " 

)'" t.::":, J;':'.~.~ 

NOV 06 2018 
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• 
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Laboratory Compaction Cbaracteri5ti~ of Soil 
(ASTI\1 0698 / 1>1557) 

Project: Taylor Gco-Fngillccrillg 
No: :VIO099 1-00 1 

Location: 
Date: 3/712.007 

By: DKS 

Boring No.: 
Sample: CH-1-3 

Depth: 
Sample Description: 

Engineering Classification: Not requested 
As-received moisture content (%): 5.1 

Preparation method: Moist 

IGES 
@IGES2004 

Method: .i\.STM D6lJ8 B 
Mold volume (ft\ U.O] ]3 Rammer: Mechanical-circular face 

Rock Correction: No 
Optimum moisture content (%): 20.5 
M' d . . h ( f) 101 9 aXlmum 1"\' lIB1t "l:lg t lllc. ; 

Point Number + I ~ +2U ;-15 +1.-

Wt. Sample + Mold (g) 611 n.n 6102 .8 6092.8 5905.3 
Wt. of Mold (g) 4256.2 4256.2 4256.2 4181.7 

Wet Unit Wt., Ym (pcf) 122.6 122.1 121.5 114.0 
Wet Soil + Tare (g) 518 .1 584.4 626.<1- 659.3 
Dry Soil + Tare (g) 455.42 511.67 559.49 586.02 

Tare (g) 177.9 224.6 222 150.7 
MOisture Content, w (%) 22.6 25.3 [ 9.S 17.1 

Dry Unit Wt., y~ (pcf), 100.0 97.4 lOlA 97.3 

110 

X hL\inllHn dry urut vciaht I1nd 
plimum moislu(~ lh:tll , 

105 M.mmumsttYlIni~ 
\\c:iWII lOll) ~~fj. 

". ·Il 
' . • l.\"!. ("" ~ 1 

t ••• . 
... ... 

90 
" 

, ' ., .... 

85 L--------~---------------.;...,..+~r.:_·Triq:.,-FD 

10 15 20 25 30 
Entered by: _____ .. Moisture content (%) 
Reviewed: ___ _ 

35 
OCT 1 5°2009 

c· • 
lJ ' 

t.! I 

, '. 
• , I , :) [; r: _ . 

, "{u"H!'/','",, • .. , 
'. '.~ 



• 

• 

• 

Loborntorv Compaction Characteristics of Soil 
(ASTM D~981 DI5S7, 

Project: Taylor Geo-Engineering 
No: M009?1-001 

Location: 
Date: 3/712007 

By: DKS 

Boring No.: 
Sample: CH-S-48 

Depth: 
Sample Description: 

Engineering Classification: Not requested 
As-received moisture content (%): 5.7 

Preparation method: Moist Method: ASTM D698 B 
Mold volume en): O.()333 Rammer: Mechanical-circular face 

Rock Correction: No 
Optimum moisture content (%): 20 
M' d . . ( t) axtmum ry UOIt wlagJlt (PC : 99.S 

Point Number +1 0 .j [2 +14 +Ib +1X +LU 
Wt. Sample + Mold (g) 5890.(1 5946.0 5981.3 5995.8 6002.4 6002.8 

Wt. of Mold (g) 4174.8 4174.8 4174.8 4174.8 4174.8 4174.8 
Wet Unit Wt., Ym (peO 113.5 117.1 119.5 120.4 120.9 120.9 

Wet Soil + Tare (g) 360.7 316.6 348.1 376.2 414.5 450.5 

Dry Soil + Tare (g) 331 .24 288.78 313.48 335.73 364.49 .39 1.25 
Tare (I!} 141.8 139.8 140.6 153 154.3 152.8 

Moisture Content, w, (%) 15.6 II!. i in.lt 22.1 2';.~ 24.S 
Dry Unit Wt., ¥c (pef) 98.2 98.i 4)1).5 98.6 1)7.6 96.8 

110 ~--------------------------------~ 

105 

c:' 
Col 
C. 
'-' ... 100 -= ~ 
.~ -.; 95 :I 

t> 
Q 

90 

85 

]0 

X Mrt),imum .dry unit weight and 
optimum mrn.'ltuf<l' ,ootcnt 

15 

1 ximllnl dr unv ". L 'd. (15 . : 
weight .. 99.5 I I)". . 

" . '1 .... - • 

. . .......... 

20 25 30 
Entered by: ___ _ Moisture content (%) 
Review~d:. _____ _ 

" , 
\ 

. , 
CD 

35 OCT 1 5 16bs 

NOV 06 2018 
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Laboratory Compaction Characteristics of Soil 
(ASTM D69l1/1)1S57) 

Project: Taylor Geo-Engineering 
No: M00991-001 

Location: 
Date: 3/712007 

By: DKS 

Boring No.: 
Sample: CH-5-98 

Depth: 
Sample Description: 

Engineering Classification: Not requested 
As-received moisture content (%): 3.42 

Preparation method: Moist 

E 
@IGES2004 

Method: ASTM D698 B 
Mold volume (ft\ 0.033 3 Rammer: Mechanical-circular face 

Optimum moisture content (%): 17 
M' d . . h ( I) 108 aXlmurn ry umt Wl: ag t lpc: : .4 

Pomt Number -r14 '''1 6 
Wt. Sample + Mold (g) 6091.4 6075 .0 

Wt. of Mold (g) 4175.3 4175.3 
Wet Unit Wt., 1m (pet) 126.7 125.6 

Wet Soil + Tare (g) 452.1 583.3 
Dry Soil + Tare (g) 415.64 525.49 

Tare (g) 211.3 222.5 
Moisture Content, W (Yo) l7.8 19.1 

Dry Unit Wt., 7d (pet) 107.5 105.5 

X Mll'limum thy unit \veigl1lrmd 
optimum m()isll.lr~ COll1clll 

115 

.~ 

g 105 
~ 

Q 

100 

-rI O 

5952.8 
4175.3 
117.6 
536.3 

490.64 
156.2 
13.7 

1U3.4 

Rock Correction: No 

+T2 
6033.8 
4175.3 
122.9 
481 .8 
437.31 
\50.7 
15,5 
106.4 

. . 
., ~" 

t . '. 
" . 

.. '. 

95 ~------------~------~----------~~--~~~, ATED 

OCT 1 55
2009 

5 10 15 20 25 
Moisture content (%) 

30 
Entered by:. __ _ 

Reviewed: _ __ _ 

r,u,W 06 2018 
I/V. I t 
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• 

Isotropico\lv Consolidatcd Undrained with Pore Pra,\ure (C[(JfPP) 
Project Name: Taylor Geo-Engineering 

Project Number: M00991-001 
Sample: CH-I-3 

Comments: Samples were compacted to 90% of ASTM D698 at 
OMC. 

Test Number SI S2 S3 
Height. H (in) 5.44 5.85 5.19 

Diameter. D (in) 2.42 2.42 2.42 
~ \1oisllIn: Content, w (% 21.0 21.0 20.2 '.:;1 

:oS Dry Unit Weight, yd (pet) 91.0 90.9 91.4 
Saturation (%) 66.6 66.3 64.7 
Void Ratio, e 0.85 0.85 0.84 

a Moisture Content, W (%) 26.5 25.1 21.2 
t\) 

Dry Unit Weight, yd (pel) 99.3 105.8 .c: 96.4 if) 

II) Saturation (%) 100.0 100.0 100.0 ... 
.,E Void Ratio. e 0.72 0.68 0.57 t\) 

Ct:l B 0.95 0.95 0.95 
Back pressure (pst) 6193 :s 161 5474 
Strain rate (%/min) 0.033 0.033 0.033 

Time to Failure (min) 606.1 606.1 460.6 
Strain at Failure, Ef (%) 20.00 20.00 15.20 

'" cr3 (pst) 2878 5760 11518 <I) 

~ ... cr l-a3 (pst) 2393 3460 7111 if) 

'3 cr1 (pst) 5271 9220 18629 
~ Q - (0 J -(3)12 (pst) 1197 1730 3556 

p (cr L + 0 3 )/2 (PSI) 4075 7490 15073 
u (pst) 1473 3782 6184 

<I) cr'3 (psf) 1405 1978 5334 
OIl 
II) 

0 ' 143 (psf) 2393 3460 7111 ::: 
if) 

cr' l (pst) 5438 12445 ~ 3798 
·c q = (cr'l-cr'3 )12 (psf) 1197 1730 3556 0 

~ pi = (a'i +cr'3)12 (pst) 2602 3708 8889 
w cr'l/cr'3 2.70 2.75 2.33 

A - u/(cr l-cr3) 0.616 1.093 0.870 
Estimated Specific Gravitv 2.70 

D 0 Plastic Limit (%1 21 
Liouid Limit (%) 53 

Plasticity Index (%) 32 

Total 
Summary of Stren~h Paramaters Stress 

c (pst) 223 

+ (deg) 12.6 
tan, 0.224 

Saturation set to 100% for phase calculations 

Tested by: ___ • 

IGES 

0 
Effective 

Stress 
319 

21.6 
0.396 

INCL PORATED 

OCT 1 5 2009 Rl:viewed: ____ _ 
z...,IWIE('lW.lO!mI_l''l'Iot_Qec.~ri.f.CIOII{GTXCI1)'I_CH.I.J-<h)s.nm''\' I 
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• 

• 

• 

Ison-opicallv Consolidated Undrained with Pore Pre..'Iliure (Crw pp) 
Project Name: Taylor Geo-Eogineering 

Project Number: M00991-001 
Sample: CH-I-3 

Comments: 

Summary ofStreD!th Paramaten 

8000 

7000 

c 6000 
<II 
C. 
'-' 

b 5000 
,.;' 
<II 

~ 4000 
<II ... 
~ 3000 
.~ 

7111 

/ 
I I 

/ -- ~ _ _ _ - E) 

Ci 2000 ' ~ 
1000 

o 
o 5 10 15 20 

10000 

9000 

c 8000 
ell 

-; 7000 

~- 6000 
on 
on 

~ 5000 c.. 

~ 4000 
c.. 
on 
<II 3000 
~ 
~ 2000 

1000 

o 
o 

c (psf) 
~ (deg) 

tan ~ 

5 

- IGES 

Total Effective 
Stress 
223 
12.6 

0.224 

10 

Stress 
319 
21.6 

0.396 

-
15 20 

Axial strain (%) Axial strain (%) 

6000 
C-

OIl 

,5 
CT 

·~ooo 

o 

' I I ",r I 

~ __ ~ __ ~ ___________ ~ ______________ ~~ __ ~+e,~RPORATED 

o :woo I~t 152009 12000 4000 6000 8000 10000 
Normal stress, an / p' (pst) 

NOV 86 2018 
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• 

• 

Projeci Name: T.~lor Geo.E.gineeriDg 
I'toject Number: 11-100991-001 

Simple: CH·1-l 
Commo.ls: Samples won: compael.d 10 ~O"l. of ASIM 0698 al 

Test Number: 51 . 

ZIPR : OJECTSIM0099I r:r~11Tf Geo- ".Il~~I>g',{JO I l/(jTXCU3vl l ll. l. , <ISbl 
AlIJ~' M 'l1'O1l:' !::'""IIV. t: rf~"" q 
I h. ij i"t-tJ·\l " \II liJ .,'1 ,,,1_3) .. ': 
I ,~1 jvot1 Iptt) (pot'j (11~ 10lIf) 

g~d ·IU 0 ~.onx Ilfb~ ·s 
125 56 2822 2947 62 

0.04 Il3 67 2812 2945 67 
006 138 73 2807 2945 69 
0.08 151 78 2800 2950 75 
OJO 259 J22 2757 JOl6 130 
0,20 572 294 2584 3156 286 
0,30 731 409 2470 3201 366 
0.40 843 498 2381 3223 421 
0.50 937 584 2295 3232 468 
0.60 1018 658 2220 3238 509 
0,70 1086 71~ 2160 3246 543 
0.80 1149 7~< ,- 2103 3252 574 
0,90 1203 X:29 2050 3254 602 
1,00 1253 876 2002 3256 627 
1.10 1299 919 1960 3259 650 
1.20 1345 96G 1918 3263 672 
1.30 1382 994 18S4 3166 69 1 
14U 1418 1031 1849 3267 709 
1,50 1451 1062 1816 3267 725 
160 1483 1093 1786 3269 742 
170 1511 1122 1756 3268 756 
180 1539 1148 1731 1270 770 
190 1563 1172 1706 326\1 ]H2 

2 00 1587 11 97 1681 3268 793 
2,10 J610 121 8 1660 3271 80S 
220 1629 1239 1639 3269 815 
230 1653 1259 1619 3272 826 
240 1672 1279 1601 3273 836 
2,50 1687 1297 1582 3269 843 
2,60 1706 1313 1566 3271 853 
2.70 1725 1329 1549 3274 862 
280 1735 13~5 1534 3269 ~68 
290 17S0 1359 1521 3271 875 
3,00 1765 1373 1506 3271 882 
3,10 1775 1386 1493 326R 888 
320 1786 1397 1481 3267 893 
.t10 1800 1409 1469 3270 900 
340 1806 1421 1458 3264 903 
3.50 1821 1431 1447 3268 910 
3.60 1831 1442 1437 3268 916 
370 1837 1451 1427 3264 919 
3,80 1847 1461 1419 3267 924 
3.90 1858 1469 1410 3267 929 
4,00 1864 1478 1400 3264 932 
·t 10 1865 1485 1393 3259 933 
4,20 1880 1494 \JS4 3264 940 
4,30 IftHfi 1502 1377 3263 94] 
440 lMI)2 1507 1371 3263 946 
450 1898 1514 1365 J263 949 
4,60 1908 Inl 13.57 3265 954 
4,70 1918 1527 1351 3209 959 
4,80 1919 1533 1345 3265 960 
490 1929 1539 1339 3269 965 
500 19]9 1545 1334 3273 970 
510 1945 1550 1329 3274 973 
5 20 1951 1555 1323 3274 976 

II ~ 
k l;oJ )I:! torH(I'}~l err!.,. , 

fp!1l (p«il 

2873 lo'i l 100l 
2941 2885 1,044 
2945 2878 1,047 
2948 2876 1.049 
2954 2875 1,054 
3008 2886 1.094 
3164 2870 1221 
3244 2835 1.296 

'3300 2802 1354 
334K 2764 1A08 
3387 2729 1.458 
3421 2703 1502 
3453 2678 U46 
3481 2652 1,587 
3505 2629 1.626 
3529 2610 1.663 
3551 2590 1J0l 
3569 2575 1.733 
3589 2558 1.767 
3604 2542 1799 
3620 2527 1,831 
3634 2512 1.860 
3643 2500 1.889 
3660 2488 1 G111 
3672 2475 1944 
3683 2465 1.970 

, 

3693 2454 1.994 
3705 2446 2.021 
3716 2437 2.045 
3722 2425 2.066 
3731 2418 2.090 
1741 2412 2113 
)746 2402 2.131 
3755 2396 2.151 
3761 2388 2172 
3766 2380 2.189 
3771 2374 2206 
3778 2370 2225 
3782 2361 2.239 
3789 2358 2.258 
3794 2352 2275 
3797 2346 2.287 
3803 2343 2.302 
3807 2339 2,318 
3810 2332 2.331 I 
3811 2326 1.339 
3818 2324 2358 
3821 2320 :::370 
3824 2317 2.380 
3828 2314 1390 
3832 2311 2.406 
3837 2310 2.419 
3838 2305 2.427 
3843 2304 2.441 
3843 2303 2A54 
3851 2302 2.464 
3854 2299 0 q I. '-- ATED 

OCT 1 5 2009 
3114 

Div of art; Gas :&,¥iniog,,, ~ " ~~ , .. 
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• .\;\r.;l II\! " PI,Q f.lhiivc I,ll""',.,, 
'IIml~. f (<J1-a3) rrc' \u "'I .... 1 

j . \ 1flU') lPII) (pfO (",0 

530 lv~. US9 IJ2U 3276 
540 1967 1565 1314 3280 
j ,.)il 1972. 1569 \309 32&1 
560 1978 1573 1306 3284 
5.70 1984 1576 1303 3287 
5,80 1990 1580 1298 3288 
590 1995 158] 1295 3290 
600 2001 1587 1291 3292 
6.1 0 2011 1591 1288 3299 
620 2012 1593 1286 3298 
630 2022 1~96 12J!2 3304 
6.40 2027 1599 12~() 3307 
6,50 2037 1602 1276 3313 
6.60 2039 1605 1275 3314 
6,70 2048 1607 1272 3320 
6.80 1050 1609 1169 3319 
6,90 2055 1612 1267 3322 
7.00 2061 1614 1265 3325 
7,10 2062 1616 1262 3324 
7.20 2068 1617 1261 3329 
7.30 2073 1620 1259 3332 
7,40 2074 1621 1257 3332 
7.50 2080 1612 1256 3336 
7,60 2081 1623 1256 3337 
7.70 2087 1614 1254 33.j[ 
7,80 2088 1626 1253 3341 
7.90 2093 1628 1250 3344 
8 00 2095 1628 1252 3346 • 8 10 2100 1630 1248 3348 
820 2101 1630 1248 3349 
8,30 2107 1630 1248 3355 
840 2104 1632 1247 3351 
8,50 2117 1633 1247 3364 
860 21 18 1634 1145 3363 
8,70 2120 16H 1245 3364 
880 2121 1634 1245 3366 
g,90 2130 1634 1245 3375 
9,00 2131 1635 1243 3375 
9,10 2133 1634 1245 3377 
920 2138 1634 1245 3382 
930 2143 1635 1243 3386 
9,,10 2148 1636 1243 3391 
9,50 2157 1635 1243 3400 
9,60 2154 1635 1243 3398 
9,70 2163 1635 1243 3401 
9.80 2164 1634 1245 3409 
9.90 2169 11\34 1245 3414 
10,1'.0 2174 1634 1246 3420 
1010 2179 1634 1246 3425 
1U20 2185 1634 1245 3429 
1030 2190 1633 1246 3435 
10,40 2195 1633 1246 3440 
1050 2196 1633 1246 3441 
10 ,60 220 1 1633 1246 3446 
1070 1105 1632 1248 3454 
1080 2206 1632 1241 3453 
1090 2208 Hi32 1247 3454 
1100 2209 1630 1248 3451 
l l.10 2209 1630 1249 3459 
: 1,20 2214 1629 1249 3464 
! 130 2215 1628 1250 3466 

• II 40 222() 1627 1253 3413 
1150 1221 1628 1252 3473 
II 60 2230 1627 1253 3483 

01 V 
/nl ,, :}IZ (~I· .. J),:l 

rpoll Cf'l.fi 

97l! JI)'1 
983 3862 
986 3865 
989 3867 
992 3871 
995 3873 
998 3876 
1001 3879 
1005 3884 
1006 3884 
lOll 3889 
1014 3892 
1019 3897 
1019 3899 
1024 3903 
1015 3903 
1028 3906 
1030 3909 
1031 3909 
1034 3912 
1037 3915 
1037 3916 
1040 3918 
1041 3920 
1043 3922 
1044 3922 
1047 3925 
1047 3927 
1050 3928 
105 1 3929 
1053 3932 
1052 3930 
1059 3938 
1059 3938 
1060 3938 
1060 3939 
1065 3943 
1066 3944 
1066 3945 
1069 3947 
1071 3950 
1074 3954 
1079 3957 
1077 3956 
1082 3960 
1082 3961 
1085 3963 
1081 3961 
1090 3969 
1092 3971 
1095 3973 
1097 3976 
1098 3976 
1100 3979 
1103 3982 
110] 3982 
1104 3982 
1104 3983 
1105 3984 
1107 3986 
1108 3986 
1110 3990 
1111 3990 
1115 3995 

~ 
t"'I+dJ~"! 

1" .. 

;:l'IS 
2297 
2295 
2295 
2295 
2293 
2293 
2292 
2293 
2292 
229, 
2293 
2295 
2294 
2296 
2294 
2294 
2295 
2293 
2295 
2295 
2295 
2296 
2297 
2297 
2297 
2297 
2299 
2298 
2299 
2301 
2299 
2305 
2304 
2304 
2305 
2310 
2309 
2311 
2313 
2315 
2311 
2322 
2321 
2325 
2.127 
2329 
2333 
2336 
2337 
2341 
2343 
2344 
2346 
235 I 
2350 
21>1 
2352 
2354 
2356 
2358 
2363 
2362 
2368 

1 

dl l,d 

1.41U 
2 .497 
1507 
2.515 
2522 
2532 
2541 
2.549 
2.561 
2.565 
2577 
1.584 
1,596 
2599 
2.611 
1 .615 
1.622 
2630 
2.634 
2.640 
2.647 
2MO 
2 .656 
2657 
2 .664 
2667 
2.674 
2,674 
1.683 
2684 
1683 
2,687 
2.69X 
2.702 
2,103 
2.704 
2.711 
2,714 
2.713 
2.118 
2,123 

, 
, 

2.727 
2,735 
2133 
2.140 
2.739 
V43 
2}~6 

2.750 
2}55 
2,758 
2.762 
2,762 
2166 
2.707 
U10 
2.770 
2.770 
2,769 
1.773 
2)72 

4~R -no. 
2.780 

~ RATED 

OCT 1 5 2009 

Di'v'. of Oil, r & Mining 
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It ': .... ~': ( '. ~. 

NOV 06 2018 



• ,\>;,w.I Iltl .\ p:!r ... -Ell"m'~ f;l'i'o::uw 

t~ii 
(al -<lJj pr_ J,I «J .,-( 

(plO IPJO (PliO tll"l) 

11 70 2231 1624 1114 .u~ 
11.80 2228 1623 1255 3484 
11 90 2233 162J 1255 3488 
12.00 2234 1622 1256 3490 
12.10 2238 1621 1257 3496 
1220 2239 1620 1259 3498 
12 ,30 2244 1619 1260 3504 
12AO 2245 1617 1261 3506 
12 50 2249 1616 1262 3512 
1260 2254 1615 1263 3517 
12.70 2259 1614 1266 3524 
IHO 2260 1613 1266 3525 
12,90 2264 1610 1268 3532 
13 .00 2273 1609 1269 3542 
13 .10 2273 1607 12n 3545 
1320 2278 1606 1274 3552 
1330 2282 1605 1274 3556 
13 ,40 2291 1603 1275 3566 
Ll SO 2295 1601 1277 3573 
13 60 2296 1600 1279 3575 
13.70 2301 159R 1281 3581 
1380 2305 1595 1283 3588 
1390 2306 1594 1284 3590 
14.00 2306 1592 12117 3593 
14.10 231 1 1~91 1288 3599 
1420 2.\15 158H 1290 3606 
1430 2316 1587 1293 3609 
14.40 2320 15B5 1294 3614 • 1450 2321 1582 1296 3617 
1460 2322 1581 1297 3619 
1470 2322 1579 1300 3622 
1480 2323 1576 1302 3625 
14 90 2331 1575 1303 3634 
1500 23211 1~73 1306 3633 
1510 2328 1572 1307 3635 
15.20 2329 1569 1309 3638 
1530 2329 1567 1311 3641 
15AU 2334 1566 1313 3646 
1550 2.1J4 1564 1315 3649 
1560 2335 1561 1J\7 3652 
15.70 2335 1559 1320 3655 
15.80 2340 1558 1321 3660 
1590 2340 1555 IJ23 3663 
1600 2341 1553 1327 3667 
1610 2345 1552 1327 3671 
1520 2345 mo 1329 3674 
1630 2349 1548 1330 3679 
1640 2350 1546 \33~ 3683 
1650 2354 1544 1334 3688 
16 .60 2358 1542 1337 3695 
1670 2358 1' 41 133R 3697 
1680 2.1ti1 1538 1341 3703 
16.90 2367 1535 1343 3710 
1700 2367 1534 1344 3711 
17 .10 2371 1532 1347 3717 
1720 2371 1530 1349 3720 
1730 2375 1527 1351 3727 
1740 2376 1526 1352 3728 
1750 2376 1524 1355 3731 
1760 2376 1521 1357 3733 
17.70 2377 1520 135K 3735 

• 1780 2381 1518 1361 3741 
17 9U 2381 I 1516 1363 3744 
1800 2381 1514 1365 3747 

q p 
bll -.,.)).'.! (" I ·"J~l 

Irstl !""n 
ll U 3!1'H 
11 14 3994 
1116 3995 
1117 3995 
1119 3998 
1120 3998 
1122 4000 
1122 4001 
1125 4003 
1127 4006 
1129 4009 
1\30 400S 
1132 4011 
1136 4015 
1137 401 5 
1139 4019 
lJ41 4020 
1145 4024 
1148 4026 
1148 4026 
1150 4029 
1153 4031 
1153 4031 
1153 4032 
IISS 4034 
1158 403& 
1158 4037 
1160 4039 
1161 4039 
II!'>I 4039 
1161 4040 
1161 4040 
11M 4044 
1164 4042 
11M 4043 
11M 4043 
1165 4043 
1167 4045 
1167 4046 
1167 4046 
\168 4046 
1170 4048 
1170 4048 
1170 4050 
1172 4051 
1173 4051 
1175 4053 
1175 4055 
1177 4054 
1179 4059 
\179 4059 
1181 406U 
1183 4062 
1184 4062 
1186 4064 
1186 4064 
1188 4066 
1188 4066 
\188 4066 
1188 4067 
\188 4067 
1190 4069 
1191 4069 
1191 4070 

p' 
,(J'h<I'Wl 

(I*l) 

~ 
2370 
2371 
2373 
2377 
2378 
2382 
2383 
2387 
2390 
2395 
2395 
2400 
2405 
2408 
2413 
2415 
2420 
2425 
2427 
2431 
2436 
2437 
2440 
2443 
244H 
2451 
2454 
2457 
2458 
2461 
2463 
2469 
2469 
2471 
2473 
2476 
2479 
2482 
2485 
2487 
2491 
2493 
2497 
2499 
2502 
2505 
2509 
2511 
2516 
2518 
2522 
2526 
2528 
2532 
2535 
2539 
2540 
2543 
2545 
2547 
2551 
2553 
2556 

,,'11<7'1 

2179 
2773 
2,779 
2.778 
2,780 
2.719 
2.781 
2-780 
2.782 
2-784 
2.785 
2785 
2)86 
2.791 
2) 88 
2,788 
2.792 
2.797 
2.797 
2.796 
2.796 
2,796 
2.795 
2.792 
2794 
2,794 
2.792 
2}93 
2.791 
2790 
2J 87 
2 .784 
2.789 
2783 
1.782 
1.779 
~.776 

2778 
2.775 
2.713 
2770 
2.771 
2.769 
2764 
2.768 
2.765 
2.766 
2.162 
2,765 
27&4 
2762 
2.762 
2.762 
2.761 
2761 
2758 
2.758 
2.757 
2.154 
2.751 
2.750 
2.750 
2.147 

P O ~ PORATED 

OCT 1 5 2009 
5114 
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• .\.'ilill mI ~f'(.'IlI Ell""' "" hnct<H"" 
". r. I!'I I-'''-IJ ~. ~',u If, Q'1 ,'., \~f\ (;1'1( 1 11lOj) 1!1Ifl 

III 10 .~l~: I~ I ~ 1366 3148 
1820 2382 1510 JJ69 3751 
1830 2382 1507 1371 3753 
IS40 2383 1506 1372 3755 
1850 2383 1504 1375 3757 
1860 2387 1502 1377 3764 
18.70 2383 '499 1379 3763 
IS.80 238J 1498 1382 3765 
1890 2384 14% ]]83 3767 
19,00 2384 1493 1385 3769 
1910 2384 1491 1387 3m 
19.20 2384 1490 1389 3773 
19.30 2385 1487 1391 3776 
19.40 2388 1486 1392 3781 
1950 2389 1484 1395 3783 
19,60 2392 1482 1397 3789 
19,70 2389 1480 1398 3787 
1980 2393 1478 1400 3793 
19,90 2393 1477 1402 3794 
20 00 -2393 1473 1405 3798 

• 

• 

q r. p 
\a' i 3111 '" It <1.\ 

(a'1t<l'3)/2 
IJI>I) IIJII) (p;tl) 

1191 fWl ISH 
1191 4069 2560 
1191 4070 2562 
1191 4070 2564 
1191 4070 2566 
1193 4072 2570 
]]92 4070 2571 
1192 4071 2573 
1192 4070 2575 
1192 4070 2577 
1192 4071 J5SO 
1192 4071 2581 
1192 4071 2583 
1194 4073 2586 
1194 4073 2589 
1J96 4075 2593 
1195 4073 2593 
1196 4075 2597 
1196 4075 ~S98 

1197 4075 2602 

11'1."" ) 

:21.iT 
2.14Q 
2.138 
2736 
2.733 
2.733 
2728 
2.725 
2.124 
2721 
2718 
2717 
2.714 
2716 
2,113 
2713 
2.709 
2709 
2707 
2.703 

INCORPORATED 

OCT 1 5 2009 
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• 

• 

• 

ProJecl Name: Taylor Geo-Elginooring 
Projeci Number: M00991-001 

Sample: CII-I-J 
Commenl., Slmplos .. e .. <omp.dcd 1o 90% of ASTM D698 al 

Test Number: SZ 

Z\PO : R JECTSIMOO991 T'll t(Jr CCc.-U1~"'J;".\ ... ~(N" \1G1I(CU.J¥ 1 0 1.1.1\1.1>1 
"'>'hlt t'A ~ 1'Of. ~J","1Iv<! "It""''''., q 

.'iIlill'l, t !"'-all llr:-~L.\ \11 O'J ,fJ (01-0(1.1)1:' 
(~i (",f1 [pst) (J!lIf) {p.'<Ii ,,,,,1) 

000 -14 0 Hw 5146 -7 
002 225 59 5701 5927 113 
004 391 112 5647 6038 195 
006 508 ISS 5602 6109 254 
0.08 599 200 5559 6158 300 
0,10 677 240 ~520 6197 339 
0,20 937 J79 5380 6317 468 
0,30 1 I \3 500 5260 6373 557 
0.40 1254 62~ SIl4 6389 621 
050 1370 743 5017 6387 685 
0,60 1467 8S~ 4903 6371 734 
0,70 1556 957 4803 6359 178 
0,80 1636 1060 4699 6335 818 
O,qO 1707 1158 '1602 6310 854 
1,00 1779 1252 4508 6286 889 
UO 1841 1JJ6 4423 6264 920 
1.20 1895 1417 4342 6237 941 
130 1944 1492 4268 6211 972 
1.40 19\13 1562 4198 6191 996 
1,50 2042 1630 4129 6171 to21 
1.60 20R6 1696 4064 6150 1043 
L70 2122 1154 4006 6129 1061 
j 80 2158 1808 3951 6110 1079 
190 2198 1860 1901 6099 1099 
2,00 2234 1910 3849 6083 1117 
2,10 2270 1959 3800 6070 1135 
2.20 2297 2007 3752 6049 1148 
2,30 2328 2054 3705 6033 1164 
240 2363 2100 3661 6024 1182 
2,50 2390 2142 3619 6009 1195 
2 .60 2421 2183 3577 5998 1211 
2,70 2448 2221 3539 W87 1224 
280 2475 n56 3504 5979 1237 
2.90 2493 22K~ 3471 5964 1246 
3 ,00 2519 2325 3435 5954 1260 
3,10 2546 2359 3401 5947 1273 
320 2564 2389 3370 5934 1282 
3.30 2~R2 2423 3338 5919 1291 
3.40 2604 2456 3304 5908 1302 
3.50 21'>22 2489 3271 5893 1311 
360 2640 2522 3239 5879 1320 
370 2653 255 1 3209 5862 1327 
380 2667 2533 3171 5838 1333 
390 2685 2612 J 149 5B34 1342 
400 2694 2633 3127 5821 1347 
4 10 2707 2651 JI02 5810 1J54 
4,20 2717 2680 3080 5797 1358 
430 2730 27,)2 3058 5788 1365 
4.40 '.}.'HIJ 2725 3034 5774 1370 
450 2757 2745 3014 5771 1378 
4.60 2770 2168 2992 5762 1385 
470 2779 2m 2973 5753 1390 
4,80 2788 2799 2960 5749 1394 
490 2802 2819 2941 5742 1401 
500 2806 2840 2920 5726 1403 
510 2820 2853 2902 5722 1410 
520 2829 2816 2884 5713 1414 

P '" Col "J ~~ t I.o.t!'J)fl 

""/\ \/1'<1'1 

5753 ~7H 
5872 5814 
5955 5842 
6014 5855 
6059 5859 
6098 58:18 
6228 5848 
6316 5816 
63&7 5761 
6444 5702 
6493 5637 
6538 5581 

, 6577 5517 
6615 5~56 

6649 5397 
6680 5344 
6707 5290 
6731 5239 
6757 5195 
6781 5150 
6803 5107 
6822 5068 
6839 5030 
68150 'i()OCJ 

6877 4966 
6894 4935 
6908 4901 
6924 4869 
6942 4843 
6956 4814 
6970 4787 
69&4 4763 
6997 4741 
7006 4718 
7019 4695 
7033 4674 
7042 4652 
7052 4629 
7062 4606 
7071 4582 
7081 4559 
7086 4535 
7093 4505 
7103 4491 
7107 4474 
7113 4456 
7118 4438 
7125 4423 
7129 4404 
7D8 4393 
7145 4377 
7149 4363 
7154 4355 
7160 4341 
7163 4323 
7169 4312 
7175 4299 

~~ 
1.040 
1.069 
1.091 
1108 
1123 
1.174 
1.212 
1244 
1273 
1299 
1324 
1,348 
1.371 
1.395 
1,416 
1.436 
1.455 
1.475 
1494 
1,513 
1530 
1.546 
1 :1M 
080 
1.597 
1.612 
1.628 
1646 
1.661 
1.677 
1692 
1.706 , 
1.718 
L733 

I 
1.749 
1.761 
1.774 
1,788 
1802 
181S 
1,827 
1.841 
1,853 
1.862 
1873 
1882 
l .ti93 
1903 
1.915 
1926 
1935 
1942 
1,953 
1961 
1,972 ,. 
I , 0 - PORATED 

OCT 1 5 2009 
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• "' ~ laJ .r,j .l ""fI< fllecn.e !'I_lIT<') 
nul' .. (cr1--<:J3) ~ .• .l~ u"! "'I 
\.".) (~ IPf.f1 fp-M'i {pol) 

~JO 2842 a9>l ~~ 5707 
5.40 2846 2912 28J9 5696 
550 2860 2930 2&31 5690 
5.60 2R7J 2\147 2813 5686 
5.70 2886 2963 2797 5682 
5.80 289S 2978 2781 5680 
5.~O 2911 2995 2765 5676 
6.00 2924 3011 2749 5673 
6.10 2933 3026 2732 5665 
620 2946 3043 2718 j664 
6.30 2959 3054 HOS 5664 
640 2971 3069 2691 5662 
6,50 2980 3080 2679 5659 
6.60 2988 3O\l4 2667 5655 
6,70 3001 1108 2651 5652 
6.80 3010 3122 2638 5648 
6.90 3018 3US 2624 5643 
7.00 3027 JI48 2611 5638 
7.10 3035 3162 2597 5633 
720 3044 3175 1585 5628 
7.30 3048 3188 2572 5620 
7.40 3052 3201 2560 5612 
7.50 3061 3213 2547 5608 
7.60 3065 3223 2537 5602 
7.70 3069 3235 2525 5594 
HO 3074 3247 2513 5587 
7~O 3074 3257 2503 5577 

• 800 3082 3270 2490 5572 
8,10 3091 32RI 2479 5570 
8.20 3091 3190 2171 5562 
~ 30 3099 3300 2459 5558 
840 3103 3111 2450 555) 
850 3107 3320 2439 5547 
860 3111 3330 2431 5543 
8.10 3112 3339 2422 5533 
8,80 3120 3348 2411 5531 
890 3128 3358 1403 5531 
900 3132 3366 2394 5526 
9.10 3140 JJ77 2383 ~j23 

920 314B 3386 2374 5522 
930 3156 3394 2366 5522 
940 3168 3402 1357 5525 
950 3176 3412 2348 5524 
960 3188 3421 2339 5526 
970 3196 3429 1330 5526 
980 3199 3,137 =323 5523 
9.90 3207 3446 .314 5521 
10 00 3215 3453 .308 5523 
10.10 3219 3463 :<296 5515 
10 20 3231 3473 2287 5518 
10 30 3234 3483 2277 5511 
1040 3238 3490 2270 j~8 

10.50 3242 3500 2260 5502 
10.60 3246 3501 2253 5499 
10.70 3250 3516 2244 5493 
10.80 3253 3524 2237 5490 
10.90 3253 3j32 2227 5480 
11.00 3257 3539 2220 5477 
1110 3260 3548 2212 5473 
1120 3260 3556 2205 5465 
IlJO 3264 3564 2196 5~0 

• 11 40 3268 3571 2189 5456 
1150 3267 3579 2180 5448 
11.60 3271 3586 2175 5446 

'l P V 
l«I-o.1)12 (n ltal _ ta'! ."l)e 

(Il"i:) (p'll l.-f'I 

142 \ 7180 ~~~II 
1423 ' 7184 4272 
1430 7191 4260 
1436 7196 ~249 

1443 7202 4239 
1449 7209 4231 
1456 7215 4221 
1~2 7222 4211 
1467 7225 4199 
1473 7234 4191 
1479 7239 4184 
1486 7245 4177 
1490 7250 4169 
1494 1255 4161 
1501 7260 4152 
1505 1266 4143 
1509 7269 4133 
1513 7273 4125 
1518 7277 4115 
1522 7281 4106 
1524 7284 4096 
1526 7287 4086 
1530 7290 4077 
1533 7292 4069 
1535 7294 4060 
1537 7296 4050 
1537 7297 4040 
1541 7301 4031 
1545 7305 4024 
1545 7306 4016 
1550 7309 4009 
1552 1312 4001 
1554 7313 3993 
1556 7311 3987 
1556 7311 3978 
1560 7319 3971 
1564 7325 3967 
1566 7326 3960 
1570 7330 3953 
1574 7334 3948 
1578 7338 3944 
1584 7344 3941 
1588 7347 3936 
1594 7353 3932 
1598 7357 3928 
1600 7360 3923 
1604 7363 3918 
1608 7368 3916 
1610 7369 3906 
1615 7375 3902 
1617 7377 3894 
1619 7379 3889 
1621 7381 3881 
1623 7382 3876 
1625 7384 3868 
1621 7387 3863 
1627 7386 3854 
1628 7388 3849 
1630 7390 3842 
1630 7391 3835 
1632 7392 382& 
1634 7393 3822 
1634 7393 3814-
1636 7396 3810 

Gila'] 

L'm 
1999 
2010 
2.021 
2032 
2.042 
2.053 
2.064 
2.014 
2,084 
2.094 
2,104 
2.112 
2,121 
2132 
2141 
2150 
2 159 
2169 
2178 
2185 
2192 
2202 
220S 
2216 
2223 
2228 
2238 
2.241 
USI 
2.260 
2267 
2..214 
2280 
2285 
2294 
2302 
2308 
2318 
2326 
2334 
2,344 
2.353 
2363 
2311 
2.377 
2.386 
2393 
2.402 
2413 
~ 42J 
H27 
241'1 
1441 
H48 
H54 
2>\61 
2.467 
2.47~ 
2.H9 
2487 
H93 
2499 
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• "',.iIl ..d -'pal" otTi!l:,u,. 
I 1\ - Iq ' ) 1 '" . \ c'3 
~, (poll IpJl) (I,ISI) 

W ill U1~ U 9.l .t l ()/) 
1180 327.\. 3600 2159 
11 ,90 3278 3607 2152 
1200 3278 3614 2145 
1210 3274 3621 2138 
1220 3277 3627 2132 
1:1..30 3277 3634 2127 
12.40 3284 3647 2114 
1250 3284 3659 2101 
1260 3291 3605 2C95 
12.70 3295 367\ 2089 
12 SO 3302 3676 2083 
1290 

, 
3305 3679 2081 

13.00 3312 3679 2082 
13.10 3320 3676 2083 
1320 3323 3676 2084 
13.30 3330 3676 20&4 
13.40 3341 3680 2080 
13,50 3344 36X6 2074 
13 ,60 3347 J6KR 2072 
13,70 3351 3693 2067 
B .W 3358 3696 2065 
1390 3361 3701 2059 
14 00 3364 3704 2055 
14.10 3364 3709 2052 
1420 3367 3714 2047 
1430 3374 3719 2041 
1440 3373 3723 1036 

) • 1450 3376 3728 2032 
14.60 337& J731 2029 
1470 3379 3735 2025 
1480 3378 3738 2021 
14.90 3377 3743 201M 
15 00 3377 3747 2013 I 
1510 3380 3749 2011 
1520 3376 J753 2007 
1530 3379 3755 2005 
1540 3374 3760 2000 
1550 3374 3764 1997 
1560 3373 3768 1993 
15,0 3372 3772 1988 
IS .80 3368 3776 1984 
15.90 3367 3779 1981 
1600 3374 3783 1978 
16,10 3377 3785 1974 
1620 3380 3786 1974 
16.30 3382 3790 1971 
16,40 3385 3791 1969 
1650 3392 3794 1%6 
1660 3395 3796 1%4 
1670 3397 3797 1%3 
16.80 3404 3799 1960 
1690 3407 3801 1959 
I7 .C{) 3413 3802 1958 
17,10 3419 3802 1959 
1720 3426 3804 1956 
17 30 3428 1806 1954 
1740 3435 )806 1953 
17 50 3437 3806 1953 
1760 3436 3806 1953 
1770 3439 3808 1952 
17 ao 3442 3808 1952 • 1790 3444 3809 1951 
18CO 3443 3810 1950 

I;;l_"'\: .\ P 
0'1 (fI .. ..,,] .W ~ (,oh"W2 

(psI) ic»li Cp;O 

S~~I 1637 r.m 
5434 1637 7397 
5430 1639 7399 
5423 1639 7399 
5412 1637 7396 
5410 1639 7398 
5403 1638 7399 
51911 \M2 1403 
5J8~ 1642 7402 
5386 1646 7405 
5384 1647 1407 
5385 1651 7410 
5386 1653 7412 
5394 1656 7,117 
5403 1660 7419 
5407 1661 7421 
~414 IMS 7426 
5421 1670 7430 
5418 1672 7432 
5419 1674 7433 
5418 1675 7435 
5422 1679 7440 
5420 1681 7440 
5419 1682 7442 
5415 1682 7443 
5414 1683 7444 
5415 1687 7446 
5410 1687 7446 
5408 1688 7448 
5405 1688 7449 
5403 1689 7449 
5399 1689 7449 
5395 1689 7450 
5390 1688 7448 
5391 1690 7450 
5383 loSS 7447 
5383 1689 7449 
5374 1687 7447 
5370 1687 7448 
S366 1686 7447 
5361 1686 7447 
5352 1684 7444 
5348 1684 7444 
5352 1687 7448 
5351 1688 7448 
5354 1690 745 1 
5353 1691 7452 
5354 1693 7452 
5358 1696 7456 
5358 1697 7457 
5360 1699 7458 
5364 1702 7462 
5366 1703 7463 
5371 1707 7466 
5378 1710 7471 
53Rl 1713 7472 
5383 1714 7475 
5388 1717 7477 
5391 1719 7478 
5390 1718 7478 
5391 1720 1479 
5394 1721 7480 
5395 1722 

, 
7482 

5393 1722 7481 

P 
Idl;¢3~'2 

(pin 

~~'" 3797 

I 3791 
3784 
3175 
3171 
3165 
3756 
3143 
3741 
3736 
3734 
3734 
3738 
3743 
3746 
3749 
3750 
]146 
3745 
3742 
3743 
3739 
]737 
3733 
3730 
3728 
3713 
3720 
3717 
3714 
3710 
3706 
3701 
3701 
3695 
3694 
3687 
3683 
3680 
3674 
366B 
3665 
3665 
3663 
3664 
3662 
3661 
3662 
3661 
3661 
3662 
3662 
3664 
3669 
3668 
3669 
3671 
3672 
3672 
3672 
3673 
3673 
3671 

... 11"'1 

2 ' I ~ 
2 .516 
2523 
2.528 
2531 
2.537 
2 541 
2554 
2563 
2571 
2577 
2.585 
2588 
2.591 
2.593 
2.594 
2,598 
2606 
2613 
2616 
2.621 
2626 
2,633 
2637 
2639 
2645 
2,653 
26~6 

2662 
2663 
2669 
2671 
2.674 
1678 
2681 
2682 
2685 
2687 
2690 
2692 
2696 
2698 
2699 
2706 
2.710 
2712 
2}16 
2720 
2 ,725 
2729 
2,731 
2736 
2739 
2743 
2.745 
2752 
2.754 
2 .758 
2.760 
2.759 
2.162 
2763 
2,765 
2.766 
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• ''''::;4' q.1 -'p<ft alilcll"~ 
l<T1 I J""'U . M O'J 

t') 1",0 jJ!tO ~l 

I~ III J4~u 331: 1949 
1820 3441 3810 1950 
18JO 3440 3RII 1949 
1ft 40 3439 38J2 1947 
18.50 3438 3812 1947 
1860 3441 3813 1946 
18.70 34J6 3811 1950 
18.80 3435 3810 1950 
18.90 3431 3808 1952 
1900 3433 3808 1952 
19.10 3432 3805 1954 
19.20 3434 3804 1956 
19)0 3430 17Y9 1961 
IHO J.116 3197 1963 
19 SO 3«2 3795 1966 
1960 3444 3791 1969 
19.70 3446 3788 1972 
19 .,80 3449 3785 1974 
1990 3455 3785 1974 
2000 3460 3782 1978 

• 

• 

U~ q II 
GIl ("l-el]f~ tJrl...,3li l 

I'rwf) (CISfl (pst) 

~'!IN 1123 7484 
5391 1121 7480 
Sl89 1720 7480 
5387 1120 7479 
5386 1719 7479 
5387 \72Q 7480 
5386 1718 7419 
5385 1718 7477 
5383 1715 7475 
5385 1717 7476 
5386 1716 7476 
5390 1717 7477 
5391 1715 7476 
5398 1718 7478 
5408 1721 7482 
5413 1722 7482 
5418 1723 7483 
5423 1724 748~ 

5429 1727 74K7 
5438 1730 7490 

, 

p' 
Ir.I'li4'l1!l "' \)~') 

I'pIt) 

u;n 
3670 
3669 
3661 
3661 
3667 
3668 
3667 
3661 
3669 
3670 
3673 
3676 
3681 
3687 
3691 
3695 
3699 
3702 
3708 

!Mi 
2.765 
2}6fi 
2.766 
2.166 
2.76& 
2.762 
2.762 
2.157 
2.159 
2.756 
2.156 
2.749 
2.751 
2.750 
2.750 
2.748 
2.747 
2}50 
2750 
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• 

• 

• 

Project SRme: Taylor GM-Eullioe.rI.g 
Project Number: 1\.100991-001 

Sample: CH·I-J 
Com mont.: Sample ...... <umpac\ed to 90% of ASTM D698 It 

Test l'I"umbcr: S3 

Z \PROJECT \ SM0099I ll\~tul (1 <001 nJllnei .... '~ ,fI1<l"tOTXCLJvl CH-I-3xbf!J 
A~1lII rr4 lj)O~ l'!:la=1ll'C r.rt~II\~ 'I 

\1JalU~. V (01-<13) fftn ..... f1'3 ' I (a 1_3 If.! 
l"f (pst)- (~,) ,psi) 1.,.,0 (1I"t) 

Or.) -29 0 11518 I I.vIS , 13 
002 344 61 11457 11801 172 
0.04 614 12~ 11393 12008 307 
006 824 180 113J7 12161 412 
0.08 1011 2J6 11280 12290 505 
0.10 11.55 286 11231 12387 577 
020 1689 511 II()(]S 12697 845 
030 2055 718 10801 12855 1027 
OAO 2350 946 10572 12922 1175 
0.50 2593 116n 10J58 129 .~1 1297 
0.60 2808 136~ 10149 12957 1404 
0.70 2995 1564 9954 12949 1498 
O.HU 3[82 1757 976[ 12942 159[ 
0 .90 3344 194-) ~578 12923 1672 
IDO 3493 2114 9404 12897 1747 
( 10 .1612 Z281 9235 12867 1816 
1.20 3762 1441 9078 128·~O 1881 
no 3882 1586 8932 12814 1941 
140 4002 2727 8791 12793 2001 
I 50 4108 2860 8658 I 12766 2054 
1..60 4209 2984 8532 12741 2105 
170 4305 3103 8415 12720 2153 
I ~U 4401 3181 8333 127H 2201 
1,90 4492 3292 8227 12719 2246 
200 4574 3406 8113 12637 2287 
;UO 4661 3536 7982 12643 2330 
220 4738 3653 7865 12602 2369 
230 4815 3760 7758 12573 2407 
140 4891 3858 7660 12551 2446 
2 SO 4959 395~ 7566 12525 2479 
2.60 '102n 4Uj~ 7478 I250~ 2513 
2.111 5097 4121 7396 1249~ 2549 
280 5160 4205 7313 12473 2580 
290 5222 4280 7238 12460 2611 
300 5275 4350 7168 12443 2638 
310 53~g 4413 7105 12433 2664 
320 5386 4473 7044 12429 2693 
3.30 5438 4545 6972 12410 2719 
340 5486 4612 6906 12392 2743 
350 5530 4675 6843 12373 2765 
3 .60 5578 4739 6779 12357 2789 
370 5616 479~ 6721 12331 2808 
3.80 565~ 4857 6661 12320 2830 
390 5698 4912 6606 1230<1 2849 
400 5736 4%4 6554 12291 2868 
410 5775 5015 6503 12277 2887 
420 5818 506S 6452 12270 2909 
430 5851 5112 6405 12257 2926 
4.40 5885 5156 6362 11247 2943 
450 5918 519,~ 6320 12238 2959 
460 5951i 5238 62~0 12236 2978 
470 5985 5275 6243 12228 2993 
480, 6023 5308 6210 12233 lOU 
490 6052 5341 6177 12229 3026 
500 60BS 5371 6147 12232 3043 
510 6109 5400 6117 12226 3055 
S 20 6LJ8 5425 6092 12229 3069 

11 p' 

("t'1Jn~ 1·00J 
'1"'1) r .... fI 

1150.\ l UG" 
11690 11629 
11825 11701 
11929 11749 
12023 11785 
12095 11809 
12364 11853 
12546 11828 
12693 11747 
12815 11655 
12922 11553 
13016 11452 
13109 1\352 
lJl90 11250 
13264 11150 
13334 1\0S1 
13400 10959 
13459 10873 
1JS19 10792 
13572 10712 
13621 10637 
13671 10568 
13718 10531 
13765 10473 
13806 10400 
13848 10312 
13887 10234 
13925 10165 
13963 10105 
13997 10045 
14031 9Y91 
14068 9945 
14098 989J 
14129 9849 
14155 9806 
14182 9769 
14209 9737 
14237 9691 
14261 9649 
14284 9~0~ 

14306 9568 
14327 9529 
14347 9490 
14367 9455 
14386 9422 
14405 9J90 
14426 9361 
14443 9331 
14460 9305 
14477 9279 
14496 9258 
14510 9235 
14529 9221 
14544 9203 
14560 9189 
14572 9172 
14587 9160 

(!' Ile' I 

I~ 
1,030 
1054 
1.073 
1090 
11()3 
1 153 
1)90 
1222 
I.2S0 
1277 
1301 
1.326 
1.349 
U71 
1.393 
1.414 
1.435 
1.4.55 
\.474 
1.493 
UI2 
1,528 
1.546 
1564 
1584 
1.602 
1621 
1639 
1.655 
1.672 
1689 
L706 
1.721 
1.736 
1.750 
1765 
1.780 
1794 
1.808 
1,823 
1836 
1.8.50 
1.863 
)875 
1,888 
1902 
1.913 
1925 
1936 
1948 
1959 
1.9iO 
19BO 
1990 
I. 9 
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• ;\\1;11 .,d \ 1"lI''- E'TQI .. 1~1l'-'<l'.~ 
1 rL . (aI4l"J) I)( g' ) d' i t"., 1P'1't l iN) 11151) {~n 

5."" 61~ S464 f>jhl 11110 
540 6199 5498 6021 12220 
.un 6227 5533 5984 12211 
5.60 6256 5569 5949 12204 
5,70 628,1 5598 5919 12203 
580 6312 5626 5891 12203 
5.90 6340 5653 S864 12204 
600 6372 5680 5837 12210 
6(0) 6400 5106 5812 12212 
62') 6419 5732 5785 12205 
6.30 6447 5752 5766 12213 
6,40 6474 5774 5744 12218 
6,50 649~ 5795 5723 12220 
6.60 6521 5816 5702 12222 
67() 6544 5~35 5683 12227 
68U 6567 5850 5668 12235 
690 65M6 5866 5651 12237 
7.00 6600 5881 5637 12237 
710 6614 5895 5624 12238 
7.20 6632 5907 5610 12243 
730 6651 5920 5597 12248 
740 6665 5932 ~~MIi 11250 
7.50 6679 5944 5575 12254 
1.60 6693 5959 5560 12253 
770 6707 5968 5549 12256 
780 6721 5978 5540 12260 
7.90 6734 5987 5531 12265 

• 800 6748 5998 5520 12268 
8.10 6757 5996 5521 12279 
820 67';) 5999 5519 12281 
3,31) 6772 6002 5515 12287 
8.40 6785 6016 5502 12288 
8.50 6795 6027 5491 12285 
860 6804 6039 5479 12283 
8.70 6HI3 6049 5470 12283 
8.80 6827 6059 5459 12286 
8.90 6831 6068 5450 12281 
9.00 6845 6077 5440 12285 
9,10 6850 6OS3 5435 12284 
no 6854 6090 5423 12282 
9.30 6872 6096 5423 12295 
901O 6881 6101 5417 12298 
9,50 6890 610H 5411 12jOI 
960 6899 6114 5404 12303 
9.70 6907 6118 5401 12308 
980 6912 6122 5396 12308 
9.90 6925 6122 5397 12322 
1000 6934 6126 5392 12326 
10.10 6947 6129 5389 12335 
1020 6951 6129 5389 12340 
1010 6955 6129 5389 12344 
1040 6968 6131 5387 12355 
1050 6973 6132 5385 12358 
10.60 6977 6126 5391 12368 
10.70 6985 6125 5392 12378 
1080 6985 6122 5396 12381 
1090 6994 6130 53~9 12]83 
11.00 6998 6136 538] 12381 
II 10 7002 6142 5377 12379 
1120 7006 6146 5371 12378 
1130 7011 6155 5363 12374 

• 11.40 7015 6160 5357 12372 
1150 7010 6164 5354 12364 
11.60 7015 /\171 5347 12361 

" P 
al l ("l·~111 
C~)O (1\11'1 

lO8J I q~1 

3100 14618 
3114 14630 
3128 14645 
3142 14659 
3156 14674 
3170 14683 
3186 14704 
3200 14718 
3110 14727 
3223 14741 
3237 14755 
3249 14767 
3260 14ns 
3272 14790 
3284 14801 
3293 14810 
3300 14818 
3307 14826 
3316 14834 
3325 14&43 
3332 14850 
3339 14858 
3346 14865 
3353 14871 
3360 14878 
3367 14885 
3374 14891 
3379 14396 
3381 14899 
3386 14904 
3393 149i2 
3397 14915 
3402 14910 
3407 14925 
3413 14931 
3416 14933 
3422 14940 
3425 14942 
3427 14945 
3436 14955 
3440 14958 
:1445 14964 
3449 14967 
3454 14972 
3456 14974 
3462 14981 
3467 14986 
3473 14991 
3476 14993 
3478 14995 
3484 15002 
3486 15004 
3488 15006 
3493 15010 
3493 15010 
3497 I~Oln 

3499 15018 
3501 15020 
3503 15011 
3505 U02) 
3507 15025 
3505 15023 

I 3507 15015 

.p 
(0"' 1+<1'3)11 tI' 11<>') 

f9-ln 

91H 2m", 
9121 2030 
9U97 2.041 
9076 2052 
9061 2.062 
9047 2.071 
9034 2081 
9024 2092 
9012 2101 
8995 2.109 
8989 2 118 
8981 2127 
8972 2.135 
8962 2144 
8955 2.152 
8951 2 ];9 
8944 2.165 
8937 2.1 71 
8931 2176 
8926 2.182 
8923 2.188 
8918 2193 
8914 2 , 1~8 

8906 2204 
8903 2209 
R9t1O 2.213 
889~ 2218 
8894 2.222 
8900 2.224 
89(]0 2)25 
8901 2228 
8895 223J 
8888 2238 
8881 2.242 
8876 2.246 
8872 2.250 
8K65 2.254 
8863 2.258 
8859 2260 
8855 2263 
8859 2.267 
8857 2270 
8856 2.273 
8853 22n 
8854 2279 
8852 2.281 
8860 2283 
RRW 2286 
8862 2289 
8864 2290 
8867 2.291 
8871 2294 
8872 2295 
8880 2294 
8885 2.295 
8889 2295 
RR~(i 2.293 
~8~Z 2301) 
~g7g 2302 
8874 2.304 
8868 2.307 
8865 2309 
S&S9 2309 
8854 2312 

INCORPORATED 

oel \ 5 2009 12114 
I " 
j ,'" ; j 

Div, of Oil. Gas & Mlnllig '. '. 
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• ~'Wf aa 
.\ """ H~~"C 

""0, • [(l i'''''>1 !)teA • .... o'J 
{'!ol 1Fd} (~) Il"lrt 

II ,70 "1I~ 6176 H"~ 
II 80 7023 6178 5341 
11.90 7027 6183 5335 
12.00 70JI 6186 5331 
1210 7030 61&9 5330 
12.20 7030 6191 5327 
1230 7038 6193 5324 
12.40 10J4 6197 5321 
1230 7038 6197 5322 
1260 7().16 6197 5321 
1270 7045 6197 5321 
12.80 7045 6196 5322 
12.90 7045 6196 5322 
13 GO 7048 6196 5322 
13 10 7048 6194 5323 
1320 7056 61% 5323 

I 13,30 7059 6193 5324 
13.40 7059 6193 5324 
13 SO 7062 6191 5327 
13,60 7070 6190 5328 
13,70 7073 618~ 5330 
13 ,80 7073 6189 5329 
13.90 7080 6187 5330 
1400 70H8 6184 5134 
14,10 7091 6184 5334 
14 .20 7091 6183 5336 
14,30 7094 6184 5334 
14,40 7093 6178 5340 • 1450 7101 6179 5339 
14,60 7100 6180 5337 
14 ,70 7107 6180 5317 
14,80 7106 6183 5335 
14,90 7106 6182 5335 
1500 7105 6182 5336 
15.10 7104 6182 5336 
1520 7.\11 6184 5334 
1530 7102 6185 5333 
15 .40 7094 6183 5335 
IS 50 7101 618j 5333 
1560 7100 6187 5331 
1570 7103 6189 5329 
1580 7106 6189 5329 
1590 7101 6190 5328 
16CO 7100 6192 5326 
16,10 710J 6191 5327 
1620 7098 6193 5324 
1630 7097 6196 5322 
1640 7100 6198 5320 
1650 7095 6200 5317 
1660 7094 6204 5314 
1670 7092 6208 53ID 
168ll 7091 6211 5307 
1690 7086 6216 5302 
17,00 7089 6219 5300 
17.10 7092 6224 5294 
1720 7091 62)0 5288 
1730 7086 6231 5287 
1740 70~8 6234 5283 
17.jO 7087 6238 5281 
17 60 7089 6241 5275 
17.70 7092 6246 5272 

• 1780 7087 6247 5271 
17.90 7093 62jl 52fJ7 
18()0 7O'l6 6252 5267 

fillrtLM: 4 ~ .,., 'fll-.,3)I~ (111 · ..,3~ 

( !);In (P1fI IPSt) 

12)6 1 1SQ9 1 ~.l1 

12363 3511 IS030 
12362 3513 15031 
12362 )SIS 15033 
12361 3515 15034 
12357 3515 15033 
12363 3519 IS037 
I23SS 3511 15035 
12360 3519 15038 
12366 3523 15040 
12366 3523 15040 
12367 3522 15040 
12367 3S22 15040 
12370 3524 15042 
12311 3524 15042 
12379 3528 15047 
12384 3530 15047 
12383 3529 15047 
123R9 3531 15049 
12398 3535 15053 
12404 3537 15055 
12402 3537 15054 
12411 3540 15058 
12422 3544 15062 
12425 3546 15063 
12427 3545 15064 
12428 3547 15065 
12433 3547 I 15064 
12439 3550 15068 
12431 3550 15068 
12444 3554 15071 
12441 3553 15071 
12442 3553 15070 
12441 3552 15070 
12440 3552 15070 
12445 3556 15073 
12435 3551 15069 
12429 3547 15064 
12433 3550 15068 
12431 3550 15069 
12432 3551 15069 
12435 3553 15070 
12429 3550 15068 
12425 3550 15068 
12429 3551 15069 
12422 3549 15067 
12419 3548 15066 
12419 3550 15067 
12412 3547 1~.'i 
12407 3547 15064 
12403 3546 15065 
12398 3546 15063 
12389 3543 15061 
12389 3545 15063 
12386 3546 15064 
12379 3545 15063 
12372 3543 15060 
12372 3544 15062 
12368 3543 15062 
12366 3515 15062 
12364 3546 15064 
12357 3543 15061 
12360 3541 15064 
12363 3548 15067 

p' 
i<>'I.n'J~'l .,' I/,i'; 

Jr'n 
.1301 2 ll~ 
8852 231S 
8848 2317 
8847 2319 
8845 2319 
8842 2.32U 
8844 2.322 
8838 2.322 
8841 2.322 
8844 2.324 
8844 2324 
8845 2324 
8844 2324 
8846 2)24 
8841 2324 
8851 2325 
8854 2326 
8854 2326 
8858 2326 
8863 2327 
8867 2,327 
8866 2327 
8871 2,32R 
8878 2329 
8879 2,330 
8881 2,329 
8881 2330 
8886 2.328 
8889 2.330 
8887 2)30 
8891 2.332 
8888 2,332 
8889 2332 
8889 2.331 
8888 2331 
S889 2333 
8884 2.332 
8882 2.330 
8883 2332 
RR81 2332 
8880 2.333 
8882 2.333 
88i8 2.333 
8876 2.333 
8878 2333 
8873 2:333 
8871 2.333 
8870 2335 
&&65 2334 
8861 2.335 
8857 2.336 
8853 2336 
8845 2337 
8844 2338 
8840 2.340 
8833 2341 
8830 2,340 
8828 2.342 
8&25 2.342 
8821 2344 
8818 2.345 
8814 2345 
88\4 2,347 
8815 2,)47 

INCORPOQ.ATED 

OCT 1 J 2009 

Div. of Oil, Gas & Mining 
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"~I!I/ <Til ,iF~ h~.j.e U.ffa:1~ to."E 

lImI"-R liff~\J ~~. ~I n'J 0'1 
I~I (pJj (psi) .~f) (~ 

1810 i\m 6:.52 j~ P~) 
1820 7091 6258 5260 12357 
1830 7095 6261 5257 12352 
18.40 7094 6264 5254 12348 
1850 7096 6268 5250 12346 
18.tiO 7091 6266 5252 12343 
1870 7090 6271 5247 12337 
18.80 7092 6273 5245 12337 
18.90 7094 6276 ~242 12336 
19.00 7089 6280 5238 12326 
19.10 7087 6285 5233 12320 
1920 7082 6287 5232 12314 
19.30 70RO 6317 5201 12282 
19.40 7082 6327 5191 12273 
\9 .50 7081 6322 5197 12277 
1960 7075 6309 5210 12285 
19.70 7074 6289 5228 12302 
1980 7064 6272 5247 12312 
1990 7063 6258 5261 12324 
20M 7065 6249 5269 12334 

• 

• 

q P ,,,1 }I lo l +«h'! 
IlI'IO' Ipsl) 

J~1 U(IIl) 
3548 13066 
3548 15065 
3547 15C6S 
3548 15066 
3546 13063 
3545 15062 
3546 15064 
3547 I j()66 

3544 15062 
3544 15061 
3541 15060 
3540 15059 
3541 15059 
3540 15059 
3538 15056 
3537 15054 
3532 15051 
3531 [j050 
3S32 15051 

ti 
o'J, a']\I! ~Ir,d, 

f!)ttl 

~5&i' 2 347 
8808 2349 
8804 2.350 
8801 2350 
8798 2352 
8797 2.350 
8792 2J51 
8791 2.352 
8789 2.3~3 

8782 2.353 
8777 2354 
8773 2) 54 
8742 2.361 
8732 2364 
8737 2.363 
8747 2358 
8765 2353 
8779 2346 
8793 2342 
8802 2341 

INCORPORATED 

OCT 1 52009 

I""~ . . )i~/> 
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• 

• 

• 
J 

I sotropicnllv Consolidated Undrained with Pore Pres.~ure (CmIPP) 
Project Name: Taylor Geo-Engineering 

Project Number: M00991-001 
Sample: CH-5-48 

Comments: Samples were compacted to 90% of ASTM D698 at 
OMC. 

lest Number SI S' S~ • J 

Height, H (in' 4.21 4.10 4.08 
Diameter. D (in) 1.93 1.93 1.93 

-; Moisture Content, W (%"I 19.8 19.8 19.8 -.;:: 
'c Dry Unit Weight. yd (pet) 90.1 89.9 90.1 -

Saturation (%) 66.1 67.1 69.2 
Void Ratio, e 0.81 0.84 0.81 

... Moisture Content, W (%1 27.0 26.5 23.8 '" u 
Dry Unit Wei8ht. I'd (tJct) 96.4 97.1 101.4 ..c 

en 
~ Saturation (%) 100.0 100.0 100.0 

ce Void Ratio, e 0.73 0.72 0.64 4> 
al B 0.95 0.95 0.95 

Back pressure (pst) 17430 4434.1 4751.5 
Strain rate (%/min) 0.033 0.033 0.033 

Time to Failure (min) 590.9 509.1 584.8 
Strain al Fail ure, ~f(%) 19.50 16.80 19.30 

'" a3 (pst) 2879 5763 11524 '" t\,) ... 
7276 ~ al -a3 (psn 2392 4023 r/l 

-; a 1 (pst) 5271 9786 18799 ~ 

~ q - (a l -( 3)/2 (psfJ 1196 2012 3638 
p . (a I +aJ )fZ (pst) 4075 7775 15161 

U (ost) 1332 3013 5413 
til cr'3 (pst') 1547 2750 6110 
'" ~ a'l-cr'3 (pst) 2392 4023 7276 -r/l cr'l (pst) 3939 6773 13386 
.~ 
~ q = (0'1-0"3)/2 (psf) 1196 2012 3638 
t) 

~ 
~ p' = (0"1 +0"3)/2 (pst) 2743 4761 9748 
~ a'1/O"3 2.55 2.46 2.19 

A - u/(crl-0'3J 0.557 0.749 0.744 
Estimated Specific Gravit~ 2.70 

D D Plastic Limit (%) 23 
liquid Limit (%) 61 

Plasticity Index (%) 38 

Total 
Summary of Strength Paramaten Stress 

c (pst) 306 
, (deg) 12.7 

tan cp 0.226 

Saturation set to 100% for Dhase calculations 
Tested by: ______ 

D 
Effective 

Stress 
321 
20.1 

,DJ,6,1 ~ ~ h 

Oe-T 15 

RATED 

2009 
.:vicV<ah ____ _ ., _ Z:\PA.OreCfS\MOO99I_ Taylor _ Gw-EnKinooOnJ\OO l\(OTXCUlv I_CH-S-<1B IdsJSwrurwy 

Div. of Oil, Gas >BJ. Mrr'ilnQ .:; ·1'" .• ,_ 
'.. , ~ ~ 1. ,t~, ;, ' ';. 

',L, V U 6 2018 
, ... 

." ,.. & . 
~ l i/ i. 



• 

• 

• 
) 

IsotropicalJy Consolidated Undrained with Pore Pres:omre (cruIPP) 
Project Name: Taylor Geo-Engioeering 

Project Number: M00991-001 
Sample: CR-5-48 

Comments: 

Summary of Strength Paramaters 

c (psf) 
, (deg) 

tao ~ 

8000 10000 21/\ 

7000 9000 

c 6000 (/ 4:' 8000 
'" 

'" S 7000 ..e, :s 
~ 5000 0 

6000 ... 
.um :s 

",' 

'" '" '" !:l 4000 --~,- - d) 5000 .... 
'" 

I 
.~-

c., 
... 

/ ~ 0 4000 ';l 3000 0 
~ 13t}2 c., .;;: 

'" 3000 :u ____ ----- ...... _----4) 
rn 

Ci 2000 
d) 
~ ,,- ><: 

( 
tl-l 2000 

1000 1000 

0 0 

(} 5 10 15 20 0 5 

ES 

Total Effective 
Stress Stress 

306 321 
12.7 20.1 

0.226 0.367 

-
30(:; 

--.. . 
UJ2 

to 15 _0 

Axial strain (%) Axial strain (%) 

6000 
Ii:" 
'" -B 
C" 

~ooo 

o 

I- S1. 2879 psf 
I- S2, 5763 psf 

- '>'1 , !l524 p<!f 

, ' RPORATED 
~ ________________ ~ __ ~ ______________ L-____ ~ 

o 2000 4000 6000 8000 10000 12000 1.QG~ 1 5 2009 
Normal stress, O"n / p' (pst) 

Div. of Oil, Gas & Mining 
,I • , 

NDV 06 2mB 



• 

ProJ •• 1 Name, Taylor GOG-Engineering 
Projecl ~umb.r: MOO991-001 

Sample, CH-5-48 
Comments: Samples were co"pactt:d 10 90% .f ASTM 069111' 

THI Number: SI 

Z:IPROJECTSIl\10099I T~\ II)I: GtI)of""Jne.lrl~I1H(C;lXCU3vl CH-S48 xJsl~1 

"'"., qd .\ POif~ hlli:-'~,-a: tnccuw q 
~h1U a.- (aI-IT]) I'll:' I II a It! (tt l oJ)Il 

,"<o) f",O _ I~~ (tm) 1/'-10 (~.fJ 

V 1)'1 -4 u ll£N 2875 -2 
0,02 190 56 2823 3013 95 
004 267 98 2782 3049 134 
006 339 134 2746 3084 169 
0,08 397 165 2714 3111 198 
0.10 448 193 2686 3134 224 
0.20 628 )07 2572 3200 314 
0,30 749 399 2480 3229 37; 
0,40 851 483 2397 324& 426 
0.50 933 560 2319 3253 467 
0,60 1016 629 2250 3266 508 
070 1085 698 21~1 3266 542 
0,80 1141 751 2130 3270 570 
n,qo 1197 799 2081 3278 598 
1,00 1246 8~3 2037 3283 623 
UO 1289 885 1995 3284 645 
1.20 1332 922 1959 3291 666 
130 \375 957 1922 3298 688 
14Q 1412 963 1916 3328 706 
1,50 1448 956 1923 3371 724 
160 1478 969 1910 3388 739 
1.70 1514 990 1889 3403 757 
180 1544 1013 1866 3410 772 
190 1573 1035 1844 3417 787 
200 1597 1055 1324 3420 798 
2,10 1626 1078 1803 3429 813 
2.20 1649 1097 1783 3432 825 
23U 1672 1114 1766 3439 836 
240 1689 1124 1755 3444 845 
250 1712 1133 1745 3458 856 
260 1735 1154- 1725 3461 868 
270 1752 1170 1709 'W~1 U6 
280 1768 1191 1689 3457 884 
290 1785 12U4 1676 3461 892 
31Xl 1807 1218 1662 3470 904 
310 1818 1232 1647 3465 909 
320 1834 1247 1632 3466 917 
330 19:11 1259 1620 3471 925 
340 IM1 1272 1607 3468 930 
350 IH71 1285 1594 3465 935 
360 lH87 1295 1584 3471 944 
370 1897 1305 1574 3471 949 
),80 1907 1313 1566 3473 954 
390 1923 1322 1556 3479 962 
400 1933 1329 1550 3483 967 
410 1943 1336 1544 3487 971 
420 1953 1343 1536 )489 977 
430 1963 1350 1530 3493 981 
44Q 1',1/3 1356 1523 3496 986 
450 1983 1361 1518 3501 991 
460 1992 1366 1513 3506 996 
470 2002 1370 1510 3511 1001 
4,80 2012 1372 1508 3519 1006 
4.90 2015 1370 1509 3524 1008 
500 2025 1369 1510 3535 1013 
5 10 2035 1375 1505 3540 1017 
520 2044 1381 1499 3544 1022 

I' p' 
(" J~}Jf! InH.,.1 .! 

(pId'j lpol) 

1lIT1 1177 
2974 291S 
3014 2916 
3048 2915 
3077 2912 
3103 2910 
3193 2886 
3254 2854 
3305 2822 
3346 2786 
3387 2758 
3421 2723 
3451 2700 
3479 2680 
3503 2660 
3525 2639 
3546 2625 
3567 2610 
3585 2622 
3603 2647 
3618 2649 
3636 2646 
3651 2638 
3666 2630 
3677 2622 
3693 2616 
3705 2607 
3716 2603 
3724 2599 
3734 2602 
3747 2593 
3755 2585 
3164 257J 
3773 2569 
3784 2566 
3788 2556 
3796 2549 
3804 2545 
3809 2538 
3814 2530 
3823 2527 
3828 2523 
3833 2520 
3840 2517 
3846 2516 
3852 2515 
3856 2512 
3862 2511 
3865 2509 
3870 2509 
3873 2510 
3881 2511 
3885 2514 
3887 2516 
3892 2522 
3898 2523 
3902 2522 

dfid:3 

11.001 
1 067 
1096 
1.123 
U46 
: ,167 
1.244 
\ ,302 
1155 
1403 
1.451 
1,497 
1536 
1.575 
1.612 
1.646 
1.680 
1.716 
1.737 
1.753 
1774 
1801 
1827 
18.13 
1815 
1.902 
1925 
1.947 
1963 
1981 
2.006 
2025 
2,047 
2.(l65 
2,087 
2104 
2.124 
2.142 
2.158 
2m 
2.191 
2205 
2218 
2236 
2247 
2259 
2.272 
2.183 
2295 
2306 
2316 
2326 
2334 
2,336 
2341 

f~ - Rc 
2363 

ORATED 

OCT 1 5 2009 

Olv. of Oil, \.1 & Mining 
, I 

NOV 002018 
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' \xHII ~ -'l'o,<: I'.~(,,~ juK~II .. ' 
.u~~L ~ 

r U"~ l (~f) ~I) ipSl' (11\1) 

DO l"'"'~ 1.l 5C! HilS ~~~ .540 2051 1391 1489 
550 2061 1395 1484 3545 
560 206~ 1401 1478 354) 
5.70 2074 1405 1474 3548 
5,80 2077 1409 1470 3547 
5.90 208 1 1414 1467 3547 
6,00 2096 1416 1463 3559 
6.10 2100 1420 1460 35.59 
6,20 2109 1423 1456 3565 
630 2106 1424 1456 3562 
6,40 2121 1427 1454 3575 
6,50 2125 1429 1450 3575 
6,60 2128 1430 1450 3578 
6,70 2 132 143 I 1449 358 1 
6.80 2135 1431 1449 3584 
6.90 2138 1432 1447 35~ ,5 
7 ,00 2147 1434 1447 3594 
710 2151 1434 1446 3591> 
720 2154 1434 1447 3601 
730 2163 1434 1446 3609 
7,40 2166 1434 1446 3612 
7,50 2170 1435 1444 3614 
760 2173 1435 1444 3617 
7,70 2176 1435 1444 3620 
7,80 2185 1436 1443 3628 
190 2188 1436 1443 3631 
800 2185 1437 1442 3627 
810 2188 1437 1442 3630 
820 2197 1437 1443 3640 
830 2200 1437 1442 3642 
840 2204 \437 1442 3646 
R50 2206 1437 1443 3650 
860 2210 1436 144) 3653 
8,70 2219 1436 144) 3662 
8 SO 2216 1436 1443 3659 
8.90 2219 1436 1444 3663 
900 1111 1435 1114 3666 
9 .1 0 2231 1434 1~46 3676 
920 2228 1434 1446 3673 
930 2231 1434 1446 3676 
940 2233 1434 1447 3680 
9.50 2236 1432 1447 3683 
960 2239 1432 1447 3686 
VO 2236 1432 1447 3683 
980 ~~45 1432 1448 3693 
9,90 2248 1432 1448 3696 
1000 2251 1431 1449 3700 
1010 2254 1430 1450 3704 
1020 2257 14.10 1450 3707 
10,30 2254 1429 1450 3704 
1040 2262 1430 1450 3712 
1050 2265 1429 1150 3715 
\060 226~ 1429 145 1 3713 
1070 2265 1429 1m 3716 
1080 2268 1429 1451 3719 
10 90 2270 1429 1~51 3722 
1100 2273 1428 1451 3725 
11 \0 2270 1428 1451 3721 
1120 2273 1428 1451 3724 
11 ,30 2276 142~ 1451 3727 

• 1140 2278 1427 1453 373 1 
1150 2281 1425 1454 3735 
1160 2284 1425 1454 3738 

) 

q P p' 
("r-<71 ~~ ,, 1 ...... ' .. 1 1d'1 ..... '3~ ,~ 

(!"In (p..:l (IUr) 

JlI!I ;~J ~:~ 1026 
1031 3910 2515 
1032 3911 lSI1 
1037 3916 2511 
1039 3918 2509 
1040 3921 2507 
1048 3927 251 I 
10.10 3929 2509 
1055 3934 2511 
10.13 3933 2509 
1061 3941 2515 
1063 3942 2513 
1064 3944 2514 
1066 3946 2515 
1067 3948 2516 
1069 3948 2516 
1074 39,54 2520 
1075 3954 2521 
1077 3957 2524 
1082 3961 2527 
1083 3962 2529 
1085 3964 2529 
1086 3965 2531 
1088 3967 2532 
1093 3972 2536 
1094 3973 2537 
1093 3972 2535 
1094 3973 2536 
1099 3979 2542 
1100 3979 2542 
1102 3981 2544 
1103 3983 2546 
: 105 3984 2548 
, 109 3988 2552 
~ 108 3987 2551 
' 109 3990 2554 
' ! I I 3990 2555 
!U5 3994 2561 
: :14 3993 2559 
: ! IS 3994 256 1 
\, 17 3997 2563 
~ [ 18 3997 2565 
: 120 3999 2566 
' 118 3997 2565 
H23 400) 2570 
: 124 4004 2512 
' 125 4006 2574 
t 127 4007 2577 
; 128 4008 2578 
: 127 4006 2577 
i III 4011 2581 
',133 4012 2583 
: 13 1 4011 2582 
1132 4013 2584 
1134 4014 2585 
Jl35 4015 2587 
1137 4016 2588 
1135 4014 2587 
11]7 4016 2588 
1138 4017 25~q 

1139 401~ 2592 
1141 4020 2594 
1142 4021 2596 N 

.,'1:n'3 

:z no 
2J?8 
2389 
n96 
ZA07 
2 ,413 
2.419 
2,m 
2.439 
2.449 
2.447 
2.460 
2.46.5 
2.468 
2471 
2.473 
2478 
2.484 
2.488 
2,489 
2A97 
2.499 
2502 
2.504 
2,507 
2514 
2516 
2515 
2518 
2523 
2526 
2528 
2,529 
2,531 
2.537 
2,535 
2536 
2538 
2.543 
2541 
2543 
2544 
2546 
2.548 
:2 546 
2.551 
2,553 
255) 
2554 
2.556 
2554 
2.560 
2.562 
2 S59 
2.560 
2562 
2,564 
2.566 
2.564 
2566 
2.568 
2569 
2569 

fiP ATED 

OCT 1 5 2009 
4114 
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• ... ..... "4 _, &"YC~ fi!l«1''''' 
.Qnl1< ~ (·"'1· ... ..11 Jftll< \IJ 10 

\"'1 (1"'11 (~O I""i, 

II ;0 ~I 14.-1 II~ 
11 80 2284 1424 1455 
11.90 2286 1422 1457 
1200 2289 1420 1460 
12,10 2286 1417 1462 
1220 228R 1415 1465 
1230 2291 1414 1465 
12.40 2294 1415 1464 
12.50 2296 1414 1465 
1260 2299 1414 1465 
12.70 2296 1411 146& 
12.80 2298 1407 1474 
12.90 2301 1402 1477 
13,00 2303 1402 1477 
1310 2312 1401 1478 
1320 2309 1400 1479 
13 JO 2305 1400 1481 
13.40 2308 139R 1481 
13>50 2316 1397 1482 
1360 2319 1397 1482 
1370 2315 1396 148~ 

1380 2318 1395 1484 
1390 2320 1395 1484 
1400 2323 1393 1487 
14. 10 2325 1390 1490 
14.20 2328 1390 1489 
14JO 23JO 1389 1490 
14.40 2332 1388 1491 
14,50 2329 1387 1494 
1460 2337 13~6 1494 
1~,70 2334 1384 1495 
14.80 2342 1383 1496 
1490 2344 1383 1496 
1500 2346 1382 1497 
1510 2J49 1382 1498 
1520 2345 L1R2 1498 
1530 2348 1381 1499 
1540 2J50 1381 1498 
1550 2J52 1380 1499 
1560 2355 1380 1499 
15,70 2351 1379 1501 
15.80 2359 1379 1502 
15,90 2356 1376 1503 
1600 2358 1375 1504 
16.10 2360 1375 1505 
1620 2362 1374 1505 
16.30 2365 1374 15% 
1640 2361 1372 1508 
16S0 2358 1370 1509 
1660 2360 1369 1510 
16.70 2368 13M 15It 
1680 2365 1367 1512 
16.90 2372 1364 1515 
17.00 2369 1363 1517 
17.10 2371 1362 ISIS 
1720 2367 1361 lSI? 
1730 2370 1359 15W 
1740 2372 1357 1522 
1750 2368 1356 1524 
1760 2311 13S5 1524 
17.70 2367 1354 1526 

• 17.80 2369 1352 1528 
1790 2366 1352 1529 
1800 2368 1350 1529 

) 

I:tr~<u,,' 'l ;l 
,,'j I ... I-<D~ I loJ . 

(JYlfl (llill (/XI I) 

31MI II ~O 4020 
3738 1142 4021 
3743 1143 4022 
3748 1141 4024 
3748 1143 4022 
3754 1144 4024 
3757 1146 4025 
3758 1147 4026 
3762 1148 4027 
3164 1149 4028 
3764 1148 1 4027 
3772 114~ 4CP.9 
3778 1151 4030 
3781 1152 4031 
3790 1156 40J5 
3788 1154 4033 
3786 lIS3 4033 
3789 1154 4033 
3798 lIS8 4037 
3800 1159 4038 
3799 1158 4038 
3802 1159 4038 
3805 II GO 4039 
3809 1161 4040 
3815 1163 4043 
3816 1164 4043 
3820 1165 4044 
3824 1166 4045 
3823 1165 4045 
3831 1169 10~8 

3829 1167 4046 
3338 1171 4050 
3840 l in 4051 
3844 1173 4052 
3847 , 174 4055 
3844 1173 4053 
3847 U74 4054 
3848 tm 4054 
3852 1176 4055 
3854 1177 4056 
3852 1176 4055 
3861 1180 4060 
3859 1178 4057 
3862 1179 4058 
3865 1180 4060 
3868 1181 4060 
3871 1182 4063 
3869 1181 4060 
3867 1179 4058 
3870 1180 4059 
3879 1184 4063 
3877 1182 4061 
3887 1186 4065 
3886 1184 4065 
3889 1185 4066 
3887 1184 4064 
3390 1185 4064 
3893 1186 4065 
3892 1184 4064 
3895 1185 4064 
3893 1184 4064 
3897 1185 4064 
3895 1183 4063 
3897 \184 4063 

):I' 

(0' 1-Hr'1)/2 
I~) 

2595 
2597 
2600 
2604 
2605 
2610 
2611 
2611 
2614 
2615 
2fil11 
2()2] 

2628 
2629 
26J4 
2634 
2633 
2635 
2640 
2641 
2642 
2643 
2644 
2648 
2653 
2653 
2655 
2657 
2658 
2662 
2662 
2667 
2668 
2670 
2673 
2671 
2673 
2673 
2676 
2677 
2676 
2681 
2681 
2683 
2685 
2687 
2689 
2688 
2688 
2690 
2695 
2695 
2701 
2701 
2704 
2703 
2705 
2708 
2708 
2709 
2710 
2712 
2712 
2713 i 

0-11<1'1 

2568 
2570 
2.569 
2,568 
2564 
2.562 
2.563 
2567 
2.567 
2.569 
251\4 
2560 
2,558 
2559 
2 .564 
2.560 
2.557 
2559 
2563 
2.565 
2,,560 
2.562 
2563 
2563 
2,,560 
2,563 
2564 
2.564 
2>559 
2565 
2562 
2566 
2567 
2567 
2.568 
2566 
2.566 
2569 
2569 
2570 
2.567 
2';71 
2.568 
2568 
2568 
2,570 
2570 
2566 
2563 
2,563 
2.567 
2.564 
2566 
2561 
2 .562 
2558 
2.559 
2559 
2554 
2556 
2.551 
2551 
2548 
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A."II "" ,\~ lilt<ou.· .. FI"l!C"Y<l 
t-#"mn~ t. \a ~ -<lJ ) ~,,\u tT3 Ifl 

r.... t~' <psf} (gU) (~ Il!!ln 

18 10 ~70 1349 U'fl 3900 
18,20 2372 1349 1530 3902 
1830 2379 1348 1531 3910 
18.40 2376 1347 1533 3909 
1850 2383 1346 1535 3918 
1860 2385 1345 1536 3921 
18.70 2387 1343 1536 3923 
IUO 2Jg9 1341 1538 3927 
18.90 2J85 1340 1540 3926 
1900 2387 1339 1542 3929 
1910 2389 1338 1542 3931 
1920 2391 1336 1543 3934 
1930 23lt8 1334 1545 3933 
19.40 231!9 1333 1.147 3937 
1950 2392 \332 1541 3939 
19,60 2388 13 31 1549 3937 
19 ,70 2390 1328 ISSI 3941 
19.80 2392 1326 1554 3946 
1990 2388 1325 15S4 3943 
2000 2390 1323 1556 3946 

• 

• 
) 

1 II 
(al--<dV:: rt1 1i9'W~ ,,,,,II (pat) 

"' ~ 
-~fji;I 

II~ 4065 
11~1 406~ 

Il*s 4068 
IN ] 4072 
II~ 4073 
11901 4073 
1I'J,j 4074 
11:13 4073 
1l'J.I 4074 
II'a 4074 
I I'M 4075 
II'W 4073 
1I1~ 4015 
11% 4075 
11'14 4073 
lI<Jj 4074 
11911 4076 
II~ 4073 
IlQs 4074 

P 
(0' 1T.,'3)12 q'll'1') 

(peO 

:715 
2716 
2721 
2721 
2726 
2728 
2729 
2733 
2733 
2735 
2736 
2738 
2739 
2742 
2743 
2743 
2746 
2750 
2749 
2751 

.~~ 

2550 
2554 
2,549 
2,553 
2553 
2554 
2553 
2549 
2549 
2550 
2550 , 
2545 
2544 
2546 
2542 
2541 
2539 
2537 
2537 
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Project Name: Taylor Geo-Engineering 
ProJec:1 Number. MOO"I-001 

Sample: CH-!-48 
COIIIIMDts: Simples ...... e completed 1090% of ASTM D698 II 

Tal Number: SZ 

ZIPRO JECTSIM0099I 1.~ I(jJ' Ouu-&lm,y;f'InI1\('(IllIl11-:\C\;J~ 1 CH-S-l3 .b~l 
\~I\' I (1<.\ .\ ",,'I: 101l\'!:l1\'C t-t~,;~ 'I 

>loon .• tol-ru, j)talI AU .... 1 (1"1 io\ Wl 
1'%"1 11"1) IP.'O (roO ,~ 11"'1) 

1)1:(1 .~tj :5 ~J61 5735 -13 
0.Q2 270 5717 5987 U5 
004 450 8S 5676 6127 225 
0,06 587 123 5639 6226 294 
0,08 695 155 5607 6303 348 
0,10 782 184 5578 6360 391 
U20 \090 306 5436 6547 545 
0,30 1298 391 5371 6668 649 
0,40 1476 354 540& 6884 738 
0.50 1618 258 5504 7122 R09 
0.60 1745 289 5473 7217 872 
0,70 1857 362 5399 7256 929 
080 195:; 409 5353 7308 978 
0,90 2053 449 5313 7366 1026 
:.00 2136 341 5421 7557 1068 
1.10 2219 390 5372 7591 1110 
',20 2295 4~3 5309 7603 1147 
LJO 2370 512 5251 7621 1185 
; ,40 2431 543 5220 1651 1216 
LSD 2493 56S 5197 7690 1246 
L60 2539 597 5165 7704 1270 
1.70 2600 627 5134 7734 lJOO 
180 2660 6i2 5091 7751 mo 
190 2707 703 5059 77bIJ 1354 
2 ,00 2760 734 5028 7788 1380 
2 10 2799 766 4996 7795 1400 
220 2845 801 4961 7806 1423 
230 2884 834 4929 7813 1442 
240 2923 M3 4899 7822 1462 
250 2955 898 4864 7819 1477 
2,60 2986 940 4821 7808 1493 
2.70 3018 984 4779 7797 1509 
280 3056 1034 4728 7784 1528 
290 30SS [091 4670 775S 1544 
300 3119 1163 4600 7719 1560 
310 3143 1225 4537 7680 1572 
320 3175 1287 4475 7649 1587 
330 3206 1JSl 4409 7615 1603 
340 3230 1421 4340 7570 1615 
3.50 3261 1494 4268 7528 1630 
360 327~ 1564 4198 7476 1639 
3.70 3309 1630 4132 7440 1654 
380 3332 169 1 4071 7403 1666 
390 3356 1743 4020 7376 1678 
400 3380 1788 3974 7353 1690 
4,10 3397 1826 3936 7333 1698 
420 3413 1862 3900 7313 1707 
430 3437 1909 3854 7291 1718 
4.40 3446 19$1 3811 7257 1723 
450 3470 1996 3766 7236 1735 
4.60 3487 2038 3724 7211 1743 
470 3496 2074 3688 7184 1748 
4.80 3513 2106 I 3656 7169 1756 
4.90 3536 2137 3625 7160 1768 
5.00 3545 2169 3593 7138 1773 
5 [0 3555 2197 3565 712U 1777 
52U 3571 2235 3529 7099 17115 

., p' 
Il'I oj t"'I~J}I! 
(P~ fl 111"1) 

5748 51·'" 
5897 5852 
5987 5902 
6055 5933 
6110 5955 
6153 5969 
6307 GOO I 
6411 6020 
()500 6146 
6571 6313 
6634 6345 
6689 6328 
6739 6331 
6788 6340 
6830 6489 
6871 6481 
6909 6456 
6948 6436 
6979 6435 
7008 6444 
7032 6434 
7061 6434 
7093 6421 
7115 6413 
7142 6408 
7162 6396 
7185 6384 
7205 6371 
7223 6360 
7239 6341 
7255 6315 
7272 6288 
7290 6256 
7306 6214 
7323 6160 
7334 6109 
7349 6062 
7365 6012 
7376 5955 
7392 5898 
7401 5837 
7416 5786 
7428 5737 
7441 5698 
7452 5664 
7460 563~ 

7469 5606 
7481 5572 
7486 5534 
7497 5501 
7505 5467 
7510 5436 
7518 5412 
7530 5392 
7535 5366 
7539 5342 
7548 5314 

01 I I,d 

l ..w 
1.047 
1.079 
l.I04 
1124 
1.140 
1200 
1.242 
1.273 
1294 
1.319 
I ~44 
lJ65 
J ,~86 
1,394 
1.413 
1432 
1.451 
1,466 
1,480 
1.492 
1506 
1.523 
1515 
1549 
L..560 
1,574 
1585 
1597 
1608 
[ 619 
1.631 
\.647 
1661 
1678 
1.693 
[ 709 
1.727 
1.744 
1.764 
1.781 
1801 
1J1l~ 

1.835 
1851 
1.863 
1875 
[ 892 
1904 
l,921 
1936 
1,948 
1.961 
1.976 
1987 
1"997 
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) 

• i\X~!1I "" '(lui'" E~ Efl""n •• 
~r~nn t «J1~3) ~ \1/ cfJ <1'1 

(~.i.) Ill!!) tJllI'I !J)1f'I (nit) 

Llt1 3587 I::b5 3498 
:~ 540 3597 2296 3466 

5 SO 3613 2323 3439 70j2 
560 3629 2348 3414 7042 
5 ,70 3638 2365 3397 7035 
5.80 3647 2386 3376 7e2l 
5,50 3663 2406 1356 7020 
6,CO 1M'; 2417 JJJ6 7C02 
6.10 3675 2451 3312 6986 
620 3684 2476 3287 6971 
630 3700 2499 3264 6963 
6,40 3702 2520 3243 6945 
6,50 3718 2532 3230 6948 
6.60 3720 2545 3217 6937 
670 3722 2557 3205 6928 
680 373R 2572 3190 6928 
690 3740 2594 3169 6909 
7.00 3749 2613 3150 6899 
710 3758 2629 ]\34 6892 
72fJ 3767 2643 3120 6886 
730 3769 2655 3107 6876 
740 3771 2661 )102 6873 

i 750 3773 2669 3093 6866 
760 3782 2680 3082 6864 
770 3790 2690 307] 6863 
780 3792 2705 3058 6850 
790 3801 2722 3041 6842 
8.00 3803 2738 3024 6827 
8 10 3812 2752 3011 6823 
820 3814 2756 3006 6820 
8.30 3822 2761 3001 6824 
8.40 3824 2766 2996 6820 
850 3833 2773 2989 6821 
860 3835 2785 2978 6813 
870 384] 2799 2963 6806 
880 3851 2806 2957 6!KlS 
890 3853 2814 2949 6802 
9.00 3862 2821 2942 6804 
9 10 3864 2K28 2934 6797 
920 3872 2831 2932 6804 
9.30 3874 2828 2934 6807 
940 3889 2833 2929 6818 
950 3884 2840 2923 6807 
9.60 3892 2852 2910 6802 
970 3894 2866 2896 6790 
980 3902 2875 2888 6790 
9-90 3910 1886 2~76 6786 
1000 3912 2H94 2869 67111 
10.10 3920 2902 2860 6780 
10.10 3915 2~UH 2854 676~ 
103(J 3930 2914 2H49 6779 
10.40 3925 2916 2845 6770 
10 . .50 3933 2921 2841 6774 
10 60 3935 2915 2H47 6781 
10.70 3936 2913 2849 6785 
10.80 3938 2913 2849 6787 
10,90 )939 2921 2842 6781 
11.00 3947 2929 2833 678() 
11 10 3949 2935 2H27 6776 
IUO 3943 2940 2823 6767 
IUO 3958 2946 2818 6775 

• IIAO 3953 2948 2815 6768 
11 50 3961 2953 2809 6770 
1160 3956 2955 2807 6763 

) 

q p 
lat·..,3)!:! i"l'-flhl~ 

t!XI!) I~fr 

I r..o~ 15$1 
1798 7560 
1806 7568 
1814 7576 
1819 7581 
1824 7586 
1832 7594 
1833 7596 
1837 7600 
1842 7605 
1850 7613 
IH51 7614 
1859 7621 
1860 7622 
1861 7623 
1869 7631 
1870 7633 
1874 7638 
1879 7642 
1883 7646 
1884 7646 
1885 7ti4R 
1887 7648 
1891 7653 
1895 7658 
1896 7659 
1901 7664 
1902 7664 
1906 7669 
1907 7669 
19\ 1 7673 
1912 7674 
19\6 7678 
1917 7680 
1922 7684 
1926 7689 
1927 7690 
1931 7694 
1932 7694 
1936 7699 
1937 7699 
1944 7706 
1942 7705 
1946 7708 
1947 7709 
1951 7714 
1955 7717 
1956 7719 
1960 7722 
1958 7720 
J965 7728 
1963 7723 
1967 7728 
1967 7729 
1968 7730 
1969 7731 
1970 7733 
1974 7735 
1974 7736 
1972 7735 
1979 7742 
1976 7740 
1980 7742 
1978 7740 

ia'i !'l _ 
1("iI)_ 

5292 
5265 
5246 
5228 
5216 
5200 
5188 
5169 
5149 
5129 
5114 
5094 
5089 
!(J77 

S066 
5059 
5039 
5025 
5013 
5003 
4991 
4988 
4979 
4973 
4968 
4954 
4942 
4925 
4917 
4913 
49B 
4908 
4905 
4895 
4884 
4883 
4875 
4873 
4865 
4868 
4870 
4873 
4865 
4856 
4843 
4839 
4831 
4825 
4820 
4812 
4814 
4807 
4808 
4814 
48t7 
4813 
4812 
4806 
4801 
4795 
4796 
4792 
4790 
4785 to, 

o!Jio':! 

2025 
2038 
2,OjO 
2063 
2.011 
2,080 
2091 
2.099 
2.110 
2.121 
2134 
2142 
2.151 
2,156 
2.161 
2,172 
2.180 
2.190 
2199 
2)07 
2213 
2216 
2,220 
2 '127 
2.233 
2240 
2250 
2258 
2266 
2269 
2274 
2277 
2283 
2288 
2297 
2303 
2307 
2.313 
2317 
2320 
2321 
2328 
2.329 
2338 
2345 
2.351 
2,36U 
2363 
2.371 
2372 
2.379 
2380 
23M 
2382 
2.381 
2382 
2386 
2393 
2.397 
2397 
lAOS 
2401 
2 .. 410 
~C~ .TEO 
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A~!lII .. ' ,Ii'<" I,tl;:"l"~ I:.lfoo;t> ...... q " pi 
4: j~ I (ol--<S3) ~rnl, ,\AI 0'1 <'1'1 1"I~r~7 f.itI4'1l )14 10' I +0'3)/2 0'1/01'1 rt'., (1,,1) (P") 1l'S11 (pstl elfin /050 (pd) 

11.;\1 
~~~ ~~"" ./KI~ 6772 Iv~Z 1'.'4.1 4790 ~"I\ 

1180 2955 2907 6712 19&2 7744 4790 2413 
11 ,90 3966 2957 2805 6771 1983 774S 4788 2414 
1200 3968 2962 2800 6768 1984 7146 4784 2.417 
12.10 3969 2951 2ftl1 6780 1985 7746 4795 2412 
12.20 3970 2944 2818 6788 1985 7747 4803 2.409 
12.30 3911 2942 21121 6793 1986 7749 4807 1408 
12,40 3973 2953 2809 6782 1987 7748 4796 2414 
12,j0 3974 2962 2800 6774 1987 7749 4787 1.419 
12 60 3976 2965 2797 6772 1988 7750 4784 1.422 
12,70 3977 2970 2792 676'1 1988 7750 47l1O H24 
12,80 3~72 2976 2786 6758 1986 7748 4772 2.426 
1290 3973 2980 2784 6756 1986 7750 4770 2.421 
l300 3974 2982 2781 6755 1987 7750 4768 2,429 
1310 3975 2985 2777 6752 1988 7750 4764 2.412 
13.20 3977 2985 2777 6753 1988 7750 4765 2.432 
1330 3978 2987 2777 67~4 1989 7752 4765 2H3 
13.40 3979 2983 277M 6757 1989 7752 4767 H32 
13,50 3974 2978 2784 6758 1987 7749 4nt 2A28 
1360 3975 296K 2793 6768 1988 7748 4781 2423 
13.70 3976 2961 2800 6776 1988 7749 478& 2.420 
13.80 3977 2970 2792 6769 1989 7751 4781 2<125 
13,90 3985 2976 2786 6771 1992 7754 4778 2·"30 
14.00 3986 29K3 2780 6766 1993 7756 4773 2 • .l.3A 
14,10 3987 2985 2778 676.5 1993 7756 4771 2.435 
1420 3988 2989 2773 6761 1~94 7756 4767 2.438 
1430 3995 2991 2m 6767 1998 7761 4769 2,441 
14.40 3990 2994 276& 6758 1995 7757 4763 2.441 • 14,50 3991 2994 2768 6760 1996 7751 4764 2.442 
1460 3998 2997 2165 6763 1999 7761 4764 2446 
14,70 3999 2998 2764 6763 2000 7762 4763 2.447 
1480 4000 2997 2765 6765 2000 7762 H65 2447 ) 
1490 4007 2997 2766 6773 2004 7767 4770 2449 
1500 ~OO8 2~6 2766 6774 2004 776G 4770 2A49 
15.10 4009 29K7 2775 6785 200S 7761 4780 2.445 
1520 4010 2976 2786 6796 2005 7767 4791 2.439 
1530 4017 2974 27RR 6806 2009 7771 4797 2.441 
1540 40 18 2983 2779 6797 2009 TI71 4788 2,446 
1550 4013 2991 2771 678~ 2006 7768 4777 2.448 
1560 4020 2997 2765 6785 2010 7772 4715 2.454 
IS 70 4014 3001 2763 6777 2007 7770 4170 2.453 
IS 80 4015 300ti 2757 6772 2008 7771 4764 2.457 
1590 4022 3010 2752 6774 2011 7773 4763 2,462 
16,00 4017 3015 2741 6764 2009 7770 4156 2.462 
1610 4018 3011 2745 6763 2009 7771 4754 2454 
1620 4019 3018 2744 6763 2009 7771 4153 2465 
16.30 4019 3017 2745 6764 2010 7772 4755 2464 
16 .. 40 4020 3018 2744 6764 2010 7772 4754 2465 
16.50 4021 3019 2743 6764 2011 7772 4753 2466 
16.60 4022 3015 2747 6769 2011 7773 4758 2464 
1670 4016 3013 2148 676j 2008 7770 4757 2.461 
1680 4023 3013 2750 ~773 1011 ms 4761 2463 
1690 4018 3012 2750 6768 2009 7771 4759 2461 
1700 4013 3010 2752 6765 2006 7768 4758 2.458 
1710 4019 2999 2763 6782 2010 7772 4772 2.455 
1720 4014 2994 2768 6782 2001 7769 4175 2.450 
17 30 4009 2989 2773 6782 2004 7766 4777 24~6 
1740 4009 2996 2766 6775 2005 7767 4771 2.449 
1750 4010 3004 2758 6768 2005 776 i 4763 H54 
17 60 4011 3022 2740 6751 2005 7767 4746 2,404 
1770 4011 )045 2718 6729 2006 7769 4724 14'6 
1780 4012 3058 2704 6716 2006 7768 4710 

I 
' ~ 

1790 4006 3052 2711 6717 2003 7766 4714 I'" n 
1800 4001 3046 2716 6717 2001 7762 4716 2.473 
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• A'I~I oro jll\~" I ffl1<t1't EflOl:\:lffl 
) lrnJn, L (al~1J3) I II <fj ifl 

I~·l {~sfl (l"'1'1 (""/) IJI'IO 

18 10 3996 'IU.s 2731 <173] 
1820 4002 3012 27~0 6152 
18 )0 4003 2997 2765 6768 
1840 4003 2985 2777 6780 
1850 3998 2956 2806 6804 
18,60 3998 2939 2823 6822 
18,70 3993 2923 2839 6832 
18.80 3999 2912 2850 6850 
IS.90 04000 2866 2895 6895 
19 00 3995 2833 2929 6923 
19,10 4001 2817 2944 6945 
19)0 4007 2810 2951 6958 
19,)0 4007 2821 2941 6948 
19,40 400S 2~)4 2929 6937 
19.50 4014 2854 2908 6922 
19,60 4020 2871 2893 6913 
1910 4021 2889 2873 6893 
19,80 4021 2907 2855 6876 
1990 4021 2924 2838 6859 
20.00 4022 2943 2819 6840 

• 

• 

q P 
(<rI-nM /lllioll/2 

1,,0 (if1I) 

1\1').' nnU 
2001 7163 
2001 7163 
2002 7764 
1999 7761 
1999 7161 
1997 7758 
2000 7762 
2000 7161 
1997 7759 
2001 7161 
2004 7764 
2004 1766 
2004 7767 
2007 1769 
2010 1773 
2010 7172 
2011 1772 
2011 1773 
2011 7773 

(eJ'I':;;'WZ II"U<t. 
I~jj 

473'5 l~60 

47~1 HS6 
4166 2448 
4778 2.442 
4805 2,425 
4823 2 ,416 
4835 2407 
4850 2,403 
4895 2382 
4926 2.364 
4945 2-359 
4955 2,358 
4944 1.363 
4933 2 ,368 
4915 2381 
4903 2.390 
4883 2400 
4866 2.408 
4848 2 .417 
4830 2 .427 
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I 

• 

• 
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Project NRme: Tayler Geo-Eagin •• riDI! 
Projecl Numbe" MOO"I-OOI 

Sample: CH-5-4~ 

Commonts: S.mple. wen compacled to 90% of ASTM D698 at 
Tesl Sumber: SJ 

Z:\PROJECTSIMOO991 T~Wt Gco-r.l\i\ll1, ... "rolYljIII(Orxcu3 I CH-i-ll '11'~ 
.\ \tJ!l .. ol 'I'JI;': I:Ilcl11.'" t:n~\T. q 

UnlJll ~ (0"1-0-3) prcu .W o'J eft 1."I-<rlYJ 
t'\O) I.r"'l Ipm Irtl) IP'O (ptO 

0 00 -41 0 I I \,,"'4 11m .n 
0.02 511 43 11480 11992 256 
0,04 S29 82 11442 12271 415 
0,06 1054 116 11408 12461 527 
0,08 1247 150 IIJ74 12621 624 
0.10 1394 179 11344 12738 697 
0,20 1949 307 11217 13166 975 
0,30 2333 328 11196 IJ529 1167 
0.4() 2631 288 11235 13867 lJl6 
050 2891 391 11132 14023 1446 
0,60 3119 519 11005 14124 1559 
070 3J23 650 10875 14198 1662 
0.80 3512 789 10734 14246 115/\ 
0.90 3684 922 10602 14286 1842 
100 3857 1048 10475 14332 1928 
i 10 399R 1168 10356 14354 1999 
1]0 4139 1287 10236 14375 2069 
1)0 4272 1402 10123 14395 2136 
140 4405 1505 10019 14423 2202 
150 4514 1627 9897 14411 2257 
1.60 4631 1733 9790 14421 2316 
170 4733 1846 9678 14410 2366 
1M 4834 1956 9568 14402 2417 
1110 4935 2071 9453 14388 2468 
2,00 S021 2169 9355 14375 2510 
2.10 5114 2259 9264 14378 2557 
220 5199 2373 915 I 14350 2599 
2JO 5276 2478 9045 14322 2638 
240 5354 2583 8941 142\15 2677 
251) 5431 2679 8846 14277 2715 
260 549) [til 8753 14245 2746 
270 5562 2861 8664 14225 2781 
2 SQ 5623 295 1 8572 14196 2812 
2.90 5677 3035 8490 14167 2839 
300 5746 3113 8411 14157 2873 
3 10 5800 3190 8333 14133 2900 
320 5846 3269 8255 14101 2923 
330 5899 3343 8181 140~0 29~0 

J.40 5952 HI6 8108 14061 2916 
350 5991 3493 8031 14022 2995 
3.60 6U36 3566 7957 13994 3018 
lJO 6082 3637 7887 13969 3041 
3.80 6127 3706 7818 13945 3064 
390 6165 3775 7149 13914 3082 
400 6203 3839 7684 13887 310 I 
4 .10 6240 3902 7621 13861 3120 
420 6270 3961 7563 13833 313~ 
430 6308 4018 750S 13813 3154 
4.40 6345 4078 7447 13791 3172 
450 6375 4130 7395 13770 3187 
HO 6405 4179 7345 13749 3202 
470 

, 
6442 4233 7291 lJ733 3221 

HO 6464 4283 7241 lJ704 3232 
4.90 6486 4335 7189 13675 3243 
5.00 6523 4384 7140 13663 3261 
51 0 [)53~ 4434 7089 13627 3269 
520 6560 4483 7040 13600 3280 

p 
,,, ' I ""J"-( 1- ... 

, p~O liI~l 

I i " ~l I l iUl 

11779 11736 
11938 11856 
12OS~ 11934 
12147 11997 
12220 12041 
12498 12191 
12690 12362 
1293~ 12551 
I 29tH 12578 
13083 12564 
13186 12536 
13279 12490 
13366 12444 
13452 12404 
13523 12355 
13593 12306 
13661 12259 
13726 12221 
13781 12154 
1383Q 12106 
13890 12044 
13941 11985 
13991 11920 
14034 11865 
14()~O IIH21 
14123 11750 
14161 11683 
14201 11618 
14240 11561 
14270 11499 
14305 11444 
14335 1\384 
14364 11329 
14397 11284 
14423 11233 
14447 11178 
14474 11131 
14500 11084 
14519 11026 
14541 10975 
14565 10928 
14587 10881 
14606 10831 
14625 10786 
14643 10741 
14659 10698 
14677 10659 
14697 10619 
14712 10582 
14726 10547 
14745 10512 
14755 10472 
14767 10432 
14785 10401 
14792 10358 
14803 10320 

a.' IIa'J 

1.004 
1045 
1.072 
1.092 
1.110 
1.123 
1.17.01 
1208 
1234 
1260 
1283 
1.306 
U27 
1348 
1.368 
1386 
1 • .0104 
1.422 
i 440 
1.456 
1.473 
1489 
J 505 
i 522 
1537 
1.552 
1568 
r 583 
1.599 
1614 
1.628 
1.642 
1656 
1669 
1.683 
1696 
1708 
1.721 
1734 
1.746 
1.759 
1771 
1784 
1,796 
1.807 
1.819 
1829 
1840 
1,852 
1,862 
1,872 
1.884 
1.893 
1.902 
[ 914 
1.922 

, 1.932 .- I~ 
RP 

';. .... · -' A-. 
J .• J 
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• ,\ " .1 ..... ~I"." Elh:.:I"" Ei!l::<-.u-... 
wutu c (01-03) 11<_ . \Ij a'3' "', lill ,l Cp!l1) fr.,n (J»j) 11>If) 

S 30 f'.J" 1 45.14 1)"1(} 13579 
540 6611 4582 69~2 13552 
5,50 6625 4627 6897 13522 
5.60 6654 4672 6852 13506 
5,70 6676 4715 68D8 13484 
580 6690 4755 6769 13459 
5,90 6711 4798 6726 134311 
600 6733 4841 6684 13417 
6 10 6747 4882 IiM3 \3390 
620 6769 4919 6605 13373 
630 6782 4960 6565 ])347 
6.40 6797 4997 6526 13323 
65U 6810 5033 6491 13301 
660 6832 5067 6457 13289 
670 6845 509& 6427 13272 
680 6852 5129 6395 13247 
690 6866 5157 6368 1]234 
700 6879 5187 6338 ])217 
710 6893 5219 6305 13198 
720 6907 5246 6279 131Rfi 
i 30 6920 5273 6251 13171 

I 
740 6934 5297 5227 !:Jlb1 
750 6940 5322 5203 13143 
760 6947 5345 5178 13125 
770 6960 5371 5154 13113 
780 6966 5393 5130 13096 
7.90 69R7 5421 5103 13090 
800 69M6 5444 5080 13066 
8 10 6999 5466 5058 13057 
820 7005 5491 5033 1.1ms 
8)0 7018 5512 SOil 13031 
R 40 7024 5533 5991 13015 
850 7037 5554 5970 13007 
R 60 7050 5575 5949 12999 
8,70 7056 5597 5928 12984 
8.80 7055 5618 5905 12960 
890 7068 5638 5886 12953 
900 7074 5659 SSM 12938 
9 10 7073 5680 5843 12916 
920 7085 5699 5826 12911 
930 7091 5718 5806 12897 
940 7097 5736 5n7 12884 
9.50 7102 5755 5770 12R72 
960 7115 5770 5754 12869 
9.70 7114 5787 5737 12850 
980 7126 5803 5722 1284R 
Q90 /(,;1 5817 5707 12839 
IOUU 7130 5829 5696 12826 
10 to 7136 5841 5683 1281~ 
1020 7141 5855 5669 12810 
10.10 7140 5865 5659 12799 
1040 7145 5876 5648 12793 
10,50 7151 5884 5641) 12790 
10,60 7156 5895 5629 12785 
10.70 7161 5903 5622 12783 
10.80 7166 5913 5611 1277R 
1090 7172 S920 5604 12776 
11 ,00 7170 5926 5597 12768 
II.lD 7m 5932 5593 12768 
11,20 7174 5938 5586 12759 
11 30 7186 5944 5580 12765 

• 1140 7191 5948 5576 12767 
11 50 7189 5954 5569 12758 
II 60 7194 5957 5568 12762 

,\ I' 
(ol~JI'~ " ~~) -(p;t) 

3294 148~ 
3305 14829 
3313 [4837 
3321 14851 
J3J8 14861 
3345 14869 
33S6 14880 
3366 14892 
3314 14899 
3384 14908 
3391 14916 
3398 14922 
3405 14929 
3416 14939 
3423 14947 
3426 14950 
3433 14958 
3440 14964 
3447 14970 
]453 14978 
3460 14984 
3467 14992 
3470 14995 
3473 14997 
3480 15005 
3483 15007 
3493 1501~ 

3493 15016 
3500 15023 
~j03 15026 
35U9 15034 
3512 15036 
3519 15042 
3525 15049 
3528 15053 
3528 15051 
3534 1505K 
3537 15060 
3536 15060 
3543 15067 
3546 15069 
3548 15072 
3551 15076 
3558 15082 
3557 "080 
3563 15088 
3566 15091 
3565 15090 
3568 15092 
3571 15094 
3570 15095 
3573 15096 
3575 15099 
3578 15102 
3581 ISl05 
3S83 IjlOS 
3586 IS 111 
3585 15109 
3588 15\12 
3587 15110 
3593 15116 
3595 15120 
3595 15118 
3597 15122 

rI 
(dl ·t<T'11,~ 

(ftS!) 

( lJl'~~ 

10247 
10210 
10179 
10146 
to 114 
10082 
l00S1 
10017 
9989 
9956 
9924 
9896 
9813 
9849 
9821 
9801 
9777 
97S1 
9732 
9711 
9694 
9673 
9652 
9634 
9613 
9597 
9573 
9557 
9536 
9512 
9503 
9488 
9474 
9456 
9433 
9419 
9401 
9380 
9368 
9351 
9336 
9321 
9312 
9294 
9285 
9273 
9261 
9251 
9139 
9229 
9220 
9115 
9207 
9203 
9195 
9190 
9183 
9180 
9173 
9173 
9172 
9164 

. 
9165 

11'«.,.1 

, ').& J 
1,951. 
1,960 
1,971 
i.981 
1,988 
1.998 
2007 
2.016 
2025 
2033 
2041 
2049 
2.os8 
2.065 
2071 
2078 
2.085 
2,093 
2100 
2107 
2 III 
2 ,119 
;I 124 
2 .131 
2136 
2. 145 
2,149 
2155 
2.161 
2167 
2172 
2.179 
2.185 
2.190 
2.195 
2201 
2.206 
2110 
2216 
2221 
2226 
:t231 
2236 
2.240 
2245 
2.250 
225;: 
2.156 
2260 
2 26~ 
2265 
2268 
:2 271 
227'< 
22n 
2.2~O 

2181 
2283 
228'< 
2288 

. ": "I;~ t" 
~ _I 
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• ,Uclal ruJ -,,,,ore I.:.r"",vo [,lY"'''\''e 4 p ". 
f' .q-t (al-a3) pras • " .., 0" f"1 J ... 1 ..... 3)t1 10' '' .. ,. - d!I~; 
\ .. , Cl'd) {lI!It'I (P~) Itrlf"' I~n lP'lfl trsO 

II or, 1192 ~~61 SlIIl 1211$ ~;; 15120 ~IS8 Z 2'1) 
\I 80 1197 S964 5560 12757 15122 9159 2295 
11 90 7202 5967 5556 12759 3601 15125 9158 2)% 
1200 7207 5968 5555 12763 3604 15127 9159 2297 
12.10 7205 5972 5:m 12757 3603 15126 9154 2298 
1220 1210 5971 Wi4 12764 3605 15130 9159 2298 
1230 7215 5971 5553 12768 3608 15131 9160 2299 
12.40 7220 5971 5553 12773 3610 15134 9163 2JUO 
12.50 121H 5971 5554 12772 3609 15134 9163 2300 
12.00 7223 5970 5555 12778 36\1 15136 9167 2.300 
12.70 7221 5967 5556 12777 3610 15134 ~11i7 2.300 
IUO 7219 5968 5555 12774 3609 15133 9165 U99 
12.90 7224 5967 5556 12730 3612 15\35 ~168 2.300 
1300 7228 59t\1i 555~ 12786 3614 15138 9172 2.301 
13.10 7226 5964 5561 12787 3613 IS 138 9174 2.299 
13 20 7217 5963 5561 12778 3609 15132 9170 219& 
13 }O 7215 5967 5556 12772 3608 15131 9164 2.299 
IHO TIn 5966 5558 12784 3613 15137 9171 2,300 
13 SO 7224 5963 5561 12785 3612 15136 9173 2).99 
IHO 7222 5961 5562 12784 3611 15135 9173 2).98 
1370 7233 5959 5566 12799 3617 15141 9182 2,300 
13 80 7231 5957 5567 12798 3616 15139 9183 2299 
1390 7235 5953 5572 12807 3618 15142 9189 2299 
14.00 7240 5950 5574 12&14 3620 15144 9194 2299 
14,10 723R 5945 5580 128! 7 3619 15!44 9199 2).97 
14.20 7242 SY38 5587 12829 3621 151~6 9208 2.296 
1430 7240 5932 5590 12830 3620 15142 9210 2295 
1440 7237 5924 5601 12838 3619 15143 9220 2292 • 1450 7242 5915 5609 12851 3621 15145 9230 2).91 
1460 7246 5903 5621 12867 3623 15147 9244 2289 
1470 7250 5891 5634 12X84 3625 15150 9259 2287 
14)0 7248 5878 5645 12893 3624 I 15148 9269 2.284 
14 90 7252 5863 5661 12913 3626 15150 9287 2281 
15,00 7263 5849 5675 12938 3632 15155 9306 2280 
15.10 7260 5835 5690 12950 3630 15155 9320 2276 
15,ZO 7252 .1820 5704 12955 3626 15149 9330 2271 
15)(1 7255 5807 5718 12973 3628 15152 9346 2269 
15.40 7259 5793 5732 12991 3630 15154 '1352 2.266 
15,50 7257 5780 5744 13001 3629 15152 9372 2.263 
15.60 7255 5767 5757 13011 3627 15151 9384 2.260 
15.70 7259 5753 5771 13029 3629 IS I 53 9400 2.258 
15.80 7256 5740 5785 13041 3628 15153 9413 2254 
1590 7260 5727 5798 13057 3630 15155 9428 2252 
1600 7264 5713 5811 13014 3632 151 S5 9442 2.250 
16,10 7261 5700 5823 13084 3631 151~4 9454 2247 
1620 7259 5687 5836 13095 3629 15153 9466 2244 
16.30 7269 .1671 5847 13 116 3634 1515~ 9481 2243 
16,40 7266 5666 5857 13123 3633 15157 9'190 2,241 
16.50 7263 5653 5870 13 134 3632 15155 9502 2237 
16.60 7261 5642 5882 13 143 3630 15154 9512 2.234 
16,70 725R 5631 5893 13150 3629 15153 9522 2232 
In RO 7262 5623 5901 13162 3631 15] 54 9532 2.231 
16.90 7265 5612 5912 13178 3633 15157 9545 222? 
17,00 7262 5602 5923 j) 18! 3631 15156 9554 2225 
17,10 7253 5590 5934 13137 3627 15150 9560 2,222 
1710 7257 5578 5946 11203 3628 15153 9575 2.220 
Ino 7261 5569 5955 13215 3630 15154 9585 2219 
17:"0 7264 5558 5965 13229 3632 15156 9597 22IB 
1750 7261 5549 5975 13236 3631 15154 9605 2,215 
1700 72~A 5540 5984 13242 3629 15153 9613 2213 
17,70 7262 5535 5989 13250 3631 15154 9619 2213 

• 1780 7259 5525 5999 13258 3629 15153 9628 2210 
17~O 7262 5513 6011 13273 3631 15155 9(: .\ . 

I'T ~ ,~ R 1800 7259 5503 6021 13280 3630 15154 '-' --
OCT 1 5 2009 

Di\l. of Oil, Gas ~ .Mjl1\ttg'\ni'''''' 
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All fill ,,11 "ron H««l" C 
1Imltl, e (. I· ,' ) ~ .• ,:w dJ 

('~l Ip:'(I' (""n ( ",,11 

r·-£.:.a. 
18 10 7.1«1 5494 "'Il l 
18JO 7260 5485 6040 
18,30 72ti3 5474 6051 
18,40 726U 5465 6059 
1850 7263 5458 6066 
18.60 7260 5451 6073 
18,70 7257 5444 6081 
1880 7260 5439 6086 
1890 7263 54]2 6093 
1900 7260 5428 6096 
1910 7270 5425 6C99 
19~O 7266 5417 6107 
1930 7276 5413 6110 
19.40 7266 5409 6115 
1950 7269 5405 61\9 
19,60 7266 5403 6121 
19_70 7269 5402 6122 
19 SO 7272 5399 6124 
IQ ~o 7275 5396 6128 
20 ,00 7271 5393 6130 

• 

• 

t ... (:l..'""U"~ ~ P 
.. 'I ("i ~"J )l'! (<11 . .. 1)01 

i~\ ,,,,,n <;ai' 

13287 3628 I~W 

13300 3630 15154 
13313 3631 15156 
13319 3630 ISI5) 
13329 3632 15155 
13313 3630 15154 
13338 3628 15153 
13346 3630 15155 
13356 3632 15156 
13356 3630 15155 
13368 3635 15158 
13373 3633 15157 
13386 3638 15161 
13381 3633 15157 
133U 3635 15158 
13387 3633 15157 
13391 3634 15158 
13396 3636 15159 
13403 3637 15161 
13402 3636 15159 

P' 
(G'I+o'3)/2 ,1'111'11 

(P>i) 

~-W ~ ,.!O] 

9670 2.202 
9682 2,200 
9689 2.198 
9697 2.197 
9703 2.196 
9710 2.193 
9716 2193 
9724 2192 
9726 2,191 
9733 2.192 
9740 2190 
9748 2.191 
9748 2188 
9753 2 J88 
9754 2,1 87 
9757 2187 
9760 2,187 
9765 2.181 
9766 2.186 

INCORPORATED 

OCT 1 l 2009 
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Isotropically Consolidated Undrained with Pore Pres!mre (CIUIPP) 
Project Name: Taylor Geo-Engineering 

Project Number: MOO991-001 
Sample: CH-5-98 

Comments: Samples were compacted to 90% of ASTM D698 at 
OMC. 

Test Number SI 52 S3 

Height, H (in) 4.22 4.22 4.05 
Diameter, D (in) 1.88 lo88 1.88 

:-§ Moisture Content, w (%) 17.3 17.3 17.3 .... 
'c Dry Unit Weil!ht.yd (pet) 97.9 98.0 97.7 ..... 

Saturation (%) 78.6 77.0 74.0 
Void Ratio, e: 0.59 0.60 0.62 

.... Moisture Contenl, w (%) 22.4 20.6 19.8 '" III 
Dry Unit Weight. yd (pet) 114.4 ..c 103.8 107.1 rn 

~ Saturation (%) 100.0 100.0 100.0 
..s Void Ratio, e 0.61 0.56 0.53 'l> 
a:l B 0.95 0.95 0.97 

Back pressure (osC) 5431.9 15270 6916 
Strain rate (%/min) 0.033 0.033 0.033 

Time to Failure (min) 603.0 606.1 603.0 
Strain at Failure, Ef(%) 19.90 20.00 19.90 

'" 03 (pst) 2878 5754 11523 '" III 
!:l cr t -cd (pst) 2994 5436 8088 rn 

'3 a l (os£) 5873 11190 1961 2 
0 

lJ - (o! -(3)12 (psf) 1497 2718 4044 r-
P t01+(3)/2 (pS[) 4375 8472 15568 

u (pst- 1353 2564 6606 

'" 0'3 (pst) 1526 3190 4918 
rJl 
III cr'] -0'3 (pst) 2994 5436 8088 ... ... 
rn 

cr'1 (pst) 4520 8626 13006 cu 
> .£ q = (0'I-cr'3)/2 (pst) 1497 2718 4044 
~ p' = (cr'1+O"3)/2 (pst) 3023 5908 8962 '+-< 
....:I 0"1/cr'3 2.96 2.70 2.64 

A - W(crl-cr3) 0.452 0.472 0.8\7 
Estimated Specific Gravity 2.70 

D D Plastic Limit (%) 17 
Liquid Limit (%) 53 

PIII:;ticity Index (%l 36 I 

Total 
Summary of Stren~th Paramater!l Stress 

c (pst) 657 
$(deg) 12.9 

tan .p 0.229 
• Saturation set to 100% for phase calculations 

Tested by: __ _ 

Reviewed: ___ _ 

I 

IGES 

D 
Effective 

Stress 
216 
25.4 

0.475 INCOP.PORATE 

OCT 1 5200S 

MOV 06 2018 
i v. r: 
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Isotropicollv Consolidated Undrained with Pore Prei\sure (ClUfPP) 
Project Name: Taylor Geo-Engineering 

IGES 

9000 

8000 

7000 
c 
<n 

.e 6000 .., 
b 
fi 5000 
<U 
!:: 
: 4000 
~ 
'S: 3000 

II,) 

Q 
2000 

1000 

0-

6000 

~ooo 

Project Number: MOO991-001 
Sample: CH-5-98 

Comments: 

Total Effective 
Summary of Strength P8ramate~ Stress Stress 

8 
10000 

-~ 9000 /..----
Q 8000 

./ <t.l 

! 54. 6 

.e, 
7000 ::s 

as i -.~ !l 6000 .--- - '" "..," '" <I,) 5000 .... 

IL_ I=l. 

~ 
1"9,\ 0 4000 

I=l. 

'" '" 3000 II,) 
<.:I 

','/1 
~ 2000 

1000 

0 

0 5 10 15 2.0 
Axial strain (%) 

c (pst) 657 216 
• (dcg) 12.9 25.4 

tan + 0.229 0.475 

6600; 

/-
! n;,~ 

Q 
1 J -- 0 

V 
~ 

0 5 10 15 20 
A'<.ial strain (%) 

- !. 2 ltil~l 

.2.57).1 rJ 
- ,1. 11 ::'-pr 

INconr'Oflr.TED 

NOV 06 2018 

[) V of' 0 " G "' , J I ":." .:> .,' • 
, "" ... ', f i I' ;rllng 

o / 
INCORPORATED 

~~~----------------~-----~ 

o 2000 4000 6000 8000 1 0000 12000 140000CT 1 ~ 2009 
Normal stress, an I p' (pst) 
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" .. "ill dtl ,\ JldR I:.!I .... ',~.: Hfii<:hvo 
,trnln,1:. (<lI-al) pre"". ilu 0'3 li\ 

'~;'l ij!'>l) ,p;t~ Ij!)I) (pJ!) 

530 1351 ,,,71 I ~I) I J'ljJ 
540 2362 1680 1200 3562 
5.50 2372 16n 1200 3572 
560 2n9 1678 1200 3~90 
UU 2400 1677 1201 3601 
5.80 2410 1677 1201 3611 
590 2420 1674 1205 3625 
6.00 2437 1669 1209 3647 
6.10 2448 1664 1214 3662 
610 2458 1669 1209 3667 
6]0 2468 1669 1209 3677 
6.40 2478 1669 1209 3688 
650 2495 1668 1212 3707 
6.60 2~91 \668 1212 3703 
6.70 2502 IMI 1218 3719 
6.80 2505 1656 1221 3726 
6.90 2515 1654 1225 3740 
700 2525 1656 1222 3748 
710 2529 1655 1223 3752 
7.20 2538 1654 1226 3764 
730 2548 1654 1225 3773 
74U 2552 1650 1228 3780 
750 2562 1649 12]0 3792 
760 2572 1642 1236 3808 
7.70 2581 1~37 1241 3822 
780 2585 1634 1245 3829 
7'IQ 2594 1636 1243 3838 
800 2598 1637 1241 3839 • 8.10 2607 1635 1245 3852 
~20 2617 1634 1246 3863 
830 2620 1630 1248 3868 
840 2630 1628 1250 3880 ) 
8.50 2633 1626 1253 3886 
8.60 2636 1623 1256 3892 
870 2646 1621 125~ 3904 
8.80 2649 1613 1266 3914 
890 26:52 16U~ 1270 3922 
900 2655 1605 1274 3929 
9.10 I 2658 1606 1274 3932 
92U 2654 1605 1274 3928 
9.30 2664 1603 1275 3939 
9.10 2661 1602 1276 .1937 
9.50 2663 1600 1279 3942 
9.60 2671 1598 1282 3955 
9.10 2676 1595 1283 3959 
980 2685 1592 1287 3972 
990 2682 1588 1290 3972 
10 00 2697 1581 1295 3992 
1010 2700 1578 1)01 4001 
10 20 2710 1571 1308 4017 
1030 2719 1572 1301 4025 
10.40 2715 1571 1309 4024 
1050 7.77.5 1569 1309 40)) 
1060 2727 1567 1311 4039 
1070 2736 1565 1314 4050 
1080 2746 1571 1309 4054 
1090 2748 1562 1316 4064 
1100 2751 1558 1321 4072 
11 10 2754 1553 1325 4079 
1120 2750 1545 1334 4084 
1130 2766 1533 1341 4106 
1140 2768 15~1 1337 4105 
1150 2771 1540 1339 4110 
1160 2174 153S 1341 4114 • 

) 

q P 
'-a ....... \ • ta', ,, ~ 

(ruO ,,,,f) 
II~ ;jQ~·1 

1181 4061 
1186 4065 
1195 4073 
1200 4078 
1205 4083 
1210 4089 
1219 4097 
1224 4102 
1229 4107 
1234 4H2 
1239 4117 
1147 4127 
1246 4125 
1251 4129 
1253 4lJO 
1258 4136 
1263 4141 
1264 4143 
1269 4149 
1274 4153 
1216 4154 
1281 4160 
1286 4164 
1291 4169 
1292 4171 
1297 4177 
1299 4177 
1304 4183 
1309 4188 
1310 4188 
1315 4193 
1317 4195 
1318 4198 
1323 4202 
1324 420) 
1326 4204 
1327 4206 
1329 4208 
1327 4206 
1332 4210 
1DU 420~ 

1332 4210 
1336 4216 
1338 4216 
1]43 4211 
1341 4219 
1349 4227 
1350 4229 
1355 4233 
1359 4238 
1358 4237 
1362 4241 
1364 4242 
1368 4247 
1373 4252 
1374 4253 
1376 4254 
1377 4255 
1375 4253 
1383 4261 
1384 4262 
1385 4265 
1387 4265 

p' 
("'1...,'3)(2 

{PI(J 

2377 
2381 
2386 
2W5 
2401 
2406 
2415 
2428 
24>8 
2438 
2443 
2448 
2459 
2·m 
2468 
2474 
2482 
2485 
2488 
2495 
2499 
2504 
2511 
:!S22 
2532 
2537 
2541 
2540 
2548 
2554 
2558 
1565 
2569 
2574 
2581 
2590 
2596 
2601 
2603 
1601 
1607 
2606 
2610 
2618 
2621 
2629 
2631 
2644 
2651 
2663 
2666 
2667 
2671 
2675 
2682 
26R2 
2690 
2696 
2702 
2709 
2723 
2721 
'2725 
2727 

.... I/ .. ' ~ 

2 ,9~~ 
2968 
2,911 
2,q<l1 
2.q<lg 
3.007 
3009 
101:i 
3016 
3032 
3041 
3 0~9 
3.059 
3056 
3055 
3.os2 
M54 
3066 
3067 
3.071 
3_081 
3.078 
3.D82 
3.080 
3080 
3.077 
3087 
3.093 
3095 
3. 101 
3100 
3.103 
3102 
3.D98 
3102 
3,093 
3088 
) .084 
3,087 
3084 
3.089 
3.085 
3083 
3085 
10R5 
3087 
3.079 
3083 
3076 
3072 
3081 
3074 
3.082 
3.080 
1083 
3098 
3.089 
3.083 
3.078 
3062 
30M 
3070 

, C.(i)~ p 
3069 
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• ~);Ii!l ~ ..l "'JT~ t-Jt"<J~'" l'f'fa:I .. e 
""1.1111 . !i (nl-q11 r~ - \I, o'j ,,'I 

("- I {~ 11»0 (~dl (::nl'i 

II ill 2776 IH1 1342 4 j1 ~ 
II ,aD 2779 1533 1346 4125 
11.90 2782 1531 lJ4g 4129 
12.GO 2784 1528 135~ H34 
12.10 2787 1525 1353 4140 
1220 2789 1523 1355 4145 
12.30 2792 1519 1359 4151 
12AO 2801 1517 1362 4162 
12.50 2797 J509 1370 4167 
1260 2806 J504 1375 4180 
12,70 2808 1500 1.17~ 4186 
12.80 2817 1502 1377 4194 
1290 2813 1502 1377 4190 
13 .00 2822 1500 1378 4200 
13,\0 2H24 1499 1380 4205 
13.20 2833 1498 1380 4213 
13 30 2835 1496 1384 4219 
13 .40 2838 1493 1385 4223 
1350 2840 1491 1387 4228 
1.' .60 2843 1489 139{) 4232 
13.70 2R45 1485 1394 4239 
13.80 2847 1483 1396 4243 
1390 2850 1479 1J9~ 4249 
14,00 2852 1477 1400 4252 
1410 2848 1473 1405 4253 
1420 2856 1470 1409 4265 
14.30 2853 1462 1417 4269 
14.40 2855 1457 1420 4275 • 1450 2857 1455 1424 4281 
1460 2859 1456 1423 4282 
lQO 2862 1457 1421 4283 
14,80 2870 1456 1424 4294 
14.90 2872 1455 1424 4296 
15.00 2880 1452 142£> 4306 
ISJO 2H8) 1451 1427 4310 
1520 2885 1449 1431 4315 
1530 2893 1446 1432 4325 
15 .~0 1895 1449 1430 4325 
1550 2897 1444 1434 4331 
1560 2905 1439 143,} 4344 
15 .70 2907 1437 1442 4350 
IS 80 2909 1434 1445 4354 
15,90 2912 1430 144~ 4360 
1600 2914 1428 1451 4364 
16.10 2922 1425 1453 4375 
16:20 291& 1422 1457 4374 
1630 2926 1420 1459 4384 
16,40 2927 1417 1461 4389 
16,50 2924 1414 1465 4388 
16 t\O 2926 1410 1463 4394 
1670 2922 1407 1472 4393 
16 He 2924 1405 1473 4396 
16,90 29)1 1402 1476 4408 
1700 2933 1401 1478 4411 
1710 2941 1398 1480 4421 
1720 294) 1395 1483 4426 
17.30 2945 1393 1485 4431 
1740 2947 1390 148~ 4435 
1750 2948 1388 14\10 4439 
17,60 295() 1387 1493 4443 
17.70 2958 1384 1494 4452 

• 1780 2966 1382 1490 4462 
17.90 2962 1381 149S 4459 
IS.CO 296) 1380 1500 4463 

,q " rr 
(!I H r3)!2 (~ ,-allil (u'l-to'3)12 

IPJI) Ip'l') (~..t) 

1,Ili.i 4266 2730 
1389 4269 2736 
1391 4269 2738 
1392 4270 2742 
139] 4272 2747 
1395 4273 2750 
1396 4274 2755 
1400 4279 2762 
1399 4277 2768 
1403 4281 2777 
1404 4232 2782 
1409 4287 2785 
1407 4285 2783 
1411 4289 2789 
1412 4292 2793 
1416 4295 2797 
1418 4297 2802 
1419 4297 2804 
1420 4298 2807 
1421 4300 2811 
1422 4302 2817 
1424 4302 2819 
1425 430J 2824 
1426 4303 2826 
1424 4302 2829 
1428 4307 2837 
1426 4305 2843 
1428 4305 2848 
1429 4307 2H52 
1430 U08 2852 
1431 , ~309 2852 
1435 4315 2859 
1436 4314 2860 
1,140 4319 2866 
1441 4320 2869 
1442 4322 2873 
1447 4325 2878 
1448 4326 2877 
1449 4327 2883 
1"-53 4331 2892 
1454 4)33 2H96 
1455 4333 21J()0 
1456 4334 2904 
1457 4335 2~O7 

1461 4)39 2914 
1459 m7 2915 
1463 4341 2922 
1~64 4342 2925 
1462 4340 2927 
1463 1341 2931 
1461 4339 2933 
1462 4340 2935 
1466 4344 2942 
1467 4345 2944 
1471 4349 2950 
1472 ~350 2955 
1472 4,51 2qjK 
1473 4J52 2961 
1474 4353 2965 
1475 4355 2968 
1479 4357 2973 
1483 4361 2979 
1481 4359 2978 
1482 4)61 2981 

.rl iQ'.\ 

JOlI'> 
HJM 
3.064 
3.062 
3.059 
3.057 
3.054 
3.057 
3.042 
H-li 
3038 
3046 
3043 
3,048 
3.046 
3,052 
3049 
3.049 
3,047 
3,045 
3,040 
3,040 
3.037 
3.037 
3,027 
3,028 
1014 
3 .010 
3,007 
3 UIO 
3013 
3,016 
3.017 
3,020 
3.020 
3.016 
3,020 
3.025 
3.020 
3.019 
3.U16 
3.014 
3010 
3.008 
j Ull 
3 003 
3005 
3.004 
2 ,~9ti 

2,993 

2~8S1 (" 
2. &5' \\.3' 

) 
2.985 
2.985 
2,987 NO' 2.984 
2982 

v 06 2018 
1"', . ,2:980 , 
'-" { ~.97$J r ( II 

IN 

2976 , .... : .. : 
2.980 

'P - R .'J? 
2976 

ATED 

OCT 1 5 2009 

Div. of Oil, GaS/& Mining 



I\'\lol' W ,~ PLlRl UfOd,'I'C \:; 1=,,,. q " P' , tl1 ~ "'-OJ) pt('.;." ... \ u "'3 0' 1 (.,1 .,1,,1 ,., ,,, (al,.)"2 o' 1/.,.J 
1' .. , .",0 (PIO fp.O (1J\I) ,p:;O (!'i') (Pl' 

15 ,10 101M 1379 1 ~1'l 4465 1483 ~JQI ~:i 
J .'.!n 

1820 2967 1376 1502 4469 1483 4362 2.975 
18.30 7974 1375 \503 4478 1487 4366 2991 2.978 
18.40 2Y7i> 1373 1506 4482 1488 4366 2994 2.977 
18 SO 297S 1372 1507 4485 1489 4367 2996 2.976 
18 .60 2974 1370 1508 4482 1487 4365 2995 2,972 
18.70 2975 1368 1512 4487 1488 4367 2999 2.968 
1880 29SJ 1367 1512 4494 1491 4370 3003 2.973 
18.90 2979 1364 1~14 4493 1489 4368 3003 2.968 
1900 2975 1363 1515 4490 1487 4366 3002 2.963 
19.10 2982 1362 1516 4498 1491 4369 3007 2.967 
19.20 2978 1361 1517 4495 1489 4367 3006 2.962 
19)0 2979 1359 1520 4499 1490 4368 3009 2.960 
19 .40 298 1 1357 1521 4502 1491 4369 3011 2960 
19.50 2977 1354 1524 4501 1488 4367 3013 2953 
19.60 29&4 1354 \526 4510 1492 4372 3018 2956 
1970 2986 1352 1527 4512 1493 .4371 3020 2.956 
19.80 2981 1350 1529 4511 1491 4370 3020 2950 
1990 2994 1353 1526 4520 1497 4375 3023 2963 
2000 2990 1349 1529 4519 1495 4373 3024 2956 

) • 

NOV 06 2018 
f'ilf t, . 

INCORPORAj~8) 

OCT 1 ~ 2009 

Div. of Oil, Gas & Mining 



• 

Project Name, Taylor Goo-Engin •• ria, 
Project Num ..... : MOU991~Ol 

Sampl.: CII-5-98 
Commo.lo: Samples were .omp.clod to 'O·A, of ASTM 0698 .t 

Trot'lum .... r. S2 

Z:IPROJECfS\MOO99 1 r", ll)< " o:;." r.nammml Al'J1' IGTXClJ3vl CH·j ·9S xl~ l • ,,,,. .,.~ \ PII' ~ 1,[I_~~ Hl;:"u\,<: q 
Jlli1J1~ (al-(Jl) rl. -·, \~ If'; e'] {.rl- ",WZ 
j":-I (""n \II.!' 4~1 Ir>tl (p'in 

.MIIDI!il 
U l\l) -19 0 51~ STJ.5 -1 .1 
002 325 76 5678 6002 162 
01)4 533 160 5593 6]27 267 
006 677 2" -, 5527 6204 339 
008 785 288 5466 6251 393 
0)0 893 348 5406 6299 446 
0,20 1265 600 5155 6421 633 
030 ]537 805 4949 6486 768 
0 ,40 1157 990 4764 6522 879 
050 1949 !ISS 4598 6547 974 
060 2118 1301 4453 6571 1059 
070 2259 1428 4327 6586 1129 
080 2399 1545 4208 6607 1200 
0,90 2525 1653 4101 6626 1262 
1,00 2650 1757 3997 6647 ]325 
110 2761 1846 3908 6669 13~1 
120 2858 1927 3827 6685 1429 
UO 2954 2003 3752 6706 1477 
140 3050 2079 3675 6725 1525 
r 50 3117 214') 3614 6731 1559 
160 3199 2196 3558 6757 1599 
170 3266 2248 3508 6773 1633 
180 3340 2298 .~~6 6796 1670 
190 3399 2344 3412 6811 1700 
200 3452 2386 3369 6821 1126 
2.10 3512 2423 3331 6842 1756 
220 3564 2451 3297 6861 1782 
230 3616 2491 3263 6879 1~118 
2,40 3661 2523 3231 6892 1831 
250 3713 2553 3201 6914 ]857 
2.60 3758 2581 3174 ~q~1 1879 
2.70 3796 2/iO" 3148 6944 1898 
280 3833 2629 3125 6958 1917 
290 3878 2650 3105 6982 1939 
) 00 390M 2673 3081 6990 1954 
)10 3953 2695 3059 70]2 1976 
J 20 3983 271~ 3040 7023 1991 
DO 4020 2731 3023 7043 2010 
340 4050 2743 3008 7058 2025 
350 4080 2763 2992 7072 2040 
360 4110 2779 2975 7085 2055 
370 4140 2793 2962 7102 2070 
380 4163 2806 2949 7112 2082 
390 4193 2813 2936 7129 2097 
400 4216 282& 2926 7141 2108 
4JO 4239 2839 2915 7154 2119 
4,20 4268 2850 2906 7174 2134 
430 4291 2853 28~6 7187 2145 
4.40 4313 2867 2888 7201 2157 
450 4336 2875 2879 7215 2168 
460 4365 2882 2872 7237 2183 
00 4388 2889 2865 7252 2194 
480 4403 2~~8 2858 72~1 2202 
490 4432 2905 2849 7282 2216 
500 4448 2908 2846 7294 2224 
510 4463 2913 2841 7304 2232 
520 4485 2916 2838 7323 2243 

P II 
l at""W~ (.,'1 a'l <!' l.'<I'J 

,~fI 11"0 

sr..lO '1JII I IN1\ 

5~16 5840 1057 
6021 5860 1.095 
6093 5865 1J23 
6146 5858 I 144 
6200 5852 1165 
6388 5788 1.245 
6522 5718 1311 
6633 5643 1.369 
6728 5572 1424 
6813 5512 1476 
6884 5457 U22 
6954 5408 1570 
7016 5364 1616 
7079 5322 1,663 
7135 5289 l,707 
7183 5256 \,747 
7232 5229 1.787 
7279 5200 1,830 
7312 5173 1.862 
7353 5157 1.899 
7388 5140 1,931 
7424 5126 1,966 
7455 5111 1,996 
7481 5095 2024 
7510 5087 2 ,054 
7536 5079 2,081 
7562 507] 2,108 
7584 5062 2.lJ3 
76]0 5057 2160 
7634 5053 2184 
7652 5046 2206 
7671 5041 2227 
7694 5044 2249 
7708 5035 2268 
7730 5035 2292 
7745 5032 2.310 
7764 5033 2.330 
7780 5033 2,347 
7795 5032 2,364 
7809 5030 2382 
7825 5032 2398 
7837 5030 2.412 
7850 5033 2:42H 
7862 5033 2441 
7873 5034 2.454 
7889 5040 2,469 
7899 5042 2.482 
7912 5045 2.494 
7922 5047 2.506 
7937 5054 2520 
7948 5058 2.532 
7957 5059 2541 
7970 5066 2556 
7978 5070 2563 
7985 5073 2.571 
7997 5080 c :mlo ATE 0 

OCT " j2009 
7/1 • 

Div. 01 Oil , Gas & Mining 
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L., ~~~ .,.,a ,~~ow H~Ivc! !:.1100!h< 

:5;" (171-173) pro", . . IU ~'J a'l 
~f'!f) /j:I:Il) t~O Imfi 

DII 4507 ~.!I 2.<33 1].<1) 
540 4522 2924 2831 7353 
5,50 4545 2928 2826 7370 
560 4566 2932 2824 7390 
5.70 4581 2934 2820 7402 
5,80 4597 2936 2818 7414 
5.90 4611 2939 2815 7427 
6.00 4626 2941 28H 7440 
610 464R 2942 2812 7460 
6,20 4663 2944 2810 7473 
6,30 4671 2946 2810 7480 
6,40 4692 2947 2808 7501 
6,50 4700 2947 2807 7508 
660 4722 2947 2808 7530 
6.70 4730 2948 2807 7537 
680 4744 2948 2806 7550 
690 4759 2949 2806 7565 
7,00 4767 2947 2807 7574 
710 4774 2946 2810 7584 
720 4789 2947 2807 7596 
7.30 4803 2946 2810 761l 
740 4811 2944 2810 7621 
7 SO 4819 2943 2811 7629 
7,60 4840 2942 2HI2 7652 
770 4847 2940 2814 7662 
780 4855 2940 28[4 7669 
790 4869 2937 2817 7686 
8 00 4883 2936 28[8 7701 • 8 10 4891 2935 2819 7710 
820 4905 2934 2820 7725 
830 4905 2932 2622 7728 
840 4919 2930 2824 774) 
850 4927 2930 2R25 7751 
860 '1934 2928 2827 7761 
870 4941 2926 2828 7770 
8,80 4949 2923 2831 7779 
890 4962 2923 2831 7793 
9,00 4969 2920 283) 7~05 
910 4977 2917 2837 7813 
920 4984 2915 2839 7823 
930 4998 2913 2841 7839 
940 5005 2909 2845 7849 
950 5012 2907 2847 7859 , 
960 50[8 2905 2851 7869 
970 50)2 2901 2853 7885 
980 5039 2899 2855 7894 
990 5040 2895 2859 7898 
1000 5053 2894 2860 79tJ 
10,10 5060 2892 28b2 7922 
10.20 5067 288~ 2866 7932 
1030 5073 2RR6 2868 7942 
10.40 5080 2882 2872 7952 
1050 5087 2879 2875 7962 
1060 5094 2a76 2878 7971 
10.70 5107 2874 2881 7988 
1080 5113 2871 2885 7998 
1090 5127 2867 2887 8014 
1100 5127 2864 2R92 8018 
1110 5140 2860 2894 8034 
1120 5140 2858 2896 8036 
lI.m 5147 2~54 2900 8046 

• 11 ,40 5153 2851 2903 8056 
1150 5160 2847 2907 8066 
1160 5\66 2844 2911 8077 

4 f.I ,,' 
(171...,1 »! ialt""Wl llO'I.~31;:! 

If'Oll (~~tl (lUi) 

!~~ 8008 SOK7 
2261 8016 5092 
2272 8026 5098 
2283 8038 5107 
2291 804~ 5111 
2298 SU~2 5116 
2306 8060 5121 
2313 8068 5127 
2324 8078 5136 
2332 8085 5141 
2335 8090 5[45 
2346 BIOI 5[55 
2350 8104 5[57 
2361 8116 5[69 
2365 8120 5172 
2372 6126 5178 
2379 8134 5185 
2383 6137 5191 
2387 8142 5197 
2395 8148 5202 
2402 8157 5211 
240/1 8159 5215 
240~ 8163 5220 
2420 8174 5232 
2424 817B 52J8 
2427 8181 5242 
2435 8188 5251 
2442 8195 5259 
2445 8199 5264 
2452 8206 5272 
2453 8207 5275 
2460 8214 5283 
2463 8218 528M 
2467 8222 5294 
2471 8225 5299 
2474 8228 5305 
2481 8235 5)12 
24~5 8240 ~no 

2488 8242 5325 
2492 8246 5331 
2499 8253 5340 
2502 8256 5347 
2506 8260 5353 
2509 8264 5360 
2516 8270 5369 
2520 8274 5375 
2510 8274 5379 
2527 8280 5)86 
2530 ~2~4 5392 
2533 8287 5399 
2537 8291 5405 
2540 8294 5412 
2544 B297 5419 
2547 8301 5424 
2553 8309 5434 
2557 8312 5441 
2563 8317 5450 
2563 R31 R 5455 
2570 8324 5464 
2570 8324 5466 

2573 8327 5473 
2577 8331 5480 
25BO 8334 5487 
2583 83J8 5494 

« l.Ia' J 

11\1 1 
2593 
260X 
2617 
2.625 
2631 
2.638 
2.644 
2653 
2.660 
2.662 
2671 
2.674 
2.681 
2.685 
2,691 
2,696 
2.698 
2699 
2.106 
VIO 
2.712 
2.714 
2.721 
2,722 
2725 
2.729 
2.733 
2,735 
2739 
2738 
2742 
2.7<14 
2745 
2747 
2748 
2753 
2.753 
2 .755 
2.156 
2,759 
2,759 
2760 
2.761 , I' 27 W , 
2765 
2763 
2}67 
2768 N 2768 nv 06 2018 
2769 
n,?~9 C,f i Z169 ..), c. 

2770 
2.773 
2.773 
2. 776 
2773 
2,776 
2.775 
2775 
2775 

INOO R I 

2774 
RATED 

OCT 1 5 2009 

Div. of Oil, G~S4& Mining 



• ,\ '0011 <XI \ , .... " F~II~ EHc:u .. e q 
-.tr.II!' (01-03) PI -. \~ o'J <'1'1 " I 112 

(~'~) 1",li ill'fi r,,~o (~) !P>I) 

117rJ 5112 lUll 1·91~ ~\J3b ~~b 
11.80 5172 2838 2916 8089 2586 
1190 5179 2834 2910 8098 2589 
12110 ,185 2832 2922 8101 2593 
12JO 51YI 2828 29Z7 8118 2596 
1220 5191 2825 2929 8120 2596 
11,30 5198 2821 2934 8131 2599 
12.40 5204 2818 2937 8141 2602 
12.50 5210 2816 2940 8150 2605 
1260 5216 2812 2942 8158 2608 
12.70 5223 2809 2945 8168 2611 
12.80 5222 2805 2Y4Y 8171 2611 
1290 5235 2802 2952 8187 2617 
13.00 5241 2798 • 2957 8198 2620 
13.10 5241 2794 2959 8200 2620 
1320 5246 2791 2964 8211 2623 
13 30 5246 2787 2967 8213 2623 
13.40 5252 2784 2970 8222 2626 
13 SO 5258 2782 2972 823 I 2629 
13.60 5264 2776 2978 8242 2632 
13 70 5170 2773 2981 8251 2635 
13 80 5276 2771 2983 8259 2638 
13.90 5276 2768 2986 8262 2638 
14,00 5275 2764 2990 826j 2638 
14. :0 5287 2759 2995 8282 2644 
14,20 5293 2757 299R 8291 2646 
14 )0 5299 2752 3002 8300 2649 
1440 5298 2750 300S 8)03 2649 
14.50 5304 2746 3009 8313 2652 
1460 531U 2743 )011 8321 2655 
1410 5309 2739 3015 8324 2655 
14,80 5315 2736 3019 8334 2657 
14.90 5314 2731 3023 8337 2657 
1500 5320 2723 3030 8350 2660 
15.:0 5319 2715 3038 8357 2660 
1520 5331 2714 3040 anI 2665 
15)0 5336 2715 3039 8375 2668 
1540 5348 2715 3039 8387 2674 
15 SO 5341 2715 3040 8)81 2670 
1560 5346 l7D 3041 8)88 2~73 

15.70 5352 2711 3044 8396 2676 
1580 5357 2710 3044 8401 2679 
15.90 5356 2708 3046 8403 2678 
1600 5362 2707 3047 8409 2681 
16.10 5361 2704 3050 8411 2681 
162U 5366 2702 3053 8419 2683 
16.30 5371 2698 3056 8427 2686 
16.40 5377 2696 305R 8435 268B 
1650 5376 2694 3061 8437 2688 
16.60 5381 2689 3065 8446 2690 
1670 5386 2686 3068 8454 2693 
16 SO 5385 2682 3072 8457 2693 
1690 5390 2677 3078 84(;8 2695 
17.00 53B9 2674 3080 8469 2695 
17,10 5394 2669 3085 8479 2697 
1720 5393 2664 3089 3483 2697 
17 .30 5392 2660 3094 1487 2696 
11-40 5397 2656 3UYY 8496 2699 
17.jO 5402 2653 3101 8503 2701 
17.60 5395 2643 3111 8506 2698 
1VO 5400 2632 3122 8522 2700 
1780 5405 2627 3127 8532 2703 • 1790 5404 2632 3123 8527 2702 
1800 5403 2632 3122 8525 2701 

p I" 
,, 1-<1]). _ \ft' l t<I':1 li_ 

1",0 ItlSfi 

'HII 5,\1 ~} 
8340 5502 
8343 5509 
8346 5515 
8351 5522 
8350 5525 
8354 5533 
8357 5539 
8360 3545 
8362 S550 
8365 5557 
8365 5560 
8371 3570 
8375 5577 
8374 5580 
8378 5587 
8377 5590 
8380 5596 
8383 5602 
8386 5610 
8389 5616 
8392 5621 
8392 3624 
8392 S628 
8398 5638 
8402 5M3 
8403 5651 
8404 5654 
8407 5661 

1 8409 SWi 
8409 5669 
8412 5677 
8411 5680 
8413 5690 
8412 5698 
8419 5706 
8422 5707 
8428 S71J 
8426 5711 
8427 HIS 
8431 S720 
8433 5122 
8432 S724 
8435 5728 
8434 5730 
8438 5736 
8440 5741 
8442 5746 
8443 5749 
8444 5755 
8447 5761 
8447 5765 
~450 5773 
8449 5775 
8451 5782 
8451 5786 
1450 5790 
8454 SlY7 
8455 5802 
8452 5808 
8454 5822 
8456 5829 
8457 5825 
8455 5824 

<J lrIT3 

l.n) 
2,774 
2774 
2,775 
2.774 
2,772 
2.772 
2772 
2.m 
2.773 
2,773 
2.771 
2.773 
2.772 
2.771 
2.770 
2.769 
2.768 
2769 
2}68 
2.768 
2.769 
2.767 
2764 
2.71Xl 
2765 
2.765 
2.763 
2763 
2,763 
2761 
2760 
2.758 
2,756 
2 .751 
2,753 
2156 
2,760 
2757 
2758 
2758 
2760 
2,758 
2760 
2.758 
2.758 
2.758 
2758 
2756 

2 7~ 2. ) · ! ~ 
27» "' 10 
2751 
2750 
2.749 ro 2.746 v 06 2018 
1.143 

f" ;~ 742, . 
." ;2'.'141) r ) j 

2.735 
2.730 
2729 
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AClill mt \ rK'<' t:H~ i: D ~ rt«II\'r 

~;lliU' :" l,. 1" ' -<s11 ,.. . \>1 <1' ; I 
t"-U "pst'l fg.,.() j",1) 11'711 

I~ l(l ~8 ]Pll 1 1:~ .<~~I! 
1820 5406 2629 3125 8531 
1830 5411 2~2R 3126 8537 
18,40 5404 2625 3129 8533 
1850 5409 2622 3133 8542 
1860 5408 2620 3134 8542 
1870 5412 2618 3136 8549 
1880 541J 2615 3139 8550 
1890 5416 2611 3145 8560 
1900 5420 2607 3148 8568 
1910 5419 2604 31~2. ft570 
1920 5423 2599 3155 8579 
19.30 5428 2594 3160 8588 
1940 5421 2591 3163 8584 
1950 5431 2586 3168 8599 
1960 5424 2580 3174 8598 
1970 5423 2570 3184 8607 
1980 5433 2561 3193 8625 
1990 5431 2564 3190 8622 
20 00 5436 2564 3190 8626 

• 

II l' 
( .. \ . ." 1',,,,),)" 

(p,lf ..... n 

:: iSHg 
8451 

~ 8459 
17tkl 8456 
;r,1Ql 8459 
l7'J4 8458 
~lti 8460 
2'?1'k'i 8459 
l7U3 8463 
1 10 8465 
~. 8464 

1_ 8466 
_ 101 8468 

11 0 8464 
!71 a 8470 
27tJ 8466 
2111 8465 
n1 6 8470 
!716 8470 
1718 8472 

~ 
,.r'I H1"h l .,.'1.'('1", 

Iv-dl 

~ 
5828 
5831 
5831 
5837 
5838 
5842 
5844 
5852 
5858 
5861 
5867 
5814 
5814 
5884 
5886 
5896 
5909 
S906 
5908 

21u 
2. 710 
2111 
2.717 
2. 726 
2,726 
2726 
2724 
2722 
2,722 
2. 719 
2. 719 
2.118 
2714 
2,714 
2.709 
2703 
2.702 
270) 
2704 
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Project Name: Taylor G_EngineerinK 
PrOJe<1 ~um"'r: M00991-OO1 

Simple: CH·S·98 
Comments: Simples .. e", I:Ompacted to 90% of ASTM D698 at 

Test ~ufD"'r: 83 

Z:WROJECTSIMOO99I T .. lor (:.:" .blltl~"',,"~ 1 00 1 11Grxt:U)~1 U J.5·ii ,t. J 
M ,rn! OU 11".\11: t;l/cm,," " tI~u.~ " '"~''''' I. I I .II pr \11 cr-] til (1Y1·",.l!{,! 
4ti.\ (~n I!'! I) (pill (p4) H'!I;O 

000 · 10 0 lun lIS12 ·s 
002 46 IR 11506 11552 23 
004 46 30 11493 11539 23 
006 54 43 11480 11534 27 
0,08 54 55 11468 11522 27 
0,[0 46 67 11457 11502 23 
0.20 45 126 11397 11442 23 
0.30 44 178 11347 11391 22 
0.40 44 224 11300 11343 22 
0,50 51 269 11255 11306 26 
0.60 51 3 \5 1120B 11259 25 
0,70 42 357 1\ 166 11208 21 
0.80 41 396 1 I 128 11169 21 
090 41 432 1\091 \1\32 20 
1.00 40 470 1\054 11094 20 
LlO 39 507 11016 1\056 20 
1,10 39 547 10976 11015 19 
130 30 587 10937 10967 15 
IAU 29 623 10900 10930 15 
1.50 29 657 10866 10895 14 
160 28 691 10832 10861 14 
170 27 717 10797 10825 14 
l.80 19 760 10763 10782 10 
L90 18 792 10733 10751 9 
200 18 822 10701 10719 9 
2,10 17 853 10671 10688 9 
220 9 883 10640 10649 4 
2,30 16 911 10612 10628 8 
Z.40 7 936 IO~88 105\15 4 
2,50 7 967 10556 10563 3 
260 6 998 10526 10532 3 
270 6 1024 10500 10505 3 
280 5 1052 10473 10478 3 
2,90 -3 1078 10446 10443 ·2 
300 4 1104 10420 10424 2 
),10 -4 1129 10394 10390 ·2 
320 -5 1151 10372 10367 .J 
3.30 -6 1176 10347 10342 -3 
3.40 ·14 1201 10323 10309 ·7 
3.50 ·7 1218 10307 10300 ·3 
3.60 -7 1240 10283 10276 4 
3,70 1476 1410 10113 11589 738 
3,80 2203 1545 9979 12182 1\02 
3.90 2631 1650 9873 12554 1340 
400 3072 1759 9764 12837 1536 
4.10 3~01 1884 9639 13040 1701 
4,20 3675 1993 9530 13205 IS38 
4.30 39\8 21lB 9406 13324 1959 
440 4145 2245 9278 13423 2072 
4,50 4355 23n 9152 13507 2178 
460 4527 2489 9035 13562 2264 
4.70 4691 2605 8919 13610 2346 
4,80 4847 2717 8806 13653 2423 
4,9U 4987 2821 8702 13689 2494 
5 00 Sill 2921 8602 13714 I 2556 
510 5236 3018 8505 13741 2618 
520 5344 3114 8409 13753 2672 

P rf 
1 .. 1 ~ Ii! lal""'~1('! 

(poil ipsl~ 

IlSl7 1151; 
11547 11529 
11546 11516 
11550 11507 
11550 11495 
IIS4~ ! 1479 
11545 11419 
; 1547 11369 
11 546 11322 
11550 11281 
11549 11234 
11544 11187 
11544 J\ 148 
~ 1543 11111 
11544 11074 
11543 11036 
11543 10996 
11539 10952 
11538 10915 
11538 WSUI 
11537 10846 
11538 10811 
11533 10773 
11534 10741 
11532 10710 
11532 10679 
11528 10645 
I 1.~1 I 10620 
II~l'l 10591 
11526 10559 
11527 10529 
11527 10503 
11527 10475 
11522 10444 
11526 10422 
11521 10392 
11521 10370 
11521 to345 
1\517 10316 
11521 10303 
11519 10279 
12261 I08,S I 
12625 11080 
12864 11214 
1305Q 11300 
lJ224 11340 
\J361 11368 
13483 11365 
13596 11351 
13701 11329 
13787 11298 
13869 11264 
13947 11230 
14016 11195 
14079 11158 
14141 11123 
14195 110UI 

41l ,'~) 

' 001 
1004 
1.004 
1005 
1.005 
1.004 
1.004 
LOO4 
1004 
1_005 
1.005 
1004 
1,004 
1,004 
1.004 
1004 
1004 
1,003 
L003 
1.003 
1,003 
1003 
1.002 
1002 
1002 
1002 
1,001 
1,002 
100 1 
1001 
1.001 
1001 
1000 
1.000 
1000 
1000 
1000 
1,001 
1.001 
1,001 
1001 

1,146 1(\1 
U21 
1.l7~ 

1315 
1 353 
1386 
1.417 
t «7 
I.--I'T.~' C 
1501 
1 j26 
I 5~O 

1.573 
1.594 

C 

N 

( 
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\ ' 
/ ii, 

IN, 16 , -RATED 

OCT 1 5 2009 

Oil,'. of Oil, dM!;4& Mining 

"1' ,') 



~\): ,g' cw '~I""" alr..tJ'oC hHr:c111J'e. 
~t I · n ",r~, ;l.u (>'1 /1'1, 

I" .. ) 111(11) j11'll') (pJl) l""rj 

S 30 ~4j' UO,I /tim 13713 
540 SS46 3306 8217 13763 
j 50 5538 3400 8123 13762 
560 5731 3489 8034 13765 
570 5imo 3579 7944 13744 
580 58S5 3664 7860 13744 
590 5954 3744 7779 13733 
600 6023 3818 7105 13728 
610 6084 3894 7629 1)713 
620 6145 3968 7555 13700 
630 6198 4038 7485 13683 
6.40 6251 4105 7418 13670 
650 63U4 4174 7349 13654 
6.60 6357 4242 7281 13639 
6.70 6395 4305 n18 13613 
680 6425 4365 7158 13584 
690 6470 4428 7095 1351\6 
7.00 6508 4490 7033 13541 
710 6553 4548 6976 13529 
720 6590 4603 6921 13511 
730 6620 4658 6867 13487 
7.40 6649 4709 nUl 13465 
750 0679 4759 6765 13444 
7 .60 6716 4801 6723 13439 
7}0 6753 4849 6675 13428 
780 6782 4897 6627 13409 
790 6811 4951 6573 13384 

• 800 6833 4997 6526 13359 
810 6877 5042 6483 \3360 
820 6906 5086 6437 13343 
8JO 6928 5126 6397 ])325 
840 6964 5167 6356 11320 
8.50 6993 5206 6319 13311 
R.60 7014 5242 6281 13295 
870 7042 5280 6244 IJ286 
880 7064 5317 6206 13270 
8.90 7092 5145 6118 13270 
900 711l 5377 6147 13260 
9 10 7141 5414 6109 13250 
920 7162 5444 6080 13242 
930 7183 5415 6048 13231 
940 7204 5508 6015 13219 
950 7225 5542 5981 13206 
960 7253 5575 5949 13201 
9,70 7266 5601 5923 lJ 1 Kg 
980 7286 5636 5888 13174 
9.QO 730'1 5667 5856 13163 
10,00 7113 5698 5826 13138 
1010 7'40 5731 5794 13134 
1020 7361 5763 5760 13120 
1010 7373 5794 5730 13103 
10.40 7394 5820 5704 13097 
1050 7407 5849 5615 13081 
10,60 7419 5ij76 5648 13067 
1070 7432 5903 5621 13053 
10,80 7H8 5926 5597 13035 
1090 7457 '951 5573 13030 
11.00 7470 5974 5550 13020 
1110 7415 5995 5528 13004 
1120 7~95 6016 5507 13002 
IUO 7501 6037 5486 12986 

• 1140 1506 6053 5471 12977 
1150 7518 6070 5453 12911 
11 60 7523 6086 5438 12961 

~ ~ Ii 
It'll ,,1 1 .. \ ~ - (11'1+11'3)/2 
\~n (p.l) (~t) 

2726 la~o 111).1" 
2713 14296 10990 
2819 14343 10943 
2865 14389 10900 
2900 14423 10844 
2942 14466 10802 
2971 14500 10756 
3011 14535 10717 
3042 14565 10671 
3072 14596 10628 
3099 14622 10584 
3126 14649 10544 
3152 14675 10501 
3179 14702 10460 
3198 14721 10416 
3213 14736 10371 
323.1 14758 10330 
3254 14777 10287 
3276 14800 10252 
3295 14819 10216 
3310 14835 10171 
3325 1~849 10140 
3340 14863 10104 
3358 14882 10081 
3377 14900 10051 
3391 14915 10018 
3406 14929 9979 
3417 14940 9943 
3439 14963 9921 
.,453 14916 9890 
3464 14987 9861 
3482 15005 9838 
3496 15021 9815 
3507 15030 9788 
3521 15045 9765 
3532 15055 9738 
3546 15069 9124 
3557 15080 9703 
3571 15094 9680 
3581 15105 %61 
3592 15115 9640 
360:: 15125 9617 
3612 15136 9594 
3626 15150 9575 
3633 15156 9556 
3643 15167 9531 
3653 15177 9509 
3656 15180 9482 
3670 15195 9464 
3680 15204 9440 
3687 15210 9·116 
3697 15220 9401 
3703 15227 9378 
3710 15233 9357 
3716 15239 9337 
3719 15242 9316 
3729 15252 9301 
3735 15260 9285 
3738 15261 9266 
3748 15271 9255 
3750 15274 9236 
3753 15216 9224 
3759 15283 9212 
3762 15285 9200 

.,'I/d' 

1,(oS, 
\.675 
1,6~ 

1,713 
1,730 
1.749 
~.765 
, 782 
;,797 
1813 
1,828 
1.843 
1.858 
1873 
1.886 
1898 
1.912 
1925 
1939 
1952 
1964 
19711 
1987 
1999 
2012 
2,023 
2036 
2047 
2061 
2,073 
2083 
2,096 
2.107 
2.117 
2 l2S 
2 ll8 
214R 
1:157 
;! 169 
~, 178 

J. \88 
2. 198 
2208 
2219 
2227 
2.238 
2,248 
2255 
2267 
2278 
2.287 
J 296 
1305 
, 314 
:: 322 
2329);" . 
2.338 ' i" 

2,346 
2.352 
2361 
2367 

N 
2.379 

-
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I, 
.~ ~".., I::lIb:W.c 

)U:I,II;, ~ lot H,i f II{ .oW '-"1 
,'10.' (JIG!) 11l'Ifl (c>ft 

11 "/11 'n Ib 6107 ~11 
1180 7534 6126 5397 
11,90 75,9 6145 537S 
12.00 7551 6161 5359 
12JO 7556 6186 5337 
1220 7568 6207 5317 
1230 75RO 6230 5294 
l2AO 7585 6251 5273 
1250 7590 6268 5255 
1260 7609 6287 5237 
12.70 7621 fi306 5218 
1280 71;26 6323 5200 
12,90 7645 6341 5183 
13,00 7657 6355 5169 
1310 7668 6369 5155 
1320 7687 6382 5142 
1330 7699 6395 5129 
13.40 7710 6405 5118 
13,50 7722 6416 51O~ 
1360 7733 6423 5101 
13 70 7744 6431 5092 
13 .. 80 7749 643& 5085 
1390 7760 6447 5076 
1400 7778 6456 5068 
14,10 7783 6465 5058 
1420 7787 6473 5050 
1430 7798 6499 5025 

• 14,40 7lI02 6514 5010 
1450 7813 &516 5007 
14,60 7824 6516 5007 
14}0 7829 MIS 5006 
14 80 7833 6525 4999 
14,90 7843 6529 4995 
1500 7647 6536 4987 
1510 785K 0543 4980 
1520 76S5 6549 4974 
1530 7873 6556 4967 
15,40 7877 6563 4960 
15.50 7880 6569 4954 
1560 78B4 6560 4964 
15,70 7895 6567 4957 
IHO 7lI92 6573 4951 
15\10 7895 6574 4950 
1600 7899 6586 4938 
1610 7909 6597 4926 
1620 7906 6606 4918 
16JO 7917 6610 4913 
16AO 7920 6616 4907 
1650 7924 6622 4902 
1660 7920 6627 4897 
1670 7924 6631 4892 
16,80 7927 6638 4885 
1690 7931 6641 4883 
1700 7934 6645 4878 
1710 7944 6652 4871 
1720 7947 6661 48t'i~ 
1730 7950 6668 4856 
1740 7960 6670 4854 
1750 7977 6676 4848 
1760 7973 6677 4848 
1770 7976 6679 4844 

• 1780 7979 6680 4843 
1790 7989 6678 4845 
1800 7999 6677 4841 

) 

I'~~~ q I' 
crl ("\'<1lp>1 Iotl;.;,3Il:! 

11010 (prl) (j)>t1 

!2953 n~ ,,;['" 
12931 3767 152'10 
12917 3770 15293 
12911 3776 15299 
12893 3778 15302 
12886 3784 15309 
12874 3790 15314 
12858 3793 15316 
12846 3795 15319 
12846 3805 15328 
12839 3811 15334 
12826 3813 15336 
12627 3822 15346 
12825 3828 15352 
12823 3834 153.'iH 
12829 3844 15367 
i2827 3849 15373 
12828 3855 15378 
12829 3861 15384 
12834 3867 15390 
12837 3872 15396 
12834 3875 15398 
12836 3880 15403 
12846 3889 15413 
12841 3891 15415 
11837 ,1894 15417 
12823 3899 15423 
12813 3901 15426 
i2820 3907 15430 
11R31 3912 15436 
12834 3914 15438 
12831 3916 15440 
12839 3922 15446 
12R34 3924 15447 
12838 3929 15453 
12829 3928 15451 
12840 3936 15460 
12837 3938 15462 
12835 3940 15464 
1284~ 3942 15466 
128S1 3947 15471 
12842 3946 15469 
12845 3948 15471 
12837 3950 15473 
12836 3955 15478 
12824 3953 15477 
12830 3958 15482 
12828 3960 15484 
12825 3962 15485 
12817 3960 15484 
12816 3962 15485 
12812 3964 15487 
12813 3965 15489 
12812 3967 15490 
12815 3972 15495 
I7.RIO iq74 15497 
12806 3975 15499 
121114 3980 15504 
12824 3988 15512 
12821 3987 15511 
12820 3988 15512 
12822 3990 15513 
12834 3995 15518 
12845 3999 15523 

'" (dl~lr.: 
41"_11 

9!?,' 
9164 
9148 
9135 
9115 
9101 
9084 
9066 
9050 
9041 
9028 
9013 
9005 
8997 
8989 
8985 
8978 
8973 
8968 
8967 
8965 
8960 
8956 
8957 
8950 
8944 
8924 
8912 
8914 
8919 
8920 
8915 
8917 
8911 
8909 
8902 
8904 
8898 
8894 
8906 
8904 
SS97 
8897 
8887 
8881 
8871 
8872 
8868 
8363 
8357 
8854 
8849 
8848 
8845 
8843 
8836 
8831 
8834 
8&36 
8834 
8832 
8833 
8840 
8846 

Iflf(('j 

1191 
2396 
2,402 
2,409 
2,416 
2.423 
2.432 
2,439 
2,444 
2A53 
2461 
2,466 
2475 
2481 
2,488 
1,495 
2.501 
2,506 
2512 
2,516 
2521 
2524 
2.529 
2535 
2539 
2,542 
2552 
2.557 
2.561 
2563 
2564 
2567 
2570 
2.574 
2.578 
2.579 
2.585 
2.,588 
2591 
2.588 
2593 
2594 
2.595 
2.600 
2606 
2,608 
2611 
2614 
2,617 
2617 rV 2;620 
2623 
2.624 
2626 
2,631 
2,634 Anv 06 2018 
~IiF 6il1i/ ( 
2645 (jii, 
264S 
2.647 
2648 
2649 
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\U!Ai1 I " (0'1-<r3) r~ ,,"'1 .tJJ <it 

(~.;.) jl'5O 'ilJ'" (""i\ fl)I!I) 

.I~ III i(.U-: 611111 1354 I ~ll' 
18.20 8005 6665 4ti5~ 1286) 
1830 8001 6659 4864 12865 
1840 III 10 6657 4866 12877 
1850 11120 6651 4872 12892 
1860 8)36 6650 4873 12909 
18,70 H039 6648 4876 12914 
18.80 11141 6644 4879 12921 
18.90 1Kl50 6638 4886 12937 
1900 8)60 6637 4886 12946 
19.10 8J49 6635 4889 12938 
1920 IllSS 66]1 4892 12950 
19.30 11)61 0624 4899 12960 
1940 11170 6621 4902 12971 
1950 11166 6616 4907 12973 
1960 $)68 6616 4909 12977 
19,70 11177 6610 4913 12990 
1980 11180 6610 4913 12993 
1990 D8 6606 4918 13006 
2000 8J84 6594 4930 13014 

• 

• 

~ I' 
'crl '-G'3)Q (crl~lWl 

Ip<~ {~n 

4001 15524 
4002 15526 
4001 ISS24 
400S 15529 
4010 IS~]] 

4U18 15541 
4019 15543 
4021 15544 
4025 15550 
4030 15553 
4025 15548 
4029 1SSS3 
4030 15554 
4035 US57 
4033 15556 
4034 15559 
4039 15562 
4040 15563 
4044 15568 
4042 15~66 

",. 
(0'1...,.3)12 

u,s1) 

S8~ 
8861 
8865 
8872 
3882 
XS91 
8895 
8900 
8912 
8916 
8m 
8921 
8930 
8931 
8940 I 
8943 
8952 
8953 
8962 
8912 

cr I!"'~ 

:' o;l~ 

2,648 
2.645 
2.646 
2.646 
2649 
2,649 
2,648 
2.648 
2,649 
2,647 
2.647 
2.645 
2.646 
2.644 
2.644 
2644 
2.644 
2645 
2.640 

INCCR~~T11P 2018 
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• 

Isotropicalty Consolidated Undrained with Pore Pressure (CIDIPP) 
Project Name: Taylor Geo-Engineering 

Project Number: MOO991-001 
Sample: SP-16-13 

Comments: Samples were compacted to 90% of ASTM D698 at 
OMC. 

Test Number SI S1 S3 
Height, H (in) 5.87 5.82 5.66 

Diameter. D (in) 2.42 2.42 2.42 
(ij 

.... Moisture Content, w (%) 16.9 16.9 16.9 
Dry Unit Weight. yd (pef) c 99.9 99.8 99.S - Saturation(%) 66.4 66.3 66.2 

Void Ratio, e 0.69 0.69 0.69 
... Moisture Content, w (%) 20.6 19.3 19.0 <U 
I1J 

Dry Unit Weight. yd (pet) 107.l 109.5 110.0 ..c en 
~ Saturation (%) 100.0 100.0 100.0 

t.E Void Ratio, e 0.56 0.52 0.51 I1J 
co B 0.96 0.95 0.96 

Back pressure (cst) 7343 .3 8207.6 4751.5 
Strain rate (o/o/min) 0.033 0.033 0.033 

Time to Failure (min) 606.1 606.1 606.1 
Strain at Fai lure, ef(%) 20.00 20.00 20.00 

rJ) 

0'3 (osi) 2880 5759 11524 '" 1:! 
+-' 0'1-0'3 (psf) 2443 4466 8909 en 
<I: 0' 1 (pst) 5323 10225 20432 
~ q - (0'1-0'3)/2 (pst) 1222 2233 4454 

P (O'L+O'j)l.l.lpst) 4101 7992 15978 
U (osi) 1783 3649 7116 

'" 0" 3 (pst) 1097 2109 4407 
III 

~ 0" 1-0"3 (pst) 2443 4466 8909 
en 

cr'l (pst) 3541 6576 13316 QJ 

.:d q = (O"I-cr'3)/2 (ps£) 1222 2233 4454 u 

~ p' = (cr'l +0"3)/2 (pst) 2319 4343 8862 
i.LJ a'1/cr'3 3.23 3.12 3.02 

A - U/(0'1-cr3) 0.730 0.817 0.799 
Estimated Soecific Uravit't 2.70 

lJ ~ lJ Plastic Limit (%) 16 
liquid Limit (%) 31 

Plasticity Index C%) 15 

TotaJ 
Summary of Strength Paramaters Stress 

c(pst) 84 
~ (deg) 15.9 

tan ~ 0.284 

• Saturation set to 100% for phase calculations 

Tested by: 

ES 

lJ 
Effective 

Stress 

94 Cb.> 
29.6 

0.568 , 

11r 

t .• 

AT 

NOV 06 2018 

O R?ORATED . 

OCT 1 5 2009 
Z \PR.OJECTS\M00991_ Td)' IoUJcc·~ngineeojng\OO 1\{OTXCUl vl_Sl--1 6-1) 1C1.I]Swnll'W}' 
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• 

Isotropicllily Consolidated Undrained witb Pore Pressure (cruIPP) 
Project Name: Taylor Geo-Eogineering 

Project Number: M00991-001 
Sample: SP-16-13 

Comments: 

Summary of Strength Paramaters 

c (PSi) 
IjI (deg) 

tan, 

10000 10000 
SIJQI} 

9000 9000 

8000 c 8000 
e-

el> 7000 c.. 
'-' 
~ 

b 6000 
",-

III 
III 5000 ... -til ... 

4000 0 
~ '> 3000 Q) 

0 

VI c.. 

( 
'-' 7000 ::s 
0 

6000 .. 
::s 
'" Vl e 5000 

I 
c.. 
Q) ... 4000 0 
c.. 
'" III 3000 III 
0 

:WOO 
~ 

:...l 2000 

1000 

Ll a 1--' I" : II ! - ---r-- I r · 

1000 

0 
0 5 10 15 20 0 5 

GES 

Total Effective 
Stress Stress 

84 94 
15.9 29.6 

0.284 0.568 

7Il b 

]6~ll 

~ 

J7U 
-e 

10 15 20 
Axial strain (%) Axial strain (%) 

6000 
e-

el> .,e. 
CT 

~4000 

IJ 

o 2000 4000 6000 8000 10000 
Normal stress, <Tn / p' (psi) 

]2000 

He 
NOV 06 2018 

iv of 011. 

l" 'C"';:>':)(-' R ~.,..t:D 14000 U , . , ~, t -" "-
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rtnjf'" Name: Taylor C.eo-EngiD..,ri~ 
Proj ••• NlIl'Aber: MC0991-001 

Sample: SP-16-13 
Comments: S.mplu were comp.dod to 90% of ASTM D698 .t 

T tJl ;';ullIbcr: SI 

Z:\l'ROJ ECfSlMOO99 I 1 ~'!,1f ~.~l-b:~'~~'.11 IJI.H .j(iTXn,l3vl SP-I6-ll <!~, I 

"'~w Qa l\'fltmt ttllX'l'J'~ 1-11 .. " .... ~ 
~11 . 1 . (0'1-<13) prcs~. \u Ii! 0' 1 (1)1~'h . 

'·.1 1.1'S1I Ip'il~ {(nil (~) .~ 

0 00 -01 I) ;lS19 lJI7 1 -2 
0.02 55 21 2857 2912 27 
004 55 23 2855 2910 27 
006 S9 25 28~ 2913 29 
0.0& 63 27 2853 2916 32 
010 63 28 2850 2913 31 
0,20 71 35 2843 2914 35 
0)0 302 116 2761 3064 151 
0 .40 811 424 2A55 3265 405 
050 1003 61 g 2260 326J 501 
060 1123 763 2110 3233 562 
070 1206 891 1987 3193 603 
U KO 1279 994 1884 3164 640 
0.90 13)6 1079 1800 3136 668 
100 1385 1154 1725 3110 692 
I 10 1425 1217 1561 3085 712 
120 1456 1273 IW5 3062 n8 
130 1484 1321 1557 3041 742 
140 1507 1366 1S13 3020 75) 
I sO lH4 1405 an )007 767 
1.60 1553 1441 1438 2991 776 
170 1571 1473 1405 2977 786 
180 1586 1505 1374 2960 793 
190 1600 1533 1345 2946 800 
200 1615 1559 1320 1935 808 
2JO 1629 158/ 1297 2927 815 
220 1644 1605 1274 2918 822 
23U 1658 1624 1255 2914 829 
2.40 1669 1643 1235 1904 834 
250 1679 1661 1218 2897 839 
260 1693 1677 1201 2895 847 
VO 1699 1694 1185 2884 850 
280 1713 1709 1' 71 2884 857 
2_90 1724 1722 1';57 2881 862 
300 1730 1735 1144 1874 865 
3 .10 1736 1746 I J32 2868 868 
3.20 1742 1758 1121 2862 871 
330 1748 1767 1112 2860 874 
340 1754 1778 1101 2854 877 
330 1759 1787 1(191 2851 880 
360 1765 1797 1082 2847 883 
JiO 1771 1805 1074 2845 886 
JaO 1773 I~ 11 1067 2840 887 
390 1779 1~20 1060 2839 889 
400 1781 1827 1053 2833 R90 
410 1183 1834 1044 2827 891 
420 1788 1839 1040 2828 894 
430 1790 1846 1033 2823 895 
440 1796 1852 1e27 2R23 898 
450 1802 1858 IG21 2823 901 
4.60 1803 1863 IGl~ 28l!1 902 
470 1805 1868 1012 2817 903 
480 1811 1874 1006 2817 905 
490 1817 1879 1000 2817 908 
500 IRIS 1882 996 28]5 909 
510 1824 IS87 992 2816 912 
:\20 1830 1893 986 2816 915 

P P 
inl '-- ("'1 II< ..'1/0.\ 

!!'In Il>"n 

Zl'11 :sn 1.001 
2906 2885 1.019 
2906 2883 1.019 
2908 2883 1021 
2911 2884 1.022 
2910 2882 1,022 
2914 2879 1,025 
3028 2913 1109 
3284 2860 1330 
3380 2762 1A44 
3440 2672 U32 
~4RI 2590 1.607 
3518 2524 1.679 
3547 2468 1742 
3571 2417 1803 
3590 2373 1.858 
3607 2334 1.901 
3620 2299 1.953 
3632 2266 L996 
3643 2240 2041 
3655 2214 2080 
3664 2191 2118 
3672 2167 2.155 
3679 2146 2.190 
3686 2127 2224 
3693 2112 2256 
3701 10~1i 2290 
3709 2084 2.321 
3713 207U 2351 
3718 2057 2.379 
3725 2048 2409 
3728 2035 2.434 
3737 2028 2.463 
)740 2019 2 .. 490 
3743 2009 2.512 
3746 2000 2.533 
3749 1991 2 SS4 
3753 1986 2.571 
3755 1977 2.593 
3758 1971 2612 
3761 1965 2.632 
3764 1959 2650 
3766 1953 2662 
3769 1949 2679 
3770 1943 2.692 
3770 1936 2.7([/ f 
37i3 1934 2.7~O , 
3774 1928 2.733 
377fl 1925 2749 
3779 1922 2765 

~I 3780 1917 2776 
3782 191~ 2784 

ov 06 2018 
3785 1!>1I r t·8OO 
3787 1908 J ;2' P ) 
3788 1906 2825 
3791 1904 '2 839 
3793 190/ i- " C' ?OHATED 

OCT 1 5 2009 
3/14 
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,"" ul <:1<1 <~pa'" fJJe&.t Erte<; •• "" q p 
(lf l ~ ~Z llI'J.ln K 4'11-<1ll vr~ , " 11 a"J crl ~",I-"lY~ (011t<tl~ ... 1 ..... 3 

'·'1 (P"I) leNl tp.n (l>il) (il\Ifl (psfJ 11"11) 

S30 I :n~ 1&97 ')S) 1118 9Ul J""! l'lt» l W 
540 1841 1&97 981 2822 921 3799 1902 2876 
550 1847 1900 979 2826 923 3802 1902 2,,887 
560 lH52 1903 975 2828 926 3805 1902 2.399 
570 1862 1908 971 28J3 931 3810 1902 2.918 
580 1867 1911 968 2836 934 3813 1902 2929 
590 1873 1914 965 2838 937 3815 1901 2.941 
600 1879 1917 962 2MI 939 3819 1902 2952 
6\0 1888 1918 960 2848 944 3823 1904 2.961 
620 1898 1922 958 2855 949 3828 1907 2981 
630 1903 192J 955 2859 952 3830 1907 2.992 
6,40 1905 1927 952 2857 952 3831 1904 3001 
650 1910 1929 951 2861 955 3835 1906 3009 
6.60 1919 1931 947 2867 960 3838 1907 3026 
6.10 1925 1932 946 2871 962 3841 1909 3 .035 
680 1926 1934 945 2871 963 3842 1908 3039 
6.90 1932 1935 944 2R71i 966 3844 1910 3 .. 047 
7.00 1937 1936 943 2880 969 3847 1911 3.055 
7.10 1942 1938 941 2884 971 3851 1913 3063 
720 1944 1938 940 2884 972 3851 1912 3.068 
131) 1945 1938 910 2886 973 3851 1913 3069 
HU 1951 1940 939 2890 975 3854 1914 3077 
7.50 1952 1941 938 2890 976 3855 1914 3,OB I 
760 1957 1943 937 2894 979 3858 1915 3090 
7.70 1959 1942 937 2896 979 3858 1916 3091 
780 1960 1941 938 2898 980 3859 1918 1090 
790 1965 1940 939 2905 983 3861 1922 3093 
800 1911 1940 '139 2910 985 3864 1924 3099 
8.10 1972 1938 940 2912 986 3865 1926 3.Q97 
& 20 1Y77 1938 940 2918 989 3867 1929 3, 103 
00 1982 1937 941 2924 991 3870 1933 I 3.1 06 
8,40 1992 1938 940 2932 996 3874 1936 3.118 
8.50 1997 1937 941 2938 998 3877 1940 I 3) 21 
860 2002 1938 940 2942 1001 3879 1941 3129 
8]0 2011 1937 941 2952 1005 3884 1947 I 3136 
880 2012 1937 941 2954 1006 3885 1947 3137 
890 2017 1938 940 2957 1009 3887 1949 3146 
9.00 2022 1938 940 2963 1011 3890 1951 3151 
910 2027 1940 940 2968 1014 3893 1954 3 156 
920 2032 1935 944 2976 1016 3895 1960 3.154 
930 2038 1932 945 2982 1019 3896 1964 3156 
9.40 2046 1930 947 2994 1023 3901 1970 3160 
950 2051 1934 94$ 2996 1026 3904 1971 3.171 
960 2056 1936 943 2999 1028 3907 1971 3 182 
970 2065 1937 941 3007 1033 3911 1974 3.194 
980 1070 1938 940 3010 1035 3914 1975 3202 
990 2071 1940 939 3010 1036 3914 1975 31~ ' ''''' J 10.00 2080 1941 933 3018 1040 3918 1978 3 l~ 'i 
1010 2085 1942 937 3022 1042 3921 1979 3226 
1U2U 2090 19~3 937 3026 1045 3925 1982 323 I 
10,30 2091 1943 936 3026 1045 3924 1981 3,235 

~n 10,40 2099 1944 934 3034 1050 3928 1984 3247 
1050 2100 1944 9:14 3035 1050 3929 1985 3248 

v 06 2018 
1060 2105 1944 936 3041 1053 3932 1988 3250 
10 70 2106 1944 936 3042 1053 3933 1989 D i~f~5t) I )" 
1080 2111 1944 932 3043 1056 3932 198R 3.265 I. 
10.90 2112 lq4:\ 936 3048 1056 3935 1992 , ,258 
11 00 2113 1943 ~3b 3049 1057 3935 IYY2 32j9 
11.10 2118 1943 936 3054 1059 3938 J995 3264 
11.20 2119 1942 937 3056 1060 3938 1996 3262 
1130 2120 1943 937 3057 1060 3940 1997 3.163 
1140 2125 1942 937 3061 1062 3941 1999 1268 
1150 2129 1941 938 3067 1065 3943 2003 3270 
1160 2130 1941 938 3068 1065 3944 2003 3.271 

-....... INCU. i R,n.TED 

OCT L~ 2009 

Div. of Oil, Gas & Mining 



• ""..I n.1 \ l''f' r fQ<:II\ e 1·" «ln'\) Q p II' 
3'11'll'1. t 4n I-<T~ 1 l'n:.:. \lJ Q .,.1 (i:JI-.dl'2 f" I ""'l~'2 (o'I~'3)/2 40'1 :,,'3 
,'.1 IfI'~- il'tll Irw/) tptfl (p.i) ipsl'! Ip!<fi 

11 :VJ 2lJS 1940 9-10 3075 Jro.~ WI, 2008 J171 
1180 1140 1938 940 3080 1010 3948 2010 3,276 
11 ,90 2144 1933 940 3085 1012 3951 2012 3,281 
11 .0U 2(.19 1937 941 3090 1074 3953 2016 3.283 
12.10 2153 1931 943 3096 1017 3956 2019 3285 
1220 2158 1936 943 3101 1079 3958 2022 3290 
1230 21 63 193~ 944 3106 1081 3960 2025 3.292 
1240 2167 1934 945 J112 IOfi4 3962 2029 3.294 
1250 2172 1932 946 3118 1086 3964 2032 3196 
1260 2176 1932 946 3122 1088 3967 2034 3300 
1270 21KI 193. 947 3128 1090 3970 2038 3,302 
IUO 21H2 1929 950 3131 IO<JI 3969 2040 3297 
1290 2186 1929 950 3136 J093 3972 1043 3,302 
13 ,00 2194 1928 951 31015 1097 3976 2048 3308 
1310 2199 1925 953 3152 1099 3978 2053 3,307 
13 20 2207 1925 95<1 3161 1103 3983 2058 3.3\3 
IJ 30 221 I 1923 955 3167 1106 3984 2061 3314 
13.40 2216 1922 957 3172 1108 3986 2064 3316 
1350 2220 1920 959 3119 1110 ]~K9 2069 3.315 
13.60 2224 1918 960 3185 1112 3991 2072 3,317 
1J,70 2229 1917 961 3190 1114 3993 2076 3,318 
1380 2233 1915 964 3197 1117 3995 2080 3,317 
13.90 2237 1914 965 3202 1119 3997 2084 3.319 
14,00 2242 1~11 961 3209 1121 3999 2088 3.31~ 
1410 2242 1910 968 : 3211 1121 4000 2090 3316 
1420 2247 1909 969 3216 1123 4002 2093 3.317 
1430 2247 1907 973 3220 lIH 4003 2097 3,310 

• 1440 2251 1911 968 3220 l126 4006 2094 3325 
1450 2252 1909 969 3222 1126 4005 20% 3323 
1460 2256 1907 973 3229 IlZS 4008 2101 3319 
1470 2257 1896 982 3239 1129 4007 2111 3297 
1480 2258 189~ 9XS 3242 1129 4007 2114 3293 
1490 2254 1892 9&7 3242 1127 4006 2114 321!4 
15,00 2262 188? 989 3252 1131 4010 2121 3286 
15,10 2263 1886 993 3256 1131 4010 2124 3279 
1520 2263 1884 995 3259 1132 401 I 2127 3.274 
1530 2264 1882 996 3260 1112 401\ 2128 3.272 
1540 2272 IR~ I YY9 3270 1136 4016 21J5 3.274 
1550 2276 1879 1000 3276 1138 4016 2138 3276 
1560 22K3 IS77 1002 )286 1142 4021 2144 J 17K 
1570 2287 1875 1004 3291 1144 4022 2147 3280 
1580 2291 1874 1005 3296 1146 4024 2150 3281 
1590 2296 1870 1008 3304 1148 4026 2156 3277 
1600 2300 1870 1008 3308 1150 4028 215R 3281 
1610 2300 1868 1012 3312 1150 4030 2162 3273 
1620 2304 1865 1014 3318 1152 4031 2166 3272 
1630 2304 186.1 lUIS 3320 1152 4031 2167 3,270 
16.40 2JOS Ub~ 1016 3325 1154 4033 2171 n71 
16.50 2316 1861 lOIS 3333 1158 4036 2175 J 276 1" CO 1660 2320 IS60 1019 3338 1160 4038 2179 3277 
16.70 2324 1859 1021 3345 1162 4042 2183 3276 
16,80 232S 1856 1022 1l,O 1164 4042 2186 3277 
1690 2335 1854 1025 H59 1167 4046 2192 3.279 
17 00 2342 1852 1028 3370 1171 4051 2199 3278 Nn 
17.10 2350 1851 1028 3378 1175 4053 2203 3.285 
17.20 2353 1854 1026 3379 1177 4056 2202 3294 
1730 2357 1851 1028 3385 1179 4057 2207 ~ )ll 

(J 01 17 .40 2357 1846 1034 3391 1179 4058 2213 3280' 
1750 2365 18~ I 1039 3403 1182 4062 2221 3,277 
1760 2365 1836 1042 3407 IIH3 401'i1 2225 3269 
17.70 2369 1834 1044 3413 1184 4053 2229 3.268 
1780 2372 1831 1049 3422 1186 4066 2235 3261 
1790 2373 1826 1053 3425 1186 4065 2239 32S4 
18.00 2373 1819 1060 3433 1187 4065 2246 r ill J PO • c R/'ITED 

OCT 1 5 2009 
5/14 
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• AmI .,., 
,\~ 1:J1m1\e 

.tmtn, (cr1-'o1) JIf= . .}u ~J 
~M Ipst) (!>SO (!loJ) 

18. (. !.!lIC 1814 It;-.I 
1820 2377 1808 1070 
1830 2377 1804 1075 
1840 2381 1802 1076 
18.50 2384 1800 107R 
1860 2188 1799 IOHO 
1VO 2395 1797 1082 
1880 2398 1794 1084 
18.90 2405 1793 1087 
19.00 2406 1793 108S 
1910 2412 1792 1081 
19.20 2416 1791 1088 
1930 2419 1788 1090 
19,40 2423 1787 1091 
1950 2426 1786 1093 
1960 2426 1784 1095 
1970 2433 1783 1096 
1980 2433 1783 1096 
19.90 2437 1786 109) 
2000 2443' 1783 1097 

• 

• 

Ur.'d.,·. ~ i<t l!;.' r. I t"I ....... ])'~ 
Ipn) ij!tifl \~f) 

J~-I-l II 'IU ~\.~j 

3447 1188 4067 
3452 1189 4067 
3457 119U 4069 
3463 1192 ·i071 
3467 1194 4072 
1477 \197 4076 
1483 1199 4078 
3492 1203 4082 
3491 1203 4081 
3499 1206 4085 
3504 1208 4087 
3510 1210 4088 
3j14 1212 4090 
3519 1213 4092 
3521 121J 4092 
3529 1217 4095 
3529 1217 4095 
3S29 1218 4097 
3S41 1222 4101 

II' 
lo'l""l)1l 

t~O 

"!54 
2259 
2263 
2266 
2271 
2274 
2279 
2284 
2289 
2288 
2293 
1296 
2300 
2303 
2306 
2308 
2313 
2313 
23Il 
2319 

dll<1'3 

1 ~ 
3221 
3211 
3.212 
3211 
1212 
3)14 
3.212 
3.214 
3216 
3220 
3.221 
3.219 
3220 
3221 
3216 
1220 
3220 
3230 
3.227 

INCORPORATED 

OCT 16,!j42009 
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• 
) 

ProJ!~1 Name: Taylor Gfo.t:Bgineering 
!'roject Numb«: M00991·1I01 

Sample: SP-16-13 
C""' ... nts: Sum pies were compacted to 90% of ASTM D698 ., 

Tu' N .. mMr: S2 

Z:IPROJECfSIM00991 r" ,. ~" '1COl-CI',t1l IrCfln,",UIII(1I1 XCl]3vl SI'·16-13 xis*"1 
o\f.~' .m .\ p. . .. Ul.a.w~ ~JR"I"". q 

\ I!')'" 1/ (aHr3) <, I Ij)J ., n' l ("I-.. ll,2 
I ~ ') ' IPIlI} <1"1'(\ f~l 111',0 (Cdfl 

1I 1~1 -s 0 51.'1 ' 5153 -3 
002 4 23 5736 5740 2 
004 4 39 5720 5724 2 
006 -I 32 5707 5706 0 
0,08 3 63 5695 5699 2 
010 3 74 56R,' 5688 2 
020 -2 115 5644 5642 -\ 
030 ·2 146 5613 5611 -I 
0.40 -3 169 5591 5589 ·1 
0 ,50 -3 ISS 5574 5571 ·1 
0.60 3 203 5556 5553 -2 
0.10 -4 218 5541 5537 -2 
0,80 -4 233 5526 5521 -2 
090 -5 248 5512 5507 ·2 
I UO -5 261 5499 5494 .) 

I 10 -6 275 5485 5479 ·3 
1,20 -2 286 5474 5472 ·1 
130 11¢~ 702 5057 6205 574 
1.40 1593 1068 4691 6184 797 
150 1847 1350 4408 6255 923 
160 203D 1593 4166 6196 1015 
170 2171 1801 3957 6128 1085 
180 22~3 1992 3767 6060 1147 
190 2390 2154 3605 5995 1195 
200 247} 2293 3466 5938 1237 
2.10 2547 2414 3345 5892 1274 
220 2613 2524 3236 5849 1307 
2,30 2666 2614 )14.~ 5811 1333 
240 2718 2697 3U~ I 5799 1359 
250 2767 2776 2983 5750 1383 
260 2&11 2850 2909 5720 1405 
270 2854 29]<1 2845 5699 1427 
280 2890 2974 2785 51>75 1445 
290 2925 3030 2729 5653 1462 
300 2955 3081 2679 5634 1478 
3.10 2982 31 Z5 2634 5616 1491 
320 3003 3167 2592 5600 1504 
3.30 3038 3206 2553 5592 1519 
340 3056 3249 2510 5566 1528 
J 50 3078 3285 24;4 5551 1539 
3,1>0 3100 H18 2442 5542 15SO 
370 JI13 3351 2408 5521 1557 
J,RO 3122 33~O 2380 5502 1561 
3.90 314~ 3407 2352 5-195 1572 
4,UO 3153 3428 2331 5483 1576 
4 10 3170 3452 2307 5477 1585 
420 3183 3476 2283 5466 1592 
430 3196 ]500 2259 5456 1598 
4.40 3214 3518 2240 5454 1607 
450 3227 3541 221R 5445 1613 
460 3244 3560 2199 5443 1622 
470 3251 3579 2181 5442 1630 
480 3278 3597 2163 5141 1639 
490 3287 3615 2143 5430 1643 
500 33~4 3631 2128 54~2 1652 
5 10 3316 3646 2113 5429 1658 
520 3329 3656 2102 5431 1665 

" (aP ITW';! 
U,·n 

51SS 
5762 
5760 
5758 
5760 
5760 
5758 
5759 
5759 
5757 
5757 
5757 
5757 
5757 
5757 
5757 
5759 
6333 
6555 
6682 
6n4 
6H44 
6905 
6954 
6995 
7032 
7066 
709~ 

713~ 

7142 
7164 
7186 
7203 
7221 
7237 
7250 
7263 
7278 
7287 
7298 
7310 
7315 
7321 
7331 
7335 
7344 
7350 
7357 
7365 
7372 
7382 
7390 
7399 
7402 
7411 
7417 
7423 

P 
[f1"hnV.l 

iJ'Sl) 

1j~S 

5738 
S12~ 

5707 
5697 
56R7 
5643 
5612 
5590 
5572 
5554 
5539 
5524 
5509 
5496 
5482 
5473 
5631 
5487 
5332 
5181 
5043 
4913 
4800 
4702 
4619 
4543 
4478 
4440 
4366 
4~15 
4272 
4230 
4191 
4156 
4125 
4096 
4071 
4038 
4012 
3992 
3964 
3941 
]924 
3907 
J892 
38;4 
3857 
3847 
J83 I 
3821 
3~11 

3802 
3787 
3780 
3771 
3767 

., Ud1 

1001 
1001 
1.001 
! 000 
t OOl 
1.001 
LOOO 
~ ,OOO 

l Ooo 
1,001 
1.001 
1001 
1.001 
1,001 
1.001 
1.001 
1000 
1227 
1340 
1.419 
1.487 
l.S48 
1,609 
Inn:; 
1714 
t.762 
1,&08 
1.848 
[,882 
[.928 
1.966 
2 .003 
2.038 
2072 
2 ,103 
2.132 
2161 
2.190 
2218 
2.244 
2269 
2,293 
~ 312 
l,337 
~ J53 r :l 374 
2395 
2415 
2.434 
1.455 
2475 
H95 

MirV 06 2018 
2 5;15 

l' 253'3' 
2552 
2.570 
2 584 

INconp071ATED 

OCT 1 5 iO'dg 

Di .... , 01 Oil , Gas & Mining 



• ~' Ll I ~~ A:Nlfl! L11a.i)tJK;" "'"X'''''''' ,ndn. (<lh1;l, P'~""'. ,\11 a'1 n' l 
('II \1,.1) (l>~) \Jl';f') h~t) 

$3.) nib J6CiR lllJ I 5437 
540 3355 3685 2074 5429 
5,50 3363 3696 2062 5426 
560 3376 3709 2050 5425 
5.70 3392 3721 2038 5430 
5.80 3405 3731 2027 5432 
590 3422 3741 2018 5440 
600 3434 3750 2009 544] 
6.10 3451 3761 1998 ~449 
620 3463 3764 1995 54Sg 
630 3480 3771 1988 5467 
640 J492 3779 1979 5471 
6.50 3500 3789 1970 5470 
6611 3512 3798 1962 5474 
670 3529 3806 1952 5481 
6.80 3537 3H12 1948 5484 
6.90 3545 3819 1939 5484 
700 3549 3825 1934 5482 
7JO 3557 3831 1928 5485 
7,20 3565 1lWl 1916 54&1 
730 3573 3854 1904 5477 
UU 3573 3856 1903 I 5476 
750 3581 3858 1901 5481 
760 3584 3857 1902 5~86 
UO 360D 3854 1904 5505 
780 3604 3854 1904 5509 
7 .. 90 3616 3851 1908 5524 

) • 800 3624 3842 1917 5541 
R.l0 3640 3834 19.24 5564 
820 30<14 3832 1927 5570 
830 3655 3837 1922 5577 
840 3667 3842 1917 5584 
8,,0 3679 3850 191~ 5589 
860 3694- 3857 1902 5596 
8.70 3706 3863 1896 5602 
UO 3713 3X6K I 1890 5604 
8.90 3725 3874 18&4 5609 
9.00 3729 3879 I 1880 5608 
9.10 3740 3885 1874 5614 
920 .1748 3888 1870 5618 
930 3759 3893 1866 5625 
HO 3774- 3898 1862 5636 
950 3786 3901 1859 5644 
9.60 3797 3905 1854 5651 
9,70 3808 3908 1850 5659 
9,80 3816 3911 1848 5664 
990 3831 3913 1&47 5678 
10.00 3838 3914 1845 5683 
1010 3845 391~ 1843 5689 
JU2U 3852 3918 1841 5693 
1030 3856 3918 1841 5697 
10AO 3863 3919 1841 5704 
1050 3870 3921 1839 5708 
1060 3877 3921 1838 5714 
1070 3880 3922 1836 5716 
10 .80 3883 3922 1836 .~71Q 

1090 3890 3922 1836 5726 
1100 3893 ]'124 1835 5728 
11 to 3892 3922 1838 5730 
11.20 3899 3922 1838 5737 
1130 3906 3922 1836 5743 
1140 3921 3922 1836 5757 
1150 3924 3921 1838 5761 
1160 3934 3921 1838 5772 • 

'I P 
/., I ely! (!l H'~ ( 

• pili lp'f) 

1613 T~ .r. 

1677 7436 
1682 7440 
1688 7447 
1696 7455 
1703 7461 
1711 7470 
1717 7476 
rn~ 7484 
1732 7490 
1740 70199 
1746 7505 
l750 7509 
1756 7516 
17M 7523 
1768 7528 
1773 7531 
1774 7533 
1779 7537 
1783 7541 
1786 7545 
1786 7545 
1790 7549 
1792 7551 
1800 7559 
1802 7561 
1808 7567 
1812 7571 
1820 7579 
1822 7580 
1828 7586 
1834 7592 
1839 7599 
1841 7606 
1853 7612 
U57 7615 
1863 7621 
1864 7623 
1870 7629 
1874 7632 
1880 7638 
1887 7647 
1893 7653 
1899 7657 
1904 766J 
1908 7666 
1915 7675 
1919 7678 
1923 7682 
1926 7685 
1928 7686 
1931 7691 
1935 7695 
1938 7697 
1940 7699 
1942 7700 
1945 7704 
1947 7705 
1946 7706 
1950 7709 
1953 7712 
1%0 7719 
1962 ml 
1%1 7726 

rf 
I.n' )_ 
IJ')O 

J1~ 
3751 
3744 
3737 
3734 
3730 
3729 
3726 
3723 
3726 
3727 
3725 
3720 
3718 
3717 
3716 
3712 
3708 
3706 
3699 
3691 
3690 
3691 
3694 
3705 
3706 
3716 
3729 
3744 
3748 
3750 
3751 
3750 
3749 
3749 
3747 
3747 
3744 
3744 
3744 
3745 
3749 
3751 
3752 
37.55 
3756 
3762 
3764 
3766 
3767 
3769 
3772 
3774 
3776 
3776 
3778 
3781 
37&2 
3784 
3787 
3789 
3797 
3799 
3805 

.11/,,'1 

l l)lJ[ 

2617 
2631 
2647 
2 ,665 
2680 
2696 
,~ 710 
2.717 
:l.736 
2:751 
p64 
2.777 
2790 
2807 
2816 
2828 
2835 
2.845 
2861 
2876 
2.877 
2.884 
2.885 
2 ,891 
2893 
2 K95 
2.890 
2892 
2.891 
2,902 
2,913 
2,926 
2.942 
2 .955 
2.965 
2977 
2.984 
2.996 
3004 
3.015 
3.027 
3037 
3.048 
3-058 
3.065 
3.074 
3.081 
JQ86 
3 ,092 
3.094 
3.098 
3, 105 
3110 
) ,1 \3 
3,114 
3.118 
3.121 
3.118, 
3.1~2 IV 
3.127 
3135 
J 115 
~ ,I I ~ 

L 

II I I 

RA' 

Nnv 06 2018 
0 , ."" . 1,:'U

j 

. TED 

OCl \ 5 2009 
Sil4 

Div. ot Oil, Gas & Mining 



• ,u,ul ..... \ r'~" r.:JJc-.•• .-tl\~ {';rl,"",1"1t': '1 I' rt 
or.)' «JI-.r3) r-t'<"" .it; 17'1 .1'1 (" . J)': (If 11{t3~2 Id l ~~ n' Ve'J 

(%t II"'/') j~'JI) {I»l) (IDJ) l pol) /p..f) 1p:i1) 

11 111 )94 1 
~~fo I ~G $7'&1 1971 mo }l$11 } l.r:l 

1180 3952 1840 5792 1976 7736 3816 3.148 
,,~ 3959 3919 1840 5799 1979 7738 JK19 3.152 
1200 3969 3918 1841 5810 1985 7743 3816 3.156 
\210 3980 )916 1842 5822 1990 7749 )8)2 3.160 
1220 3990 3915 1843 5834 1995 77~4 3839 3.165 
1230 3q89 3913 1846 5835 1995 77j3 3840 3.161 
1240 4000 3913 1846 5846 2000 1759 3846 3167 
1250 4010 3911 1849 5859 laOS 1765 3854 3,169 
IUoI) 4017 3909 1849 5866 2008 7767 3858 3172 
1270 4023 3907 185] 5876 2012 7172 3864 3 171 
1280 4030 3905 1855 5885 2015 7?iS 3870 3 172 
1290 4040 3904 1855 5895 2020 7779 3875 3,178 
1300 4047 3900 IHS9 590S 2023 7782 3882 3.177 
13 10 4061 3899 1850 5920 2030 7789 3890 3.183 
13 20 4075 3897 1862 5937 2037 7796 3900 3188 
1330 4081 3894 186,; 5946 2041 7799 3905 3.189 
1340 4084 3891 1868 5952 2042 7801 3910 3_186 
1350 4094 3890 1869 5963 2047 7806 3916 3190 
D .60 4104 3886 1873 5976 2052 7811 3925 3.191 
13 .70 4106 3885 1874 59RO 2053 7812 3927 3.191 
I3J~) 4112 3880 1879 5YYl 2056 7815 )93~ ] . 1~9 

13 .90 4119 3~7~ 1880 5998 205Q 7818 393Y 3.191 
1400 4121 3875 1883 6004 2061 7819 3944 3188 
14,10 4127 3873 1887 6014 2064 7823 3950 3.187 
1420 4133 3871 1888 6021 2067 7825 3955 3 189 
1430 4136 3868 1890 6026 2068 78:;7 3958 3188 
14,40 4138 3866 1893 6031 2069 7828 3962 3.186 
14.50 4136 3863 1895 6033 2068 7827 3964 3.182 
1460 4143 3860 1898 6041 2071 7830 3970 3 182 
1470 4145 3859 1900 6044 2072 7831 3972 3 182 
1480 4147 3856 1904 6O~1 2074 7833 3978 3178 
14,90 4157 3852 1907 6063 20n 1837 3985 3,180 
1500 4103 3850 1909 6072 2081 7K40 3990 3.181 
15 JO 4169 3849 19JO 6019 2084 7843 3995 3.182 
1520 4178 3846 1914 6092 2089 7849 4003 3.183 
1530 4188 3843 1916 6104 2094 7853 4010 3.186 
15 ,40 4194 3H40 1918 6112 2097 7856 4015 3.186 
IS 50 ,1203 3838 1921 6124 2102 7860 4022 3.188 
1560 4209 3836 In} 6132 2105 7863 4028 3.189 
15.70 4215 3833 192.1 6141 2107 7867 4034 3,188 
IS 80 4217 3830 1929 6146 2108 7867 4037 3,186 
15 YO 4223 3826 1932 6155 211 I 7870 4044 3_185 
1600 4232 3823 1936 6168 2116 7875 4052 3,186 
15 ,10 4238 3R20 1938 6176 2119 7877 4057 3,186 
16.20 4243 3817 1942 6185 2122 7880 4063 3.185 
16,30 4249 3813 1945 6194 2124 7883 4070 3,184 
16.40 4251 381 0 1949 6200 2125 7884 4074 3,181 
1650 4260 )HUH 1951 6211 2130 7889 40HI 3,183 
16,60 4269 3804 1955 6224 2135 7893 4089 J .184 
16,70 4275 3799 1959 n234 2117 7396 4097 3,182 
16.80 4291 1797 1963 6254 2146 7905 41O~ 3186 I, 
If) <JO 4300 3795 19M 6264 2150 7909 4114 3.1&9 
1700 4306 3791 1968 6273 2153 7911 4120 3 188 
17,10 4311 3788 1971 6282 21 56 7914 4127 3 187 
1720 4316 3782 1977 6293 21 ~8 7917 4135 3,183 
1730 4322 3778 J980 6302 2161 7920 4141 3.182 
1740 4327 3774 1985 6312 2164 7922 4149 3 180 
1750 4)29 3768 J991 6320 2164 7923 4155 1-174 
1760 4334 3763 1996 6330 2167 79:6 4163 i> ,17~ _ 

Nnv 06 2018 

1170 4335 3758 2000 6336 2168 7926 4168 3,167 

• 1780 4337 3754 2006 6343 2169 7928 4175 3,162 
17,90 4342 3750 2009 6351 2J71 7930 4180 3.162 
1800 4344 3745 2013 6357 2172 7931 4185 INQ©~ ' 

;-. 

OCT 1 5 2009 
9/14 

Div. of Oil, Gas & Mining 



) 

• 0\".1 oJ4 .\1><.11" l-Jr~C"f .. "" ... (0'1-0'3) pt~ r :!! ' !)"j 
\ ., tp.;O t~1\ (p.:l 

, jll~ <l3jJ "',11I ld l ~ 

1820 4358 3735 2024 
1830 43c\3 3729 1031 
1840 4J7S 3738 20~1 

1850 43$0 3735 20~4 
1860 4392 3712 2047 
1870 4394 3699 2061 
1880 44()2 3689 2069 
18,90 44()7 3682 1077 
1900 4412 3678 2081 
1910 4420 3672 2087 
1920 4422 3666 2093 
1930 4426 3660 2099 
1940 4431 3656 2102 
1950 44JC> lbS3 2106 
19,60 4441 3648 2110 
1970 4445 3647 2112 
1980 4454 3642 2116 
19,90 4462 3654 ll(k; 
2000 4466 3649 2109 

• 

• 

bnOi:TJ~" q I" 
Q'I !O'I .... J~: 1,, 1, 

ftflf) If.ll.t) (~II) 

6372 2116 'N~ 

6381 2179 7938 
6394 2181 7941 
6396 2188 7947 
6404 2190 7949 
6439 2196 7955 
6455 2197 7957 
6472 2201 7960 
6484 2204 7962 
6493 2206 7965 
6507 2210 7969 
6515 2211 7970 
6525 2213 7972 
6534 2216 7974 
6542 2218 7977 
6551 2220 7979 
6557 2113 7981 
6570 2127 7986 
6568 2231 7991 
6576 2233 7992 

p' 
I •• ,"', ." ',,\,! .p:.r, 

~1 9j 

4203 
4112 
4209 
4214 
4243 
4258 
4271 
4280 
4287 
4297 
4304 
4312 
4318 
4324 
4331 
4334 
4343 
4337 
4343 

a !lit) 

HSb 
3.153 
3.143 
3164 
3.164 
),145 
3.132 
3.127 
3.122 
3-120 
3.118 
3.113 
3109 
3.1 OK 
3.107 
3.104 
3.105 
3.104 
3.1 19 
3118 

NOV 06 2018 

INCORPORATED 

OCl 1 5 2009 
10114 

Oiv. of Oil, Gas & Mining 



• 

ProJ~'1 Name: Taylor Ceo-EDgineering 
Project Number: M00991-001 

Sample: SI'-16-J3 
Comment., Samples were c:ompatt.d 10 90% 01 ASTM 0693 II 

Tut Number: S3 

2:IPROJECfSIM00991 1,,~ tar G ...... l "",n<'<:tJft" .,I.I \rCiTXCU3vl :1('- 16-13 xis IJ 
I . N I 011 ., r<~. I~tcn ... c; J,n .. '\"'nw.e ~ 
4tUtl' .. ttr l-tl't ' ~, 111 '0 ,1'1 (i11-al'/l2 

.'"';') 11"'1) (jl:,f} III"" Il'>.11 ~f'.lIfl 

tllJI -14 ~ 11521 II 1{)1 -7 
002 148 30 11492 116.11) 74 
004 148 46 11477 11624 74 
006 156 61 11461 11618 78 
008 165 7~ 11450 11615 83 
010 174 87 11430 11610 87 
020 205 138 11385 11590 102 
030 236 182 11341 11577 11 ~ 
0.40 271 219 11303 IIS7~ 135 
050 1560 450 11073 12632 780 
0.60 269~ 881 10642 13335 1J47 
070 3312 1313 10208 13520 1656 
080 3750 1787 9735 13485 187j 
0,90 4075 2255 9269 13344 • 2038 
100 4347 2673 8850 13197 2174 
I 10 4569 3058 8464 13034 2285 
110 47M 3407 8115 12880 2382 
130 49l~ 3710 7812 12740 2464 
140 5069 3986 7537 12606 2534 
1.50 5196 4~26 7297 12493 2598 
160 5310 4453 7068 12378 2655 
170 5410 4655 6867 12277 2705 
180 5502 4848 6675 12176 2751 
1.90 5597 5021 6503 12\00 2799 
200 5675 5181 6341 12016 2837 
2.10 5748 5331 6191 11939 2874 
220 5821 5472 6051 11871 2910 
230 5885 5599 59B 11807 2942 
240 .:1940 5718 ~HU!> 11744 2Y7U 
2.50 6003 5831 5691 11694 3002 
260 6USS 5923 5600 11658 3029 
270 6108 6014 5508 11617 3054 
280 61S~ 6103 5419 11573 J077 
290 6200 6187 5335 11535 3100 
300 6245 6272 5251 11496 3123 
3.10 6286 6H8 5175 1141\1 3143 
320 6323 6418 5104 11427 3162 
330 6360 6484 5039 11J~g 3180 
340 6396 6546 4977 IIJ73 3198 
350 6428 6609 4915 11343 3214 
360 6460 6656 4867 11327 3230 
370 6438 0706 4816 11304 3244 
380 6519 6754 4768 11287 3260 
BO 6551 6802 472U m.71 3276 
4 UU 6578 6848 4675 11253 3289 
~ 10 6606 68?5 4628 11233 3303 
420 6633 6933 4589 11222 3316 
430 6664 6974 4548 11212 3332 
4,40 6695 7011 4513 11208 3348 
4.50 6727 7047 4475 11202 3363 
460 6749 7085 4438 11187 3375 
470 6776 7107 4416 11192 3388 
UO 6&07 7135 4388 11195 34CY1 
HU 6829 7165 4357 11187 3415 
500 6860 7190 4333 11193 3430 
5.10 6887 7210 4302 11189 3443 
520 6913 7246 4276 11190 3457 

r Ii 
(<rI ...... Jf.':! 1.,.~M'jf!~ 

fJ:<d'l 111"1) 

115 14 11514 
11596 11566 
11596 1I550 
11601 11540 
11606 11532 
11010 11523 
11626 11488 
11641 11459 
11658 11439 
12302 11852 
12869 11988 
13177 11864 
13397 116\0 
13562 11307 
13696 11023 
13807 10749 
13905 10498 
13986 10276 
140S7 10071 
14120 9895 
14176 9723 
14228 9572 
14273 9426 
14322 9301 
14360 9178 
14396 9<M5 
14433 8961 
14465 AH~5 

144Y2 KTl4 
14524 8693 
14551 8629 
14577 8563 
14599 &496 
14622 8435 
14645 8373 
14666 8318 
14684 8266 
14702 8219 
14720 8175 
14738 8129 
14752 son 
14766 8060 
14782 8028 
14798 7WI> 
14812 7964 
14825 7930 
14839 7905 
14854 7880 
14871 7861 
14886 7839 
14897 7813 
14910 7804 
14926 77~1 

14937 7772 
14953 7763 
14966 7745 
14979 7733 

d !''7' l 

1 '1111 
LOl3 
I.On 
1.014 
1014 
1.015 
1018 
1.021 
i 014 
;,141 
~ 153 
: 324 
l,l85 
:.440 
; .491 
1.540 
: 5&7 
1631 
1673 
1712 
1 751 
1 788 
1.824 
L861 
1.895 
1.928 
1.962 
1994 
2023 
2055 
2.082 
2109 
2 .136 
2162 
2189 
2115 
2239 
2262 
2285 
2.308 
2327 
2)47 
2367 

[·11 2388 
2407 
2 .427 
2445 
2 .465 
2.484 
2503 
n~l. 
rs~f' t . 
2.551 
2,567 
2,583 
2601 

;~ ""' 

ov 06 2Ot8 
.. i 
,1" 

o nATED 

OCT 1 ~ 2009 
11/14 
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• ,\,,,<11 ". h ~I)n: LlT,'II "" 1.11 .. "." 'I P P 
't1r.U~~, J; ( Ii.' iI' • ~ o j ..; 1° 1-<,;\ 2 "" . .,,,. (a'i +<r'3)12 :;o-'l/,,'j 

(~'t:j Ir·,1 tpti ImfJ IP.O Ip,!) l~lSfl Ip'fl 

"'- ,-'i 
530 ( .... I"l 7272 .. -:" lII YO J~1I.i 14\1'JJ 7720 2613 
5.40 6966 7297 4226 11192 3483 15005 7709 2648 
5 . .'50 6992 7319 4204 11196 3496 15018 7700 2663 
51:\0 70lK 7340 4184 11202 3509 15033 7693 2.678 
5}0 7049 7360 4163 11211 3524 15047 7687 2693 
580 7079 7376 4146 11225 3540 15062 7686 2.707 
590 7105 7390 4132 11237 3552 15075 7685 2719 
600 7126 7404 4118 11245 3563 15086 7681 2.731 
6.10 7148 7418 4104 11252 3574 15096 7678 2.742 
620 7174 7436 4087 11260 3587 15109 7673 2755 
630 7200 7451 4071 11271 3600 15122 71m 2768 
640 7217 7467 4U56 11273 3608 15132 7604 2779 
650 7234 7482 4041 11275 3617 15139 7658 2790 
660 7255 7496 4027 11282 3628 15150 7654 2802 
670 7276 7508 4014 11290 .163R 15160 7652 2.813 
6,80 1293 1519 4003 11297 3647 15169 7650 2822 
690 7310 75)2 3991 11300 3655 15177 7646 2832 
7DO 7327 7541 3981 11308 3663 15186 7645 2840 
7)0 7344 7547 3975 11319 3672 15194 7647 2847 
72D 7352 7553 3969 11321 3676 15198 7645 2852 
730 7373 7559 3964 It 336 3686 15209 7650 2,860 
7.40 7381 7569 3954 11335 3691 15214 7645 2867 
750 7402 7580 3943 1 tJ44 3701 15223 7643 2877 
760 7419 7588 3934 11153 3709 1S232 7644 2886 
7.70 7431 7596 3926 11357 3715 15238 7642 2893 
780 7447 7605 3918 11365 3724 15246 7642 2901 
790 7464 7614 3910 11373 3732 15255 7641 2909 

800 7480 7619 3904 11384 3740 15262 7644 2,916 • 810 7496 7622 3900 11396 3748 15270 7648 2,922 
820 7517 7627 3897 11413 3758 15282 7655 2929 
830 7533 7633 38~1 11414 3766 15290 7657 2936 
&40 7553 7637 3885 11438 3777 15299 7"62 2944 
850 7569 7640 3883 11452 3785 15307 7667 2949 
860 7589 7643 3879 11468 3795 15317 7674 2956 
870 7605 7638 3884 11489 3803 15325 7686 2.958 
880 7625 7636 3886 1151\ 3813 15335 7699 2962 
890 7645 7637 3885 11530 3823 15345 7708 2%8 
9.00 7665 7638 3884 11549 3832 15355 7716 2.973 
910 7685 7640 3883 11567 3842 15365 7725 2979 
920 7708 7642 3880 11589 3854 15377 7735 2986 
930 772~ 7646 3877 tt605 3864 1$386 7741 2,993 
940 7752 7~49 3873 11625 3876 15398 7749 J 001 
950 7767 7649 3873 11641 3884 15406 7757 300S 
91:\0 7791 7654 3869 11659 3895 15418 7764 3.014 
970 7810 7654 3869 11679 3905 15428 7774 3.019 
980 7825 7656 3866 11692 3913 15·m 7779 302,1 
990 7849 7658 3865 11714 3924 15448 7790 3031 
10,00 7860 7660 3863 11723 3930 15452 7793 J OJS 
1010 7875 7660 3864 11739 3938 15461 7802 3.038 
10 20 7890 7658 3864 11754 3945 15467 7809 3042 
10 )0 7905 7695 3829 11134 3953 15476 7782 1065 
10 40 7916 7708 3815 11731 3958 [5480 777J 3 D7S" , 

I ~ 10 50 7927 7698 3824 11751 3964 15486 7788 307.1)\ 
10.60 1942 7643 3878 [1820 397] 15492 7!!49 j U4~ 

1070 7957 7669 3855 11811 3978 15502 7833 3 OM 
10.80 7960 7626 3897 11856 3980 15502 7877 J.()4) 

1090 7970 7592 ,931 11901 3985 15508 7916 3028 I 
1100 7981 7574 3947 11928 3991 15512 7938 3022 

, 

11 10 7992 7565 3958 11949 3996 15518 7953 ) 019 
1120 8002 7557 3966 11968 4001 15524 7967 ,".; 'J ,OIS •• , 

I) II 30 8013 7562 3960 11973 4006 15529 7966 f02l ' i 

(lit 06 2018 

• 11 40 8027 7567 3955 11983 4014 15536 7969 3029 
1150 8U38 7569 3954 11992 4019 15542 7973 3033 
1160 8044 7576 ~946 11990 4022 15544 7968 3039 

Oiv. of Oil, Gas & Mining 



" , ... 1 IN il \.*c bll""'IJ'" EOl/>.'1> 0 Q 
>lr 1 (cr1-a3) ~,~. \d '!"J a 'i (" ,(-<o.n"z 
i";" (psi) lJ",n 1;.d1 (t~l (pd) 

II 70 80SS J~Xl 1~ .. 10 11Q" & 4029 
1180 HOD 7587 3935 12008 4036 
11,90 8087 7590 3932 12019 4044 
12.00 H097 7594 3928 12026 4049 
12.10 8115 7597 3925 12040 4058 
12.20 8129 7599 J924 12053 4065 
1230 8143 7601 3921 12065 4072 
12.40 H161 7605 3919 12080 4081 
12.Sl1 8171 7605 3917 12088 4086 
1260 8185 7605 3918 12103 4093 
12.70 8207 7605 3918 12125 4103 
12,80 822S 7603 3918 12146 4114 
1290 H242 7600 3923 12165 4121 
13.00 8256 7596 3926 12182 4128 
13 .10 8273 7594 3928 12202 41J7 
13.20 8294 7592 3931 12225 4147 
1330 HJUY 7586 3937 12245 4154 
13.40 8325 7581 3941 12267 4163 
1350 8342 7575 3948 12291 4171 
/3,60 8360 7571 3952 12312 4180 
13.70 8369 7565 3959 12328 4185 
13.80 8390 7560 3962 12352 4195 
13.90 8399 7554 3968 12368 4100 
14 .. 00 8408 7547 3975 12384 4204 
14.10 8414 7540 3Y82 12396 4207 
1420 8431 7533 3989 12420 4215 
1430 8440 7525 3999 12438 4220 
1440 8449 7519 40C3 12452 4224 
1450 8454 7512 4010 12464 4227 
1460 8463 7504 4019 12481 4231 
14,70 8468 7494 4028 12496 4234 
1480 8477 1485 4037 12514 4238 
14,90 8497 7416 4048 12545 4249 
15.00 8510 7467 4055 12564 4255 
15.10 8518 7462 4062 12580 4259 
1520 8531 7l.53 4069 12600 4265 
1530 8539 7445 4077 12616 4270 
IHO 8548 7LJ~ 40~4 12032 4274 
1550 85M 7'32 40~0 12654 ,1282 
1560 H584 7l.23 4099 12683 4292 
15.70 8600 7414 41C9 12709 4300 
1580 8612 7407 4116 12728 4306 
15,90 8632 7400 4123 12755 4316 
1600 8648 7391 4131 12779 4324 
1610 8656 7386 4lJ8 12794 4328 
1620 8668 7377 4146 12814 4334 
16 JO 8683 7369 41~5 I2H38 4342 
)6,40 8691 7361 4163 12854 4346 
16.50 8707 7354 4169 12875 4354 
1660 8715 7346 4177 12892 4358 
Ie 70 8727 7337 4186 12913 4363 
1680 8734 7330 4192 12926 4367 
1690 8742 7325 4198 12940 4371 
17_00 8754 7318 4205 12959 4377 
1710 8758 7309 4213 12971 4379 
1720 8758 7302 4210 12978 4379 
1730 8773 7297 4226 12999 43ft7 
1740 8773 728R 4234 13007 4387 
1750 8773 1280 4244 13017 4387 
17,60 3785 7274 4249 13034 4392 
17 71.1 87H5 1267 ms 13040 ,1392 

• liSO 8781 7259 4263 13044 4391 
17 90 8789 7153 4269 13058 4394 
1800 8789 1246 4276 13065 4394 

f' II 
l<l'h'.lif~ I I;: 

1",0 (plI) 

I.S'J~ i9ffl 
15559 7912 
15566 1975 
15571 7977 
15580 7983 
15587 7988 
15594 7993 
15604 8000 
15607 8002 
15615 8010 
15626 8021 
15635 8032 
15643 8044 
15650 8054 
15659 8065 
15670 8078 
15676 8091 
15685 8104 
15695 8120 
15702 8132 
15708 8143 
15717 8m 
15722 8168 
15727 31RO 
15729 8189 
15738 8205 
15743 8219 
15747 8228 
15749 8237 
15754 8250 
15756 8262 
15761 8276 
15772 8296 
15777 8310 
15783 8321 
15788 8334 
15792 8347 
1,'196 8.]:iR 

15804 8312 

15814 8391 
15822 8409 
15R28 8422 
15838 8439 
15846 8455 
15851 8466 
15857 8480 
15865 8496 
15869 8508 
15876 8522 
15880 ~5J4 

15887 8549 
15890 8559 
15894 8569 
15ij99 8582 
15901 8592 
15901 8599 
15909 8613 
15909 8621 
15910 8630 
15916 8642 

15915 8648 
15913 8654 
15917 8664 
15917 8671 

IT'I",'J 

t, 

;~~ 

3.051 
3M7 
3.061 
3.068 
3072 
3077 
3082 
3,086 
3089 
3,095 
3100 
3)01 
3.103 
3.106 
3.110 
3.110 
J.l12 
).l13 
3.115 
:1114 
3.117 
.l.l 17 
3 .115 
) ,113 

J 113 
3.111 
.1. 110 
J 108 
3 106 
3 102 
3 \lIO 
3.099 
3.099 
3_097 
3097 
3.094 
3093 
3.094 
3094 
3093 
3.092 
3094 
3.093 
1092 
309U 
3_090 
3,088 
3089 
j .U~) 

3085 
3084 
3083 

].o~lV , I '" 
3.0 " • r

OV 06 2018 

3075 
3076 
3.072 

rJI 3.068 
3.067 

064 
.66<r,.f 

3.059 
I ~ 

f"' 8.I\TED 

OCT 1 5 2009 
13/14 

. r1' 

01\1, of all, Gas & Mining 



• , 
iUWl .,.d j)p<!t\l "'lin:t ••• ' ctII!O:O'l\> 
hI!. ~ (a 1-<13) P""' .} 0'1 ,"l (pst') (¢)" (JId) (p5fI 

I &..10 8792 m~ 42&.1 1l0t! 
1820 8792 7231 4289 13081 
1830 8799 7226 4296 13096 
18,40 8799 7218 4304 13104 
18,50 8806 7210 4313 1)119 
1860 8810 7204 4318 13128 
18.70 8817 7198 4325 13142 
IUO 8820 7190 4333 11153 
18.90 8827 7185 4338 13166 
19,00 8834 7179 43~3 13177 
19-10 884S 7175 4348 13193 
19.20 88.52 7168 4356 13208 
19.30 88.5S 7162 4361 13216 
19,40 8866 7157 4365 13231 
19,50 8872 7150 4374 1)246 
19,60 8879 7143 4379 13258 
19,70 8886 7137 4386 13272 
1980 8839 7129 4393 13282 
1990 8895 7123 4399 13294 
2000 ,890.9.: 7116 4407 13316 

• 

• 

4 P 
(l 1 ... l'jn ( .. l . ... l)l! 

iPS!) IPlln 

H% 15919 
4396 15918 
4400 15922 
4400 15922 
4403 15926 
440~ 15927 
4409 15932 
4410 15933 
4414 15937 
4417 15940 
4423 15945 
4426 15949 
4428 15950 
4433 15955 
4436 15960 
4440 15962 
4443 15966 
4.~4 15967 
4448 15970 
4454 15978 

p' 
(d 1+0'3)/2 

ftm}' 

11411 
8685 
8696 
8704 
8716 
8723 
8734 
8743 
8752 
8760 
8770 
8782 
8788 
8798 
8810 
8819 
8329 
8838 
8847 
8862 

.lldl 

)Q~ 

3.050 
3.041 
3.044 
3.042 
3.040 
3.038 
3.036 
3.035 
3034 
3.034 
3.032 
3.031 
3031 
3.029 
3.027 
3.026 
3.023 
3.022 
3021 

ov 06 2018 
r~l h.i 0; en. ;",'.... " 

INCORPORATED , " ;'h 

OCT 1 ~ 2009 
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Alton Coal Pile Une A i-A 1 - Static 

c::\docunenIs and eelfngs\oWneNnY documents\taylor geo-englneeJlnglailon coal stock pile ch-5-98 seISmic lelllsed a1..p12 Run By. Alan Taylor 1211312008 09',44PM 
7150 -1- ~ 'I ~ I , 

, FS I • SOt Soil Total &mated Cohesion Friction Piez. 
a 1 . 64 Deac. Type Urit Y.t. Unit WI. Inlercept Angle SUrfacel 
b 1.64 11 No. (pel) [pet) (pat) [deg) No. 
c 1.64 : FiI 1 107.0 114.1 240.0 19.0 W1 
d 1.65 Sand 2 105.0 110.0 90.0 29.0 W1 
e 1.65 Clay 3 100.0 120.0 2000.0 0.0 W1 
~ t:~ II §ha~ 4 100.0 115.0 30~2~ _O~ 

I ~ f~~ 
~ 7050 I .J 

---~ 

6960 

---~' 

6850 1 

6750 ' 100 200 o 300 400 500 

GSTABL7 v.2 FSmln~1.14 
Safety Factors Are Calculated By The Mqdlfled alshop Method 

Figure No. 16 
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Alton Coal Pile Line A1-A1 • Seismic 

c;\dowmenlll and sellngs\ownel\my documentllllaylor geo-engh!erlnglaHon coDlstock pile ch-5-98 ulsmlc mlliaed a1.pl2 Run ~ Alan Ta)tor 1 Z/1312oo8 OO:<42PM 

7150 # FS- ~:- : ~ Sol - T;,ia. Saturated Coheiliore Fridlon Piez. II load Value i I 
a 1 . as Oesc, Type Unit wt. Ulllt Wi. " InleroepC Angle Surfacei Peak (A) 0.29_1.(11) 
b ' .05 No. (pel) (pc:f) (pat) (deg) No. I kh Coef. 0.145{9!! 
c 1.05 Fil 1 107.0 114.1 240.0 19.0 W1 
d 1.05 Sand 2 105.0 110.0 90.0 29.0 W1 
e 1.05 Clay 3 100.0 120.0 2000.0 0.0 W1 
f 1.05 · Shale 4 100.0 115,0 300.0 21.0 0 
9 1.05 I - -
h 1.()5 I 

1.05 

7050 _ ..... ... 

iI 

./ n I 
.g f d • • I . . ~ 

I 

8950 I- _____ -- / -l 
~. ! 

"'" ot -.. "'::-. - - ~." ~ 

-...".~ ~ ;./ 
~·--~0 ~-;;pep;~~ 

___ 0. 

8850 I 

6750 I 100 
'.0' 200 300 400 600 

GSTABL7 v.2 FSmln-1.0S 
Safety Factors Are Calculated By The Modified Bishop Method Figure No. 17 
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Abon Coal Pile Line A2-A2 - Static 

c:\doaJments and sedngs\olMleMly documenta\laytor 9f!CH!ngineel1ng\allan coal ~ pie d1-5-98 Beil5mic IIIVIsed a2.pl2 RI6I By: Alan Ti¥or 1211312008 09:37PM 
7160 . ..' , . r i 

, FS &!~ Sol Total Saluraled Cohesion Friction Plaz. 
a ~ . (; 5 , Oaac. Type UnllM. Un' WI. Intercept /utfje SIriK:e 
b 1.00 No. (pel) (pel) (psi') (deg) No. 
c 1.66 . FiU 1 107.0 114.1 240.0 19.0 W1 
d 1.66 Sand 2 105.0 110.0 SO.O ~9.0 W1 
e 1.66 Clav 3 100.0 120.0 2000.0 0.0 W1 

9 1.67 - -
h 1.67 

f 1.66 I! Shale " 100.0 115.0 300.0 21.0 0 

I 1.67 

7050 

6960 I~ 

6850 

1750 
o 

GSTA 

100 

~r-- -.-.-

200 ... 
GSTABL7 v.2 FSinln-t.16 

"1 

t 0 ' ~ 

400 

Safety Factors Are Calculated B~ TIl. Modified Bishop Method 
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Figure No. 18 
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Alton CoalPSIe Una A2·A2 .. Seismic 

c:1IIa!unenIII and aettlngllOwner\II'I)' documemll.laylor oe--a--ring'.aInn a>aI l1ock pile c/HHI uIamk: reviled l2.plZ Run By: Alan Teytor 12113flOO8 09:31PM 
7110 I • -

r 1# FS SolI Sol Total Sa1ln1ild CahMkln FItcIIon Piez. 1r-Loid Value 
a 1.07 Oetc. Type IN WI. Unit WI. IrUrcept Angle SU1ace I Peu(A) o.~ 1(g) 
b 1.07 No. (pc:f) (pd) (pet) (deg) No. 1m eclet. O.lo4S(gloC 

C 1.07 L AI 1 107.0 11".1 240.0 19.0 WI ' -
d 1.OS s.nd 2 105.0 110.0 90.0 29.0 WI 
e 1.08 Clay 3 100.0 120.0 2000.0 0.0 WI 
f 1.08 1 Shale " 100.0 115.0 300.0 21.0 0 
,,1.08 _. 
t! 1.08 

1.08 

1050 

fl de ___ ·e_ . -4 
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Figure No. 19 
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Alton Coal Pile Line 81-81 - Static 

.. :OCIJI'IIIlIta n eettinutiowlleMry dotunenlll\taylor ~ re'lfSo«tlallon 'coaIltack pie ch-6-98 seIeInc revised b1.pt2 Rm By: Alan Taylor 1211312008 09:34PM 
7250 r-:: • += .~ Ii ' 

' FS Sol Sol ToIII SIItr.nt.d Cohelkln Friction PIaL 
a 1.111 Deac. TypeUnitWt. UnlWL Intercept Angle SI8faceI 
b 1.72 No. (pd) (pc() (pa1) (deg) No. 
c 1.73 fill 1 107.0 114.1 240.0 19.0 W1 I 
d 1.73 Sand 2 105.0 110.0 GO.D 29.0 W1 
e 1.74 Clay 3 100.0 120.0 2000.0 0.0 W1 
f 1.75 ! Shale 4 100.0 115.0 300.0 21.0 0 
II 1.75 - -

1110 1- h 1.75 , 
I 1.76 
I j "7 

1011 1 

• 
h 

I ad \ 

8150 i 
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Alton Coal Pile Une 81-81 - Seismic 

c-ldOQlf\'lOtQ n 1lII~\n.., QaCILI~\liJy1or DIlIHI~~'on re-.\:s«bUoo CAI.mdo: pl'ltcb-&-88 .~! 
7250 ,-- -. - -. ~ 

Ii FS II ~ Soil Total saiur.ted Cohesion Frli:tion Piez' ll IMd v.~ 
a 1 . 05 Desc. Type Unit WI. UnII WI. Intercept Angle Surface I Peak(A) 0.291(0. I 

I b 1.05 No. (pel) (pel) (pst) (deg) No. : kh Coer. 0.' 45f91< 
c 1.05 I Fill 1 107.0 114.1 240.0 19.0 WI --
d 1.06 Sand 2 105.0 110.0 90.0 29.0 WI 
e \.06 Clay 3 100.0 120.0 2000.0 0.0 WI 
f 1.06 Shale 4 100.0 115.0 300.0 21.0 0 
9 1.07 

7110 f h 1.07 
1 1,07 

1"10 I-

U50 -

MIG 

-- , 
-1 

• 

4 

9 c. 

. _~~ ______ ---.1 

Run By. Alan Taylor 12113/2006 09;32PM 
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Safely Factors Are Calculatod By Tho. Modified Bishop Method 

Figure No. 21 



~-

~', 

'-" 

Z 
:::l 
<: 
~ 

0") 

~ 
c:::I 
-~ o oc :c:. 

~ (:) 

0 CI 
--t 

G) 

ffi ~ 

S<o ~ 
~ ~ 5' 
5' 
c 

• 

~ -,,,, 
c·""-"", 
,(.'-'0..", 

"'" ~'; 

2 '1 
8" > 

:::0 
\:J o 
:0 

~ 
m 
o 

• • 
Alton Coal Pile Line 82·82 • Static 

C:\doQjOllfllI 100 wlling~M'lY doCUmeIU\1I!y\Or oco-orQinee~ ~lcn • slodI pile d~Uhei"T&!c~ b2.pa Run By: Alan Taylor 1211312006 09.13PM 
7260 r - - =1 -r-' I --- - - --'r, -----~--.-:;.--...:-------. 

r
• FS I.~~ Sotl Total Saturated Cohesion Friction Plez. I I 
a l . il l Desc. Type lklit WI. Unit 1M. ~rc:epl Angle Surface 
b I II No. (pc!) (pet) (pst) (deg) No. 
e 1 G4 Fin 1 1070 ,'4,' 240.0 19.0 W1 
d 1 &1 Sand 2 1050 110.0 90_0 29.0 WI 
e 1 ~ Clay 3 100,0 120.0 2000.0 0.0 W1 
f 1 U Shale " 100.0 115.0 300.0 21.0 0 
g US 

7150 rL~ 

7010 I 

iHO I-

11&0 

. .. ,....:..,,""" __ ,_. _~ __ ''" ,._._ ._l'_"'_H-'""'"< 
Ci7SG i - - 0 '" 200 o 100 300 ""0 !l00 800 

GSTABL7 v.2 FSmln=1.61 
Safety Factors Are Calculated By 111. Modified Bishop Method 
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Alton Coal Pile Line 82·82 - Seismic 
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I 
II FS i Soj Soil Tolal Saturated Cohesion Friclion PieZ.. Loed VllIue . 
a 1 , lfl . Deac. Type Unit WI. Unit 1M. ~ereept Angle Surfa08 11eak(A) o.291(Il.l1 
b 1 t6 I No. (pel) (pel) (pst) (deg) No. kh Coo( o.l.!(9~ 

I c 1.H , Fil 1 107.0 11-4.1 240.0 19.0 Wl 
' d 1,07 SIII\d 2 105.0 110.0 90,0 29.0 W1 

e 10" Clay 3 100,0 120.0 2000.0 0.0 Wl 
f u e Shale -4 100.0 115.0 300.0 21.0 0 
g 1.19 
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Alton Coal Hollow Sedimentation Pond 4: Line FF. Soli SP-16-13 - Static 
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-==I ' 
, FS ~ SoU SolI Total Saturated Cohalon fin~ PI8Z.~ 
a 2 .152 Desc. TypeUnilIM. Unilwt. ltterf:Anola StJffaee 
b 2.172 No. (pel) (pcf) (pi! '{!!ig) No. 
c 2.190 I FIN 1 99.4 1'16.2 94. , ;ZS.6 WI 

I d 2.206 : s.nd 2 105.0 110~ __ ~~.c"~ WI 

I B 2.218 ·~ 7 """'" 
$t3O 

u10 -

.,.. 
-

6760 · 
. 0 

f 2.22:3 AI , 
II 2.226 ~ •• ! « .n " .1 
h 2.231 I 
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• • Alton Coal HollOw Sedimentation Pond 4: Line FF, Soli SP·16-13 - Seismic 
c:'docunlntl and n1t!nSll\olMllMly ~!l1llylOt glo-englnelrlngllllion revtudIIIltan Hili! tf 1IIJ-18-13 IlIfc,p12 Run By: All" T~ 1211&'2008 01.",OPM 
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b 1.32 No. (PC:!) (pel) (~ (deg) No. I IrJI CClIIl U~ I)~ 

I e 1.33 t FII 1 9904 116.2 94.0 29.6 W1 
d 1.33 Sind 2 105.0 110.0 90.0 29.0 WI I 
e 1.34 -
t 1.35 
9 1.35 
h 1.35 
I 1.35 
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Alton Coal Hollow Sedimentation Pond 4: Line FF, Soli SP·16·13· Rapid Drawdown 
c:\docull1llnll and 14l1tiV1\O-'mV documentaliaylor geo-englneering\aHon revlaectlaHon line ff ~18-'3111P1d dmWOWII stage 1.p12 Run By, Alan Taylor 1211612008 Of:3fPW 

• I I I 
FS I Sol Sol Total saturated CcIheaJon Frlc:Uon Aiez. 

a 1 .245 Ileac. Type Unit \M.. UnIt Wl Intlm:ept Angle Surface 
b 1.251 No. (pet) (lid) {Plf) (dig) No. 
c 1.255 AI 1 99.-4 116.2 84.0 18.0 WI 

#I 

d 1.259 Sand 2 105.0 110.0 90.0 28.0 W1 

I
f 1.273 
. ,-'" [ -~ 
9 1.275 
h 127;; 
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Figure No. 26 
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Alton Coal Hollow Sedimentation Pond 3: Une E-E, Soil GT·! • Static 

6830 

8110 

6710 

8770 

f:\alton line Ie gt-6.pl2 Run B~ AllIn TiyIor 1211612008 D1:45PM 

r====r============~~~==~ 
## FS i~SdI So. Total Saturated Cohesion FI1ctlon F'lez. 
as . 301 Deee. Type Unit Wl lJNt Wl. Intercept AntJ.e S~' 
b 5.30 No. (pel) (pel) (PSt) (de) No. 
C 5.31 I C''''' 1 100.0 120.0 700.0 10.% W1 
d 6.31 ::.. --
e 5.31 
f 5.32 
g 5.32 1 
Ii 5.34 
, 6.34 I 
~ h; 

'~ .. 
........... 

~ l ..l- _ 

at 0 20 40 '10 
GSTABL7 v.2 FS",ln-5.30 

Safety Factors Ale Calcu"ted By Tnt Modified Bishop Mettlod 
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Figure No. 27 
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Alton Coal Hollow SedImentation Pond 3: Une E.E, Soli GT -5 • Seismic 
f:\IIIon InhelJK4il2 Run By: AlIII T I)'Ior 1211512008 01 :5OPM 

., fS Boll &aI Tolail SafLnl2d Cohftjon FtiI::Ion PkJ. 
• 3."11 I DeIO. Type UnlIWl, lJn1t WI, IrUrc:ep1 A.'t(/Ill B....w:. 
Ii :1 2$ No. (pel) (pd) (pIO (dCilJ NIt, w, ' -'!C 

~ ~ 21 ~ CtIIy 1 100.0 12D.O 700.0 1M WI 
&1 3.27 
~ .! 418 
1 U! 

P 3.21 
1~'i:I 
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r #I FS II SolI SolI Total SlIInIiId Cotw.bn FrIcIon PIIIZ. . , 

b 1.92 'I No. (pel) (pel) (pIf) (deg) No. 

I 
a 1 . 92 ,. o..~ Type Unlwt. lJnII WI. tnlMCllpt ,.".. 8IriIcI 

c 1.92 : Cf~ 1 100.0 120.0 300.0 e.G W1 
d 1.92 . 
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C:alton coal stock pile ch-5-98 seismic revised a1.0UT Page 1 

••• GSTABL7 ••• 
•• GSTABL? by Garry H. Gregory, P.E •• * 

.* Original Version 1.0, January 1996; Current Version 2.004, Ju?e 2003 .* 
(All Rights Reserved-Unauthorized Use prohibited) 

******** •••• *******w********~**.*****************************.**** •• *.******.*.*. 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. ····***·· •• ···**+* ••••• ********** •• **** •• ******r.***** •••• *.*.* •• *.***.*******.*. 

Analysis Run Date: 12/13/2008 
Time of Run: 09:44PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and 

neering\alton coal stock pile ch-5-98 seismic 
Output Filename: C:\Documents and 

neering\alton coal stock pile ch-5-98 seismic 
unit System: English 
Plotted Output Filename: C:\Documents and 

neering\alton coal stock pile ch-S-98 seismic 
PROBLEM DESCRIPTION: Alton Coal Pile Line 
BOUNDARY COORDINATES 

6 Top Boundaries 
6 Total Boundaries 

Boundary X-Left V-Left X-Right 
No. (ft) (ft) (ft) 

1 0.00 6900.00 107.00 
2 107.00 6900.00 130.00 
3 130.00 6905.00 169.00 
4 169.00 6915.00 323.00 
5 323.00 6965.00 390.00 
6 390.00 6970.00 500.00 

User Specified V-Origin ; 6750.00(ft) 
Default X-Plus Value 2 O.OO(tt) 
Default Y-Plus Value ~ O.OO(ft) 

ISOTROPIC SOIL P~RAMETERS 
4 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 107.0 114.1 240.0 
2 105.0 110.0 90.0 
3 100.0 120.0 2000.0 
4 100.0 115.0 300.0 

Friction 
Angle 
(deg) 
19.0 
29.0 

0.0 
21.0 

1 PIEZOMETRIC SURFACE IS) SPECIFIED 
Unit Weight of Water; 62.40 (pcf) 

Settings\Owner\My 
revised aloin 
Settings\Owner\My 
revised a1. OUT 

Documents\Tay1or Geo-Engi 

Documents\Tay10r Geo-Engi 

Settings\Owner\My Documents\Taylor Geo-Engi 
revised a1.PLT 
A1-AI - Static 

V-Right 
(tt) 

6900.00 
6905.00 
6915.00 
6965.00 
6970.00 
6975.00 

Soil Type 
Below Bnd 

1 
1 
I 
1 
1 
1 

Pore Pressure Piez. 
Pressure Constant Surface 

Pa'ram. (pllf) No. 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 a 

",T .... !"l Piezometric Surface No. 1 Specified by 5 Coordinate Points 
Pore Pressure Inclination Factor - 0.50 

L ~ • \ .. + 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 6890.00 
2 280.00 6890.00 
3 330.00 6895.00 
4 400.00 6895.00 
5 500.00 6895.00 

0.291(g) 
0.145(g) 

O.OOO(g) 

Specified Peak Ground Acceleration Coefficient (A) = 
Specified Horizontal Earthquake CO,efficient (kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Specified seismic Pore-Pressure Factor - 0.000 
EARTHQUAKE DATA HAS BEEN SUP~RESSED 
A Critical Failure Surtace Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Seen Specified. 

900 Trial Surfaces Have Been Generated. 
30 Surface(s) Initiate(s) From Each Of 30 Points Equally Spaced 

Along The Ground Surface Between X 50.00(ft) 
and X = I40.00(ft) 

NOV 06 2018 
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C:alton coal stock pile ch-5-98 seismic revised at.OUT Page 2 

Each Surface Terminates Between X = 280.00(ftl 
and X - 400.00(ftl 

Unless FUrther Limitations Were Impo3ed, The Minimum Elevation 
At Which A Surface Extends Is Y - 6700.00(ftl 
15.00(ftl Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
• • Safety Factors Are Calculated By The Modified Bishop Method 
Total Number of Trial Surfaces Attempt ed - 900 
Number of Trial Surfaces With Valid E'S = 900 
Statistical Data On All Valid FS Values: 

FS Max - 3.216 FS Min D 1.643 FS Ave = 1.815 
Standard Deviation - 0.138 Coefficient of Variation 

Failure Surface Specified By 22 Coordinate Points 
Point X-Surf Y-Surf 

No. (ftl (ftl 
1 84.138 6900.000 
2 97.575 6893.333 
3 111.464 6887.668 
4 125.732 6883.039 
5 140.300 6879.467 
6 155.092 6876.974 
7 170.026 6875.573 
B 195.023 6875.271 
9 200.002 6876.069 

10 214.882 6877.964 
11 229.582 6880.945 
12 244.025 6884.996 
13 258.131 6890.096 
14 271.826 6896.216 
15 285.035 6903.325 
16 297.686 6911.383 
17 309.713 6920.347 
18 321.050 6930.169 
19 331.635 6940.797 
20 341.413 6952.172 
21 350.330 6964.233 
22 352.190 6967.178 

Circle Center At X = 181. 615 ; Y = 7079.424' ; and Radius 2 

Factor of Safety 
.,," 1. 643 *** 

Individual data on the 27 slices 
Water liater Tie Tie Earthquake 

• * 

7.58 % 

204.193 

Force Force Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ftl (lbsl (lbsl (lbs) (lbsl (lbs) (lbs) (lbs) (lbs l 
1 13.4 4793.4 0.0 0.0 O. O. 0.0 0.0 0. 0 
2 8 . 2 7286.9 0.0 0.0 O. O. 0.0 0.0 0.0 
3 1.3 1377.6 0.0 21. 6 O. O. 0.0 0.0 0.0 
4 4.5 5732.4 0.0 427.6 O. O. 0.0 0.0 0.0 INr.n:o:' r··"', \.~ II 'j"t .. · ~ 
5 14 .3 26679.8 0.0 4349.1 O. O. 0.0 0.0 0.0 ~J "' ... :; i' ~ r :~~; ( ,/ -~. r.:. ~.J 
6 4.3 10283.9 0.0 2052.4 O. O. 0.0 0 . 0 0.0 
7 10.3 26882.6 0 . 0 6134. 6 O. O. 0 . 0 0.0 0 . 0 
8 14.8 50801.6 0.0 11025.4 O. O. 0.0 0.0 0.0 NOV 06 2018 9 13.9 56257.3 0.0 11923. O. O. 0.0 0 . 0 0. 0 

10 1.0 4446.7 0.0 924. 1 O. O. 0.0 0.0 0 .0 
11 15.0 69503.3 0.0 13645. 1 O. O. 0.0 0 . 0 o .~ . 
12 15.0 76794.1 0-.0 13412.9 O. O. 0.0 0.0 O. )!V. Of Oil

l 
-);.j 

13 14.9 81718.0 0.0 12152.5 O. O. 0.0 0.0 0.0 
14 14.7 84200.0 0.0 9870.9 O. O. 0.0 0 . 0 0. 0 
15 14.4 84237.6 0.0 6579.9 O. o. 0.0 0.0 0.0 
16 l3.8 80383.3 0.0 2297.9 O. o. 0.0 0.0 0 .0 
17 0.3 152.'i.4 0 . 0 0.0 o. o. 0.0 0.0 0 .0 
18 13.7 '77669.9 0.0 0.0 O • O. 0.0 0 . 0 0 .0 
19 13.2 '11738.7 0.0 0.0 O. O. 0.0 0.0 ~~OP.PORATED 
20 12.7 64131.7 0.0 0.0 O. O. 0.0 0 . 0 
21 12.0 55164.8 0.0 0.0 O. O. 0.0 0 . 0 

~:~CT 1 5 2009 22 11.3 45207.3 0.0 0.0 o . o. 0.0 0 . 0 
23 . 2.0 6998.7 0.0 0.0 o. o. 0.0 0 . 0 0.0 

Di..,. of Oil. Gas & Mining 



• C:alton coal stock pile ch-5-98 seismic re"ised al. OUT Page 3 

2.4 8.6 26666.0 0.0 0.0 o. o. 0.0 0.0 0.0 
25 9.8 20421.5 0.0 0.0 o. o. 0.0 0.0 0.0 
26 B. 9 8114.4 0.0 0.0 o. o. 0.0 0.0 0.0 
27 1.9 219.2 0.0 0.0 O. O. 0.0 0.0 0.0 

Failure Surface Specified By 21 Coordinate Points 
Point X-Surf Y-Surf 

No. (tt) (ft) 
1 87.241 6900.000 
2 100.783 6893.548 
3 114.759 6888.102 
4 129.096 6883.690 
5 14:3.716 6880.331 
6 158.542 6878.059 
1 173.495 6876.869 
8 188.495 6876.774 
9 203.461 6877.773 

10 218.315 6879 . 863 
11 232.977 6883.030 
12 247.368 6887.259 
13 261. 413 6892.527 
14 215.035 6898.806 
15 288.163 6906.062 
16 300.721 6914.258 
17 312.659 6923.348 
18 323.896 6933.285 
19 334.377 6944.015 
20 344.048 6955.481 
21 352.553 6967.206 

Circle Center At X = 182.299 ; Y 7082.0B6 and Radius 205.405 
Factor of Safety 

*** 1.644 .. " 
) • 
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••• GSTABL7 ••• 
** GSTABL7 by Garry H. Gregory, P.E. *. 

** Original version 1.0, January 1996; Current Version 2.004, June 2003 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

****·*··*.*******.* ••• *"* •• *.~ ••• *t**** •• ***.*~*** •• ***** •••• ** •• *********** ••• * 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength. Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

* •••••••• ~ ••••••••••••• * •• * •••••• *.*.**.*.** ••• *.*** •• •• *** •••••••••••• * ••••••••• 
Analysis Run Date: 12/13/2008 
Time of Run; 09:42PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and Settings\Owner\My 

revised a1.in 
Settings\Owner\My 
revised al.OUT 

Documents\Taylor Geo-Engi 
neering\alton coal stock pile ch-S-98 seismic 

Output Filename: C:\Documents and Documents\Taylor Geo-Engi 
neering\a1ton coal stock pile ch-S-98 seismic 

Unit system: English 
Plotted Output Filename: C:\Documents and 

neering\alton coal steck pile ch-5-98 seismic 
PROBLEM DESCRIPTION: Alton Coal Pile Line 
BOUNDARY COORDINATES 

Settings\Owner\My Documents\Taylor Geo-Engi 
revised al.PLT 
Al-~l - Seismic 

6 Top Boundaries 
6 Total Boundaries 

Boundary X-Left Y-Left X-Right 
No. (tt) (ft) (ft) 

1 0.00 6900.00 107.00 

Y-Right 
(ft) 

6900.00 
6905.00 
6915.00 
6965.00 
6970.00 
6975.00 

Soil Type 
Below Bnd 

1 
2 107.00 6900.00 130.00 1 
3 130.00 6905.00 169.00 1 
4 169.00 691S.00 323.00 1 
5 323.00 696S.00 390.00 1 
6 390.00 6970.00 500.00 1 

User Specified Y-Origin = 6750.00(ft) 
Default X-Plus Value - O.OO(ft) 
Default Y-Plus Value a O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
4 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
19.0 
29.0 

Pore Pressure 
Constant 

piez. 

No. (pcf) (pet) (psf) 
1 107.0 114.1 240.0 

Pressure 
Paramo 

0.00 
0.00 
0.00 
0.00 

(psf) 
0.0 
0.0 
0.0 
0.0 

Surface 
No. 
1 

2 105.0 110.0 90.0 
3 100.0 120.0 2000.0 
4 100.0 115.0 300.0 

1 PIEZOMETRIC SORFACE(S) SPECIFIED 
Unit Weight of Water = 62.40 (pet) 

0.0 
21.0 

Piezometric Surface No. 1 Specified by S Coordinate Points 
Pore Pressure Inclination Factor - 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 6890.00 
2 280.00 6890.00 
3 330.00 6895.00 
4 400.00 689S.00 
5 500.00 6895.00 

0.291 (g) 
0.145(g) 

O.OOO(g) 

Specified Peak Ground Acceleration Coefficient (~) = 
Specified Horizontal Earthquake Coefficient (kh) = 
Specitied Vertical Earthquake Ccefficient (kv) 0 

Specified Seismic Pore-Pressure Factor - 0.000 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating CirCUlar Surfaces, Has Been Specified. 

900 Trial Surfaces Have Been Generated. 

1 
I 
o 

30 Surface(s) Initiate(s) From Each Of 30 Points Equally Spaced 
Along The Ground Surface Between X - 50.00(ft) 

and X 140.00(ft) 
Each Surface Terminates Between X - 280.00(ft) 

and X 400.00(ft) 

INCOGPnRATEO 

OCT 1 ~ 2009 

Div. of Oil, Gas & Mining 
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Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 6700.00(ft) 
IS.OO(ft) Line Segments Define Each Trial Failure Surface. 
Fo l lowing Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
• • safety Factors Are Calculated By The Modified Bishop Method * * 
Total Number of Trial Surfaces Attempted ~ 900 
Number of Trial Surface~ With Valid FS - 900 
Statistical Data On All Valid FS Values: 

FS Max - 2 . 177 FS Min = 1.047 FS Ave 1.171 
Standard Deviation ~ 0.100 Coefficient of variation = 8.54 % 

Failure Surface Specified By 26 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (tt) 
1 56.207 6900.000 
2 69.107 6892.346 
3 82.468 6885.527 
4 96.235 6879.571 
5 110.352 6874.501 
6 124.763 6870.338 
7 139.409 6867.099 
8 154.231 6864 . 797 
9 169.170 6863.441 

10 184.164 6863.037 
11 199.154 6863.565 
12 214.079 6865.085 
13 228.878 6867 . 530 
14 243.492 6870.911 
15 257.862 6875.212 
16 271.930 6880.418 
17 285.639 6886.507 
18 298.933 6893.454 
19 311.759 6901.232 
20 324.065 6909.809 
21 335.8pI 6919.150 
22 346.921 6929.218 
23 357.378 6939.972 
24 367.131 6951.368 
25 376.141 6963.361 
26 380.008 6969.254 

Circle Center At X = 182.986; Y - 7098.840 and Radius ~ 235.818 
Factor of Safety 

**. 1.047 . .. 
Individual data on the 32 slices 

Water Wa.ter Tie Tie Earthquake 
Force Force Force Force Force Sur charge 

Slice Width Weight TOp Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) <lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 12.9 5282.8 0.0 0.0 o. O. 766.0 0.0 0.0 
2 4.6 4341. 7 0.0 0.0 o. O. 629.5 0.0 0.0 
3 8.8 11613 .1 0.0 1373.0 O. O. 1683.9 0.0 0.0 11\!r-n rr' r)-"' l~- \ f\T~: r') 
4 13.8 2 6434.5 0.0 6974.3 o. o. 3833.0 0 . 0 0.0 < ~ ... ',." \ l, \',d , ..... , I"." , 

5 10 . 8 26704 . 0 0 . 0 8823.8 O. O. 3872 . 1 0 . 0 0.0 
6 3.4 9414.4 0.0 3310.6 O. O. 1365.1 0.0 0.0 
7 i 4.4 47864.6 0.0 16454.9 O. O. 6940.4 0.0 0.0 NOV 06 2018 
8 5.2 20182.4 0.0 6774.8 O. O. 2926.5 0.0 0.0 
9 9.4 39783.2 0. 0 13144.5 O. O . 5768 . 6 0.0 0.0 

10 14.8 71307.0 0.0 22512.5 O. O. 10339.5 0 . 0 0.0 
C:i " ~ ~.~~ i /;il'l n~3 11 14.8 80115.1 0.0 23942.7 O. o. 11616.7 0.0 o·rD :V. d Oil. 

12 0.2 968.1 0.0 282.2 O. O. 140.4 0.0 0.0 
13 15 . 0 89889.4 0.0 25048.5 o. O. 13034.0 0 . 0 0.0 
14 15.0 97545.6 0.0 24980.9 O. O. 14144.1 0.0 0.0 
15 14 . 9 103132.7 0 .. 0 24022.0 O. O. 14954. 2 0 . 0 0.0 
16 14 . 8 106576.8 0.0 22176.0 O. O. 15453 . 6 0.0 ~fJC01i~O!=tATED 17 14 . 6 107852.9 0.0 19449.9 O. O. 15638.7 0.0 
18 14 . 4 106986.8 0.0 15854.4 O. O. 15513.1 0.0 0.0 
19 14 . 1 104054.9 0.0 11404.7 O. O. 15088.0 0.0 ~:~CT 1 5 200S 20 8 . 1 58747.3 0.0 4292.3 O. O. 8518.4 0 . 0 
21 5 . 6 40443.7 0.0 1926.0 O. O. 5864.3 0.0 0.0 

Div. of Oil, Gas & Mining 



• C:alton coal stock pile ch-5-9B seismic revised a1.0UT Page 3 

22 9 . 6 67333.9 0.0 1364 . 1 O. O. 9763.4 0.0 0.0 
23 3.7 25331. 6 0.0 0 . 0 o. O. 3673.1 0.0 0.0 
24 12 . 8 84984.6 0.0 0 . 0 O. O. 12322.9 0.0 0.0 
25 11.2 69793.7 0.0 0.0 O. O. 10120.1 0.0 0.0 
26 1.1 6336.1 0.0 0 . 0 O. O. 918.7 0.0 0.0 
27 11 . 7 64093.3 0.0 0.0 o. O. 9293.5 0.0 0.0 
28 11.1 50192 .2 0.0 0 . 0 o. O. 7217.9 0.0 0.0 
29 10.5 36455.6 0.0 0 . 0 O. O. 5286.1 0.0 0.0 
30 9.8 23230.0 0.0 0.0 o. O. 3368.3 0.0 0.0 
31 9.0 10859.9 0.0 0 . 0 O. O. 1574.7 0.0 0.0 
32 3.9 1159.6 0.0 0 . 0 O. O. 168.1 0.0 0.0 

Failure Surface Specified By 27 coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 53.103 6900.000 
2 66.211 6892.706 
3 79.712 6886.171 
4 93.564 6880.416 
5 107.721 6875.459 
6 122.138 6871. 317 
7 136 . 768 6868.004 
8 · 151. 562 6865.530 
9 166.414 6863.902 

10 191. 454 6863.127 
11 196.453 6863.209 
12 211. 424 6964.142 
13 226.318 6865.929 
14 241. 085 6868.561 
15 255.679 6872.031 
16 270.050 6876.326 
17 284.153 6891. 434 • 19 297.943 6887.336 
19 311. 374 6894.016 
20 324.402 690L449 
21 336.996 6909.613 
22 349.084 6918.491 
23 360.657 6928.024 
24 371. 667 6938.211 
25 382.079 6949.009 
26 391. 858 6960.383 
27 399.550 6970.434 

Circle Center At X = 187.549 ; Y a 7126.167 and Radius - 263.110 
Factor of Safety 

*** 1.048 .*** 

Nnv 06 2018 

!NCCr.:P0!lP-.TED • OCT 1 ) 2009 

Div. of Oil, Gas & Mining 



NOV 06 2018 



• 

• 

• 
) 

C:alton coal stock pile ch-5-98 seismic revised a2.0UT Page 1 

•• * GSTABL7 ••• 
*. GSTABL7 by Garry H. GrGgory, P.E . •• 

** Original Version 1.0, January 1996; Current Version 2.004, June 2003 •• 
(All Rights Reserved-Unauthorized Use Prohibited) 

Y*·*****~********.*·.********** ••• *****7~******.**.·* • ••• ****************** •••••• 
SLOPE STABILITY ANALYSIS SYSTEM 

MOdified Bishop, Simplified Janbu, or GLE Method o! Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, curyed Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces . 

••••••• ** ••• * •••••••••• ** •• ******* ••••••••••••••• **.** .~-.******~***.* •• *.* ••• *.*. 
Analysis Run Date: 12/13/2009 
Time of Run: 09:37PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and Settings\Owner\My 

revised a2.in 
Settings\Owner\My 
revised a2.0UT 

Docurnents\Taylor Geo-Engi 
neering\alton coal stock pile ch-5-98 seismic 

Output Filename: C:\Documents and Docurnents\Taylor Geo-Engi 
neering\alton coal stock pile ch-5-98 seismic 

Unit System: English 
Plotted Output Filename: C:\Docurnents and 

neering\alton coal stock pile ch-5-99 seismic 
PROBLEM DESCRIPTION: Alton Coal Pile Line 
BOUNDARY COORDINATES 

Setting,\Owner\My Documents\Taylor Geo-Engi 
revised a2.PLT 
A2-A2 - Static 

6 Top Boundaries 
6 Total Boundaries 

Boundary X-Left Y-Left X-Right 
No. (ft) (ft) (ft) 

1 0.00 6880.00 145.00 

Y-Right 
(ft) 

6885.00 
6910.00 
6930.00 
6960.00 
6965.00 
6966.00 

Soil Type 
Below Bnd 

2 
2 145.00 6885.00 245.00 
3 245.00 6910.00 308 . 00 
4 308.00 6930.00 398.00 
5 398.00 6960.00 513.00 
6 513.00 6965.00 600.00 

User Specified Y-Origin = 6750.00(ft) 
Default X-Plus Value - D.OO(ft) 
Default ¥-Plus Value - D.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
4 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 107.0 114.1 240.0 
2 105.0 110.0 90.0 
3 100.0 120.0 2000.0 
4 100.0 115.0 300.0 

Friction 
Angle 
(deg) 
19.0 
29.0 

0.0 
21.0 

1 PIEZOMETRIC SURFACE (5) SPECIFIED 
Unit Weight of Water = 62.40 (pc!) 

Pore 
Pressure 

Paramo 
0.00 
0.00 
0.00 
0.00 

Pressure 
Constant 

(psf) 
0.0 
0.0 
0.0 
0.0 

1 
1 
1 
1 
1 

piez. 
Surface 

No. 
1 
1 
1 
o 

Piezometric Surface No. 1 Sp8cified by 5 coordinate Points 
Pore Pressure Inclination Factor - 0.50 

~oint X-Water Y-Water 
No. (ft) (ft) 

1 0.00 6870.00 
2 280.00 6870.00 
3 330.00 6870.00 
4 400.00 6870.00 
5 500.00 6870.00 

Specified Peak Ground Acceleration Coefficient CA) 
Specified Horizontal Earthquake Coefficient (kh) -
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor = 0.000 
.EARTHQUAKE DATA HAS BEEN SUPPRESSED 

0.291(g) 
0.145(g) 

O.OOO(g) 

A Critical Failure Surface Searching Method, U~ing A Random 
Technique For Generating Circular Surfaces, Has Been Specified . 

900 Trial Surfaces Have Been Generated. 
30 Surface(s) Initiate(s) From Each Of 30 Points Equally Spaced 

Along The Ground Surface Between X 50.DD(ft) 
and X = 20D.DD(ft) 

Each Surface Terminates Between X 3eD.DO(ft) 

NOV 06 201B 
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and X - SOO.OOlft) 
U~less Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y - 6700.00(ft) 
IS.OO(ft) Line Segments Define Each Trial Failure Surface. 
Fo:lowing Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
• • Safety Factors Are Calculated By The 
Total Number of Trial Surfaces Attempted 
Number of Trial Surfaces with Valid FS = 
Statistical Data On All Valid FS Values: 

Modified Bishop Method • * 
900 

900 

FS Max c 2.380 FS Min = 1.654 FS Ave 1. 857 
Standard Deviation = 0.126 Coefficient of Variation 6.77 '" 

Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
I 137.931 6884.756 
2 152.420 6880.874 
3 167.091 6877.749 
4 181.904 6875.388 
5 196.819 6873.799 
6 211.797 6872.986 
7 226.797 6872.951 
8 241.779 6873.694 
9 256.702 6875.213 

10 271.526 6877.504 
11 286.211 6980.561 
12 300.718 6884.375 
13 315.007 6888.937 
14 329.041 6894.233 
15 342.781 6900.251 
16 356.191 6906.973 
17 369.233 6914.382 
18 381.874 6922.457 
19 394 . 079 6931.177 
20 405.815 6940.518 
21 417.051 6950.456 
22 427.757 6960.962 
23 428.074 6961.308 

Circle Center At X = 219 . 974; Y '1161.964 and Radius 289.094 
Factor of Safety 

*H 1. 654 ... 
Individual data on the 26 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (Ibs) (Ibs) (Ibs) (lbs) (lbs) (Ibs) ( lbs) (lbs) 

1 7.1 793.3 0.0 0.0 o. o. 0.0 0.0 0.0 
2 7.4 3223.0 0.0 0.0 O. O. 0.0 0.0 0.0 
3 14.7 14720.4 0.0 0.0 o. O. 0.0 0.0 0.0 
4 14.8 25052.6 0.0 0.0 o. O. 0.0 0.0 0.0 
5 14.9 34307.9 0.0 0.0 O. O. .0. a 0.0 0.0 
6 15.0 42365.1 0.0 0.0 o. o. 0.0 0.0 0.0 
7 15.0 49121. 6 0.0 0.0 o . o. 0.0 0.0 0.0 
8 15.0 54502.3 0.0 0.0 o. o. 0.0 0.0 0.0 
9 3.2 12318.2 0.0 0.0 o. o. 0.0 0.0 0.0 

10 11.7 46627 .8 0.0 0.0 o. o. 0.0 0.0 0.0 
11 14 . 8 62985.9 0.0 0.0 o. o. 0.0 0.0 0.0 
12 14.7 65555.1 0.0 0.0 o. o. 0.0 0.0 0.0 
13 14.5 66618.9 0.0 0.0 o. o. 0.0 0.0 0.0 
14 7.3 33744.6 0.0 0.0 o. o. 0.0 0.0 0.0 
15 7.0 32503.3 0.0 0.0 o. o. 0.0 0.0 0.0 
16 14.0 64703.9 0.0 0.0 o. o. 0.0 0.0 0.0 
17 13.7 61838.2 0.0 0.0 o. o. 0.0 0.0 0.0 
18 13 .4 57702.7 0.0 0.0 o. o. 0.0 0.0 0.0 

HI\! ~. .' ('''.~ ~" 
' ' . 

NOV 
, 

0 J/ , 

06 

19 13.0 52417.1 0.0 0.0 O. O. 0.0 0.0 ~~Oq POP. AT ED 
20 12.6 46120.9 0.0 0.0 o. o. 0.0 0.0 
21 12.2 38971.5 0.0 0.0 o. o. 0.0 0.0 0 . 0 

1 5 2009 22 3.9 11163.5 0.0 0.0 o. o. 0.0 0.0 o·OCT 
23 7.8 19034.8 0.0 0.0 o. o. 0.0 0.0 0 . 0 

Div. of on, Gas & Mining 
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24 11.2 18150.5 0.0 0.0 o. o. 0.0 0.0 0.0 
25 10.7 6130.6 0.0 0.0 o. o. 0.0 0.0 0.0 
26 0.3 5.6 0.0 0.0 o. o. 0.0 0.0 0.0 

Failure Surface Specified By 23 Coordinate Points 
Polnt X-Surf Y-Surf 
No. (ft) (ft) 

1 127.596 6884.399 
2 142.305 6881.510 
3 157.137 6879.271 
4 172.053 6877.685 
5 187.024 6876.755 
6 202.022 6876.484 
7 217.017 6876.B73 
B 231. 9BO 6877.919 
9 246.B93 6879.622 

10 261. 697 6881.977 
11, 276.393 6984.981 
12 290.943 6888.627 
13 305.319 6892.910 
14 319.493 6897.819 
15 333.438 6903.346 
16 347.126 6909.48C 
17 360.532 6916.210 
18 373.629 6923.522 
19 386.392 6931. 402 
20 398.797 6939.835 
21 410.820 6948.805 
22 422.436 6958.294 
23 425.695 6961. 204 

Circle Center At X = 200.688 ; Y -= 7217.908 and Radius - 341. 426 

• Factor of Safety 
** .. 1. 656 ...... 

NOV 06 2018 
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-** GSTABL7 .*. 
** GS~ABL7 by Garry H. Gregory, P.E. ++ 

•• Original Version 1.0, January 1996; Current Version 2.004, June 2003 .* 
(All Rights Reserved-Unauthorized Use Prohibited) 

~* •• ****** •• *y •• ** •• *****~*** •• ********~*~************ *** ••••• * •• T***********.*** 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces . 

•• **.*****~****.***y*.*********.*****,**.**.********** *************************** 
Analysis Run Date: 12/13/2008 
Time of Run: 09:38PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and Settings\Owner\My 

revised a2.in 
Settings\Owner\My 
revised a2.00T 

Documents\Taylor Geo-Engi 
neering\alton coal stock pile ch-5-98 seismic 

Output Filename: C:\Documents and Documents\Tay10r Geo-Engi 
neering\alton coal stock pile ch-5-98 seismic 

Onit System: English 
Plotted Output Filename: C:\Oocuments and 

neering\alton coal stock pile ch-5-98 seismic 
PROBLEM DESCRIPTION: Alton Coal Pile Line 
BOUNDARY COORDINATES 

Settings\Owner\My Documents\Taylor Geo-Engi 
revised a2.PLT 
A2-A2 - Seismic 

6 Top Boundaries 
6 Total Boundaries 

Boundary X-Left Y-Left X-Right 
No. (ft) (ft) (ft) 

1 0.00 6880.00 145.00 

Y-Right 
(ft) 

6885.00 
6910.00 
6930.00 
6960.00 
6965.00 
6966.00 

Soil Type 
Below Bnd 

2 
2 145.00 6885.00 245.00 1 
3 245.00 6910.00 308.00 1 
4 308.00 6930.00 398.00 1 
5 398.00 6960.00 513.00 1 
6 513.00 6965.00 600.00 1 

Oser Specified Y-Origin = 6750.00(ft) 
Default X-Plus Value = O.OO(ft) 
Default Y-Plus Value - O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
4 Type(s) of Soil 

Soil Total Saturated Cohesion'Friction 
Type Unit Wt. Unit Wt. Intercept Angle 

Pore Pressure 
Constant 

Piez. 
Pressure Surface 

No. (pcf) (pcf) (psf) (deg) 
1 107.0 114.1 240.0 19.0 
2 105.0 110.0 ~O.O 29.0 
3 100.0 120.0 2000.0 0.0 
4 100.0 115.0 300.0 21.0 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water = 62.40 (peE) 

Paramo 
0.00 
0.00 
0.00 
0.00 

(psf) 
0.0 
0.0 
0.0 
0.0 

Piezometric Surface No. 1 Specified by 5 Coordinate Points 
Pore Pressure Inclination Factor = 0.50 

Point X-Water Y-Water 
No. (tt) (ft) 

1 0.00 6870.00 
2 280.00 6870.00 
3 330.00 6870.00 
4 400.00 6870.00 
5 500.00 6870.00 

Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) 2 

Specified Vertical Earthquake Coefficient (kv) -
Specified Seismic Pore-Pressure Factor. 0.000· 

0.291(g) 
0.145(g) 

0.000 (g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

900 Trial Surfaces Have Been Generated. 

No. 
1 
1 
1 
o 

30 Surfacers) Initiate(s) From Each Of 30 Points Equally Spaced 
Along The Ground Surface Between X - SO.OO(ft) 

and X - ZOO.OO(ft) 
Each Surface Terminates Between X D 380.00(ft) 

and X = 500.00(ft) 

NOV 06 2018 

INCCqPORA.TED 

OC1 1 !) 2009 

Div. ot Oil, Gas & Mining 
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Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 6700.00(ftl 
lS.00(ft) Line Segments Define Each Trial Failure Surrace. 
Following Are Displayed The Ten Most Critical Of The Trial 

Slice 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Failure Surfaces Evaluated. They Are 
OrQered - Most Critical First. 
* * Safety Factors Are Calculated By The 
Total Number of Trial Surfaces Attempted 
Number or Trial Surfaces With Valid FS = 
statistical Data On All Valid FS Values: 

Modified Bishop Method • • 
900 

900 

FS Max ~ 1.592 FS Min - 1.073 FS Ave = 1.177 
Standard Deviation - 0.084 Coefficient of Variation 7.10 % 

Failure Surface specified By 23 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ftl 
1 143.103 6884.935 
2 157.834 6882.103 
3 172.673 6879.911 
4 187.593 6878.363 
5 202.566 6877.463 
6 217.564 6877.212 
7 232.558 6877.611 
8 247.522 6f78.658 
9 262.426 6880.352 

10 277.242 6882.689 
11 291.944 6885.666 
12 306.503 6889.276 
13 320.892 6893.514 
14 335.084 6898.370 
15 349.053 6903.835 
16 362.772 6909.901 
17 376.216 6916.555 
18 389.359 6923.784 
19 402.176 6931.576 
20 414.645 6939.915 
21 426.740 6948.786 
22 438.441 6958.172 
23 442.749 6961.946 

Circle Center At X = 215.861; Y = 7223.639 
Factor of Safety 

Width 
(ft) 
1.9 

12.8 
14 .8 
14.9 
15.0 
15.0 
15.0 
12.4 
2.5 

14 .9 
14.8 
14.7 
14.6 
1.5 

12.9 
14 .2 
14.0 
13.7 
13.4 
13.1 
8.6 
4.2 

12.5 
12.1 

*.* 1.073 * •• 
Individual data on the 

Water Water 
Force Force 

Weight Top Bot 
(lbs) (1bs) (lbs) 

42.8 0.0 0.0 
4487.1 0.0 0.0 

14380.7 0.0 0.0 
23382.2 0.0 0.0 
31411. 7 0.0 0.0 
38399.4 0.0 0.0 
4428B.O 0.0 0.0 
40168.4 0.0 0.0 
8588.5 0.0 0.0 

53680.5 0.0 0.0 
57649.3 0.0 0.0 
60393.0 0.0 0.0 
61911.7 0.0 0.0 

6449.1 0.0 0.0 
55915.0 0.0 0.0 
61837.8 0.0 0.0 
60165.5 0.0 0.0 
57399.8 0.0 0.0 
53612.1 0.0 0.0 
48882.4 0.0 0.0 
29726.0 0.0 0.0 
13309.4 0.0 0.0 
32962.6 0.0 0.0 
21531. 9 0.0 0.0 

26 slices 
Tie Tie 

Force 
Norm 
(lbs) 

o. 
o. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
o. 
o. 
o. 
o. 
o. 
o. 
O. 
O. 
o. 
a. 
o. 
o. 
O. 

Force 
Tan 

(lbs) 
O. 
O. 
O. 
O. 
O. 
O. 
o. 
o. 
o. 
o. 
O. 
O. 
O. 
O. 
o. 
o. 
o. 
O. 
o. 
o. 
o. 
o. 
o. 
o. 

and Radius - 346.431 

Earthquake 
Force Surcharge 

Hor 
(1bs) 

6.2 

Ver Load 

650.6 
2085.2 
3390.4 
4554.7 
5567.9 
6421.8 
5867.9 
1245.3 
7783.7 
8359.1 
8757.0 
8977.2 

935.1 
8107.7 
8966.5 
8724. a 
8323.0 
7773.8 
7087.9 
4310.3 
1929.9 
4779.6 
3122.1 

( lbs ) (1bs) 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.OJ

1 0.0 o. rJi 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 o. a ~Inv 06 2018 
0.0 o. a 

~:~ ~,;&, I); C;;;, 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 ~~.IfGOnpORATED 
0.0 rj 
0.0 0.0 . 
0.0 o.oOCl 1 ~ 2009 
0.0 0.0 

a . 0 ~iV~ of Oil, Gas & Mining 
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25 11.7 10047.3 0.0 0.0 O. O. 1456.9 0.0 0.0 
26 4.3 826.5 0.0 0.0 o. O. 119.8 0 . 0 0.0 

Failure Surface Specified By 24 Coordinate Points 
Point X-Surf Y-Surf 

No. (tt) (ft) 
1 127.586 6884.399 
2 142.251 6881. 248 
3 157.036 6878.717 
4 171. 915 6876.810 
5 186.860 6875.530 
6 201. 846 6874.881 
7 216.846 6874.864 
8 231.833 6875.477 
9 246.782 6876.721 

10 261. 664 6878.592 
11 276.455 6881.088 
12 291.128 6884.205 
13 305.656 6887.937 
14 320.015 6892 .276 
15 334.178 6897.216 
16 348.121 6902.748 
17 361. 819 6908.861 
18 375.247 6915.545 
19 388.382 6922.789 
20 401.201 6930.579 
21 413.680 6938.902 
22 425.798 6947.742 
23 437.533 6957.085 
24 443.158 6961. 963 

Circle Center At X - 209.769 ; Y = 7230.776 and Radius - 355.992 

• Factor of Safety 
•• + 1. 074 ... 

NOV 06 2018 

INCC8POR ~TEO • OCT 1 ~ 2009 

Div. of Oil, Gas & Mining 
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••• GSTABL7 ••• 
** GSTABL7 by Garry H. Gregory, P.& .• * 

•• Original Version 1.0, January 1996; Current Version 2.004, June 2003 ** 
(All Rights Reserved-unauthorized Use Prohibited) 

***.***********.***+**********.*****+****~************ ***************_.********+* 

SLOPE STABILITY ANALYSIS SYSTEM 
Modified Bishop, Simplified Janbu. or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake. and Applied Forces. 

***.**+*.*+~*****.*.++*+******.*******.****.*.* •• +.~.* ******.********* •••••••• *** 
Analysis Run Date: 12113/2008 
Time of Run: 09:34PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and Settings\Owner\My Documents\Taylor 

neering\Alton Revised\alton coal stock pile ch-S-98 seismic revised b1.in 
Output Filename: C:\Documents and Settings\OWner\My Documents\Taylor 

neering\Alton Revised\alton coal stock pile ch-S-9B seismic revised bl.OUT 
Unit System: English 
Plotted Output Filename: C:\Docurnents and Settings\Owner\My Documents\Taylor 

neering\Alton Revised\alton coal stock pile ch-S-98 seismic revised b1.PLT 
PROBLEM DESCRIPTION: Alton Coal Pile Line BI-Bl - Static 
BOUNDARY COORDINATES 

11 TOp Boundaries 
14 Total Boundaries 

Boundary X-Left Y-Left X-Right 
No. (ft) (ft) (ft) 

1 0.00 6825.00 122.00 

~-Right 
(ft) 

683S.00 
6850.00 
6975.00 
689S.00 
6930.00 
6935.00 
6940.00 
6945.00 
69S0.00 
6950.00 
694S.00 
6835.00 
6817.00 
6800.00 

Soil Type 
Below Bnd 

2 
2 122.00 683S.00 190.00 1 
3 190.00 6850.00 296.00 1 
4 296.00 687S.00 367.00 1 
S 367.00 689S.00 470.00 1 
6 470.00 6930.00 505.00 1 
7 S05.00 693S.00 555.00 1 
8 S55.00 6940.00 591.00 1 
9 S91.00 694S.00 660.00 1 

10 660.00 69S0.00 726.00 1 
11 726.00 6950.00 110.00 1 
12 122.00 683S.00 770.00 2 
13 0.00 6817.00 770.00 3 
14 0.00 6800.00 770.00 4 

User Specified Y-Origin ~ 67S0.00(ft) 
Default X-?lU3 Value - O.OO(ft) 
Default Y-Plus Value ~ O.OO(ft) 

ISOTROPIC SOIL PARAMET~RS 
4 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
19.0 
29.0 

Pore Pressure Piez. 
Pressure Constant Surface 

No. (pcE) (pet) (psfl 
1 107.0 114.1 240.0 
2 10S.0 110.0 90,0 
3 100.0 120.0 2000.0 
4 100.0 11S.0 300.0 

1 PIEZOMETRIC SURfACE(S) SPECIFIED 
Unit Weight of Water ~ 62.40 (pcf) 

0.0 
21.0 

Paramo (psf) 
0.00 0.0 
0.00 0.0 -
0.00 0.0 
0.00 0.0 

Piezometric Surface No. 1 Specified by 3 Coordinate Points 
Pore Pressure Inclination Factor e 0.50 

Point X-Water Y-Water 
No. (tt) (ft) 

1 0.00 681S.00 
2 280.00 6816.00 
3 770.00 6816.00 

0.291(g) 
0.14S(q) 

O.OOO(g) 

Specified Peak Ground Acceleration Coefficient (A) s 

Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake CoeffiCient (kv) ~ 
Specified Seismic Pore-Pressure Factor s 0.000 
EARTHQUAKE DATA HAS BEEN SUPPRESSED 

No. 
1 
1 
1 
0 

Geo-Eng! 

Geo-Engi 

Geo-Engi 

OCl 1 :, 2009 

NOV 06 2018 
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A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

900 Trial Surfaces Have Been Genera ted . 
30 Surface(s) Initiate(s) From Each Of 30 Points Equally Spaced 

Along The Ground Surface Between X - 50.00(tt) 
and X ~ 140.00(ft) 

Each Surface Terminates Between X = 400.00(ft) 
and X - 700.00(ft) 

Unless Further Limitations Were Imposed, The MinLmum Elevation 
At Which A Surface Extends Is Y ~ 6750.00(ft) 
15.00(ft) Line Segments Oefine Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. T'hey Are 
Ordered - Most Critical First. 
• • Safety Factors Are Calculated By The Modified Bishop Method • * 
Total Number of Trial Surfaces Attempted 900 
Number of Trial Surfacea with Valid FS = 900 
Statistical Data On All Valid FS Values: 

FS Max = 2.875 FS Min = 1.70B FS Ave a 2.249 
Standard Deviation = 0.255 Coefficient of Variation 11.32 % 

Failure Surface Specified By 37 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (tt) 
1 102.759 6933.423 
2 116.714 6927.923 
3 130.851 6922.909 
4 145.154 6918.388 
5 159.604 6914.364 
6 174.185 6910.B43 
7 189.879 6907.829 
8 203.668 6905.325 
9 218.536 6803.334 

10 233.463 6801.859 
11 249.432 6800.902 
12 263.426 ' 6800.463 
13 27B.426 6900.543 
14 293.414 6901.143 
15 308.372 6802.261 
16 323.283 6803.896 
17 338.129 6806.045 
18 352.990 6808.70B 
19 367.550 6811.879 
20 392.093 6815.557 
21 396.499 6819.735 
22 410.752 6824.409 
23 424.835 6929.574 
24 438.731 6935.223 
25 452.422 6941.349 
26 465.894 6847.946 
27 479.129 6855.005 
28 492.112 6962.518 
29 504.827 6970.475 
30 517.259 6878.868 
31 529.394 6887.687 
32 541.215 6896.919 
33 552.710 6906.556 
34 563.865 6916.584 
35 574.666 6926.993 
36 585.100 6937.770 
37 591.676 6945.049 

Circle Center At X - 268.605; Y 7233.784 and Radius 433.352 
Factor of safety 

*** 1.708 *** 
Individual data on the 50 slice" 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

!NCCQPORATED 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

OCT 1 5 2009 No. (ft) (lbs) (lbs) (lb,,) (lbs) (lbs) (lbs) (lbs) (lb,,) 
1 14.0 4867.4 0.0 0.0 O. O. 0.0 0.0 0.0 
2 5.3 4328.1 0.0 0.0 O. O. 0.0 0.0 O'rtlUj)fGll~Gas& f~inir:1g 0 

~'nv 06 2018 

o i\!. of Uil, 
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3 8 . 9 10702.9 0.0 0.0 o. o. 0.0 0.0 0.0 ,. 14 . 3 26954.3 0.0 0.0 o. o. 0.0 0 . 0 0.0 
5 5.0 12073.5 0.0 0.0 o. o. 0.0 0.0 0.0 
6 5 . 2 13950.7 0.0 0.0 o. o. 0.0 0.0 0.0 
7 4 . 3 12584.1 0.0 167.0 o. o. 0.0 0.0 0.0 
8 14 . 6 50291. 7 0.0 2801.1 O. O. 0.0 0.0 0 . 0 
9 14 . 7 61535.0 0.0 5908.5 o. o. 0.0 0.0 0.0 

10 1.1 5120.8 0.0 563.6 O. o. 0.0 0.0 0.0 
11 13 . 7 67024.4 0.0 7976.3 o. o. 0.0 0 . 0 0 . 0 
12 14.9 82112 . 4 0.0 10692.7 O. O. 0.0 0 . 0 0.0 
13 14.9 91175.9 0.0 12365.0 O. O. 0.0 0.0 0.0 
14 15 . 0 99280.5 0.0 13552. B o. o. 0.0 0.0 0.0 
15 15 . 0 106381.7 0.0 14256.6 o. o. 0.0 0.0 0.0 
16 15 . 0 112441.3 0.0 14474.6 o. o. 0.0 0 . 0 0.0 
17 1 . 6 12117.7 0.0 1516.2 o. o. 0.0 0.0 0.0 
16 13 . 4 105304.8 0.0 12670.4 o. o. 0.0 0.0 0.0 
19 2 . 6 20712.4 0.0 2388.7 o. o. 0.0 0.0 0.0 
20 12 . 4 100963.8 0.0 10994.4 o. o. 0.0 0.0 0.0 
21 14.9 125521.0 0.0 12094.9 o. o. 0.0 0.0 0.0 
22 14.8 128255-.8 0.0 10323.9 O. O. 0.0 0.0 0.0 
23 14.6 12 9861.0 0.0 8071.6 o. o. 0.0 0.0 0.0 
24 14 .1 125431. 3 0.0 5194.5 O. O. 0.0 0 . 0 0.0 
25 0 . 6 4911. 2 0 . 0 146.9 O. O. 0 . 0 0.0 0.0 
26 14.5 130418 . 9 0.0 2136.2 O. O. 0.0 0.0 0.0 
27 1.5 13778.3 0.0 22 . 0 O. O. 0.0 0.0 0.0 
28 3.4 31124.9 0.0 0.0 o. O. 0.0 0.0 0.0 
29 9.4 85504.0 0.0 0.0 O. O. 0.0 0.0 0.0 
30 14.3 129833.2 0.0 0 . 0 o. o. 0.0 0.0 0.0 
31 14.1 128261.4 0.0 0 . 0 O. O. 0.0 0.0 0.0 
32 13.3 12 0803.0 0.0 0.0 O. O. 0.0 0.0 0.0 
33 0.5 4932.7 0.0 0 . 0 o . o. 0.0 0.0 0.0 • 34 13.7 122204.0 0.0 0 . 0 o. o. 0.0 0.0 0.0 

) 
35 13 . 5 117721.5 0.0 0.0 o. O. 0.0 0.0 0.0 
36 4. 1 35262 . 5 0.0 0.0 o. O. 0.0 0 . 0 0.0 
37 9.1 76271.3 0.0 0 . 0 o. O. 0.0 0.0 0.0 
38 . 13.0 102063.0 0.0 0 . 0 o. o. 0.0 0 . 0 0 . 0 
39 12.7 91931.5 0.0 0 . 0 O. O. 0 . 0 0 . 0 0.0 
40 0.2 1191.7 0.0 0.0 o. O. 0.0 0.0 0.0 
4 1 12.3 79863.0 0.0 0 . 0 O. O. 0.0 0.0 0.0 
42 12.1 69534. 0 0.0 0 . 0 O. o. 0.0 0.0 0.0 
43 11.8 57842.1 0.0 0.0 O. O. 0.0 0 . 0 0.0 
44 11.5 46073.1 0.0 0 . 0 O. O. 0.0 0.0 0.0 
45 2.3 7913.0 0.0 0.0 O. O. 0.0 0.0 0.0 
46 8.9 26575.3 0.0 0 . 0 O. O. 0.0 0.0 0.0 
47 10.8 23337.0 0.0 0 . 0 o. ' 0. 0.0 0 . 0 0.0 
48 10.4 12364.5 0.0 0.0 O. o. 0.0 0.0 0.0 
49 5.9 2244.5 0.0 0 . 0 o. o. 0.0 0 . 0 0.0 
50 0.7 25.3 0.0 0 . 0 o. o. 0.0 0 . 0 0.0 

Failure Surface Specified By 36 Coordi nate Points 
Point X-Surf Y-Surf 

No . (ft) (ft ) 
INCr::- i:l'-1 102 . 759 6833.423 :''''1'-'') 

2 116 . 653 68 2 7 . 770 
. «...,.! ~ t, ',.;;.0 t • I ~~, 

3 130.748 6822 . 638 
4 145.023 6818.034 

06 5 159.461 6813.963 NOV 2018 6 174.039 6810.433 
7 188.739 68 07.447 
8 203.540 6805.009 Div. 01 Oil, (3.~;lSI ~:: tl/;f! ;;rt~~) 9 218.421 6803.124 

10 233.362 6801. 7 93 
11 248.342 6801. 020 
12 263.340 6800.803 
13 278.336 6801.145 wr("RPOSJ'~TEO • 14 293.309 6802.043 'tV -" 

15 308.238 6803.499 
1 ~ 2009 16 323 . 103 6805.508 oel 17 337.883 6808.068 

18 352.557 6811 . 177 
O· of Oil Gas & Mining 19 367.106 6814.829 

1'/. ' 

) 
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20 381.509 6819.020 
21 395.746 6823.743 
22 409.797 6828.992 
23 423.644 6834.761 
24 437.266 6841.040 
25 450.646 6847.822 
26 463.764 6855.096 
27 476.602 6862.854 
28 489.143 6871.083 
29 501.370 6879.772 
30 513.264 6888.911 
31 524.811 6898.486 
32 535.994 6908.483 
33 546.797 6918.890 
34 557.206 6929.690 
35 567.206 6940.871 
36 567.979 6941.803 

Circle Center At X = 26 1 .654; Y = 7204.033; and Radius 
Factor of Safety 

~.. 1.716 *** 
Failure Surface Specified By 32 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 112.069 6834.186 
2 125.621 6827.755 
3 139.459 6821.967 
4 153.554 6816.834 
5 167 . 873 6812.368 
6 182.387 6808.579 
7 197.062 6805.474 
8 211.866 6803.060 
9 226.768 6801.343 

10 241.733 6800.327 
11 256.730 6800.014 
12 271.725 6800.405 
13 286.685 6801.498 
14 301.577 6803.292 
15 316 . 369 6805.781 
16 331.028 6808.962 
17 345.522 6812.826 
18 359.818 6817.366 
19 373.886 6822.571 
20 387.695 6828.431 
21 401.213 6634.931 
22 41~.412 6842.058 
23 427.262 6849.795 
24 439.735 6858.127 
25 451.804 6867.035 
26 463.441 6876.499 
27 474.622 6886.498 
28 485.322 6897.010 
29 495.518 6908.013 
30 505.186 6919.481 
31 514.305 6931.391 
32 517.691 6936.269 

Circle Center At X = 255.886; Y 7119.638 and Radius 
Factor of Safety 

*** 1 . 727 ••• 

403.237 

319.634 

NOV 06 201B 

OCT 1 :I 2009 

D\v. of Oil, Gas & Mining 
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**. GSTABL7 .*. 
** GSTABL1 by Garry H. Gregory, P.E. ** 

.0 Original Version 1.0, January 1996: Current Version 2.004, June 2003 ** 
(All Rights Re~erved-Unauthorized Use Prohibited) 

.*.*****************.********************************* *.**************.*********~ 

SLOPE STABILITY ANALYSIS SYSTEM 
Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

****.****.~+*.*****+.***.***** ••• **+*******.**.*.*.**.*.*.*.**.****** •• **.* •••• ** 
Analysis Run Date: 12/13/2008 
Time of Run: 09:32PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and Settings\Owner\My Docurnents\Taylor 

neering\Alton Revised\alton coal stock pile ch-5-98 seismic revised bl.in 
output Filename: C:\Oocuments and Settings\Owner\My Documents\Taylor 

neering\Alton Revised\alton coal stock pile ch-5-98 seismic revised bl.OUT 
Unit System: English 
Plotted Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor 

neering\Alton Revised\alton coal stock pile ch-5-98 seismic revised bl.PLT 
PROBLEM DgSCRIPTION: Alton Coal Pile Line B1-B1 - Seismic 
BOUNDARY COORDINATES 

11 Top Boundaries 
14 Total Boundaries 

Boundary X-Left Y-Left X-Right 
No. (tt) . (ft) (ft) 

1 0.00 6825.00 122.00 
2 122.00 6835.00 190.00 
3 190.00 6850.00 296.00 
4 296.00 6875.00 367.00 
5 367.00 6895.00 470.00 
6 470.00 6930.00 505.00 
7 505.00 6935.00 555.00 
8 555.00 6940.00 591.00 
9 591.00 6945.00 660.00 

10 660.00 6950.00 726.00 
11 726.00 6950.00 770.00 
12 122.00 6835.00 170.00 
13 0.00 6817.00 770.00 
14 0.00 6800.00 770.00 

User Specified Y-Origin ~ 6750.00(ft) 
Default X-Plus Value - O.OO(ft) 
Default y-p1us Value - O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
4 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 107.0 114.1 240.0 
2 105.0 110.0 90.0 
3 100.0 120.0 2000.0 
4 100.0 115.0 300.0 

Friction 
Angle 
(deg) 
19.0 
29.0 

0.0 
21.0 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water = 62.40 (pcf) 

Y-Right 
(Et) 

6835.00 
6850.00 
6875.00 
6895.00 
6930.00 
6935.00 
6940.00 
6945.00 
6950.00 
6950.00 
6945.00 
6835.00 
6817.00 
6800.00 

Soil Type 
Below Bnd 

2 

Pore 
Pressure 

Paramo 
0.00 
0.00 
0.00 
0.00 

Pre9sure 
Constant 

(psf) 
0.0 
0.0 
0.0 
0.0 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
3 
4 

Piez. 
Surface 

No. 
1 
1 
1 
o 

Piezometric Surface No. 1 Specified by 3 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 6815.00 

Geo-Engi 

Geo-Engi 

Geo-Engi 

NOV 06 2018 

2 280.00 6816.00 
3 770.00 6816.00 1 ~,("r: pp~RATEO 

,'\\:v ... ·· \ 

Specified Peak Ground ~cceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) = 
Specified Vertical Earthquake Coefficient (kv) -
Specified Seismic Pore-Pressure Factor = 0.000 

0.291(g) 
O.145(g) 

0.000 (g) 

A Critical Failure Surface Searching Method, Using A Random 

OCT 1 :l 2009 

Div. of Oii, Gas & Mining 
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Technique For Generating Circular Surfaces, Has Been Specified. 
900 Trial Surfaces Have Been Generated. 

30 Surface(s) Initiate(s) From Each of 30 Points Equally Spaced 
Along The Ground Surface Between X a 50.00(ft) 

and X 140.00(ft) 
Each Surface Terminates Between X - 400.00(ft) 

and X - 700.00(ft) 
Unless FUrther Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y - 5750.00(ft) 
15.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

FailUre Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
* • Safety Factors Are Calculated By The Modified Bishop Method * * 
Total Number of Trial Surfaces Attempted - 900 
Number of Trial Surfaces With Valid FS = 900 
Statistical Data On All Valid FS Values: 

FS Max = 1.741 FS Min = 1.051 FS Ave 1.397 
Standard Deviation = 0.167 Coefficient of Variation - 11. 98 % 

Failure Surface Specified By 40 coordinate Points 
Point X-Surf Y-Surf 

No . (ft.) (ft) 
1 90.345 6832.405 
2 104.479 6827.384 
3 118.754 6822.776 
4 133.157 6818.585 
5 147.675 6814.815 
5 162.297 6811.468 
7 177.010 6808.547 
8 191.801 6806.055 
9 206.659 6803.995 

10 221.571 6802.367 
11 236.523 6801.173 
12 251.504 6800.414 
13 266.500 6800.091 
14 281.500 6800.205 
15 296.490 6800.753 
16 311.457 6801.738 
17 326.390 6803.157 
18 341.275 6805.010 
19 356.100 6807.294 
20 370.853 6810.009 
21 385.520 6813.151 
22 400.090 6816.718 
23 414.549 6820.708 
24 428.887 6825.115 
25 443.091 6829.938 
26 457.148 6835.171 
27 471.047 6840.812 
28 484.777 6846.853 
29 498.325 6853.291 
30 511.680 6860.120 
31 524.831 6867.334 
32 537.767 6874.928 
33 550.477 6882.895 
34 562.949 6891.228 
35 575.174 6899.919 
36 587.142 6908.963 
37 599.841 6918.350 
38 610.263 6928.074 
39 621.397 6938.125 
40 631.660 6947.946 

Circle Center At X = 270.107; Y = 7316.028 and Radius = 
Factor of Safety *-. 1. 051 *** 

Individual data on the 53 slices 
Water Water Tie Tie Earthquake 
Force Force Force Force Force surcharge 

NOV 06 2018 

OCT 1 ~ 2009 
Slice Width Weight Top Bot Norm Tan 

No. (It) (lbs) (lbs) (lbs) (lbs) (lbs) 
Hor Ver Load , M' . 

(lbs) (lbs) (lbsOlv. cfOii, Gas & IOmg 
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1 14.1 4585. 8 0.0 0. 0 o. O. 664.9 0.0 0.0 
2 14.3 13592 .8 0.0 0. 0 o. O. 1970.9 0.0 0.0 
3 3.2 4281. 6 0.0 0. 0 o. O. 620.8 0.0 0.0 
4 . 11.2 18796.5 0.0 0. 0 o. O. 2125.5 0.0 0.0 
5 6.1 13077.4 0.0 0.0 o. O. 1896.2 0.0 0.0 
6 5.7 13919. 7 0.0 0. 0 O. O. 201B.4 0.0 0.0 
7 2.7 7183.6 0.0 62. 1 O. O. 1041.6 0.0 0.0 
8 14.6 45366. 4 0.0 2257. 7 O. O. 6578.1 0.0 0.0 
9 14.7 56291.5 0.0 5240.3 o. O. 8162.3 0.0 0.0 

10 13.0 57942. 9 0.0 6742. 7 o. O. 6401. 7 0.0 0.0 
11 1.8 8622 .2 0.0 1080 .0 O. O. 1250.2 0.0 0.0 
12 14.9 76356. 4 0.0 10002.6 O. O. llO71.7 0.0 0.0 
13 14.9 85549.3 0.0 11778 .6 o. O. 12404.6 0.0 0.0 
14 15.0 93966.5 0.0 13149 . 2 O. O. 13625.1 0.0 0.0 
15 15.0 101573.8 0.0 14113 .1 O. O. 14728.2 0.0 0.0 
16 15.0 108341. 7 0.0 14668.9 O. O. 15709.5 0.0 0.0 
17 13.5 102575. 7 0.0 13338. 7 O. O. 14873.5 0:0 0.0 
18 1.5 11670. 5 0.0 1478 . 9 o. O. 1692.2 0.0 0.0 
19 14.5 115285.3 0.0 14060.9 O. O. 16716.4 0.0 0.0 
20 0.5 3971. ~ 0.0 466 .5 o. O. 575.8 0.0 0.0 
21 15.0 123945.0 0.0 13810 .1 O. O. 17972.0 0.0 0.0 
22 14.9 128231. 4 0.0 12685.4 O. O. 18593.6 0.0 0.0 
23 14.9 131589.3 0.0 11153.8 O. O. 1~080.5 0.0 0.0 
24 14.8 134015. a 0.0 9217.4 o. O. 19432.2 0.0 0.0 
25 10.9 99950. 7 0.0 5326. 8 O. O. 14492.9 0.0 0.0 
26 3.9 35604.5 0.0 1551.2 O. O. 5162.7 0.0 0.0 
27 14.7 137096.2 0.0 4137 .0 O. O. 19879.0 0.0 0.0 
28 11.6 110146.8 0.0 1065. 1 O. O. 15971.3 0.0 0.0 
29 2.9 27937.9 0.0 0. 0 o. O. 4051. 0 0.0 0.0 
30 1.0 9748. 2 0.0 0. 0 o. O. 1413.5 0.0 0.0 
31 13.4 129009.9 0.0 0.0 O • O. 18706.4 0.0 0.0 • 32 14.3 138773. 0 0.0 0.0 O. O. 20122.1 0.0 0.0 

) 
33 14.2 137960.~ 0.0 0.0 o. O. 20004.3 0.0 0.0 
34 13.6 131884.2 0.0 0 .0 O. O. 19123.2 0.0 0.0 
35 0.5 4456.3 0.0 0. 0 o. O. 646.2 0.0 0.0 
36 12.9 123816.4 0.0 0. 0 O. O. 17953.4 0.0 0.0 
37 1.0 10026.8 0.0 0.0 o. O. 1453.9 0.0 0.0 
38 13.7 128246.1 0.0 0.0 O. O. 18595.7 0.0 0.0 
39 13.5 120329.6 0.0 0.0 o. O. 17447.8 0.0 0.0 
40 6.7 56800.6 0.0 0.0 o. O. 9236.1 0.0 0.0 
41 6.7 5498l. 1 0.0 0.0 o. O. 7972.3 0.0 0.0 
42 13.2 102157.5 0.0 0 .0 o. O. 14912.8 0.0 0.0 
43 12.9 92042.6 0.0 0.0 o. O. 13346.2 0.0 0.0 
44 12.7 81596.3 0.0 0. 0 O. O. 11831. 5 0.0 0.0 
45 4.5 26798.8 0.0 0. 0 o. O. 3895.8 0.0 0.0 
46 7.9 44212.1 0.0 0. 0 o. O. 6410.8 0.0 0.0 
47 12.2 60668. 5 0.0 0. 0 O. O. 8796.9 0.0 0.0 
48 12.0 50185.5 0.0 0. 0 O. O. 7276.9 0.0 0.0 
49 3.9 14121.9 0.0 0.0 o. O. 2048.6 0.0 0.0 
50 1.8 25236 .6 0 . 0 0. 0 O. O. 3659.3 0.0 0.0 
51 11. 4 27827. 4 0.0 0.0 o. O. 4035.0 0.0 0.0 
52 11.1 16321. 2 0.0 0'.0 O. O. 2356.5 0.0 JNr-q T'i r~ (~,,:' r~~ ; ~\ ~l ~ ::~ [) 53 10.3 4984. 7 0.0 0.0 O. o. 722.8 0.0 ' 0':'0 
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*** GS~ABL1 *** .T GSTABL7 by Garry H. Gregory, P.E ••• 
** Original Version 1.0, January 1996; Current Version 2.004, June 2003 *. 

(All Rights Reserved-Unauthorized Use Prohibited) 
.**.**~***w**w******.*~+************~.******************************~.*********** 

SLOPE STABILITY ANALYSIS SYSTEM 
Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type· Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied For·ces . 

•• * •• *******++*+ •• *** •• +******* ••••••••• * •• ** •• * ••••••••• **.*********.*.*.*** ••• * 
Analysis Run Date: 12/13/2006 
Time of Run: 09:13PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and Settings\Owner\My Documents\Taylor GeO-Engi 

neering\Alton Revised\alton coal stock pile ch-S-98 seismic revised b2.in 
output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neerinq\Alton Revised\alton coal stock pile ch-S-98 seismic revised b2.0UT 
Unit System: English 
Plotted Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\alton coal stock pile ch-S-98 seismic revised b2.PLT 
PROBLEM DESCRIPTION: Alton Coal Pile Line B2-B2 - Static 
BOUNDARY COORDINATES 

7 TOp Boundaries 
10 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil ~ype 
No. (tt) (tt) (ft) (ft) Below Bnd 

1 0.00 6810.00 200.00 6815.00 2 
2 200.00 681S.00 241 . 00 6820.00 1 
3 241.00 6820.00 308.00 6835.00 1 
4 308.00 6835.00 476.00 6875.00 1 
S 476.00 6875.00 617.00 692S.00 1 
6 617.00 692S.00 · 686 . 00 692S.00 1 
7 686.00 6925.00 730.00 6910.00 1 
8 241.00 6820.00 730 . 00 6820.00 2 
9 0.00 6806.00 730.00 6812.00 3 

10 0.00 6800.00 730.00 6800.00 4 
User Specified Y-Origin = 6750.00(tt) 
Default X-Plus Value - O.OO(ft) 
Default Y-Plus Value = O.OO(ft) 

ISOTROPIC SOIL P~~ETERS 
4 Type(s) of Soil 

Soil Total Satu~ated Cohesion Friction 
Type Unit Wt. Unit Wt. Intercept Angle 

Pore Pressure Piez. 
Pressure Constant Surface 

No. (pcf) (pcf) (psf) (deg) Paramo (psf) 
1 107.0 114.1 240.0 19.0 0.00 0.0 
2 10S.0 110.0 90.0 29.0 0.00 0 . 0 
3 100.0 120.0 2000.0 0.0 0.00 0.0 
4 100.0 11S.0 300.0 21.0 0 . 00 0.0 

1 PIEZOMETRIC SURFACE(S) SPECIFlED 
Unit Weight of Water = 62.40 (pcf) 
Piezometric Surface No. 1 Specified by 3 Coordinate Points 
Pore Pressure Inclination Factor O.SO 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 6801.00 
2 280.00 6801.00 
3 730.00 6801.00 

Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) -
Specified Vertical Earthquake Coefficient (kv) -
Specified Seismic Pore-P~essure Factor - 0.000 
EARTHQUAKE DATA HAS BEEN SUPPRESSED 

0.291 (<]) 
0.145(g) 

O.OOO(g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been specified. 

No. 
1 
1 
1 
0 

900 Trial Surfaces Have Been Generated. 
30 Surface(s) Initiate(s) From Each Of 30 Points Equally Spaced 

oel 1 :l 2009 
. j bfi n as &:Mitlilil~ t T r:: r) OIV.Ol .\ . • . I •• '. 'i .. l _.,J 
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Along The Ground Surface Between X = lOO.OO(ft) 
and X 400.00(ft) 

Each Surface Terminates Between X ~ 400.00(ft) 
and X 650.00 (ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y - 6750.00(ft) 
15.00(ft) Li~e segments Define Each Trial Failure Surface. 
**** ERROR - RC11 -*** 

»200 attempts to generate ~ailure .ar~ac. have ~&iled. Revi •• limitations 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Lis'ted Below Is Misleading. 
Failure Surface Defined By 3 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 389.66 6854.44 
2 400.39 6843.97 
3 406.74 6858.51 

Factor Of Safety For The Preceding Specified Surface --12.950 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
* * Safety Factors Are Calculated By The Modified Bishop Method * * 
Total Number of Trial Surfaces Attempted ~ 900 
Number of Trial Surfaces with Misleading FS = 1 
Number of Failed Attempts to Generate Trial Surface 59 
Number of Trial Surfaces With Valid FS = 840 
Percentage of Trial Surfaces With Man-Valid FS Solutions 
of the Total Attempted = 6.7 % 
Statistical Data On All Valid FS Values: 

FS Max = 10.391 FS Min - 1.611 ' FS Ave = 2.859 
Standard Deviation m 0.835 Coefficient of variation 29.20 % 

Failure Surface Specified By 22 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 358.621 6847.053 
2 373.280 6843.875 
3 388.076 6841.411 
4 402.975 6839.668 
5 417.940 6838.650 
6 432.937 6838.359 
7 447.931 6838.795 
8 462.886 6839.959 
9 417.767 6841.847 

10 492.538 6844.454 
11 507.166 6847.774 
12 521.616 6851.801 
13 535.853 6856.523 
14 549.844 6861.931 
15 563.557 6868.011 
16 576.958 6874.749 
17 590.017 6882.128 
18 602.703 6890.133 
19 614.985 6898.744 
20 626.836 6907.940 
21 638.226 6917.701 
22 645.952 6925.000 

Circle Center At X ~ 431.437; Y ~ 7147.192 and Radius - 308.846 
Factor of Safety 

*** 1.611 *** 
Individual data on the 23 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Her Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbSft(! r''''i' 1,:)~)nATEO 

1 14.7 5230.3 0.0 0.0 o . O. 0.0 0.0 :'6" " " 
2 14 .8 15296.3 0.0 0.0 O. o. 0.0 0.0 ~OCl 1 :> 2009 3 14.9 24389.9 0.0 0.0 o. o. 0.0 0.0 
4 15.0 32402.8 0.0 0.0 o. o. 0.0 0.0 0.0 
5 15.0 39246.1 0.0 0.0 o. o. 0.0 0.0 . 0 J 0'1 Gas & Mining 
6 15.0 44848.1 0.0 0.0 O. o. 0.0 0.0 Dl'~ ,I, . , ,~ -rr::r) 

I~,j, ~ L. .... t . 
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7 15.0 49156.6 0.0 0.0 O. O. 0.0 0.0 0.0 
8 13.1 45812.3 0.0 0.0 o. o. 0.0 0.0 0.0 
9 1.8 6346.9 0.0 0.0 O. o. 0.0 0.0 0.0 

10 14 .8 55470.5 0.0 0.0 O. O. 0.0 0.0 0.0 
11 14.6 58449.6 0.0 0.0 O. O. 0.0 0.0 0.0 
12 14.4 60029.1 0.0 0.0 O. O. 0.0 0.0 0.0 
13 14.2 60231.7 0.0 0.0 O. O. 0.0 0.0 0.0 
14 14.0 59101. 7 0.0 0.0 O. O. 0.0 0.0 0.0 
15 13.7 56703.2 0.0 0.0 O. O. 0.0 0.0 0.0 
16 13.4 53121. 9 0.0 0.0 O. O. 0.0 0.0 0.0 
17 13.1 48455.5 0.0 0.0 O. o. 0.0 0.0 0.0 
18 12.7 42824.4 0.0 0.0 o. o. 0.0 0.0 0.0 
19 12.3 36363.5 0.0 0.0 o. o. 0.0 0.0 0.0 
20 2.0 5414.5 0.0 0.0 o. o. 0.0 0.0 0.0 
21 9.B 21969.9 0.0 0.0 o. o. 0.0 0.0 0.0 
22 11.4 14843.4 0.0 0.0 O. o. 0.0 0.0 0.0 
23 7.7 3017.3 0.0 0.0 o . o. 0.0 0.0 0.0 

• 
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*** GS~A8L7 *** 
** GSTABL7 by Garry R. Gregory, P.E. 

Tt Original Version 1.0, January 1996; Current Version 2.004, June 2003 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

*.**~*****~.~*.+*****.*~.*************+*+*.*******.****************.********~**** 

SLOPE STABILITY ANALYSIS SYSTEM 
Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer , Morgenstp.rn-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback. 
Nonlinear Undrained Shear Strength. Curved Phi Envelope, 
Anisotropic Soil. Fiber-Reinforced Soil. Boundary Loads, Water 
Surfaces. Pseudo-Static & Newmark Earthquake. and Applied Forces. 

***.**********W**********7******+***'************~**** **************.*.**-***-*.* 

AnalysiS Run Date: 12/13/2008 
Time of Run: 09:19PM 
Run By: Alan Taylor 
Input Data Filename: C:\Document~ and Settings\Owner\My Documents\Taylor 

neering\Alton Revised\alton coal stock pile ch-S-9B seismic revised b2.in 
Output Filename: C:\Documents and Settings\Owner\My Oocuments\Taylor 

neering\Alton Revised\alton coal stock pile ch-S-98 seismic revised b2.0UT 
Unit System: English 
Plotted Olltput Filename: C:\Documents and Settings\Owner\My Documents\Taylor 

neering\Alton Revised\alton coal stock pile ch-S-98 seismic revised b2.PLT 
PROBLEM DESCRIPTION: Alton Coal Pile Line 82-B2 - Seismic 
BOUNDARY COORDINATES 

7 TOP Boundaries 
10 Total Boundaries 

Boundary X-Left Y-Left X-Right 
No. (ft) (ft) (ft) 

1 0.00 6810.00 200.00 

Y-Right 
(ft) 

681S.00 
6820.00 
6835.00 
6875.00 
6925.00 
6925.00 
6910.00 
6820.00 
6812.00 
6800.00 

Soil Type 
Below Bnd 

2 
2 200.00 6815.00 241.00 1 
3 241.00 6820.00 308.00 1 
4 308.00 683S.00 476.00 1 
S 476.00 687S.00 617.00 1 

·6 617.00 692S.00 686.00 1 
7 686.00 6925.00 730.00 1 
8 241.00 6820.00 730.00 2 
9 0.00 6806.00 730.00 3 

10 0.00 6800.00 730.00 4 
User Specified Y-Origin ~ 6750.00(ft) 
Default X-Plus Value = O.OO(ft) 
Default Y-Plus Value = O.OO(ft) 

ISOTROPIC SOIL PARAMET~RS 
4 Type(s) of Soil 

Soil Total saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
19.0 
29.0 

Pore Pressure piez. 
Pressure Constant Surface 

No. (pcf) (pcf) (psf) 
1 107.0 114.1 240 . 0 
2 105.0 110.0 90:0 
3 100.0 120.0 2000.0 
4 100.0 llS.0 300.0 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit We{ght of Water - 62.40 (pcf) 

0.0 
21.0 

Paramo (psf) 
0.00 0.0 
0.00 0.0 
0.00 0.0 
0.00 0.0 

Piezometric Surface No. 1 Specified by· 3 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 6801.00 
2 280.00 6801.00 
3 730.00 6801.00 

Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) -
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pr~ssure Factor = 0.000 

O.291(g) 
0.145(g) 

0.000 (g) 

A Critical Failure Surface Searching Mechod. Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

900 Trial Surfaces Have Been Generated. 

No. 
1 
1 
1 
0 

30 Surface(s) Initiate(s) From Each Of 30 Points Equally Spaced 
Along The Ground Surface Between X - lOO.OO(ft) 

Geo-Engi 

Geo-Engi 

Geo-Engi 
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and X = 400.00(ft) 
Each Surface Terminates Between X ~ 400.00(ft) 

and X = 6S0.00(ft) 
Unles5 Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 6750.00(ft) 
20.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
* • Safety Factors Are Calculated By The Modified Bishop Method 
Total Number of Trial Surfaces Attempted = 900 
Number of Failed Attempts to Generate Trial Surface = 59 
Number of Trial Surfaces With Valid FS = 841 
Percentage of Trial Surfaces With Non-Valid FS solutions 
of the Total Attempted = 6.6 % 
Statistical Data On All Valid FS Values: 

FS Max = 6.210 FS Min = 1.059 FS Ave = 1.745 
Standard Deviation = 0.440 Coefficient of Variation 

Failure Surface Specified By 20 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 296.552 6832.437 
2 316.164 6828.517 
3 335.954 6825.629 
4 355.869 6823.782 
5 375.853 6822.981 
6 395.851 6823.228 
7 415.809 6824.522 
8 435.672 6826.860 
9 455.385 6830.236 

10 474.895 6834.639 
11 494.146 6840.059 
12 513.088 6846.479 
13 531.667 6853.883 
14 549.833 6862.250 
15 567.535 6871.557 
16 584.726 6881.779 
17 601.357 6892.887 
18 617.384 6904.852 
19 632.762 6917.639 
20 640.725 6925.000 

Circle Center At X ~ 381.148; Y - 7204 . 030 and Radius = 
Factor of Safety 

* •• 1. 059 *** 
Individual data on the 22 slices 

Water Water Tie Tie Earthquake 

. " 

25.23 , 

381.101 

Force force Force Force Force Surcharge 
Slice Width Weight Top 60t Norm Tan Hor Ver Load 

No. (ft) llbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 
1 11.4 2970.9 0.0 0.0 o. o. 430.8 0.0 0.0 
2 8.2 5799.5 0.0 0.0 o. o. 840.9 0.0 0.0 
3 19.8 25891. 8 0.0 0.0 o. O. 3754.3 0.0 0.0 
4 19.9 41169.9 0.0 0.0 o. O. 5969.6 0.0 0.0 ,r\1 C ') "'" -', {' I • ~ '-I ~.--., \ '~, r. -1"''''. ') 
5 20.0 54300.7 0.0 0.0 O. o. 7873.6 0.0 0.0 '" !t I " .... ! w "~6~"~ J L'~ ;~ ... 
6 20.0 65118.7 0.0 0.0 o. O. 9442.2 0.0 0.0 
7 20.0 73500.0 0.0 0.0 O. O. 10657.5 0.0 0.0 
8 19.9 79364.6 0.0 0.0 o. o. 11507.9 0.0 0.0 NOV 06 2018 9 19.7 82679.0 0.0 0.0 O. O. 11988.5 0.0 0 . 0 

10 19.5 83450.6 0.0 0.0 O. O. 12100.3 0.0 0.0 
11 1.1 4740.1 0.0 0.0 O. o. 687.3 0.0 0.0 Oii!. C~ ~!; ;J 12 18.1 79050.4 0.0 0.0 o. O. 11462.3 0.0 0.0 ~ ~, ~~ 

., 
fl Ii i !! '1' ..,~ 

13 18.9 84160.1 0.0 0.0 O. O. 12203.2 0.0 0.0 
14 18.6 82033.6 0.0 0.0 O. o. 11894.9 0.0 0.0 
15 18.2 77544.2 0.0 0 . 0 o. o. 11243 . 9 0.0 0.0 
16 17.7 70972.9 0.0 0.0 o . o. 10276 . 6 0.0 ~. ~ " "(' '·:'::1(·!PP..TED 17 17.2 62244.0 0.0 0.0 o. o. 9025.4 0.0 · .. ·j\.lV- I • -

18 16.6 51911. 8 0.0 0.0 O. O. 7527.2 0.0 0.0 
19 15.6 39334.7 0.0 0.0 O. O. 5703.5 0.0 0 . 0 OCT 1 5 2009 20 0.4 833.5 0 . 0 0.0 o. O. 120.9 0.0 0.0 
21 15.4 22632.9 0.0 0.0 O. o. 3281. B 0.0 0.0 

Oili. of Oii, Gas & Mining 



• 22 

) • 

• 

C:alton coal stock pile ch-5-9B seismic revised b2.0UT 

B.O 3136.2 0.0 0.0 o. o. 454.8 0.0 0.0 
Failure Surface Specified By 21 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 275.862 6827.805 
2 295.582 6824.471 
3 315.436 6822.057 
4 335.381 6920.568 
5 355.373 6820.009 
6 375.369 6820.379 
7 395.327 6821.679 
8 415.203 6823.906 
9 434.953 6827.054 

10 454.536 6831.117 
11 473.909 6936.086 
12 493.030 6841.950 
13 511.858 6848.697 
14 530.351 6856.312 
15 548.471 6864.779 
16 566.177 6874.079 
17 583.432 6884.192 
18 600.197 6895.097 
19 616.438 6906.769 
20 632.119 6919.183 
21 638.802 6925.000 

Circle Center At x ~ 357.404; Y = 7250.058 and Radiu~ - 430.054 
Factor of Safety 

••• 1. 063 

Page 3 

NOV 06 2018 

oel 1 :l 2009 
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••• GS~ABL7 ••• 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.004, June 2003 •• 
(All Rights Reserved-Unauthorized Use Prohibited) 

********.*~**.*****.****w****~*.***********.* •• ****.***.***** •••••• *.******.**, •• 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including pier/pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static' Newmark Earthquake, and Applied Forces. 

**********.********* •••• ********.***.******* ••• **.**** ***'***'.*A*'**~"********* 
Analysis Run Date: 12/15/2008 
Time of Run: 01:37PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and settings\Owner\My Documents\Tay10r Geo-Engi 

neering\A1ton Revised\a1ton line ff sp-16-13 static.in 
Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\a1ton line ff sp-16-13 static.OUT 
Unit System: English 
Plotted Output Filename: C:\Documents and Settings\Owner\My Documents\Tay10r Geo-Engi 

neering\Alton Revised\alton line ff sp-16-13 static.PLT 
PROBLEM DESCRIPTION: Alton Coal Hollow Sedimentation Pond 4: 

Line FF, Soil SP-16-13 - Static 
BOUNDARY COORDINATES 

4 Top Boundaries 
4 Total Boundaries 

Boundary X-Lett Y-Left X-Right 
No. (ft) (ft) (ft) 

1 0.00 6923.00 20.00 

Y-Right 
(ft) 

6823.00 
6838.00 
6838.00 
6828.00 

Soil Type 
Below Bnd 

1 
2 20.00 6923.00 50.00 1 
3 50.00 6938.00 62.00 1 
4 62.00 6838.00 82.00 1 

User Specified Y-Origin = 6750.00(ft) 
Default X-plus Value: O.OO(ft) 
Default Y-Plus Value = O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
2 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
29.6 
29.0 

Pore 
Pressure 

Paramo 
0.00 
0.00 

Pressure 
Constant 

(psf) 
0.0 
0.0 

Piez. 

No. (pcf) (pcf) (psf) 
1 99.4 116 . 2 94.0 

Surface 
No. 
1 

2 105.0 110 . 0 90.0 
1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water = 62.40 (pcf) 
Piezometric Surface No. 1 Specified by 6 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
NO. (ft) (ft) 

1 0.00 6834.00 
2 20.00 6834.00 
3 42 . 00 6834.00 
4 50.00 6834.00 
5 58.00 6834.00 
6 82 . 00 6828.00 

0.291(g) 
0.145 (g) 

0.000 (g) 

Specified Peak Ground Acceleration Coefficient CAl -
Specified Horizontal Earthquake Coefficient (kh) -
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor = 0.000 
EARTHQUAKE DATA HAS BEEN SUPPRESSED 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 

1 

20 Surface(s) Initiate(s) From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X lO.OO(ft) 

and X = 45.00(ft) 
Each Surface Terminates Between X - 48.00(ft) 

and X - 60.00(ft) 
Unless Further Limitations Were Imposed, The Minimum Elevation 

OCT 1 :l 2009 

DiY, OT Oil, Gas & Mining 
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At Which A Surface Extends Is Y a 6700.00(ft) 
1.00(ft) Line segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
• • Safety Factors Are Calculated By The Modified Bishop Method • • 
Total Number of Trial Surfaces Attempted = 400 
Number of Trial Surfaces With Valid FS - 400 
Statistical Data On All Valid FS Values: 

FS Max = 11.984 FS Min = 2.152 FS Ave - 3.229 
Standard Deviation ~ 1.274 Coefficient of Variation 39.46 % 

Failure Surface Specified By 45 Coordinate Points 
Point X-Surf Y-Surf 

No. (fe) (ft) 
1 19.211 6823.000 
2 20.192 6822.808 
3 21.178 6822.642 
4 22.168 6822.503 
5 23.162 6822.391 
6 24.158 6822.305 
7 25.157 6822.246 
8 26.156 6822.213 
9 27.156 6822.208 

10 28.156 6822.230 
11 29.155 6822.279 
12 30.152 6822.354 
13 3:.147 6822.457 
14 32.138 6822.585 
15 33.126 6822.741 
16 34.109 6822.923 
17 35.087 6823.132 
18 36.059 6823.367 
19 37.025 6823.627 
20 37.983 6823.914 
21 38.933 6824.227 
22 39.874 6824.564 
23 40.806 6824.927 
24 41.728 6825.315 
25 42.638 6825.728 
26 43.538 6826.165 
27 44.425 6826.625 
28 45.300 6827.110 
29 46.162 6827.618 
30 47.009 6828.148 
31 47.842 6828.702 
32 48.659 6829.278 
33 49.461 6829.875 
34 50.247 6830.494 
35 51 .015 6831.134 
36 51 .766 6831.794 
37 52.500 6832.474 
38 53.214 6833.174 
39 53.909 6833.893 
40 54.585 6834.629 
41 55.241 6835.384 
42 55.876 6836.157 
43 56.491 6836.946 
44 57.083 6837.751 
45 57.257 6838.000 

Circle Center At X = 26.846; Y 6859.390 and Radius - 37.182 
Factor of Safety 

**. 2.152 ..... 
Individual data on the 48 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. 1ft) 11bs) (1bs) ( lbs) (lbs) (1bs) 

1 0.8 7.1 541. 9 556.1 O. O. 
(lbs) (1bs) (lbs) 

C.O 0.0 0.0 OCT 1 ~ 2009 
2 0.2 4.9 146.6 136.3 O. O. C.O 0.0 0 . 0 
3 1.0 70.7 733.3 703.5 O. O. 0.0 0.0 o ' 0 t!" ''''0 'P.M" . 'I" '01 iI ~a-s-QI 1(1I.n9-:: ro, 

Y,. .- , "1' ,". 1, ' ,J) 
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4 1.0 145.4 702.2 713.1 O. O. 0.0 0.0 0.0 
5 1.0 217.7 670 . 2 720.9 O. O. 0.0 0.0 0.0 
6 1.0 287.4 637 . 4 721.1 O. O. 0.0 0.0 0.0 
7 1.0 354.2 603.9 731. 6 O. O. 0 . 0 0.0 0.0 
8 1.0 417 .9 569.8 734.5 O. O. 0 . 0 0.0 0.0 
9 1.0 478.4 535.2 735.6 O. O. 0.0 0.0 0.0 

10 1.0 535.5 500.2 735.2 O. O. 0.0 0.0 0.0 
11 1.0 588.8 464.9 732.9 O. O. 0.0 0.0 0.0 
12 1.0 638.5 429.5 729.1 O. O. 0 . 0 0.0 0.0 
13 1.0 684.2 393.9 723.5 O. O. 0.0 0.0 0.0 
14 1.0 726.0 358 . 3 716.3 O. O. 0.0 0.0 0.0 
15 1.0 7 63 .6 322.8 701.4 O. o. 0.0 0.0 0.0 
16 1.0 797.1 287.5 696.9 O. o. O.C 0.0 0.0 
17 1. 0 826.4 252.5 6B4.7 O. O. 0 . 0 0.0 0.0 
18 1.0 851. 4 217.9 670.9 O. O. 0.0 0.0 0.0 
19 1.0 872.1 183.8 655.4 O. O. 0.0 0.0 0.0 
20 1.0 8B8.5 150.3 638.3 O. O. 0.0 0.0 0.0 
21 0 . 9 900 . 6 111 . 4 619.7 O. O. 0.0 0.0 0.0 
22 0 . 9 908.5 85 . 3 599.4 O. O. 0.0 0.0 0.0 
23 0.9 912.1 54.0 577.4 o. o. 0.0 0.0 0.0 
24 0.9 911. 7 23.6 554.0 O. O. 0.0 0.0 0.0 
25 0.3 270.9 1.3 161. a o. O. 0.0 0.0 0.0 
26 0.6 634.6 0.0 368.1 O. O. 0.0 0.0 0.0 
27 0.9 890.5 0.0 502.6 O. O. 0.0 0.0 0.0 
28 0.9 871.6 0.0 474.6 o. o. 0.0 0.0 0.0 
29 0.9 849.4 0 . 0 445 . 0 O. O. 0.0 0.0 0.0 
30 0.9 823.9 0.0 414.1 O. O. 0.0 0.0 0.0 
31 0.8 795.5 0.0 381. 7 O. O. 0.0 0.0 0.0 
32 0.8 764.1 0.0 347.9 O. O. 0.0 0.0 0.0 
33 0.8 730.0 0.0 312.6 O. O. 0.0 0.0 0.0 
34 0.8 693.5 0.0 276.0 O . O. 0.0 0.0 0.0 • 35 0.5 451. 9 0.0 167.4 O. O. 0.0 0.0 0.0 
36 0.2 201.5 0.0 70.6 O. O. 0.0 0.0 0.0 
37 0.8 590.1 0.0 198.8 O. O. 0.0 0.0 0.0 
38 0.8 520.0 0.0 158.3 O. O. 0.0 0.0 0.0 
39 0 . 7 450.4 0.0 116.5 O. O. 0.0 0.0 0.0 
40 0.7 381. 7 0.0 73 . 4 O. O. 0.0 0.0 0.0 
41 0.7 314 . 2 0.0 29.1 o. o. 0.0 0.0 0.0 
42 0.1 39 . 8 0.0 0.5 O. O. 0.0 0.0 0.0 
43 0.6 211.5 0.0 0.0 o. O. 0.0 0.0 0.0 
44 0.7 195 . 1 0.0 0.0 o. O. 0.0 0.0 0.0 
45 0 . 6 140 . 8 0.0 0.0 o. o. 0 . 0 0.0 0.0 
46 0.6 88.5 0.0 0.0 o. o. 0.0 0.0 0.0 
47 0.6 38 . 4 0.0 0.0 o. o. 0.0 0.0 0.0 
48 0.2 2 . 1 0.0 0.0 o . o. 0.0 0.0 0.0 

• OCT 1 :l 2009 

~:rl\1 0 S 2018 

., 



) 

• 

• 

• 

C:alton line ff sp-16-13 static.OUT Page 1 

*** GSTABL7 *** 
w* GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.004, June 2003 +* 

(All Rights Reserved-Unauthorized Use Prohibited) 
******TTT·*·****.* •• ********.~****T***.*************.*** •• ** ••• *.~.* •• *********** 

SLOPE STA3ILITY ANALYSIS SYSTEM 
Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement. Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

** •• ******_****.**********************.*********************** ••• **.* ••• * •• w***** 

Analysis Run Date: 12/15/2008 
Time of Run: 01:40PM 
Run By: Alan Taylor 
Input Data Filename: C:\Document~ and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\alton line ff sp-16-l3 static.in 
Output Filename: C:\Documents and Settings\Owner\My Docurnents\Taylor Geo-Engi 

neering\Alton Revised\alton line ff sp-16-l3 static. OUT 
Unit system: English 
Plotted Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\alton line ff sp-16-l3 static.PLT 
PROBLEM DESCRIPTION: Alton Coal Hollow Sedimentation Pond 4: 

Line FF, Soil SP-16-l3 - Seismic 
BOUNDARY COORDINATES 

4 Top Boundaries 
4 Total Boundaries 

Boundary X-Left V-Left X-Right 
No. (ft) (ft) (f-:) 

1 0.00 6823.00 20.00 

V-Right 
(ft) 

6823.00 
6838.00 
6838.00 
6828.00 

Soil Type 
Below Bnd 

1 
2 20.00 6823.00 50.00 1 
3 50.00 6838.00 62.00 1 
4 62.00 6838.00 82.00 1 

User Specified V-Origin - 6750.00(ft) 
Default X-Plus Value - O.OO(ft) 
Default y-plus Value = O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
2 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
29.6 
29.0 

Pore Pressure piez. 
Pressure Constant surface 

No. (pcf) (pcf) (psf) 
1 99.4 116.2 94.0 
2 105.0 110.0 90.0 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water = 62.40 (pcf) 

Paramo (psf) 
0.00 0.0 
0.00 0.0 

Piezometric Surface No. 1 Specified by 6 Coordinate Points 
Pore Pressure Inclination Factor - 0.50 

Point X-Water V-Water 
No. (ft) (ft) 

1 0.00 6834.00 
2 20.00 6834.00 
3 42.00 6834.00 
4 50.00 6834.00 
5 58.00 6834.00 
6 82.00 6828.00 

Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) ~ 
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor - 0.000 

0.291(g) 
0.145(g) 

O.OOO(g) 

A Critical Failure Surface Searching Method, using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 

No. 
1 
1 

20 Surface(s) Initiate(s) From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X = 10.00(ft) 

and X - 45.00(ft) 
Each Surface Terminates Between X - 4S.00(ft) 

and X ~ 60.00(ft) 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 6700.00(ft) 

NOV 06 2018 
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1.OO(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayec The Ten Most Critical Of The Trial 

Failure Surfaces Evaluated . They Are 
Ordered - Most Critical First. 
* * Safety Factors Are Calculated By The Modified Bishop Method 
Total Number oE Trial Surfaces Attempted = 400 
Number of Trial Surfaces With Valid FS c ~OO 
Statistical Data On All valid FS Values: 

FS Max = 9.224 FS Min - 1.309 FS Ave ~ 2.052 
Standard Deviation ~ 0.881 Coefficient of Variation -

Failure Surface Specified By 45 Coordinate Points 
Point X-Surf Y-Surf 

No . (ft) (ftl 
1 19.211 6823.000 
2 20.192 6822.808 
3 21.178 6822.642 
4 22.168 6822.503 
5 23.162 6822.391 
6 24.158 6822.305 
7 25.157 6822.246 
8 26.156 6822.213 
9 27.156 6822.208 

10 28.156 6822.230 
1: 29.155 6822.279 
12 30.152 6822.354 
13 31.147 6822.457 
14 32.138 6822.585 
15 33.126 6822.741 
16 34.109 6822.923 
17 35.087 6823.132 
18 36.059 6823.367 
19 37.025 6823.627 
20 37.983 6823.914 
21 38.933 6824.227 
22 39.874 6824.564 
23 40.806 6824.927 
24 41.728 6825.315 
25 42.638 6825.728 
26 43.538 6826.165 
27 44.425 6826.625 
28 45.300 6827.110 
29 46.162 6827.618 
30 47.009 682B.148 
31 47.842 6828.702 
32 48.659 6829.278 
33 49.461 6829.875 
34 50.247 6830.494 
35 51.015 6831.134 
36 51.766 6831.794 
31 52.500 6832.474 
38 53.214 6833.174 
39 53.909 6833.893 
40 54.585 6834.629 
41 55.241 6835.384 
42 55.B76 6836.157 
43 56.491 6836.946 
44 51.083 6831.751 
45 51.257 6838.000 

Circle Center ~t X = 26.846; Y 6859.390 and Radius 
Factor of Safety 

*** 1.309 *** 
Individual data on the 48 slices 

Water Water Tie Tie Earthquake 

* " 

42.94 % 

...... 

37.182 

Force Force Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (lbs) (lQ.,) (lbs) (lbs) Ilbs) (lbs) (lbs ) 
1 0.8 7.1 541. 9 556.1 O. O. 1.0 0.0 0.0 
2 0.2 4 . 9 146.6 136.3 O. O. 0.7 0.0 0 . 0 
3 1.0 70.7 733.3 703.5 O. O. 10 . 3 0.0 0.0 
4 1.0 145.4 702.2 713.1 O. O. 21.1 0.0 0.0 

c 

NOV 06 2018 
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5 1.0 217.7 670.2 720 . 9 O. O. 31.6 C.O 0.0 
6 1.0 287.4 637.4 "727.1 O. O. 41.7 0.0 0.0 
7 1.0 354.2 603.9 731. 6 O. O. 51.4 0.0 0.0 
B 1.0 417.9 569.8 734.5 a. o. 60.6 0.0 0.0 
9 1.0 478.4 535.2 735 . 6 O. O. 69.4 C.O 0.0 

10 1.0 535.5 500.2 735.2 O. O. 77.6 0.0 0.0 
11 1.0 588.8 464.9 732.9 O. O. 85.4 0.0 0.0 
12 1.0 638.5 429.5 729 . 1 O. O. 92.6 0.0 0.0 
13 1.0 684.2 393.9 723 . 5 O. O. 99.2 0.0 0.0 
14 1.0 726.0 358.3 716.3 O. O. 105.3 0.0 a.o 
15 1.0 763.6 322.8 707 . 4 O. O. 110.7 0.0 0.0 
16 1.0 797.1 287.5 696 . 9 O. O. 115.6 0.0 0.0 
17 1.0 826.4 252.5 684 . 7 O. O. 119.8 0.0 0.0 
18 1.0 851. 4 217.9 670 . 9 O. O. 123.5 0.0 0.0 
19 1.0 872 .1 183.8 655.4 O. O. 126.5 0.0 0.0 
20 1.0 888.5 150.3 638.3 O. O. 128.8 0.0 0.0 
21 0.9 900.6 117.4 619 . 7 O. O. 130.6 0.0 0.0 
22 0.9 908.5 85.3 599 . 4 O. O. 131.7 0.0 0.0 
23 0.9 912.1 54.0 577 . 4 O. O. 132.3 0.0 0.0 
24 0.9 911. '1 23.6 554.0 O. O. 132.2 0.0 0.0 
25 0.3 270.9 1. 3 161.0 O. O. 39.3 0.0 0.0 
26 0.6 634.6 0 .0 368.1 O. O. 92.0 0.0 0.0 
27 0.9 890.5 0 .0 502.6 O. O. 129.1 0.0 0.0 
28 0.9 871. 6 0. 0 474.6 O. O. 126.4 0.0 0.0 
29 0.9 849.4 0. 0 445.0 O. O. 123.2 0.0 0.0 
30 0.9 823.9 0. 0 414.1 O. O. 119.5 0.0 0.0 
31 0.8 795.5 0. 0 381.7 O. O. 115.3 0.0 0.0 
32 0.8 764.1 0. 0 347.9 O. O. 110.8 0.0 0.0 
33 0.8 730.0 0. 0 312.6 O. O. 105.8 0.0 0.0 
34 0.8 693.5 0. 0 276.0 a. o. 100.6 0.0 0.0 
35 0.5 451. 9 0. 0 167.4 O. O. 65.5 0.0 0.0 • 36 0.2 201.5 0. 0 70.6 O. O. 29.2 0.0 0.0 
37 0.8 590.1 0. 0 198 . 8 O. O. 85.6 0.0 0.0 
38 0.8 520.0 0 .0 158 . 3 O. O. 75.4 0.0 0.0 
39 0.7 450.4 0. 0 116.5 O. O. 65.3 0.0 0.0 
40 0.7 381.7 0. 0 73 . 4 O. O. 55.4 0.0 0.0 
41 0.7 314 .2 0 .0 29 . 1 O. O. 45.6 0.0 0.0 
42 0.1 39.8 0. 0 0 . 5 O. O. 5.8 0.0 0.0 
43 0.6 211.5 0. 0 0 . 0 o. O. 30.7 0.0 0.0 
44 0.7 195.1 0. 0 0.0 o. O. 28.3 0.0 0.0 
45 0.6 140 .8 0. 0 0 . 0 0. D. 20.4 0.0 0.0 
46 0.6 88.5 0. 0 o. a o. O. 12.8 0.0 0.0 
47 0.6 38.4 0. 0 0 . 0 o. O. 5.6 0.0 0.0 
48 0.2 2.1 0.0 0 . 0 o. O. 0.3 0.0 0.0 
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**. GSTABL7 **. 
H GSTABL7 by Garry H. Gregory, P.E. *" 

** Original Version 1.0, January 1996; Current Version 2.004, June 2003 .* 
(All Rights Reserved-Unauthorized Use Prohibited) 

**~~*~****************** •• *********~*.+*****;******.** *************-************* 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

***· ••• _**********w+******.*.********************************* •• ***************** 
Analy~i~ Run Date: 12/15/2008 
Time of Run: 01:31PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and 5ettings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\alton line ff sp-16-13 rapid drawdown stage 1.in 
Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor GeO-Engi 

neering\Alton Revised\alton line ff sp-16-13 rapid drawdown stage 1.0UT 
Unit System: English 
Plotted Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\alton line ff sp-16-13 rapid drawdown stage 1.PLT 
PROBLEM DESCRIPTION: Alton Coal Hollow Sedimentation Pond 4: 

BOUNDARY COORDINATES 
4 Top Boundaries 
4 Total Boundaries 

Line FF, Soil SP-16-13 - Rapid Drawdown 

Boundary X-Left Y-Left X-Right 
No. (ft) (ft) (ftl 

1 0.00 6823.00 20.00 

Y-Right 
(ft) 

6823.00 
6838.00 
6838.00 
6828.00 

Soil Type 
Below Bnd 

1 
2 20.00 6823.00 50.00 
3 50.00 6838.00 62.00 
4 62.00 6838.00 82.00 

User Specified Y-Origin = 6750.00(ft) 
Default X-Plus Value = O.OO(ft) 
Default y-plus Value = O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
2 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 99.4 116.2 84.0 
2 105.0 110.0 90.0 

Friction 
Angle 
(deg) 
16.0 
29.0 

1 PIEZOMET~IC SURFACE(S) SPECIFIED 
Unit Weight ot Water = 62.40 (pcf) 

Pore 
Pressure 

Paramo 
0.00 
0.00 

Pressure 
Constant 

(psf) 
0.0 
0.0 

1 
I 
1 

piez. 
Surface 

No. 
1 
1 

Piezometric Surface No. 1 Specified by 6 Coordinate Points 
Pore Pressure Inclination Factor - 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 6834.00 
2 20.00 6834.00 
3 - 42.00 6834.00 
4 50 . 00 6838.00 
5 58.00 6834.00 
6 82.00 6828.00 

WATER SURFACE DATA HAS BEEN SUPPRESSED 
Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Specified Seismic Pore-Pressure Factor - 0.000 
EARTHQUAKE DATA HAS B~EN SUPPRESSED 

0.291 (g) 
0.145 (g) 

0.000(9) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified • 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s) From Each of 20 Points Equally Spaced 

Along The Ground Surface Between X - 10.DO(ft) 
and X = 45.DO(ft) 

Each Surface Terminates Between X - 48.DO(ft) 

NOV 06 2018 
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and X = 60.00(ft) 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y - 6700.00Ift) 

1.00Ift) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Svaluated. They Are 
Ordered - Most Critical First. 
+ * Safety Factors Are Calculated By The Modified Bishop Mechod * * 
Total Number of Trial Surfaces Attempted ~ 400 
Number of Trial Surfaces with Valid FS - 400 
Statistical Data On All Valid FS Values: 

FS Max - 10.260 FS Min ~ 1.245 FS Ave - 2.090 
Standard Deviation = 1.077 Coefficient of Variation S1. 53 % 

Failure Surface Specified By 45 Coordinate Points 
Point X-Surf Y-Surf 
No. 1ft) (ft) 

1 19.211 6823.000 
2 20.192 6822.808 
3 21.178 6822.642 
4 22.168 6822.503 
5 23.162 6822.391 
6 24.158 6922.305 
7 25.157 6822.246 
8 26.156 6822.213 
9 27.156 6822 . 208 

10 28.156 6822 . 230 
11 29.155 6822.279 
12 30.152 6822.354 
13 31.147 6822.457 
14 32.138 6822.585 
15 33.126 6822.741 
16 34.109 6822.923 
17 35.087 6823.132 
18 36.0S9 6823.367 
19 37.025 6823.627 
20 37.983 6823.914 
21 38.933 6824.227 
22 39.874 6824.564 
23 40.806 6824.927 
24 41.728 6825.315 
25 42.638 6825.728 
26 43.538 6826.165 
27 44.425 6826.625 
28 45.300 6827.110 
29 46.162 6827.618 
30 47.009 6828.148 
31 47.842 6828.702 
32 48.659 6829.279 
33 49.461 6829.875 
34 50.247 6830.494 
35 S1.015 6831.134 
36 51.766 6831.794 
37 52.500 6832.474 
38 53.214 6833.174 iV. 
39 53.909 6833.893 
40 54.585 6834.629 
41 5S.241 683S.384 
42 5S.876 6836.157 
43 56.491 6836.946 
44 57.083 6937.751 
45 57.257 6838.000 

Circle Center At X = 26.846; Y 6859.390 and Radius 37.182 
Factor of Safety 

.** 1.245 ••• 
Individual data on the 46 slices 

NO\l 06 20iS 

Water Water 
Force Force 

Tie Tie Earthquake "I /"(~:) Df·:;'; I\TED 
Force Surcharge ~ I \..: ...... . ' i I. '.' I -

Slice Width Weight Top Bot 
Force 
Norm 
(lbal 

Force 
Tan 

Ilbs) 
Hor Ver Load 

No. 1ft) (lbs) (lbs) (lbs) 
1 0.8 6.1 0.0 0.0 

Ilbs) (lbs) 11bs) OCT 1 5 2009 
0.0 0.0 0.0 O. o. 
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2 0.2 4.2 0.0 0.0 o. o. 0.0 0.0 0.0 
3 1.0 60.5 0.0 0.0 o. o. 0.0 0.0 0.0 
4 1.0 124.4 0.0 0.0 o. o. 0.0 0.0 0.0 
5 1.0 186.3 0.0 0.0 o. O. 0.0 0.0 0.0 
6 1.0 245.8 0.0 0.0 O. o. 0.0 0.0 0.0 
7 1.0 303.0 0.0 0.0 O. O. 0.0 0.0 0.0 
8 1.0 357.5 0.0 0.0 o. o. 0.0 0.0 0.0 
9 1.0 409.2 0.0 0.0 o. O. 0.0 0.0 0.0 

10 1.0 458.1 0.0 0.0 O. O. 0.0 0.0 0.0 
11 1.0 503.7 0.0 0.0 O. O. 0.0 0.0 0.0 
12 1.0 546.2 0.0 0.0 O. O. 0.0 0.0 0.0 
13 1.0 585.3 0.0 0.0 O. O. 0.0 0.0 0.0 
14 1.0 621.0 0.0 0.0 O. O. 0.0 0.0 0.0 
15 1.0 653.2 0.0 0.0 O. O. 0.0 0.0 0.0 
16 1.0 681. 9 0.0 0.0 O. o. 0.0 0.0 0.0 
17 1.0 706.9 0.0 0.0 O. O. 0.0 0.0 0.0 
18 1.0 728.3 0.0 0.0 O. O. 0.0 0.0 0.0 
19 1.0 746.0 0.0 0.0 O. O. 0.0 0.0 0.0 
20 1.0 760.0 0.0 0.0 O. O. 0.0 0.0 0.0 
21 0.9 770.4 0.0 0.0 O. O. 0.0 0.0 0.0 
22 0.9 777 .1 0.0 0.0 O. O. 0.0 0.0 0.0 
23 0.9 780.2 0.0 0.0 O. O. 0.0 0.0 0.0 
24 0.9 779.9 0.0 0.0 o. o. 0.0 0.0 0.0 
25 0.9 776.0 0.0 0.0 O. O. 0.0 0.0 0.0 
26 0.9 768.7 0.0 0.0 O. O. 0.0 0.0 0.0 
27 0.9 758.2 0.0 0.0 O. 0 '. 0.0 0.0 0.0 
28 0.9 744.6 0.0 0.0 o. o. 0.0 0.0 0.0 
29 0.9 727.9 0.0 0.0 o. o. 0.0 0.0 0.0 
30 0.8 708.4 0.0 0.0 O. O. 0.0 0.0 0.0 
31 0.8 686.1 0.0 0.0 O. O. 0.0 0.0 0.0 

• 32 0.8 661.2 0.0 0.0 o . o. 0.0 0.0 0.0 
33 0.8 633.9 0.0 0.0 O. O. 0.0 0.0 0.0 

) 
34 0.5 416.5 0.0 0.0 O. O. 0.0 0.0 0.0 
35 0.2 186.5 0.0 0.0 O. O. 0.0 0.0 0.0 
36 0.8 549.0 0.0 0.0 O. O. 0.0 0.0 0.0 
37 0.8 488.0 0.0 0.0 O. O. 0.0 0.0 0.0 
38 0.7 427.4 0.0 0.0 O. O. 0.0 0.0 0.0 
39 0.7 367.6 0.0 0.0 O. O. 0.0 0.0 0.0 
40 0.7 308.8 0.0 0.0 O. O. 0.0 0.0 0.0 
41 0.7 251.2 0.0 0.0 O. O. 0.0 0.0 0.0 
42 0.7 195.1 0.0 0.0 O. O. 0.0 0.0 0.0 
43 0.6 140 .8 0.0 0.0 O. O. 0.0 0.0 0.0 
44 0.6 88.5 0.0 0.0 O. O. 0.0 0.0 0.0 
45 0.6 38.4 0.0 0.0 O. O. 0.0 0.0 0.0 
46 0.2 2.1 0.0 0.0 O. o. 0.0 0.0 0.0 

I i\.i f" ,~. '"" ~'" f" V" " .... ,.- '-~l 
R \Ii -'=~\J-t ~~ ~., ,: ;.l~ j L~·.L.4 
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**. G3~ABL7 .** 
** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.004, June 2003 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

*** * *~******.******* * *.****+*******.**~ ••• *'******************** •• *************** 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Includi ng Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied ~orces. 

********* •• * ~ *~*'*********** •• **+*t***.** * ******************k*k.***************** 
Analysis Run Date: 12/15/2008 
Time of Run : 01:45PM 
Run By: Alan Taylor 
Input Data Fil ename: f:\alton line ee gt-5.in 
Output Filename: f:\alton line ee gt-5.0UT 
Unit System: English 
Plot ted Output Filename: f:\alton line ee gt-5.PLT 
PROBLEM DESCRIPTION: Alton Coal Hollow Sedimentation Pond 3: 

Line E-E, Soil GT- S - Static 
BOUNDARY COORDINATES 

5 Top Boundar ies 
5 Total Boundaries 

Boundary X-Left Y-Left X-Right 
No. (ft) (ft) (ft) 

1 0.00 6800.00 20.00 

Y-Right 
(ft) 

6800.00 
6804.00 
6814.00 
6814.00 
6804.00 

Soil Type 
Below Bnd 

1 
2 20.00 6800.00 29.00 
3 29 . 00 6804.00 48.00 
4 48 . 00 6814.00 60.00 
5 60.00 6814.00 80 . 00 

User Specified Y-Origin ~ 67S0.00(ft) 
Default X-Plus Value ~ O.OO(ft ) 
Default Y-Plus Value ~ O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
1 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pet) (pcf) (psf) 
1 100.0 120.0 700.0 

Friction 
Angle 
(deg) 
10.0 

1 PIEZOMETRIC SURFACErS ) SPECIFIED 
Unit Weight of Water ~ 62.40 (pet) 

Pore 
Pressure 

Paramo 
0.00 

Pre5sure 
Constant 

(psf) 
0.0 

Piezometric Surface No. 1 Specified by 5 Coordinate Points 
Pore Pres5ure Inclination Factor 0.50 

Point X-Water Y-Water 
No . (tt) (ft) 

1 0 . 00 6810.00 
2 20.00 6810.00 
3 42.00 6810.00 
4 60.00 6807.00 
S 80 . 00 6803.00 

1 
1 
1 
1 

Piez . 
Surface 

No. 
1 

specit"ied Peak Ground Acceleration Coerticient (A) 0.291 (g)-
Specified Horizontal Earthquake Coefficient (kh) 0 . 145(g) 
Specified Vertical Earthquake Coefficient (kv ) ~ O.OOO (g) 
Specified Seismic Pore-Pressure ~actor - 0.000 
EARTHQUAKE DATA HAS BEEN SUPPRESSED 
~ Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated . 
20 Surfacers) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X = S . OO(ft) 
and X - 25.00 (ft) !t\CORPoqr,TED 

~ach Surr ace Terminates Between X - 48.00(ft) 
and X 60.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation OCT 1 ~ 2009 
At Whi ch A Surface Extends Is Y ~ 6700.00(ft) 

2.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial INC Diy.lot ~~h~~·~ ,~i~ng 
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No. 
1 
2 
3 
4 
5 
6 
7 
8 
.9 

10 
11 
12 
13 
14 
15 
16 
17 • 18 
19 
20 
21 
22 
23 

Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
* + Safety Factors ~re Calculated By The Modified 
Total Number of Trial Surfaces Attempted = 4.00 
Number of Trial Surfaces With Valid FS - 400 
Statistical Data On All Valid FS Values: 

FS MaK - 19.860 FS Min = 5.298 FS Ave = 
Standard Deviation - 1.849 Coefficient of 

Failure Surface Specified By 28 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 17.632 6800.000 
2 19.292 6798.B85 
3 21.030 6797.895 
4 22.834 6797.033 
5 24.697 6796.304 
6 26.60B 6795.713 
7 28.556 6795.263 
8 30.533 6794.956 
9 32.526 6794.792 

10 34.526 6794.775 
11 36.522 6794.903 
12 38.503 6795.176 
13 40.459 6795.592 
14 42.380 6796.149 
15 44.255 6796.B45 
16 46.075 6797.675 
17 47.829 6798.636 
IB 49.509 6799.721 
19 51.105 6800.926 
20 52.610 6802.244 
21 54.015 6803.667 
22 55.312 6805.189 
23 56.496 6806.801 
24 57.559 6808.496 
25 58.496 6810.263 
26 59.301 6812.093 
27 59.972 6813.978 
28 59.978 6814.000 

Circle Center At X ~ 33.766; Y - 6822.242 
Factor of Safety 

*** 5.298 *** 
Individual data on the 32 slices 

f:\alton line ee gt-5.0UT 

Bishop Method * * 

6.609 
Variation 

and Radius 

27.98 % 

27.477 

Page 2 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Width Weight Top Bot Norm Tan Hor Ver Load 
( ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) ( lbs) (lbs) 
1.7 111.1 1036.2 1317.7 O. O. 0.0 0.0 0.0 
0.7 111. 8 441. 7 575.4 O. O. 0.0 0.0 0.0 
1.0 252.2 686.9 873.5 O. O. 0.0 0.0 0.0 
1.8 735.2 1126.6 1564.5 O. O. 0.0 0.0 0.0 
1.9 1118.B 1059.0 1663.8 O. o. 0.0 0.0 0.0 
1.9 1491.1 977.0 1746.1 O. O. 0.0 0.0 0.0 
1.9 1842.9 882.3 1811.0 O. O. 0 . 0 0.0 0.0 
0.4 461. 8 184.8 413.9 O. o. 0.0 0.0 0.0 
1. 5 1715.6 604.8 1444.5 O. O. 0.0 0.0 0.0 
2.0 2501.4 656.3 1887.7 O. o. 0.0 0.0 0.0 
2 . 0 2783.4 510.3 1899.0 o. o. 0.0 0.0 0.0 
2.0 3016.5 361. 2 1892.1 o. o. 0.0 0.0 0.0 
2.0 3195.7 212.4 1867.1 O. O. 0.0 0.0 0.0 
2.0 3317.6 66.7 1824.1 o. o. 0.0 0.0 0.0 
1. 5 2689.9 0.0 1420.1 O. O. 0.0 0.0 ~: ~fNCOP' OOP.ATED 0 .4 668.2 0.0 337.9 O. o. 0.0 0.0 
1.9 3311.3 0.0 1635.4 O. o. 0 . 0 0.0 0.0 
1 .8 3212.8 0.0 1503.5 O. O. 0.0 0.0 0.0 OCT 1 J 2009 1.8 3064.3 0.0 1356.7 O. O. 0.0 0.0 0.0 
0.2 295.9 0.0 129.4 O. O. 0.0 0.0 0.0 
1. 5 2514.9 0.0 1066.0 O. O. 0 . 0 0.0 ~ ·~iv. ot Oil: Gas & Mining 
1.6 2444.6 0.0 1020.8 O. O. 0.0 0.0 , 

• 5 2069.0 0.0 833.8 O. O . 0.0 0.0 of.d •. 
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• 24 1.4 1694.6 0.0 635.2 O. o. 
25 1.3 1330.6 0. 0 426.2 O. O. 
26 1.2 986 . 1 0. 0 201.1 O. O. 
21 0.4 301.1 0.0 20.1 O. O. 
2B 0.6 370.8 0.0 0.0 O. O. 
29 0.9 432.9 0.0 0.0 O. O. 
30 O.B 221.5 0.0 0.0 O. O. 
31 0.7 64.7 0. 0 0.0 o. O. 
32 0.0 0.0 0.0 0.0 o. O. 

Failure Surface Specified By 21 Coordinate Points 
Point X-Surf 'i-Surf 

No. (ft) (ftl 
1 11.632 6800.000 
2 19.320 6798.928 
3 21. OBO 6791.979 
4 22.904 6791.157 
5 24.781 6796.468 
6 26.703 6795.915 
7 28.660 6795.500 
B 30.641 6795.227 
9 32.637 6795.095 

10 34.637 6795.105 
11 36.631 6795.259 
12 38.609 6795.554 
13 40.561 6795.990 
14 42.47"7 6796.563 
15 44.347 6797.272 
16 46.162 6798.113 
17 47.912 6799.0Bl 
18 49.589 6800.171 

• 19 51.1B3 6801.378 
20 52.688 6802.696 
21 54.094 6804.118 
22 55.396 6805.636 
23 56.586 6B07.244 
24 51.658 6808.932 
25 58.607 6810.692 
26 59.428 6812.516 
27 59.973 6814.000 

Circle Center At X = 33.487 ; 'i = 6823.099 
Factor of Safety 

.. *. 5.302 ... 

• 

f:\alton line 

0.0 0 .0 
0.0 0.0 
0.0 0.0 
0.0 0 . 0 
0.0 0.0 
0.0 0 .0 
0.0 0 . 0 
0.0 0. 0 
0.0 0 . 0 

and Radius 

ee gt-5.0UT Page 3 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

28.017 

lNCCRPORr...TED 
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••• GSTABL7 ••• 
• * GSTAB17 by Garry H. Gregory, P.E ••• 

•• Original Version 1.0, January 1996; Current Version 2 . 004, June 2003 •• 
(All Rights Reserved-Unauthorized Use Prohibited) 

****.* •• ** •• ********~***********.**.****************** ****.+.**.***************** 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GtE Method ot Slices. 
(rncludes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile. Reinforcement, soil Nail, Tieback. 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces. 

****~.******** ••• **.****~*********.********.*** ••• *.**.****.**.*.*.~***.* •• **.**. 
Analy~i5 Run Date: 12/15/2008 
Time of Run: 01:50PM 
Run By: Alan Taylor 
Input Data Filename: f:\alton line ee gt-5.in 
Output Filename: f:\alton line ee qt-S.OUT 
Unit System: English 
Plotted Output Filename: f:\alton line ee gt-S.PLT 
PROBLEM DESCRIPTION: Alton Coal Hollow Sedimentation Pond 3: 

Line E-E, Soil GT-5 - Seismic 
BOUNDARY COORDINATES 

5 Top Boundaries 
5 Total Boundaries 

Boundary X-Left Y-Left X-Right 
No. (tt) (ft) (tt) 

1 0.00 6800.00 20.00 

Y-Right 
(ft) 

6800.00 
6804.00 
6814.00 
6814 .00 
6804.00 

Soil Type 
Below Bnd 

1 
2 20.00 6800.00 29.00 
3 29.00 6804.00 48.00 
4 48.00 6814.00 60.00 
5 60.00 6814.00 80.00 

User Specified Y-Origin = 6750.00(ft) 
Default X-Plus Value = O.OO(ft) 
Default Y-Plus Value ~ a.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
1 Type (s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pct) (psf) 
1 100.0 120.0 700.0 

Friction 
Angle 
(deg) 
10.0 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Wate~ = 62.40 (pet) 

Pore 
Pressure 

Paramo 
0.00 

Pressure 
Constant 

(psf) 
0.0 

1 
1 
1 
1 

Piez. 
Surface 

No. 
I 

Piezometric Surface No. 1 Specified by 5 coordinate Points 
Pore Pressure Inclination factor - 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 6810.00 
2 20.00 6810.00 
3 42.00 6810 . 00 
4 60.00 6807.00 
5 80.00 6803.00 

-Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) ~ 
Specified Vertical Earthquake Coefficient (kv) -
Specified Seismic Pore-Pressure Factor = 0.000 

0;291 Cg) 
0.145(q) 

0.000 (g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X - 15.00(ft) 
and X - 25.00(!t) 

Each Surface Terminates Between X - 48.00(ft) 
and X 2 60.00(ft) 

Unless Further Limit ations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y - 6700.00(ft) 
2.00(ft) Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Evaluated. They Are 

OC1 1 ~ 2009 
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Slice 

No. 
1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 

I 
14 
15 
16 

I • 17 
18 
19 
20 
21 
22 

f:\alton line ee gt-5.0UT Page 2 

Ordered - Most Critical First . 
• * Safety Factors Are Calculated By The Modified Bishop Method * • 
Total Number of Trial Surfaces Attempted - 400 
Number of Trial Surfaces ~ith Valid FS - 400 
Statistical Data On All Valid FS Values: 

FS Max - 13.678 rs Min = 3.252 rs Ave 4.176 
Standard Deviation = 1.334 Coefficient of Variation 31.95 % 

Failure Surface Specified By 30 Coordinate Points 
Point X-Surf Y-Surf 

No. (ttl (tt) 
1 15.000 6800.000 
2 16.469 6798.643 
3 18.036 6797.400 
4 19.692 6796.278 
5 21.427 6795.283 
6 23.232 6794.422 
7 25.096 6793.698 
8 27.010 6793.117 
9 28.962 6792.680 

10 30.941 6792.391 
11 32.936 6792.251 
12 34.936 6792.262 
13 36.929 6792.422 
14 38.905 6792.732 
15 40.852 6793.189 
16 42.760 6793.791 
17 44.617 6794.534 
18 46.412 6795.414 
19 48.137 6796.427 
20 49.781 6797.566 
21 51.335 6798.825 
22 52.790 6800.197 
23 54.138 6801.675 
24 55.372 6803.249 
25 56.483 6804.912 
26 57.467 6806.653 
27 58.318 6808.463 
28 59.030 6810.332 
29 59.600 6812.249 
30 59.981 6814.000 

Circle Center At X = 33.795; Y 6618.872 and Radius 26.635 
Factor of Safety ... ... 3.252 *** 

Individual data on the 34 slices 
Wa::er Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Width Weight Top Bot Norm Tan Hor Ver Load 
(ftl (lbs) (lbs) (lbs) (lbs) (lb~) (1bs) (lbs) (lbs) 
1.5 119.7 916.8 1332.7 o. O. 17.4 0.0 0 .0 
1.6 372.0 977.7 1495.0 O. O. 53.9 0.0 0.0 
1.7 628.1 1033.2 1642.6 o. O. 91.1 0.0 0.0 
0.3 140.9 192.3 306.1 O. O. 20.4 0.0 0.0 
1.4 791. 9 .943.6 1468.5 o. O. 114.8 0.0 0.0 
1.8 1339.1 1104.9 1890.3 O. O. 194.2 0.0 0.0 
1.9 1743.0 1037.6 1989.3 O. O. 252.7 0.0 0.0 
1.9 2131. 5 955 . 1 2070.6 O. O. 309.1 0.0 0 .0 
2.0 2494.6 859.7 2134.3 O. O. 361. 7 0.0 0 .0 
0.0 52.0 15.7 41.8 O. O. 7.5 0.0 0.0 
1.9 2789.5 751.2 2137. B O. O. 404.5 0.0 0 .0 
2.0 3166.3 626.6 2206.3 O. O. 459.1 0.0 0 .0 
2.0 3441. 8 179.8 2214.3 O. O. 499.1 0.0 0.0 
2.0 3661.9 330.5 2203.7 O. O. 531. 0 0.0 0.0 INCORPORI\TED 
2.0 3821. 3 182.1 2174.4 O. O. 554.1 0.0 0.0 
1.9 3917.2 37 . 7 2126.6 O. O. 568.0 0.0 0 .0 

OCT 1 !l 2009 1.1 2352.1 0 . 0 1248.7 O. O. 341.1 0.0 0 . 0 
0.8 1563.6 0.0 797.7 O. O. 226.7 0.0 0 .0 
1.9 3832.1 0.0 1915.2 O. O. 555.7 0.0 0.0 
1.8 3693.5 0.0 1777.8 O. O. 535.6 0.0 o . 0 Div. of Oil, Gas & Minir 
l.6 3225.3 0.0 1501. 8 O. O. 467.7 0.0 ~,'o , ,. r 

0.1 275.9 o. a 123.5 O. O. 40.0 0.0 i O, c .. ; : .. , 
.. , . . ,- :I 

NOV 06 2018 
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23 1.6 3179.5 0.0 1458.2 O. O. 461.0 0.0 0. 0 
24 1.6 2774.0 0.0 1277.8 O. O. 402.2 0.0 0.0 
25 1.5 2361.1 0.0 1084.B O. O. 342.4 0.0 0.0 
26 1.3 1951.3 0.0 880.7 O. O. 282.9 0.0 0.0 
27 1.2 1554.8 0.0 666.2 O. O. 225.4 0.0 0.0 
28 1.1 1l81.7 0.0 443.0 O. O. 171.4 0.0 0.0 
29 1.0 842.0 0.0 212.0 O. O. 122.1 0.0 0.0 
30 0.3 236.9 0.0 18.7 O. O. 34.3 0.0 0.0 
31 0.5 313.6 0.0 0.0 O. O. 45.5 0.0 0.0 
32 0.7 327.9 0.0 0.0 o. O. 47.5 0.0 0.0 
33 0.6 154.5 0.0 0.0 O. O. 22.4 0.0 0.0 
34 0.4 33.3 0.0 0.0 O. O. 4.0 0.0 0.0 

Failure Surface Specified By 29 Coordinate Points 
Point X-Surf V-Surf 

No. (ft) (ft) 
1 16.053 6800.000 
2 17.577 6798.706 
3 19.195 6797.530 
4 20.898 6796.480 
5 22.675 6795.562 
6 24.516 6794.781 
7 26.410 6794.141 
8 28.348 6793.646 
9 30.318 6793.298 

10 32.308 6793.101 
1l 34.307 6793.055 
12 36.305 6793.159 
13 38.288 6793.415 
14 40.247 6793.819 
15 42.170 6794.370 
16 44.045 6795.065 • 17 45.862 6795.899 
18 47.612 6796.869 
19 49.283 6797.968 
20 50.866 6799.190 
21 52.352 6800.529 
22 53.733 6801. 976 
23 55.001 6803.522 
24 56.148 6805.161 
25 57.169 6806.881 
26 58.056 6808.673 
27 58.805 6810.528 
28 59.413 6812.434 
29 59.784 6814.000 

Circle Center At X = 33.922 ; Y :::I 6819.504 and Radius 26.452 
Factor of Safety 

*** 3.264 ** • 
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f:\line ee rapid drawdown.OUT Page 1 

*.* GSTABL7 .* • 
•• GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.004, June 2003 ** 
(All Rights Reserved-Unauthorized Use Prohibited) 

***********.***********~.***7*******.*.* •• '.*.* •• r**** ***;.;*******_ •••• _.**** ••• 
SLOPE STABILITY ANALYSIS SYSTEM 

Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer , Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces . 

• **.********* * ~** •• *********.************.**.* •• **************.-.*******-******** 
Analysis Run Date: 12/15/2008 
Time at Run : 02:01PM 
Run By: Alan Taylor 
Input Data Filename: "f:\line ee rapid drawdown.in 
Output Filename: f:\line ee rapid drawdown.OUT 
Unit System: English 
Plotted Output Filename: f:\line ee rapid drawdown.PLT 
PROBLEM DESCRIPTION: Alton Coal Hollow Sedimentation Pond 3: 

Line E-E, Soil GT-5 - Rapid Drawdown 
BOUNDARY COORDINATES 

5 Top Boundaries 
5 Total Boundaries 

Boundary X-Left Y-Left X-Right 
No. (ft) (ft) (ft) 

1 0.00 6800.00 20.00 

Y-Right 
(ft) 

6800.00 
6804.00 
6814.00 
6814.00 
6804.00 

Soil Type 
Below Bnd 

1 
2 20.00 6800.00 29.00 
3 29.00 6804.00 48.00 
4 48.00 6814.00 60.00 
5 60.00 6814.00 80.00 

User Specified Y-Origin = 6750.00(ft) 
Default x-plus Value = O.OO(ft) 
Default Y-P1us Value = O.OO(ft) 

ISOTROP1C SOIL PARAMETERS 
1 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt . Unit wt. Intercept 

No. (pc! ) (pet) (psf) 
1 100.0 120.0 300.0 

Friction 
Angle 
(deg) 
B.O 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water = 62.40 (pet) 

Pore 
Pressure 

paramo 
0.00 

Pressure 
Constant 

(psf) 
0.0 

1 
1 
1 
1 

Piez. 
Surface 

No. 
1 

Piezometric Surface No. 1 Specified by 5 Coordinate Points 
~ore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 6810.00 
2 40.00 6810.00 
3 48.00 6814.00 
4 60.00 6810.00 
5 80.00 6803.00 

WATER SURF~CE DATA HAS BEEN SUPPRESSED 
Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizonta: Earthquake Coefficient (kh) = 
Specified Vertical Earthquake Coefficient (kv) -
Specified Seismic Pore-Pressure Factor - 0.000 
EARTHQUAKE DATA HAS BEEN SUPPRESSED 

0.291(g) 
0.145(g) 

0.000 (g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

400 Trial Surfaces Have Been Generated. 
20 Surface(s) Initiate(s) From Each of 20 points Equally Spaced 

Along The Ground Surface Between X - 5.00(ft) 
and X 35.00(ft) 

Each Surface Terminates Between X ~ 48 . 00(ft) 
and X 60.00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 6700.00(ft) 
2.00(ft) Line Segments Define Eaoh Trial Failure Surface. 

NOV 06 2018 
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Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Evaluated. They Are 
Ordered - Most Critical First. 
* .* Safety Factors Are Calculated By The Modified Bishop Method ,. ,. 
Total Number of Trial Surfaces Attempted - 400 
Number of Trial Surfaces With Valid FS = 400 
Statistical Data On All Valid FS Values: 

FS Max = 7.789 FS Min = 1. 916 FS Ave 2.640 
Standard Deviation = 0.930 Coefficient of Variation - 35.22 % 

Failure Surface Specified By 28 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (tt) 
1 16.053 6800.000 
2 17.769 679B.973 
3 19.550 6798.063 
4 21.388 6797.275 
5 23.275 6796.611 
6 25.201 6796.075 
7 27.160 6795.668 
8 29.141 6795.394 
9 31.136 6795.253 

10 33.136 6795.246 
11 35.132 6795.372 
12 37.115 6795.631 
13 39.076 6796.023 
14 41.007 6796.545 
15 42.898 6797.195 
16· 44.742 6797.970 
17 46.530 6798.866 
18 48.254 6799.880 
19 49.906 6801. 007 
20 51. 480 6802.242 
21 52.967 6803.580 
22 54.361 6805.014 • 23 55.656 6806.538 
24 56.847 6808.145 
25 57.927 6809.828 
26 58.892 6811.579 
27 59.739 6813.391 
28 59.975 6814.000 

Circle Center At X = 32.244 ; Y 6825.100 and Radius 29. 
Factor oE Safety 

*** 1. 916 *** 
Individual data on the 30 slices 

Water Water Tie Tie Earthquake 

NOV 06 201B Force Force Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft ) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (1bs) (lbs) 
1 1. 7 88.2 0.0 0.0 O. O. 0.0 0.0 r ;;,p .O,.! ;ji ~ . ') _., ' ! , 

2 1. 8 264.0 0.0 0.0 o. o. 0.0 0.0 ······0 . b"" ," i ri , j i~· i ~ n ., .... 
3 0.4 91.5 0.0 0.0 o. o. 0.0 0.0 0.0 
4 1. 4 379.8 0.0 0.0 o. o. 0.0 0.0 0.0 
5 1. 9 772 .2 0.0 0.0 O. O. 0.0 0.0 0.0 
6 1. 9 1067.6 0.0 0.0 O. O. 0.0 0.0 0.0 
7 2.0 1346.4 0.0 0.0 O. O. 0.0 0.0 0.0 
8 1.8 1481. 3 0.0 0.0 O. O. 0.0 0.0 0.0 
9 0.1 121. 6 0.0 0.0 o. o. 0.0 0.0 0.0 

10 2. 0 1850.5 0.0 0.0 O. o. 0.0 0.0 0.0 
11 2. 0 2080.3 0.0 0.0 o. O. 0.0 0.0 0.0 
12 2.0 2274.1 0.0 0.0 o. O. 0.0 0.0 0.0 
13 2.0 2428.7 0.0 0.0 o. o. 0.0 0.0 0.0 
14 2. 0 2541.8 0.0 0.0 o. O. 0.0 0.0 0.0 
15 1. 9 2611.8 0.0 0.0 O. O. 0.0 0.0 0.0 
16 1. 9 2638.1 0.0 0.0 o. o. 0.0 0.0 0.0 ~C .-,nnRATED • 17 1. 8 2621.6 0.0 0.0 o. o. 0.0 0.0 a .!t-l L y., ';' "'" ' , 
18 1.8 2563.4 0.0 0.0 o . o. 0.0 0.0 0.0 
19 1. 5 2104.0 0.0 0.0 o. o. 0.0 0.0 0.0 OCT 1 J 2009 
20 0 .3 360.7 0.0 0.0 o. o. 0.0 0.0 0.0 
21 1. 7 2239.8 0.0 0.0 o. o. 0.0 0.0 0.0 
22 1. 6 1946.8 0.0 0.0 o. o. 0.0 0.0 'bPJ. of Oil, Gas & Mining 
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1.5 
1.4 
1.3 
1.2 
1.1 
1.0 
0.8 
0.2 
Failure 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
9 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Circle 

f:\line ee rapid 

1649.0 0.0 0.0 O. O. 0.0 
1352.9 0.0 0.0 O. o. 0.0 
1065.3 0.0 0.0 O. o. 0.0 

792.8 0.0 0.0 O. O. 0.0 
541.7 0.0 0.0 O. o. 0.0 
318.2 0.0 0.0 O. O. 0.0 
128.2 0.0 0.0 O. o. 0.0 

7.2 0.0 0.0 O. o. 0.0 
Surface Specified By 30 Coordinate Points 

X-Surf Y-Surf 
(ft) (ft) 
12.895 6800.000 
14.529 6798.846 
16.234 6797.802 
18.005 6796.873 
19.833 6796.061 
21.710 6795.371 
23.628 6794.806 
25.580 6794.367 
27.556 6794.058 
29.548 6793.878 
31.547 6793.830 
33.545 6793.913 
35.534 6794.126 
37.504 6794.470 
39.448 6794.942 
41.356 6795.541 
43.221 6796.263 
45.035 6797.106 
46.789 6798.066 
48.477 6799.139 
50.091 6800.321 
51.623 6801.605 
53.069 6802.988 
54.420 6804.462 
55.672 6806.021 
56.819 6807.660 
57.856 6809.370 
58.779 6811.145 
59.583 6812.976 
59.955 6814.000 

Center At X = 31.280; Y = 6824.292 and Radius 
Factor of Safety 

0 . 0 
0. 0 
0 . 0 
0. 0 
0 . 0 
0 .0 
0. 0 
0 .0 

*** 1.919 *** 

drawdown.OUT Page 3 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

30.465 
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December 15, 200S Taylor Goo-Engineering Project No. 307001 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

APPENDIXF 
RECOMMENDED EARTHWORK SPECIFICATIONS 

Areas to receive fill and/or backfill should be stripped of all vegetation, organic material, 
and debris. Any existing undocumented or non-structural fill/backfill materials and other 
unsuitable materials should be excavated in their entirety. All areas that are to receive fill 
should be observed by TOE prior to placement of fill. 

Fill should be compacted to 85% of the maximum density as compared to ASTM D 698 
(standard Proctor) for the spoil pile and 90% for the sedimentation dikes/embankments. 

Lift thickness for the sedimentation ponds should not exceed 12-inch loose lifts or 8-inch 
compacted lifts. Since large equipment will be used for the spoil pile, lifts can be as large 
as 4 feet. The lift thickness may be increased or decreased relative to the results of 
compaction test results during field verification as approved by TOE. 

Saturated soils should be placed in an area that will have minimal effect on the 
performance of the slopes. 

Native, undisturbed soils to serve as subgrade for the pond embankments should be 
scarified to a minimum depth of 12 inches, moisture conditioned to, or slightly above, 
optimum moisture content and re-compacted to at least 90% relative compaction. 

A qualified geotechnical engineering fum under the direction of TOE, should observe the 
placement of fill and conduct in-place field density tests on the fill to check for adequate 
moisture content and relative compaction as outlined herein. If less than the specified 
relative compaction is obtained, additional compactive effort should be applied and the 
fill moisture-conditioned as necessary until the specified relative compaction is attained. 
The Contractor should provide level testing pads on which geotechnical engineering firm 
may conduct field density tests. The Contractor should provide safe and timely access for 
engineering personnel throughout the grading site to allow continued monitoring and 
testing. 

Wherever, in the opinion of the Owner's representatives, an unstable condition is being 
created either by cutting or filling, the work should not proceed in that area WItil an 
evaluation has been made and the grading operations revised, if found necessary. 

Fill should not be placed, spread or rolled during unfavorable weather conditions. When 
the work is interrupted by heavy rain or freezing temperatures, fill operations should not 
be resumed WItil field inspections indicate that the moisture content and density of the fill 
are as previously specified . 
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December 15,2008 Taylor Geo-Engineering Project No. 307001 

9. Whenever the words "supervision", "inspection", or "control" appear they should mean 
observation of the work and testing of the fill placement necessary by TGE or their 
representative to substantiate compliance with plans, specifications and design concepts . 

INCOFiPon CD 
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APPENDIX 5-2 

Sediment Impoundment and 
Diversion Structure Analysis 

By: Alton Coal Development, LLC 
Chris McCourt, P .E. 

INCORPORATED 

NOV 06 2018 
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Coal Hollow Mine - Sedimentation Structure Sizing 

Introduction 
Protection of surface water quality at the Coal Hollow Mine is an important part of the 
mining process. By utilizing sedimentation structures for diversion and sediment 
impoundment, Alton Coal Development, LLC (ACD) will minimize the sediment that 
could potentially flow from active disturbance areas into drainages that are in and 
surrounding the proposed project area. Appropriate sizing of these structures is a 
necessary step toward ensuring that these controls function properly and serve the 
purpose of protecting the surrounding environment. 

Therefore, ACD has completed a watershed analysis for appropriate sizing oHive 
proposed sedimentation impoundments and four diversion ditches. This report will 
outline the methods used and results of this analysis. 

Sediment Impoundments 
Summary 
The watersheds for the four proposed sedimentation impoundments have been evaluated 
mainly using the TR-55 method. This method of analysis was first issued by the Soil 
Conservation Service (SCS) in 1975. It has since been revised and updated numerous 
times. This method is applicable for evaluating small watersheds. 

To assist with the calculations and mapping, Carlson 2007 Hydrology software has been 
utilized for this evaluation. A watershed analysis for this project includes: runoff flow 
paths, watershed boundaries, length and average grade for longest flow lines, runoff 
curve number classification, time of concentration and peak discharge. Information from 
this analysis was then used for sedimentation structure sizing. For the specifics 
associated with each of these parameters refer to the details section of this report. 

The sedimentation structures were sized to impound the runoff associated with a 1 OO-yead [ .. i C>C:> r; r-,; l ' , (.,' 
frequency, 24-hour duration stonn event. Using the Carlson rainfall map (assembled . ! l. I 

using TP-40 and TP-47 data), the rainfall intensity associated with this size of event for 
the Alton area is 3.1 inches. The following table summarizes the final results for each NOV 06 2018 
sedimentation structure: 

Sedimentation Impoundment Capa~ities 
Structure Storage Required Design Storage· Percent of Additional 

(ac/ft) (ac/ft) requirement Storage (ac/f[) 
1 2.6 3.1 119 0.5 
2 1.7 2.3 135 0.6 
3 6.3 7.7 122 1.4 
4 5.7 7.5 132 1.8 
lB 0.5 0.8 160 OJ 

·Design capacities include a minimum of2 feet free board (spillway to top of embankment) 

oel 1 ~ 2009 
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The enclosed maps and cross sections detail the design and location for each structure 
(Drawings 5-25 through 5-34). These drawings also show proposed spillways, diversion 
ditches and watersheds associated with each structure. 

Details 
Detennining storage capacity requirements using the TR-55 method requires several 
steps. This section of the report will provide the details and assumptions associated with 
each step. These steps are: watershed boundaries/flow paths, runoff curve number 
classification, time of concentration, peak discharge and structure sizing. 

• Watershed BoundarieslFlow Paths 
The watershed boundaries were determined by first identifying the runoff flow 
paths for the entire project area. This was completed by creating a three 
dimensional model of the surface topography. This model was then used to draw 
flow paths for all the watersheds. Based on these flow paths, boundaries for each 
watershed are easily determined based on flow direction in combination with 
proposed control structures (ponds. diversion ditches, etc .. ). 

Using this process, the project area (in conjunction with diversion ditch locations 
and berms) was found to be separated into seven distinct watersheds. The natural 
separations of watersheds in this area are Lower Robinson Creek to the north and 
Sink Valley Wash at the south end. In addition to these natural separations, the 
proposed diversion ditches and berms also provide definite boundaries as shown 
on Drawings 5-26 and 5-27. The following summarizes the watersheds: 

Watersheds 
Watershed Area (acres) DescriJ tion 

~~~--------------~~ 
1 27 North end of project area where facilities are ro osed. 
2 74 Borders south edge of Lower Robinson Creek. 
3 285 Main watershed through the c :..:..:..:::.:....::.=....E:.=~~==------:"..,-~-I 
4 256 Southern most watershed bord Wash 

>II 5 28 Isolated area between watersh 
~~~~~----------~~ 

*6 19 Area northwest of Lower Robinson Creek Reconstruction 
7 5 Southwest end offacilities area, entrance/exit road 

·These watersheds will have silt fence or other appropriate control measures 
installed. 

• Rainfall Amount and Runoff Curve Number Classification 
First data required to begin estimating runoff for the watersheds is the rainfall 
amount and the runoff curve number classification. The rainfall amount is the 

NOV 06 20fB 
precipitation associated with a 100 year frequency, 24. hour durati~n storm 1JrUt. ;. ( .. r! ( . 
The runoff curve number classification is a classificatIOn of the SOlI and - 1...,,,,,. • 

vegetation cover conditions for the watersheds. 
INCOr."lnnl'"TED 

[n order to estimate runofffrom rainfall, the rainfall amount for a 100 year 
frequency, 24 hour duration storm event was determined using the Carlson OCT 1 ~ 2009 
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rainfall map. This map was assembled by Carlson software based on TP-40 and 
TP-47 data. The resulting rainfall amount for the Alton area using this map is 3.1 
inches. 

The runoff curve number was determined by matching the ground cover 
description and estimated hydrologic soil group for the project area to the 
descriptions available in Table 2-2d ofTR-55. Based on visual observations of 
the project area and soils the following classifications were estimated: 

1. Cover Description: The cover description that best fits watersheds 
2,3 and 4 is "Sagebrush with grass understory". The hydrologic 
condition for this cover was estimated at "fair" which is defined as 
30% to 70% ground cover. This estimation was based off the 
knowledge of current conditions and future 
disturbance/reclamation. Plans for this operation include 
sequenced disturbance combined with concurrent reclamation. 
This will minimize the area that will be disturbed at anyone time. 
This will be combined with a general vegetation coverage 
improvement within one to two growing seasons for reclamation 
compared to current conditions. In addition, a significant amount 
of runoff from the active mining area for this magnitude of storm 
event will be temporarily controlled within the active pit area and 
will not immediately report to the designed impoundments. 

Watersheds 1 and 7 have been classified differently since they 
include the mine facilities area. These watersheds are classified as 
"Gravel roads" since most the area will be stripped of vegetation 
and gravel spread for parking areas and roads. This results in a 
much higher runoff than the classification for the other three 
watersheds. 

. i _..,.--~~-

2. Hydrologic Soil Group: This classification was estimated to be 
Group C for the five watersheds evaluated, as outlined in 
Appendix A in TR -5 5. This classification is for soils having low 
infiltration rates thus producing high amounts of runoff. The soils 
in this classification typically have infiltration rates ofO.OS to 0.1 
inches per hour. 

\~ ~. '". .i l. " , I .. ". ':1 

The resulting curve number for watersheds 2,3 and 4 is 63. Watersheds 1 and 7' 
were assigned a curve number of 89. These classifications are intended to be 

NOV 0 6 2018 
conservative estimates (producing higher than expected runoff) to ensure thatFh~ : , I " , ' 

sedimentation structures have more than sufficient storage capacity. -~ "1 
. ". I' 

These classifications are used in the next step for determining the time of 
concentration. 

Allon Coal Development - Sedimentation Siructure Sizing 
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• Time of Concentration (T c) 
Ie is the time for runoff to travel from the furthest point in the watershed to the 
point that it meets the sedimentation structure. This figure is essential for 
calculating the peak flow which is used to detennine the required size for the 
sedimentation structure. The SCS method for calculating Te is used in this 
analysis. The following table summarizes the inputs for calculating the Te along 

. h th Wlt e resultin2 outputs: 
Time of Concentration (Tel 

Watershed Curve Number Flow Length (ft) Average Slope (%) Te (hrs) 
1 89 1,087 6.8 0.16 
2 63 5,670 3.8 1.7 
3 63 7,095 3.5 2.2 
4 63 6,831 2.9 2.3 
7 89 750 3.6 0.08 

The Te for each watershed is used to calculate the peak discharge which is the 
final step leading to the structure sizing. 

• Peak Discharge 
The peak discharge for each watershed was calculated using the Graphical 
method. The inputs required for this method include: Te. drainage area, 100 year 
24 hour rainfall and the runoff curve number (CN). The following table outlines 
these inputs and the peak discharge: 

Peak Discha~e (*Inflowl 
Watershed eN Tcehr) Rainfall (in) Drainage Area (ac) Peak Disch~e (cfs) 

1 
2 
3 
4 
7 

89 0.16 3.1 27 74.7 
63 1.7 3.1 74 9.9 
63 2.2 3.1 285 31.8 
63 2.3 3.1 256 27.8 
89 0.08 3.1 5 15.6 

*The peak discharge from each watershed will also be the peak inflow to the sedimentation 
structures. 

• Sedimentation Impoundment Sizing 
The method used for this step is again from the TR-55 program. A sedimenta\idJl :C : ~.< : \!; ;/ ,'; ;": ~ ) 
structure is required for each one of the five watersheds analyzed. Therefore, a ' 
size has been evaluated for the five proposed structures. The inputs for this 0 
calculation are the following: drainage area, peak inflow, desired outflow, and NOV 6 20tB 
runoff depth (Q). The desired outflow in this situation is zero since we do not 
intend any discharge from the structures. The spillways for these structurbSi ~eU '- D l! , ~/ ::, , "', i',,/ i J 'd I ;', ; 
proposed for emergency use only and are not intended for regular discharges. The 
following table summarizes these inputs and the required storage capacity for 
each watershed: INCORPORATED 

OCT 152009 
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Sedimentation Impoundment Sizine 
Structure Drainage Area (ac) Inflow (cfs) ~ (in) Storage Required (ac-ft) 

1 27 74.7 2.00 2.6 
2 74 9.9 0.48 1.7 
3 285 31.8 0.48 6.3 
4 256 30.4 0.48 5.7. 
IB 5 15.6 2.00 0.5 

The enclosed maps show the proposed design and locations for each one these structures. 

Conclusions 
This analysis provides estimates of sufficient storage capacities for each watershed 
analyzed to impound water from a 100 year frequency, 24 hour duration storm event at 
the proposed Coal Hollow Mine. In addition to the required storage capacities, a 
minimum 15% additional storage capacity has been added to each structure design to 
account for sediment and any standing water that may occur. Spillways have also been 
included in the structure designs to provide a non destructive route for discharge should 
these capacities ever be exceeded. 

Due to the isolated characteristics and the inability to effectively divert water from 
Watersheds 5 and 6, the method of using silt fence or other appropriate control measures 
for sediment have been chosen and are included on Drawing 5-26. 

The structure designs established from this analysis will minimize impacts from sediment 
to the surrounding environment at the Coal Hollow Mine. 

Diversion Ditches 
Summary 
The channel sizing for the four proposed diversion ditches has been evaluated using the 
TR-55 method to determine peak flows and the Manning's Equation (ME) to determine 
appropriate dimensions. The TR-55 method of analysis is the same method used to size 
impoundments and was utilized in this case to provide a peak flow for each diversion 

. during a lDOyear, 24 hour storm event. This peak flow was then input into the ME to 
detennine an appropriate open channel design for minimizing the effects of erosion r ~ "> ,0-' . 

during peak. flows. Similar to the impoundment sizing, the Carlson Software Hydrolo~;y \. ", j i {> ,.,: .• ';, ' i 

module was utilized to perfonn these calculations. The ditch locations, designs and cross 
sections can be viewed on Drawings 5-33 and 5-34. NOV 06 2ma 
The following table summarizes the inputs and results for each diversion based on,~ows . . 
d · 100 24 h i, : ,. ~ " I " " ". unng a year, our storm event: '- " \'v" ',<; , ,; I 'f! i'j- ,.; 

INCOR?ORf.TED 
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Diversion Ditch Summary 
Ditch *Base Manning's Average Peak Flow Flow Velocity Freeboard 

(ft) n Slope (%) (efs) Depth (ft) (fps) (ft) 

I 3.0 0.020 2.8 14.8 0.5 6.8 0.3 
2 2.5 0.020 3.5 6.9 0.4 6.0 0.3 
3 4.5 0.020 2.4 16.7 0.5 6.3 0.3 
4 5.0 0.020 1.8 19.8 0.6 5.4 0.3 

• All sIde slopes are 2h: 1 v 

Details 
• Watersheds 

The first step used for evaluating the diversions was to determine the peak flow 
during a 100 year, 24 hour storm event for each diversion. In order to determine 
this variable, the TR-55 method of watershed analysis was again utilized. This 
requires detennining the watershed boundaries associated with each diversion. 
The following table summarizes these watersheds: 

Diversion Watersheds 
Ditch Area (acres) Description 

1 158 Diverts water outside project area into Pond 4 
2 48 Diverts water alon~ Robinson Creek to Pond 2 
3 72 Diverts water around facilities area 
4 169 Diverts water from project area into Pond 3 

• Rainfall Amount and Runoff Curve Number Classification 
The rainfall amount for a 100 year, 24 hour storm event was developed utilizing 
the same method as previously discussed in the impoundments section of this 
report. This number is 3.1 inches of precipitation. 

The runoff curve number classification for all four watersheds was estimated to be 
63. This classification is consistent with the classification and logic used for the 
impoundment analysis. 

• Time of Concentration (Tc) 
Te is the time for runoff to travel from the furthest point in the watershed to the 
point that it meets the sedimentation structure. This figure is essential for 
calculating the peak flow which is used to determine the required size for e 
diversion ditch. The SCS method for calculating Te is used in this analysis. The 
following table summarizes the inputs for calculating the Te along with the 
resulting outputs: NOV 0 6 2018 
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Time of Concentration (Tc) 
Ditch Curve Number Flow Length (ft) Average Slope (%) Te(brs) 

1 63 8,487 2.9 2.9 
2 63 4.187 3.6 1.4 
3 63 3,742 13.7 0.7 
4 63 5,868 3.9 1.8 

The Te for each watershed is used to calculate the peak flow which is the final 
step leading to the diversion dimensions. 

• Peak Flow 
The peak flow for each diversion was calculated using the Graphical method. The 
inputs required for this method include: Te, drainage area, 100 year 24 hour 
rainfall and the runoff curve number (CN). The following table outlines these 
inputs and the peak flow: 

Diversion Peak Flow 
Ditch eN Tc (hr) Rainfall (in) Drainage Area (ac) Peak Flow (cfs) 

1 63 2.9 3.1 158 14.8 
2 63 1.4 3.1 48 6.9 
3 63 0.7 3.1 72 16.7 
4 63 1.8 3.1 169 19.8 

• Diversion Dimensions 

Ditch 

1 
2 
3 
4 

The Manning's Equation (ME) equation was used to appropriately size the each 
diversion. Inputs into this equation are manning's coefficient, average diversion 
slope, peak flow and side slope angles. Outputs are the depth of flow, and base 
dimension for a trapezoidal channel design. The following table summarizes the 
inputs and results: 

Diversion Ditch Summary 
• ... Base • Manning Average Peak Flow Flow Velocity Freeboard 

(ft) n Slope (%) (cfs) Depth (ft) (fps) (ft) 

3.0 0.020 2.8 14.8 0.5 6.8 0.3 
2.5 0.020 3.5 6.9 0.4 6.0 0.3 
4.5 0.020 2.4 16.7 0.5 6.3 OJ 
5.0 0.020 1.8 19.8 0.6 5.4 I •• 0.3 . ". 

·Manmng n of 0.020 IS for ordmary firm loam 
•• All side slopes are 2h: I v 

NOV 06 2018 

Conclusions 
1'1; . ,,1' 

These diversions have been sized in manner that will transport the necessary flows and 
minimize erosion during a 100 year, 24 hour storm event. These diversions will prevent OOl\TED 
runoff from up gradient watersheds from entering the active mining areas and will als~CORP .1 1'", ' 

assist in directing water from disturbed areas to the sediment impoundments. OCT 1 ~ 2009 
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Lower Robinson Creek 
Culvert and Diversion Analysis 

By: Dr. James E. Nelson - Assistant Professor, Civil and Environmental 
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Culvert Analysis for Drainages near Lower Robinson Creek 

This report summarizes the design and analysis oftwo culverts proposed to be located on 
the crossings on Lower Robinson Creek (RCreek) and a small tributary (RCTcib) near 
Alton Utah. 

Figure .1 shows the watersheds above the proposed culvert crossings on the map. The 
larger drainage RCreck has an area of3.SS sq. mi. and the smaller drainage RCTrib has 
a drainage area of 0.09 sq. mi. The average elevation of the watersheds is about 7830 ft . 
The watersheds were delineated and basin dala calculated from the digital elevation 
model (DEM) of the Aiton quadrangle. 

J~ ~~~~~~~~~=-~~~~~'i~~~ 
I 1 · I . $,.'w.. .~ , . .,,, . 

Figure 1 - Delineated Basins for Lower Robin.son Creek and a Small Tributary. 

The culverts need to be designed such that they can pass a peak flow resulting from the 
lOO-year six hour stonn. [n order to compute this peak flow the HEC-I program was 
used with the I aO-year six hour precipitation from NOAA. Losses (initial abstractio?;. 
and infiltration) are determined using the SCS Curve Number (CN), and excess rainfall 
transformed to a peak flow and runoff hydrograph us ing the SCS unit hydro graph method. 
Land use and hydrologic soil types are required to compute a composite CN. Soil type 
data were downloaded from the NRCS (formerly SCS) soils data mart. Land use was 
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downloaded from the USGS seamless data website and overlaid with the delineated 
basins as shown in Figure 2. 

Fipre 2 - Didtal Land Use and Soils Data Overlaid witb Robinson Creek Watersbeds. 

A eN was computed by averaging the individual CN's determined from the unique lnnd 
use and soil combinations in conjunction with the table of values prepared for use by the 
Utah Department of Transportation (UDOT) as shown in Table 1. 

Table 1 - CN values for typical USGS land use classifications 
ID Description CNA CNB CNC CND 
-1, "llo.verage Forested Values", 40, 60, 70, 78 
11, "Residential", 60, 74, 82, 87 
12, "Commercial Services", 89, 92, 94, 95 
13, "Industrial", 81, 88, 91, 93 
14, "Transportation and CoItUnunication", 76, 85, 89, 91 
16, "Mixed urban or built up land", 77, 85, 90, 93 
17, "Other urban or built up land", 71, 82, 88, 90 
21, "Cropland and pasture", 49, 68, 78, 84 
22, "Orchards, Groves, Vineyards, Nu:series", 47, 67, 77, 83 
23, "Confined Feeding Ope:-ations", 55, 63, 66, 68 
24, "Other Agricultural Land-, 62, 74, 82, 86 
31, "Herbaceous Rangeland", 45, 66, 77, 82 
32, "Shrub and Brush Rangeland", 44, 64, 77, 82 
33, "M~xed Rangeland", 46, 66, 77, 83 
41, "Decideous Forest Land", 31, 58, 68, 75 
42, "Evergreen Forest Land", 35, 59, 73, 79 
43, "Mixed Forest Land", 39, 61, 74, 80 
52, "Lakes", 0,' 0, 0, 0 
53, "Reservoirs", 0, 0, 0, 0 
61, "Forested Wetlands", 44, 58, 68, 75 
62, "Nonforested Wetlands", 32, 55, 68, 75 
74, "Bare !::xposed Rock", 98, 98, 98, 98 
75, "Strip Mines", 71, 80, 85, 88 
76, "Transitional Areas", 69, 18, 84, 88 
81, "Shrub and Shrub Tundra", 60, 74, 83, 87 
82, "Herbaceous Tundra", 66, 76, 83, 87 
83, "Bare Ground", 74, 83, 87, 90 
85, "Mixed Tundra", 50, 65, 74, 80 

NOV 06 20lB 
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The RCreek watershed has a compute average CN of73, whereas the computed average 
CN for RCTrib is 61, though in order to be conservative a value of 73 was IlIso used for 
the smaU watershed. The higher value was used because the watershed is so small that it 
did not fit well within the resolution and resulted in almost zero nmoff. The watershed is 
similar in land use and soil to the larger RCreek and therefore the same CN value was 
used. 

Digital rainfall data from NOAA for Utah was downloaded from NOAA and overlaid 
with the basin in order to detennine watershed average values for the lOO-year six hour 
storm. Figure 3 shows the rainfall data and basin (small black area in the south-eastern 
portion of the state). 

Figure 3 - NOAA Rainfall Data rortbe lOO.Year SiJ. Hour Storm. 

Using the NOAA data. a rainfall depth of2.35 inches for RCreek was computed and a 
depth of2.27 for RCTrib. These values were spread out over a six hour period using a 
standard SCS temporal distribution typical for design of hydraulic structures. 

The infonnation computed from the digital data. and the Watershed Modeling System 
(WMS) was used to develop the parameters for an HEC·l model as summarized in TabJ.~ ;n.- '-', r 

2. t III ~·~.1~",};: ~u 't..': u'\"j" (':.[J 

Table 2 - Parameter Summa rles for REC·1 Model 
Basin Area Precip eN Lag Time NOV 06 2018 

(SQ. miles) (inches) (hrs) 
RCreek 3.55 2.35 73 .95 
RCTrib .09 2.27 73 .42 
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HEC-l is a computer program developed by the US Army Corps of Engineers to develop 
rainfall runoff peak flows and hydro graphs. The data summarized in Table 2 was 
formatted by WMS into an input file as shown in Table 3. 

Table 3 - HEC-! Inpul File 
1DHEC-1 Analysis using WMS 
10 
10 
'O:AGR1.M 
n 1 OlJAN94 0 200 
10 0 
IiKRCreek 
EO 0 G C.O 0 22 
B1..3. 5506 
~B 2.348 
III 7 01JAN94 
• 5C5-Std&mer~er.cySpillway 

PC 0.0 a.OOE 0.0162 0.024E 0 . 0333 0.0425 0.0524 0.063 0 . 0143 0.0863 
PC 0.099 0.1124 0.1263 0.142 0 . 1593 0.18 0.205 0.255 0.345 0.437 
PC 0.53 0.603 0.633 0.E6 0.684 0.'705 0.124 0.'742 0.159 0.17~ 

PC 0.19 0.804J O.OlB 0.8312 O. e 439 O. SSEI 0.9678 0.819 0.8898 0.9002 
PCO.9103 0.9201 0 .9297 0.9391 O.948J 0.9S13 0.9661 0.9141 0. 9932 0. 9916 
PC 1.0 
15 0.0 73. DB 0.0 
000.9461 
KIt 4R CNAHE 4C 
KO 0 0 0.0 22 
RN 4R 
l':KRCTdb 
ItO a 0.0 22 
BAO.0935 
PB 2.214 
!Il 7 OlJl\N94 0 
• SCS-StdEmergencySpillway 
PC 0.0 o.ooe 0.0162 0.0246 0.0333 0.0~25 O. 0524 0.C6 J 0.0143 0.0863 
PC 0.099 0.1124 0.1265 a~142 0.1~95 0 . 18 0.205 0.::5 5 0.345 0.437 
PC 0.53 0.603 0.633 0.66 0.684 O.~O5 0.724 0.14 2 0.159 0.77' 
PC 0.79 0.8043 0.819 0.8312 0 . 8439 0.8 S 61 0.8679 O.E19 0 .8898 0.9002 
~CO.910) 0.920: 0.9297 0.9391 0.9483 O.95~3 0.9661 O. 9i4'! 0 . 9832 0.9916 
?C 1.0 
;.s 0.0 73.0 0.0 
OJO.4207 
Kl:: 3R CNAM£ 3C 
KO 0 0 0 . 0 22 
;I.N 31' 
aa 

The results of the HEC-l model determined the peak flow for RCreek to be 336 cfs (see 
Figure 4) and for RCTrib the peak flow was computed to be 11 cfs (see Figure 5). 
Values from the USGS regional regression NFF equations for the same basins were 408 
cfs and 117 cfs respectively. It should be noted though that the NFF equations are for a 
1 OO-year event, but no durations (i.e . six hour) are specified. The larger basin compare . >, ,_ 

qu ite well (336 to 408) even considering the differences. However the flEe-l computeCl "" 
value of II efs would seem low compared to the NFF computed value of 117 cfs. On the 

, , .' ..... , . 
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other hand the NFF equations were not developed for computing runoff from such small fIv 
basins and therefore the computed value of 117 (besides not being developed from a six . !DV 0 6 2018 
hour storm) is suspect and greater confidence can be given to the HEC-l computed,peak 
flow. t..- " . ,,'0 t-";I', I -\._ ~" 
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Figure 4 - Computed Runoff Hydrograph ror RCreek 
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FillUre S - Computed Runoff Hydrograpb for RCTrib 

Culvert Analysis 
The FHWA HY-8 program for culvert analysis was used with the peak flows of336 efs 
and It cfs computed using the HEC-I analysis described above. Because of the large 
watershed above RCreek the eu Ivert was analyzed for two different conditions: I) a 
smaller sized barrel that is sufficiently large so that overtopping of the roadway (assumed 
18 feet above the culvert invert from the provided profile information), but that does 
surcharge the culvert for the I DO-year six hour event, and 2) a larger barrel that carries 
the design flow with surcharging the culvert. 

Culvert Data Summary - 5.S foot Circular for RCreek 

Barrel Shape: Circular 

Barrel Diameter: 5.50 ft 

Barrel Material: Corrugated Steel 

Nnv 0 6 20m 
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TI S ab e s- ~ S.5 Ii ummary of Culvert Flows at Cro.~$lnlt: RCreek or Doteu 
, 

Total Circular Roadway Headwater 
Elevation (ft) Discharge Discharge Discharge Iterations 

(ets) (ets) (cfs) 

100,00 0,00 0,00 0.00 1 
102.77 40.00 40.00 000 1 

104.07 80.00 80.00 0,00 1 

105.17 120.00 120.00 0 ,00 1 

106.24 160.00 160,00 0.00 1 

107.54 200.00 200.00 0.00 1 

109.52 240.00 240.00 0,00 1 
111.76 280.00 280,00 0.00 1 
114.22 320.00 320.00 0.00 1 

115.35 836.00 33B:OO O.QQ 1 
118.23 400.00 37029 29.56 7 

Cro:->sing - RCree.\.: Design Disch<ll'ge - 336.0 ctS 
('uh·eli· CirCIlIm·. Cutl'crt Disdml'gc • 336.0 cf.~ 

i 
~ : . 
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Figure Ci - Profile through RCreek culvert fo r 3.5 (oat barrel size. 

Ivert 

Culvert Data Summary - B.O foot Circular for RCreek Crossing 

Barrel Shape: Circular 

Barrel Diameter: 8.00 ft 

Barrel Material: Corrugated Steel 

.. '- ~ "'.; 
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Table 5 - Sumnluv of Culvert Flows at Crosslnl[' RCreek for 80 fOOl culvert 

Headwater Total CirWsr Roadway 

Elevation (It) Discharge Discharge Discharge Iterations 
(ets) (cis) (cfs) 

100.00 0.00 0.00 0.00 1 

102.46 40.00 40.00 0.00 1 

103.57 80,00 80,00 0.00 1 

104.43 120.00 120.00 0.00 1 

105.19 160.00 160.00 0,00 1 
105.88 200.00 200.00 0.00 1 

106,52 240.00 240.00 0.00 1 

107.13 280,00 280.00 0.00 I 
107.73 320.00 320.00 0.00 1 - -
f07.96 336.00 336.00 0.00 t 
108.91 400.00 400.00 0.00 3 

Crossing - RC)·eek. Design Discharge - 336.0 cfs 
Ctili'e11 • Circular. ("IIl'Clt DL~~har~~ • 336.0 ~fs 

i 
115 .-4- .• _. ---; .. ~... ..L .. _ ....... . 

i ! j 
-_. .. .... L .. _ .. _ ..... 1._._ .... ....... __ .. . 
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Figure 7 .. Profile throu~h RCreek culvert for 8.0 foot barrel size 

Culvert Data Summary - 2.5 foot Circular for RCTrlb 

Barrel Shape: Circular 

Barrel Diameter: 2.50 ft 

Barrel Material: Corrugated Steel B'" '.-. 
Sj.I., t, 

";JOV 0 6 2018 
./ 

/' . I In ... I 

. ' 0. ,,,d,ing 
Oili. 0\ 0\\, ' ...... '" 



) 

T able 6 S - I1mma'Yo rc ~ 2.5 Ii ulvert Flows It Crossln2: RCfrib or oo((u 

Headwater Total Circular Roadway 

Elevation (ft) Discharge Discharge Discharge Iterations 
(cfs) (cfs) (cis) 

100.00 0.00 0.00 0.00 1 

100.82 2.50 2.50 0.00 1 

101.19 5.00 5.00 0.00 1 

101.49 7.50 7.50 0.00 1 

101 .75 10.00 10.00 0.00 1 

10'1.85 H.OO 11.00 0.00 I 
102.23 15.00 16.00 0.00 1 

102.48 17.50 17.50 0.00 1 

102.74 20.00 20.00 0.00 1. 
103.11 22.50 22.50 0.00 1 

103.70 25.00 25.00 0.00 1 

Crossing - RCTlib. Design Discltnrge - 11.0 ct::; 
(-,"'·"t. Cil'l;ulill'. C\Ih'~ Di.,ch_;c • ii.o cfs 
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Figu re 8 - Profile through RCTrib culvert for2.S foot ba rrel size 
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Diversion Ditch Analysis for Drainages near Lower Robinson Creek 

In a pre,,;ous study we sized culverts fOT a 100-year six hour storm. A diversion ditch 
was also analyzed fur a IOO-year event, but withoullining the ditch in concrete it would 
be impossible to protect it from the highly erosive super critical flo\vs which occur during 
larger events primarily because of the relatively steep slopes (.01 to .028). In fact it has 
been reported that as is the channel appears to be constantly changing due to erosion as a 
result of larger stonus. Even if you were to protect this section with concrete lining of 
the diversion canal problems above and below are likely to continue and cause additional 
problems for the stability of the diversion ditch. This report reviews the hydrologic 
calculations used to determine the lO-year peak flow followed by an analysis of the same 
ditch designed for the 100-year flow with protection against erosion for the IO-year event. 
The hydrologic analysis is almost identical to the previous report for culvert design with 
the exception that the 10-year precipitation is used instead of the I OO-year precipitation. 

Figure 1 shows the watersheds above the proposed culvert crossings on the map. The 
larger drainage RCreek has an area of 3.55 sq. roi. and the smaller drainage RCfrib has 
a drainage area of 0.09 sq. mi. The average elevation of the watersheds is about 7830 ft . 
The watersheds were delineated and basin data calculated from the digital elevation 
model (DEM) of the Alton quadrangle. 
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Figure I - Delineated Basins (or Lower Robinson Creek and a Small Tributary. 

The ditch needs to be designed such that it can convey a peak flow resulting from the 10-
year six hour storm. In order to compute this peak flow the HEC-l program was used 
with the IO-year six hour precipitation from NOAA. Losses (initial abstractions and 
infiltration) are determined using the SCS Curve Number (CN), and excess rainfall 
transformed to a peak flow and runoff hydro graph using the SCS unit hydrograph method. 
Land use and hydrologic soil types are required to compute a composite CN. Soil type 
data were downloaded from the NRCS (formerly SCS) soils data mart. Land use was 
downloaded from the USGS seamless data website and overlaid with the delineated 
basins as shown in Figure 2. 

FIglire 2 -Digital Land Use and Soils nata Overlaid with Robinson Creek Watersbeds. 

A CN was computed by averaging the individual CN's detennined from the unique land 
use and soil combinations in conjunction with the table of values prepared for use by the 
Utah Department of Transportation (UDOT) as shown in Table 1. 

Table 1 - CN values for typical USGS land use classifications 
ID Description CNA CNB CNC eND 
-I, "Average Forested Values", 40, 60, 70, 78 
11, "Residential", 60, 74, 82, 87 
12, "Commercial Services", 89, 92, 94, 95 
13, "Industrial", 81, 88, 91, 93 
14, "Transportation and Communication", 76, 85, 89, 91 
16, "Mixed urban or built up land", 77, 85, 90, 93 
17, "Other urban or built up land", 71, 82, 88, 90 
21, "Cropland and Pasture", 49, 68, 78, 84 
22, "Orchards, Groves, Vineyards, Nurseries", 47, 67, 77, 83 
23, "Confined Feeding Operations", 55, 63, 66, 68 
24, "Other Agricultural Land", 62, 74, 82, 86 
31, "Herbaceous Rangeland", 45, 66, 77, 82 
32, "Shrub and Brush Rangeland", 44, 64, 77, 62 
33, "Mixed Ra:1geland", 46, 66, 77, 83 
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41, "Decideous Forest Land", 31, 58, 68, 75 
42, "Evergree:1 Forest Land", 35, 59, 73, 79 
43, "Mixed Forest Lar..d", 39, 61, 74, 80 
52, "Lakes", 0, 0, 0, 0 
53, "?eservoirs", 0, 0, a, 0 
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61, "Forested Wetlands", 44, 58, 68, 75 
62, "Nonforested We~land5", 3~. 55, 6B, 7S 
74, "Bare Exposed Rock", 98, 98, 98, 98 
75, "Strip Mines", 71, 80, 85, 88 
76, "Transitio:'lal Areas", 69, 78, 84, 88 
81, "Shrub and Shrub Tundra", 60, 74, 83, 87 
82, "Herbaceous Tundra", 66, 76, 83, 87 
83, "Bare Grou:'ld n , 74, 83, 87, 90 
85, "Mixed Tundra", 50, 65, 74, 80 

The RCreek watershed has a compute average CN of 73, whereas the computed average 
CN for RCTrib is 61, though in order to be conservati ve a value of 73 was also used for 
the small watershed. The higher value was used because the watershed is so small that it 
did not fit well within the resolution and resulted in almost zero runoff. The watershed is 
similar in land use and soil to the larger RCreek and therefore the same CN value was 
used. 

Utah 37.42162 N 112.4207 W 7746 feet 
from ''Precipitation-Frequency Atlas ofrhe United States" NOM Atlas 14, Volume I, Version 4 
G M. BOMin, D Mllrtin, B. Lin, T. Pan:ybok, M Yckul, and D. Riley 
NOAA. National Wcalhcr Service. Silver Spring. Muyland. 2006 

Precipitation Frequency Estimates (incbes) 
ARI'" , 5 10 15 30 60 120 I 3 • 6 U 24 : 48 -4' 7 j- 10 ' i -2O 

(years) !min min min 'min 'min min : hr : br br : hr : brday iday : day ! day 

1 ;.0.150.24 ;0.29 ,0.39 ;0.490.56 :0.65 ~O.82 U4 1.40 ' \.66 ' L99)~39 12~ij 13.61 

1 ~0.200~30 :0.37 0.50 0.62 o.il ici:S--j i'ol ,i:42 ,1.74 ;2.08 :2.<ici 13:6-0 if44' ;4.52 

5 ;0.28 ;0.42 10.52 -0:70 .0.86 0.94 :[05(27 :1.74 2.18 :2.61 '3.1413.82 14:41 :5.65 

10 ;0.34 0.520.65 0.87 1.08 1.16 ,1.27 '1,.49 :2.022.54 :3.0503.68 ;4.48 15.19 16.56 

25 :0.46 ,0.69 ,0.86 1.16 ;1.43 LSO i1.60 i 1.81 :2.413~ii4 j06'64'.43 )5.40 !(5:"29 '7.79 

30 I 45 I 60 
day ! day i day 

4.41 '5.24 ;6.23 

is.53 6.60 ;7.86 

'6.89 8.32 ~9.9S 

7.95 9.68 li1.58 

9.36 11.52113.80 

S{) ;0.56 :0.85 '1.051.41 1.75 1.82 :1.89 '2.082.72 J.43 ;4.145.04 :6.13 :7.16 ,8.74 10.44 12.96 ;15.53 
- -

1000.68 il.03 1.28 1.72 2.13 2.21 2.28 '2.39 3.043.84 '4.66 5.68 :6.90 ,8.09 ,9,72 ;11.52 14.44 : 17.31 

200 0.82 '1.25 1.55 2.082.58 2.67 '2.75 2.84 13.40 4.26 5.20 :6.36 :7.70 ;9:06 itO:?l '12.61 15.96 H.15 

SOO .1.05 1.60 1.982.67 3.303.42 [3.50 3.59'3.93 4.85 5.94 7.30 i81 110.43 i12.07 '14.05 l8.052i.65 

1000 1.27 1.93 2.39 3.22 3.98 4.12 '4.194.28 4.65 5.3 i ;'6.54 8.06 ,9.69 :11.52 13.12 15.15 19.6823.61 

Table 2 - NOAA Rainfall Data for tbe Robinson Creek location. 

The rainfall depth for the Robinson Creek location for a 1 O-year six hour storm is 1.4, 
inches. This rainfall depth is spread out in HEC-l over a six hour period using a standard 
SCS temporal distribution typical for design of hydraulic structures. 

NOV 06 2018 
The infonnation computed from the digital data and the Watershed Modeling Sy'st~m 
(WMS) was used to develop the parameters for an HEC·l model as swnmarized. in Jr a:bleC' Ii 
2. 

Table 3 - Parameter Summaries ror HEC-I Model 

I Basin I Area I Precip I eN I Lag Time I 



(!!q. mile!!) (inches) (hrs) 
RCreek 3.55 1.49 73 .95 
RCTrib .09 1.49 73 .42 

HEC-l is a computer program developed by the US Army Corps of Engineers to develop 
rainfall runoff peak flows and hydrographs. The data sununarized in Table 2 was 
formatted by WMS into an input file as shown in Table 3. 

Table 4 - HEC-l Input File 
I CHEC-1 Analysis usinq WMS 
IC 
IC 
* DIAGRAM 
IT 1 01JAN94 0 200 
IO a 
KKRCreek 
KO 0 0 0. 0 a 22 
BAJ.5506 
PB 2.348 
IN 7 01JAN94 0 
• SCS-StdErnerqencySpi11way 
PC 0.0 0 . 008 0.0162 0 . 0246 0.0333 0.0425 0.0524 0.063 0.0743 0.0863 
PC 0.099 0.1124 0.1265 0 .142 0 . 1595 O.lB 0 . 205 0.255 0.345 0.431 
PC -0.53 0.603 0.633 0.66 0.684 0.705 0.124 0 . 742 0.759 0.775 
PC 0 . 79 0.8043 0.818 0 . 8312 0.8439 0.8561 0.8678 0 . 879 0.B998 0.9002 
PCO.9103 0.9201 0.9297 0. 9391 0.9483 0.9573 0.9661 0.9741 0.9932 0.9916 
PC 1.0 
LS 0.0 73.08 0.0 
UOO.9461 
KK 4R CNAME 4C 
1(0 0 0 0.0 a 22 
RN 4it 
KKRCTrib 
KO 0 a 0 . 0 0 22 
BAO.093!) 
PB 2.274 
IN 7 01JAN94 0 
• SCS-StdErnerqencySpillway 
PC 0.0 0 . 008 0.0162 0 . 0246 0.0333 0 . 0425 0.0524 0.063 0.0743 0.0863 
PC 0.099 0.1124 0.1265 0.142 0.1595 0.18 0.205 0.255 0.345 0.437 
PC 0.53 0.603 0.633 0.66 0 . 684 0.705 0.724 0.142 0.759 0.175 
PC 0 . 79 0.8043 0.819 0.8312 0.8439 0.B561 0.8678 0.879 0.8898 0.9002 
PCO.9103 0.9201 0.9297 0.9391 0.94S3 0.9573 0.9661 0.9147 0.9532 0.9916 
PC l.0 
LS 0.0 73.0 0.0 
UDO.4207 
KK 3R CNAME 3C 
KO 0 0 0.0 0 22 
RN 3R 
ZZ 

The results of the HEC-l model determined the peak flow for RCreek to be 81.22 cfs ~~ee 
Figure 4) and for RCTrib the peak flow was computed to be 2.25 efs (see Figure 5). A 
value of 83.5 cfs will be used for the stabilization of the diversion ditch. 
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e Flow vs. Time 
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Figure 4 - Computed Runoff Hydrograpb for RCreek 

Flow vs. Time 
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Figure 5 - Computed Runoff Hydrograph for RCfrib 

Diversion Ditch Design 
In perfonning the analysis against erosion for the diversion ditch I find the following to 
be the pertinent issues that need to be considered: · . 

1. I'm assuming the size will remain the same (larger than needed for the 1 O-yett\ ,.-n r ' ~ ," " r" '. 
flow) but that we will look at protection against the 10 year flow. 1 (1 "-.n .J. to ' ~-: , • TII ) 

2. Are the in situ soils capable of withstanding the shear stresses induced by the 
flows corresponding to the I O-year flow. Nnv 0 6 2018 

3. What level of riprap. if any is needed in the channel to protect against bed shear 
stresses. I . , I '. : . 

4. What level of rip rap protection is required at the bends of the diversion ditck -. ': .. 1;. C,::>,: L:; :V;;nin:) 
including the point of diversion, the 90° turn in the middle of the diversion ditch 0 
and the point where the diversion ditch returns flows to the natural channel. \NCO\:lJ)O~r,1't. 

QC1 \ S 1U\)9 
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In reviewing the channel design I am primarily following the guidelines of the Federal 
Highways Administration (FHWA) Hydrologic Engineering Circular No. 15 (HEC 15) 
entitled, "Design of Roadside Channels with Flexible Linings." I will paste the relevant 
tables where cited, but you can view the entire document at: 
!"'_: c.::·: ,/ I ..... ,.-I,\l:;j. £~·h.·a . .do'" . GO;; /er!q':'~c~::-: ;: 0 / h ·.:·:i·,....a-tl:ic3!.i ~lY""3. ;Y 3~C. :::::n? :::ub Z"~·.rrr-.b 

€;.:=l:· 6: io=<32 • 

Hydraulic Properties and Calculations: 
Based on the drawings provided and included with this report I determined the following 
properties: 
Bottom width: 2 feet 
Side Slopes: 3:1 
Slope station 0+00 to station 11+00 10 feet in 350 or .0286 
Slope station 11+00 to station 21+5010 feet in 1000 or .01 
Manning's rougness of .025 as determined for bare soil from Table 2.1 of HEC 15 

hb .. 2-1 Typio~1 Roughness Coeffici4lnts lor S.'Hled Linings 

M1nnina.~s " 

Li"lng 
C.totgOry Linina TVDI Mlxlmum Typical Mi"imu", 

Coner.t .. 0.0" Ii.G,3 00 11 
Groulod RID';'> G.040 1;1].30 0.02& 

Rigid 5 10ft. \',ISO"~ O.~: 0.:)32 o.on 
,."', ~.m.;;'- ,~ 0.0:1"' IIDn 

A.Sia.~ .. 1t M,a C.01e iI ole 
Unllned 

'b~~ C.01~ (!:I~ OC'~ 
R:~dt C IJ:t unoolh u;ol1crm 0.04$ 0-.1135 oJ o~e 
OO.I'I·we.a""" ~ .. :cSi.. ()'Ir.ZS Il .i)~~ OJl~l 

RECP Erat.ion QGt'lfr()i ~nk.t5 G . .l45 1:.1135 o O~8 
Turf r.tnfCI"'CM"\Mt m.a O.l~ G.D30 O.Q~~ 

.'9 __ on c.~ ' rom ~ • • , .1. 111I8ll . C .... . t ... ) '~70l Wc'll'~. a-: II, ,vea >nd 
Thib_~. (leu). 
\.lIn .... '" Y>Iu. ace""" .. lor ;r>in roughMSI. Typical 1M m.uimurn .~u.s in<:Ofl'O"IIe 
varying d~ 01 fOrm rooghn .... 

Using these parameters and the design flow of 83.5 cfs the following channel hydraulic 
properties were computed for Stations 0+00 to 11 +00 

Flow 83.500 cfs 
Depth 1.471 ft 
Area ofFlow 9.438 sq ft 
Wetted Perimeter 11.306 ft 
Average Velocity 8.847 fps 
Top Width (T) 10.829ft 
Froude Number 1.670 
Critical Depth 1.868 ft 
Critical Velocity 5.880 fps 
Critical Slope 0.00938 
Critical Top Width 13.206 ft 
Calculated Shear Stress 2.571 Ib/ft"2 
Permissible Shear Stress 4.000 Ib/ft"2 (l2-inch boulders) 
Stability Factor 1.556 

NOV 06 2018 



) e. 

) 

For stations 11 +00 to 21 +50 
Flow 83.500 cfs 
Depth 1.842 ft 
Area of Flow 13.863 sq ft 
Wetted Perimeter 13.650 ft 
Average Velocity 6.023 fps 
Top Width (T) 13.052 ft 
Froude Nwnber 1.030 
Critical Depth 1.867 ft 
Critical Velocity 5.882 fps 
Critical Slope 0.00939 
Critical Top Width 13.204 ft 
Calculated Shear Stress 1.149 Ib/ft"2 
Permissible Shear Stress 4.000 Ib/ft"2 (l2·inch boulders) 
Stability Factor 3.480 

Channel Sizing 
The computed depths of 1.471 and 1.842 in the two segments indicate that the overall 
size of the channel is larger enough to convey the design flow. 

Stability of In Situ Soils and Riprap Protection 
The steep slopes along with the high flows creates a condition of super critical flow in 
both segments (average velocity is greater than critical velocity). However in the second 
segment where the slope is approximately .01 the velocity is only slightly greater than 
critical. The calculated shear stresses are still above stable limits for bare soils as 
identified in Table 2·3 ofHEC 15. At the lO-year design flows the channel should be 
stable with a heavy ri prap 050= 1.0 ft in order to protect the steeper sloped section and a 
050=.5 ft for the more shallow sloped segment (see Table 2-3 below). 

T~ble 2.3. TfPic~1 Pormluibl. Sh .. ;ar St .... n for B~r. Soil and Sion. Uninlls 

P.""I ... bk ~ ~., r Suo .. 
_";no e~,.""r L;"i~" Tv ... ~'",' ">I't' 

B,u. Sa~l. Cia .... , undo U-4.~ D.!I3N] CG5 
ll"-O(12ane \itts , 1-4 a O.OZ1·D 11 Coh.II,_ \PI • 10j 
Si"" ~nd. 1. 1-3.4 O.IJZ··O.07::! 
CI~V'" und, 4~ 0.0 .... 

Bar. SOil' tr.oman.lC: s!lts 411 (lOel 
Coh_"'_ (PI ~ 2G) Siil'l • .."do 3. ~ 0.072 

' '''''M"''''''''~ U '1-:4 
=~!" ttl.." COM'H' la"g 1 0 GCl 

a~" Sa.t 
c...<1.3 mm (O , ~S in-, 
~",_gr .. ~ 5e !) 12 

Nor-:oh •• iv_ (PI c 10) ,,~ ... ,., tNft itt _:! jn\ 

Grht4 
i 0-,"'5 "'m fO e in. 

11 Q:~ 

Coarse gr'iI'rf'" I '~ 0_4 

Gr.v.1 Mulc~' !:Jm • Z! mm (1 inl 

Vert eur •• gr3"~ 3:1 ua 
Om-. e.O mm._t2 ifop, 

Roell !'!;grlp' O~= 0_15 m ro.! 11\ ILl 2-" 
:>", .. C,lO m fl .0 ft'· ~:=7 4e 

:3 ...... on =~"""'" "O , ..... trl'1~ ~ >Oh"'I<Ir_.' IJ.)W~LlA. I~I>' ,. 
'a .... on 50 •• IiGn ' .' Hti .. d flI>m USOA (I;S7i 
'a_4 on e~ .. icft ~.7 . ;11 SJI~'4·. ~m_..:vll Ie J.i)47 
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Protecting Bends in the Channel 
The three right angle turns in the diversion channel create additional locations of concern. 
According to the HEC 15 manual the shear stress on the sides of a channel is a function 
of the calculated bottom shear stress times a coefficient detennined from the radius of 
curvature to top width. I estimated the radius of curvature of the middle bend to be 
approximately 150 feet. R,IT for both segments is approximately equal to 7. From 
equation 3.7 in HEC 15 the coefficient for the bend ("K!,) would be 1.3. 

where, 

Kb = 2.00 

Kb .2.38-0.206(~ )+O .0073(~cr 
Kb -1 .05 

Re/T:S 2 

2<RcIT<10 

10 :SRc/T 

R.: == radius of curvature of the bend to the channel centerline, m (ft) 

T == channel top (water surface) width, m (ft) 

(3.7) 

With the computed shear stress of2.571b/ft"2 in the section containing this bend the 
resulting shear stress on the sides of the channel would be on the order of3.34Ib/ft"2. 
12-inch boulder riprap would still be sufficient to protect the bend. 

The beginning and ending points of the diversion channel make almost right angle turns 
with very small radii of curvature increasing the Kb factor to 2.0 and associated shear 
stresses would be slightly higher than 5 Ib/ft"2 at the point of diversion where the slope is 
steeper and 2.3 Ib/ft"2 along the shallower slope where the diversion cbannel returns to 
the natural stream alignment. The 12-inch boulders would not be sufficient at the point 
of diversion where the slope is steeper. The 6-inch boulders would be sufficient in the 
lower shallower slope segment where the diversion ditch returns flow to the natural 
channel, but 12-inch boulders should be adequate. 

....·-oPp.lcO 
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APPENDIX 5-4 

Coal Hollow Mine Blasting Plan 

By: Chris McCourt, P.E., Alton Coal Development, LLC 
with assistance from Tom Campbell, TerraTek, LLC 
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Alton Coal Development, LLC 
Coal Hollow Mine 

Blasting Plan 

Introduction and General Information 

The intent of this plan is to provide a summary of blasting operations should these 
operations become necessary at the Coal Hollow Mine. Based on current knowledge 
of the geologic formation planned for excavation and the methods for removal of 
overburden, it is expected that blasting will not be necessary. In the case that a 
geologic anomaly or unexpected conditions are experienced which require blasting; 
the following plan will apply: 

Blasting operations and use of explosives at the Coal Hollow Mine will be conducted 
in accordance with the following: 

• MSHA - Parts 56 and 57 Subpart E·Explosives 
• Utah Administrative Code - R645·301·524 
• Coal Hollow Mine Specifications 
• Federal, State and local regulations governing the use of explosives 

Blasting operations will be contracted to a competent and qualified organization with 
expertise in this area. This contractor will be required to have all necessary 
certifications and must follow this blasting plan along with all safety and 
environmental regulations that apply to the Coal Hollow Mine. This organization 
will be referred to as the "Contractor" for the purposes of this plan. 

I.A. Explosives Handling 

All explosives will be handled by a competent, qualified blaster and/or blasting 
foreman. This blaster and/or foreman will have proper certification as specified 
in Utah Administrative Code R64S·301-S24 and MSHA. The blasting foreman 
and the blaster will be knowledgeable of state, federal and local laws pertaining to 
explosives. In addition, they will be knowledgeable of the project specifications 
and the above referenced Documents in Section 1. The blaster may allow other 
persons to handle explosives only under hislher direct supervision. Explosives 
will be handled in a safe manner. The Contractor will be responsible for this IN r: c:~ "::1' 
individual(s) as needed for conducting blasting. - ,,." , , . 

1.B. Storage of Explosives NOV 06 2018 

Storage of explosives is not expected to occur at the Coal Hollow Mine. AI · >C'; C" ',1 I'": -, 
explosives and the associated products necessary for blasting will be transported 
to the site by the Contractor on an as needed basis only. These products will be 
utilized for blasting in a timely manner and will not be stored for later use within 
the permit area of the Coal Hollow Mine. The Contractor will be responsible fjJ(]CORPORATED 
removal of all explosives and blasting related products from the premise 
following each individual blast operation. OCT 1 5 2009 
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I.C. Transportation of Explosives 

Explosives will be transported to the Coal Hollow Mine by the Contractor. Once 
at the mine, explosives will then be transported and handled by or under the direct 
supervision of the competent, qualified blaster and/or blasting foreman employed 
by the Contractor. Under all circumstances,jobsite transportation will comply 
with MSHA surface transportation of explosives requirements. 

1.D. Use of Explosives 

Explosives will be used only by a competent, qualified blaster or helper(s) under 
the direct supervision of the blaster and/or the blasting foreman. This blaster 
and/or foreman will have proper certification as specified in Utah Administrative 
Code R645-301-524 and MSHA. 

When explosive materials are at the blast site, the blast site will be attended; 
barricaded and posted with warning signs, such as "Danger", "Explosives" or 
"Keep Out" or flagged against unauthorized entry. 

Vehicles and equipment shall not be driven over the explosive material or 
initiating system. 

l.D.1 Loading 

Once loading begins the only activities permitted within the blasting site 
will be those activities directly related to the blasting operation and the 
activities of surveying, stemming, sampling of geology and reopening of 
holes, provided that reasonable care is exercised. 

General specifications for loading of holes will be as follows: 
The Blaster in charge will prime the booster with a delay cap, lower it into 
the hole, after reaching the bottom, the blaster will then have his assistant 
pour the explosive (anticipated to be ammonium nitrate with fuel oil 
(ANFO» in the column to the predetermined height. Next, the laborer 
will stem the hole to the surface (collar) using gravel or cuttings from the 
drill hole. Alternative methods such as pre-splitting and use of emulsions 
may also be utilized when applicable. j foJ r""-' ;-~';"" 

J <I ~""-,,,.' "".",,' ~ ~ ~ 

Loading and blasting will be conducted in a manner designed to facilitate 
a continuous process, with the blast fired as soon as possible following NOV 06 2018 
completion ofloading. 

l.D.2 Firing and Inspection 
-l.-'r{ 

Prior to blasting, all persons will be evacuated from the blasting'zq~~POt" ATED 
guards will be posted at the entrance of the blasting area. A tYPlciir61ast 
sequence will be the following: ~. OCT 1 5 2009 

A/ton Coal Development, LLC - 2-

" ~ 
.l 
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At least ten days but not more than 30 days, prior to commencement of blasting 
operations, the blasting schedule for the Coal Hollow Mine will be published in the 
Southern Utah News, which is a newspaper of general circulation for the area. 

In addition, copies of the blasting schedule will be provided to the Town of Alton, 
Kane County, Kanab Field Office BLM, Darlynn Sorensen (Sorensen Ranch) and 
Richard Dame (Swapp Ranch). 

This schedule will be republished at least every 12 months and at any time when the 
schedule changes significantly from previous notifications. In the case of changes to 
the schedule, this publication will take place at least ten days but not more than 30 
days prior to implementing the schedule change. 

IG. Additional Precautions 

During electrical stonns, surface blasting operations will be suspended and persons 
withdrawn from the blast area to a safe location. 

Smoking and use of open flames will not be pennitted within 50 feet of explosive 
material. While working directly with explosives, personnel will not be allowed to 
have any matches, lighters or ignition sources on their person. 

tH. Blast Design 

The anticipated blast design can not be reasonably estimated at this time since Alton 
Coal Development, LLC (ACD) is not sure what local geologic conditions exist that 
may require blasting. If conditions are encountered that require blasting, ACD will 
provide the Division with the designed pattern prior to conducting blasting. 

Pre- Blast Survey 

Two Ranch properties exist within !4 mile of the proposed mining area that 
experience part time occupation by the owners. The properties are the Sorensen 
Ranch and the Swapp Ranches. Pre-blast surveys will be conducted of all the 
structures at these properties prior to conducting blasting operations. These structures 
with a brief description are provided on Drawings 1-5 and 1-6 in the MRP, Chapter 1, 
Volume I. AnAlton Coal Development. LLC representative will meet with the (" 1"'. - . . 
owners of these properties and conduct an inspection of each structure in cooperation l \; r.,~, () ;7':' .~ 't J' :1 ,' ___ " '" . 
with the owners. The conditions of each structure will be documented in a report both ' j, OJ-:\ J i .: /) 
written and photographically. This report wilJ be provided immediately to the ~ 
Division following completion. InV 0 6 2018 

UI i 
There are no other known structures or dwellings within a Y2 mile of the planned " 
operations. 

\ 'NCOR?ORf.:TEO 

t, OCl' 5 1.009 

Alton Coal Development, LLC -4-
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3. Ground Vibration, Air Blast and Monitoring 

Ground vibration and air blast will be minimized by utilizing proper blast pattern design 
techniques. By applying appropriate delays, powder factors and blast hole spacing 
these items can be minimized to comply with the required standards at the dwellings 
located at the Sorenson and Swapp Ranches. The following standards will be met at the 
Ranch structure locations: 

Air Blast 
Lower Frequency Limit of Measuring Maximum Level 
System, HZ (+3dB) dB 
0.1 Hz or lower - flat response 134 peak 
2 Hz or lower - flat response 133 peak 
6 Hz or lower - flat response 129 peak 
C·weighed - slow response 105 peakdBC 

Maximum Peak Particle Velocity (Ground Vibration) 
Distance (D) from Blast Maximum allowable Scaled distance factor to be 
Site in feet Particle Velocity (Vmax) applied without seismic 

for ground vibration, in monitoring (Os) (2) 

inches/second (I) 

o to 300 1.25 50 
301 to 5,000 1.00 55 

5,001 and beyond 0.75 65 
(1 J urouno v loraUon WlIl oc mOlSurea as Inc panicle veiOCIIY. ranlclc velOC"Y Will oc rccofllCO In (nrcc mlll\l811Y 

perpendicular directions. The maximum allowable peak vclociry will apply 10 each of the Ihree measwcmcnlS. 

(2) Applicable in !he scaleiHIi8l8Jlce equation orutah Code R64's·)OI .S24.6S l 

Monitoring of air blast and ground vibration will be conducted at the Sorenson and 
Swapp Ranch occupied structures for the first two blasts conducted at the operation and 
any other blasts that take place within 1,000 feet of either of the occupied dwellings 
thereafter. This monitoring will be conducted using the following type of instrument and 
specifications: 

• Thomas Instruments, Inc. blast monitoring seismograph VMS-2000 Series or 
equivalent. Sensitivity level for vibration is 0.02 in/so Air blast is sensitive down 
to a trigger level of 100dB. This system records readings for both vibration and 
air blast once the trigger levels are exceeded. This recording is then loaded into i ~\ ; ;-'.-' . - '. 
software and reports can then be generated documenting the readings taken during" " , 'Lj ,i.· '. "', .' .. 

the blast event 
This instrument will be setup on the ground near the foundation of the occupied MW 06 2018 
dwellings on the side facing the blast operations. The resulting readings will be provided I 

to the Division following each blast that is monitored, ,·i l ! 

. lNCORPOR.!'..TED , I " I 

~ OCT 1 5 2009 

Alton Coal Development, LLC - 5 -
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4. Records of Blasting Operations 

Records documenting blasting operations will be m:aintained at the mine site for at least 
three years and upon request will be made available to the Division upon request. These 
records will include all information as required in R64S-301-S24.700 

Alton Coal Development, LLC ·6-
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APPENDIX 5-5 

Stability Evaluation/Analysis - Reclaimed Slopes 

By: Seegmiller International Mining Geotechnical ConsultantslEngineers 
Dr. Ben L. Seegmiller 

NOV 06 2018 

; 'NC08POr.t.~e:.o 
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DISCLAIMER 

Neither Ben L. Seegmiller nor Seegmiller International ("C.onsultant") makes any 

representation or offer any opinion, advice or warranty with respect to the review 

made by Consultant of your proposed engineering plan. Any comments or 

recommendations of Consultant resulting from such review are for your convenience. 

Any action or operation of your company should only be undertaken after you have 

conducted an independent and thorough verification of their accuracy, completeness, 

efficacy, and timeliness by your licensed company personnel, advisors or counsel 

who are knowledgeable in the applicable area. Any action taken by you after 

receiving Consultant's comments or recommendations is strictly voluntary and at 

your own risk. Consultant assumes no responsibility for any action taken by your 

company. In no event shall Consultant, its employees, officers and directors, be liable 

for special, direct, indirect or consequential damages, losses, costs, charges, demands 

or claims for lost profits or expenses of any nature or kind resulting from the business 

practiced by your company after receiving comments or recommendations from 

Consultant. Should any claim be brought against Consultant related to its comments 

or recommendations, you agree to hold harmless, indemnify and defend Consultant 

as to all such claims. If you cannot agree to do this, all report copies should be 

destroyed, as if they were never produced. By using this report in any way, as part 

of the mining plan and/or ground control plan basis, you are agreeing to hold 

hannless, indemnify and defend Consultant as to all such claims. .'(\~CO;;PO:'Pr, "';"j 

- iii -
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INTRODUCTORY OVERVIEW 

The evaluation and analysis of reclaimed slopes for the Coal Hollow Project, 

Kane County, Utah is the subject of this report. Mr. Chris R. McCourt, P.E., 

Manager, Alton Coal Development LLC (ALTON) request~d the study. 

Coal mining near Alton, Utah is in the process of being pennitted by the 

State of Utah, Department of Oil, Gas and Mining (UDOGM). A portion of the 

pennit application reviewed by UDOGM has resulted in the following reply! to 

ALTON: 

R645-301-553.130. The Applicant must show that all reclaimed slopes 

(including those not associated with the excess spoil area) have a safety factor of 

1.3 or greater and that the slope angles are less than the angle of repose. The 

Applicant includes safety factor calculationsfor the excess spoil areas but did not 

mention the saftty factors in other areas. One way to address the issue is to 

identify the slopes that would have the lowest safety factors (longest slope and 

steepest slope) and show that they meet the minimum safety factor requirements. 

The purposes of this report are to address the stability issues cited by UDOGM and 

show that minimum safety factor requirements are met. 

Toward that end, a geometric description of identified slopes, including 

longest slope and steepest slope with the lowest safety factor, is presented. Next, 

material properties are evaluated and then information on groundwater is 

described. A slope stability analysis follows. The report concludes that a dry slope 

has a safety factor of2.883 and a saturated slope has a safety factor of 1.722. The 

reclaimed slope angle is 18.4°, which is significantly less than the general area 

angle of repose of 33°-35°. 

GEOTECHNICAL CHARACTEru&1)l£8rED . 
OCT 1 5 2009 

Reclaimed Slopes/Slope Angles Div. of Olll ~asr~ ,Mi1Jil;1g~ ( , ' !-:n ': ~., 
The reclaimed slopes are planned2 to have maximum slope angles of 3:t ' "" " ',) 

(18.4°). The highest of these slopes, with the exception of the excess spoil sIo rlV 0 6 2018 
is planned2 to be approximately 20 feet in vertical extent. 
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Material Properties 

The composition of the reclaimed slopes will be Tropic Shale, which is a 

mixture of sandstone, siltstone and claystone, as well as finer and weaker alluvial 

soils. These slopes are assumed to have approximately the same material 

properties as the excess spoil, but placed without any compaction. Work done in 

earlier investigations3 indicates that such materials may have friction angles on the 

order of 240 and cohesions of about 245 psf. Work over the past 18-20 years by 

SEEGMILLER in Wyoming suggests that similar uncompacted spoil materials 

would have densities of 120 pcf, friction angles of 33 0+ and cohesions of about 

400 psf. Mine area angles of repose were noted, during a SEEGMILLER visit to 

the Coal Hollow Project site on 8 Aug. 2008, to be approximately 33°-35° 

mInImum. 

Groundwater 

The reclaimed slopes should typically be dry, but on occasion could have 

some groundwater. Consequently, this evaluation will examine the effects of 

groundwater in these reclaimed slopes. 

2 

NOV 06 2018 

MethodoloeY 

Basic Concepts. The stability analysis method that will be employed is 

based on limiting equilibrium concepts. At limiting equilibrium, the forces tending 

to create stability are exactly in balance with the forces tending to cause slope 

failure and, therefore, a safety factor of 1.00 exists. Greater or lesser safety factors 

allow the relative degree of safety of a slope to be measured. The computer code 

used for rotational shear is MCSLOPE. This code was created using the very 

popular code PCSTABL5 developed4 at Purdue University as a basis. The 

PCST ABL5 code is used by many state highway departments to evaluate soil slope 

stability. The MCSLOPE code calculates a deterministic safety factor [SFdl and 
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uses a Monte Carlo technique to estimate the probabilistic factor of safety [SF p] 

and a probability of slope failure [PIP]. 

Stability Criteria. The magnitude of the selected safety criteria depends 

on many factors including the risk offailure, quality of input data, the person doing 

the analyses and applicable governmental statutes. For the reclaimed slopes the 

applicable statutes 1 stipulate that the minimum factor of safety must be 1.3 and the 

slope angle must be less than the angle of repose. 

Reclaimed Slope Analyses 

Dry Slope. A detailed analysis of stability has been conducted for 20-

foot high slopes with a 3: 1 (18.4°) slope angle. The results give a safety factor of 

2.883, which is more than twice that required by statute. 

Saturated Slope. An~lysis of this same 20-foot high slope at 3:1 (18.4°), 

under saturated conditions, yields a safety factor of 1.722, which is much greater 

than the 1.3 safety factor required by statute. 

Angle of Repose Comparison. The planned 3: 1 (18.4°) slope is much less 

than the general area angle of repose, which is concluded to be 33°-35° minimum. 

In fact, the planned slope angle is at least 14° less than the angle of repose. 

3 

IN r ·O '~";" , ,', . ', 
~JI . ' ~ d , . '" .•• ;.0 . c. .. .. J )~. .~ . '~ 
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BOSS ENGINEERING ~) 
· SURvt~G ____________________ _ 

e July 27, 2009 

Chris McCourt 
Alton Coal Development 
463 N 100 W, Suite 1 
Cedar City, UT 84721 

1909 We .. State Road, Suite 200, Pleasant Grove, lIT S4062 
Office: 80t.763.84li7 Fax: 801.763.8472 

RE: BackfIll Material for Postmining Road Construction 

Dear Chris, 

This is a reply to your request to provide an analysis discussing whether the shale material excavated 

from the mining area can meet class "B" sub-grade requirements for the proposed County Road #136 
relocation and whether this material is also suitable as backfill for the Swapp Ranch access road 

Based on the Geo-technical report completed by Taylor Geo-Engineering (TGE), the excavated 

material will consist of a mixture of clay material, silty sand, rocks, and shale. I have reviewed the 
laboratory analysis in the TGE report and this mixture of material is suitable as backfill for the private 

roads within the mining area. The reconstruction of County Road #136 will need to meet the following e Kane County criteria within the County Road ROW where mining occurs: 

l. The backfill material is to be compacted at 8" lifts 8ft below the roadway cross-section to a 

95% maximum dry density as measured by ASTM (D 2922 29372167 1556). 
2. The moisture content during compaction shall be two to five percent above optimum for this 

fine grained material. 

This will meet county requirements for a Class "B" sub grade and help minimize settling for the new 
roadway. It should also be noted that the construction plans for this roadway provided in Drawings 5-
22E, 5-22F, 5-22G and 5-22H have been designed under my supervision and have been revised to 

reflect this change. 

The other road planned for reconstruction across backfill (Swapp Ranch Access Road), will be suitable 

as a private access to the Ranch by following the specifications provided on Drawing 5t12~("t .: ... , 
'!i! •. ,,.,..( u ~ I 

If you should have any questions or need further information, please give me a call at 801-763-8467 or 

via email atwill@boss-eng.com. NOV 0 6 2018 

Sincerely, 

t INCORPORATED 
!Ii. "'! 
I: (V'T 1 s:: ?Q09 

Div. ot ull, bas & Mining 
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C: \Program Files (x86) \STED\~in\alto coal slope stability.OUT Page 

** STlWL6H .. 
by 

Purdue University 
--Slope Stabili~y Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer's Method of Slices 

Run Date : 10/14/2015 
Time of Run: 05:14PM 
Run By: Joel Myers 
Input Data Filename: C:a1to coal slope stability. in 
OUtput Filename: C:alto coal slope stability.OUT 
Plotted Output Filename: C:alto coal slope stability.PLT 
PROBLEM DESCRIPTION Alton Coal Mine - North Area Stock Pile 

Static Analysis - Satrurated - Alluvium 
BOUNDARY COORDINATES 

6 Top Boundaries 
6 Total Boundaries 

Boundary X-Left 
No. (tt) 

1 0.00 
2 100 . 00 
3 135.00 
4 162.00 
5 207. 00 
6 230.00 

ISOTROPIC SOIL PARAMETERS 
1 Type(s) of Soil 

Y-Left 
(ft) 
60.00 
60 . 00 
74.00 
74.00 
60.00 
59.00 

Soil Total Saturated Cohesion 
Type Unit Wt . Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 110.0 119.0 0.0 

X-Right: 
(ft) 

100.00 
135 . 00 
162.00 
207.00 
230.00 
300.00 

Y-Right: 
(ft) 
60.00 
74.00 
74 .00 
60.00 
59.00 
59.00 

Soil Type 
Bela .. Bnd 

1 
1 

Friction Pore 
Angle Pressure 

Pressure Piez. 
Constant Surface 

(deg) Paramo (psf) No . 
35.0 0.00 0.0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN 
Unit Weight of Water = 112.30 

SPECIFIED 

Pi.ezometric Surface No. 1 Specified by 2 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 
1 168.25 71.50 
2 300.00 71.50 

WATER SURFACE DATA HAS BEEN SUPPRESSED 
A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces. Has Been Specified . 

10 Trial Surfaces Have Been Generated. 
1 Surfaces Initiate From Each Of 10 Points 

Along The Ground Surface Between X - 50.00 
and X - 120.00 

Each Surface Terminates Bet\~een X· 120.00 
and X ~ 175.00 

Equally 
ft. 
ft. 
ft. 
ft. 

Spaced 

Unless Further Limitations Were Imposed. The Minimum Elevation 
At Which A Surface Extends Is Y = 0.00 ft. 
10.00 tt . Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

~'ai. 1ure Surfaces Examined . They Are Ordered - Most Critical 
First . 
• • Safety Factors Are Calculated By The Modified Janbu Method 
failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No . (ftl (ft) 

1 81.11 60.00 
2 90.97 58.31 
3 100.97 58. 32 
4 110.82 60.06 
5 120,22 63.QS 
6 128.91 68.41 
7 135.67 '74.00 

2.224 ..... 
Failure Surface Specified By 6 Coordinate Points 

:' ". ,: ' (. :;" ~ 
, 'J ' I .:' ." 

NOV 0 6 2018 

f "1. \ r "'11 



C: \Program Files (x66) \STEDI.in\alto coal slope stability.OUT Page 2 

Point X-Sur! 'i-Sur! 
No. (ft) (ft) 

1 104.44 61. 78 
2 113.71 58.02 
3 123.71 57.83 
4 133.11 61.24 
5 140.67 67.70 
6 143.99 74.00 ... 2.576 

Failure Surface Specifiect By 9 Coordinate Points 
Point. X-Surf 'i-Surf 
No. (ft) (ft) 

1 73.33 60.00 
2 82.85 56.91 
3 92.72 55.32 
4 102.72 55.24 
5 112.61 56.70 
6 122.17 59.65 
7 131.16 64.02 
a 139.38 69.71 
9 143.90 74.00 ... 2.730 

Failure Surface Specified By 8 Coordinate points 
Point X-Surf 'i-Surf 

No. (ft) (ft) 

1 88.89 60.00 
2 95.96 52.93 
3 105.07 48.81 
4 115.05 48.17 
5 124.61 51.09 
6 132.53 57.20 
7 137.78 65.71 
B 139.39 14.00 

3.006 * •• 
Failure Surface SpeCified By 15 Coordinate Points 

Point. X-Surf 'i-Surf 
No. (ft) (ft) 

50.00 60.00 
2 57.33 53.19 
3 65.53 47.48 
4 74.46 42.97 
5 83.93 39.76 
6 93.76 37.90 
7 103.75 37.44 
8 113,70 38.38 
9 123.43 40.70 

10 132.73 44.36 
11 141. 43 49.29 
12 149.36 55.39 
13 156.35 62.54 
14 162.28 70.60 
15 - -163.80 -73.44 ... 4.977 . .. 

Failure Surface Specified By , Coordinate Points 
Point X-Surf 'i-Surf 
No. (ft) (f.t) 

1 112.22 64.89 
2 119.06 58.44 
3 129.33 55.22 
4 139.32 55.67 
5 148.46 59.74 
6 155.48 66.86 

INCORPon. "ED 
7 159.55 74.00 

~ ... 5.057 . .. 
Failure Surface Specified By 14 coordinate Points 

Point X-Surf 'i-Surf 
~Inv 06 2018 

'_-;10:, 



C:\Program Files (x86)\STEDwin\alto coal slope stability.OUT Page 3 

No . 
1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 

(ft) 
65.56 
72 .80 
80.98 
99.93 
99.45 

109.32 
119.32 
129.22 
138.B2 
147.88 
156.22 
163.64 
169.98 
172.53 

5.140 

(ft) 
60.00 
53.10 
47.36 
42.90 
39.83 
38.20 
38.07 
39.43 
42.25 
46.47 
52.00 
58.70 
66.44 
70.72 

Failure Surface Specified By 11 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 96.67 60.00 
2 104.01 53.22 
3 112.62 48.12 
4 122.10 44.93 
5 132.03 43.80 
6 141.98 44.78 
7 151.51 47.81 
B 160.20 52.77 
9 167.65 59.44 

10 173.54 67.52 
11 174.67 70.06 *.. 5.773 

Failure Surface Specified By 10 Coordinate POints 
Point X-Surf Y-Surf 

No. (ft) (ft) 
57.78 60.00 

2 65.31 53.42 
3 74.22 48.88 
4 83.97 46.64 
5 93.96 46.85 
6 103.61 49.48 
7 112.32 54.39 
8 119.58 61.27 
9 124 . 94 69 . 71 

10 125.04 70.02 
~ .* 6.497 .w_ 

Failure Surface Specified By 8 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
• 120.00 68.00 
2 127.89 61.85 
3 137 . 14 58.06 
4 147.08 56.91 
5 156.95 58.48 
6 166.04 62.65 
7 173.66 69.12 
B 174.36 70.16 

24.878 -,,~ 
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** STABL6H .... 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer'8 Method of Slices 

Run Date: 10/14/2015 
Time of Run: 05:20PM 
Run By: Joel Myers 
Input Data Filename: C:alto coal slope stability - staruated Clay.in 
Output Filename: C:alto coal slope stability - staruated Clay.OUT 
Plotted Output Filename: C:alto coal slope stability - staruated Clay.PLT 
PROBLEM DESCRIPTION Alton Coal Mine - North Area Stock Pile 

Static AnalysiS - Satrurated - Clay 
BOUNDARY COORDINATES 

6 TOp Boundaries 
6 Total Boundaries 

Boundary X-Left 
No. (ft) 

I 0.00 
2 100.00 
3 135.00 
4 162.00 
5 207.00 
6 230.00 

ISOTROPIC SOIL PARAMETERS 
1 Type(s) of Soil 

Y-Left 
(ft) 
60.00 
60 . 00 
71.00 
7Q.OO 
60.00 
59.00 

X-Right 
(ft) 

100 . 00 
135 . 00 
162.00 
207.00 
230.00 
300.00 

Y-Right 
(ft) 
60.00 
14.00 
74.00 
60.00 
59.00 
59.00 

Soil Type 
Below Bnd 

1 
1 
1 
1 
1 
1 

Soil TOtal Saturated Cohesion 
Type Unit Wt. Unit Wt. InterCept 

Friction Pore ~ressure Piez. 

No. (pcf) (pcf) (psf) 
85.0 102.0 500.0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN 
Unit Weight of Water = 112.30 

Angle Pressure Constant Surface 
(degl Paramo (psf) No. 
28.0 0.00 0.0 1 
SPECIFIED 

Piezometric Surface No. 1 Specified by 2 Coordinate Points 
Point X-Water Y-Water 
No. (ft) (ftl 

1 168.25 71.50 
2 300.00 71.50 

WATER SURFACE DATA HAS BEEN SUPPRESSED 
A Cr.itical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

10 Trial Surfaces Have Been Generated. 
1 Surfaces Initiate From Each Of 10 Points 

Along The Ground Surface Between X 50.00 
and X 120.00 

Each Surface Terminates Between X - 120.00 
and X d 175.00 

Equally 
ft. 
f·· 
ft. 
ft. 

Spaced 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y - 0.00 ft. 
10.00 ft. Line Segments Define Each Trial failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First . 
• • Safety Factors Are Calculated By The Modified Janbu Method • • 
Failure Surface Specified By 8 Coordinate Points 

Poine X-Surf Y-Surf 
No. (ft) (ft) 

1 88.89 60.00 
2 95.96 52.93 
3 105.07 48.81 
4 lIS.OS 48.11 
5 124.61 51.09 
6 132.53 57.20 
7 137.78 65 . 71 :,. 
8 139.39 74.00 

5.214 

co 
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Failure 
Point: 

Surface Specified By 6 Coordinate Points 

No. 
1 
2 
3 
4 
5 
6 

X-Surf Y-Surf 
(ft) (ft) 

104.44 61.78 
113.71 58.02 
123.71 57.83 
133.11 61.24 
140.67 67.78 
143.99 74.00 
5.226 ••• 

Failure Surface Specified By 15 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 50.00 60.00 
2 57.33 53.19 
3 65.53 47.48 
4 14.46 42.97 
5 83.93 39.76 
6 93.76 37 . 90 
7 103.75 37.44 
8 113.70 38.38 
9 123.43 40.70 

10 132.73 44.36 
11 141.43 49.29 
12 149.36 55.39 
13 156.35 62.54 
14 162.26 70.60 
15 163.80 73.44 

••• 6.287 
Failure Surface Specified By 14 Coordinate Points 

Point X-Surf Y-Surf 
No. 1ft) (ft) 

1 65.56 60.00 
2 72.80 53.10 
3 80.98 47.36 
4 89.93 42.90 
5 99.45 39.83 
6 109.32 38.20 
7 119.32 38.07 
B 129.22 39.43 
9 138.82 42.25 

10 147 . 88 46.47 
11 156.22 52.00 
12 163.64 5B.70 
13 169.98 66.44 
14 172.53 70.72 

6.334 
Failul:e Surface Specified By 9 Coordinate Points 

Point. X-Surf Y-Surf 
No. (Et) (ft) 

I 73.33 60.00 
2 82.85 56.9l. 
3 92.72 55.32 
4 102.72 55.24 
5 112.61 56.70 
6 122.17 59.65 
7 131. 16 64.02 
8 t39.38 69.71 
9 143.90 74.00 ... 6.480 

Failure Surface Specified By 11 Coordinate Points 
Point X-Surf Y-Surf 
No. (ft) (ft) 

96.67 60.00 
2 104.01 53.22 
3 112.62 48.12 

NOV 06 2018 
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4 122.10 44.93 
5 132.03 43.BO 
6 141. 98 44.78 
1 151. 51 41.B1 
B 160.20 52.77 
9 167.65 59.44 

10 173.54 6'7.52 
11 174.61 10.06 

,.~ 7.34'7 
Failure Surface Specified By 1 coordinate PointS 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 112.22 64.89 
2 119.86 58.44 
3 129.33 55.22 
4 139.32 55.67 
5 148.46 59.74 
6 155.48 66.86 
7 158.55 74.00 

,,** 8.221 
Failure Surface Specified By 7 Coordinate PointS 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 81.11 60.00 
2 90.97 58.31 
3 100.97 58.32 
4 110.82 60.06 
5 120.22 63.45 
6 128.91 68.41 
7 135.67 74.00 ... 9.530 

Failure Surface Specified By 10 Coordinate POints 
Point X-Surf Y-Surf 
No. (ft) (ft) 

1 57.'78 60.00 
2 65.31 53.42 
3 74.22 48.88 
4 83.97 46.64 
5 93.96 46.85 
6 103.61 49.48 
1 112.32 54.39 
8 119.58 61.27 
9 124.94 69.71 

10 125.04 70.02 ... 11. 558 . ... 
Failure Surface Specified By 8 Coordinate PointS 

Point X-Surf Y-Surf 
No. (ftl (ft) 

1 120.00 68.00 
2 127.89 61.85 
3 137 . 14 58.06 
4 147.08 56.91 
5 156.95 58.48 
6 166.04 62.65 
7 173.66 69.12 
8 174.36 70.16 

38.396 
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