
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, Gas & Mining 
1594 West North Temple, Suite 1210 
Salt Lake City, UT 84114-580 I 

October 4, 2018 

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 of the final pit in Area 2 urlhe NPL. 

Changes to the MRP associated with this amendment have been uploaded to the 
DOGM 's server for review. PDF versions of the drawings are not certified. Upon approval , 2 
(two) clean hard copies of the text and cel1ified drawings for insertion into the MRP will be 
submitted. Please do not hesitate to contact me if you have any questions 435-691-155 I. 

Very trul y yours, 

f1'./d/~ 
B. Kirk Nicholes 
Envirorunental Specialist 
Alton Coal Development 



APPLICA nON FOR COAL PERMIT PROCESSING 

Pennit Change ~ New Pennit 0 RenewalD Exploration 0 Bond Release 0 Transfer 0 

Mine: 
Permittee: Alton Coal Development, LLC 

Coal Hollow Mine Permit Number: C/025/0005 

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 Pennit Area? Acres: Disturbed Area: 0 increase D decrease, 
Yes X No 2. [s the application submitted as a resu lt ofa Division Order? DO# 

3. Does the application include operations outside a previously ident"ifi"'le-d""C"'u-m-u'I'a"ti-v-e-;H"'"y-d'r-o'lo-g"i'c'['m-p-a-c"'t-Ar'-e-a"?-
4. Does the application include operations in hydrologic basins other than as currently approved? 
5. Does the application result from cancellation, reduct ion or increase of insurance or reclamation bond? 
6. Does the application require or include public notice publication? 
7. Does the application require or include ownership, control, right-of-entry, or compliance information? 
8. [s proposed activity within 100 feet of a public road or cemetery or 300 feet of an occupied dwelling? 
9. [s the application submitted as a result of a Violation? NOV # 

10. Is the app lication submitted as a result of other laws or regulati-o-n-s-o-r-p-o'li'c~ie-s"?'---------
Explain: o Yes ~ No II . Does the a"'p-p'"li'c"'at""io"'n--:-aff=ec"t-:tTh-e"'su-rf"'"ac"'e:-l;""a-nd"o'-,--v"'ne'-r"'o"'r"'c'"h-:a"'"n-ge"-:;th-e-p-o-s"'t -m'"'i-m'" n-g'l-an-d.,.--u-se"'?;----------

~ 
Yes ~ No 12. Does the application require or include underground design or mine sequence and timing? (Modification of R2P2) 
Yes X No 13. Does the application require or include collection and reporting of any baseline information? 
Yes X No 14. Could the appl ication have any effect on wildlife or vegetation outside the current disturbed area? 
Yes ~ No 15. Does the application require or include soi l removal, storage or placement? 
Yes X No 16. Does the application require or include vegetation monitoring, removal or revegetation activities? 
Yes X No 17. Does the application require or include construction, modification, or removal of surface facilities? 
Yes X No 18. Does the app lication require or include water monitoring, sediment or drainage control measures? 
Yes X No 19. Does the app lication require or include certified designs, maps or calculat ion? 
Yes X No 20. Does the app lication require or include subsidence control or monitoring? 
Yes X No 21. Have reclamation costs for bonding been provided? 
Yes X No 22. Does the app licat ion involve a perennial stream, a stream buffer zone or discharges to a stream? 
Yes X No 23. Does the application affect permits issued by other agencies or permits issued to other entities? o Yes~No 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 rorthe Price Field Office) 

t hereby certify mal t am a responsibte omciat of me applicanl and mal me infonnalion contained in mi, appticalion is !rue and co""12 besl of my infonnation 
and betiefin alt respecls wim me taws of Ulah in "ferenee to commibnenlS, w>denakings, and obtigalions, here~ 

B. Kirk Nicholes Environmental Specialist 10104/2018 LL,~' 
Print Name Pos ition Date Signarure (Right-click above choose certify then have notary sign be low) 

Subscribed and s,?,om to berore me this Lf '"T}l day or Dur - - - - - -
, ...2{J I cz. 

Notary PUbti~ , state of Utah. 'f!ilii\ 
JAN ALEE BE ,\lSQ\I 

t~· .. Notary Public - State of Utah 
M . . E ' '11.2.31,:2,1 } !,~,} (amm. No. 696209 

y CO~~ISS lon xplres: C:Rl i 0 q 
} ss: '.?: .. :....;~~/,) My Commission Expires on CommiSSiOn Number: (} 

Jut 23. 2021 
Addres" 3T7 tJ MQIN } 

City r 'p"])(l (L Ctrlj State: ur ZIP: ~J.f7dl ) 
- - ------- - ---------------- - - -

For Office Usc Only: Assigned Tracking Received by Oil, Gas & Mining 
Number: 

Fonn DOGM- C 1 ( R~vlsed December 10, 2(07) 



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

Permittee: Alton Coa l Deve lopment , LLC 

M ine: Coal Hollow !\Ii ne Permit Number: C/025/0005 

T itle : J\' orthwest Spoil Stockpile 

Provide a detailed listing of all changes to the Mining and Reclamation Plan, which is required as a result of this proposed penn it 
application. lndividually list all maps and drawings that are added, replaced, or removed from the plan. Include changes to the table 
of contents, section of the pl an, or other in formation as needed to specifically locate, identify and revise the existing Mining and 
Reclamation Plan. Include page, section and drawing number as part of the desc ri pt ion. 

DESCRIPTION OF MAP, T EXT, OR MATERIAL TO BE CHAl'lGED 
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o Remove Chapter 2, Drawing 2-4 

o Remove Chapter 5, Text 

o Remove Chapter 5, Drawing 5A7 

o Remove Chapter 5, Drawing 5-49 

D Remove Chapter 5, Drawing 5-51 C 

D Remove Chapter 5, Appendix 5- 11 
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Any other specific or special instruction r equired for insertion of tbis proposal into the 
lVlining and Reclamation Plan. 

Fonn DOGM - C2 (Revised December 10, 2007) 

Received by Oil, Gas & Mining 
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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 qualified 
registered professional engineer. 
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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 R645-301-535.100 - 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 of the 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 impoundments of the North Private Lease. This includes ponds 5 
through 9 and T1 as well as ditches 5 through 20, T1-01 and T1-02. 

 



 Chapter 5
  05/04/2017 

5-3 

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 configuration 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.    Impoundments 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 of MSHA, 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 of MSHA, 30 CFR 77.216(a) become necessary, compliance with the 
requirements of MSHA, 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 
waste, or excess spoil being disposed of in underground mine workings. 
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513.400.    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, backfilled 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 R645-301-731.100 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. 
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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 of the well.  The casing will be severed a 
minimum of 2 feet below the ground surface.  A minimum of 2 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 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 R645-301-731 
 
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 monitoring or 
otherwise managed in a manner approved by the Division. 
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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.514.100 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. 

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 method(s) 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 revegetated fill. 
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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 criteria for 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 Criteria for 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 of 30 CFR Sec. 
77.216.  If such impoundments become necessary, they will be examined in accordance 
with 30 CFR Sec. 77.216-3. Impoundments not meeting the NRCS Class B or C Criteria 
for dams in TR-60, or subject to 30 CFR Sec. 77.216, will be examined at least quarterly. 
A qualified person designated by Alton Coal Development LLC will examine 
impoundments for the appearance of structural weakness and other hazardous conditions. 
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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. 
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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 
 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 R645-100-200.  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.   

521.124.     Existing areas of spoil, waste, coal development waste, and noncoal waste 
disposal, dams, embankments, other impoundments, and water treatment and air pollution 
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 of these 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 of 2012 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 applicable 
Drawings. 

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 (K3100) 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 of the 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. 

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 approximately 6 
years. 
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521.140.    Mine Drawings and Permit 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 of 239.0 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 of the Coal Hollow 
Mine permit 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 of this chapter) to remove all coal from the borrow volume to reach the 
intermediate landform 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 final landform shown in Drawings 5-37 and 5-37A.. This rehandle 
and additional borrow will bring all disturbed ground back to Approximate Original 
Contour (AOC). All post-mining landforms, drainage, and slopes will be consistent with 
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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 of this 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 handling 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.  
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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 rock fills 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 fills will inspect the fill during construction and regular inspections 
will also be conducted during placement and compaction of fill 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 SURFACE 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, and 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:1v. 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 on the subsequent pit areasabove 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 5-51C 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 term excess spoil structure 
design has been completed by an expert in this field.  The long term static 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 the 
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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 of the 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 theseis 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 
theseis 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 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 Coal Hollow Mine long term excess spoil will be completely rehandled as pit 
backfill as shown in Drawing 5-37 and 5-37A. 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 used as 
backfill in a short time frame (less than 6 months) and will not require any 
reclamation measures. 
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 R645-301-553.240:   The final fill configuration of the fill (excess spoil) will be 
suitable for the approved postmining 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 term excess spoil will be completely rehandled as pit 
backfill as shown in Drawings 5-37 and 5-37A. The remaining landform 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:1v.   The long term 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 1.33h:1v. 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 final landform 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 mostlyentirely 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 both 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 assist 
revegetation, and if they are not incompatible with the stability of the fill; 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 of R645-301-742.300 

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.  
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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 of the 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-
37A 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 10 ft. elevation intervals. The contours for the North Private Lease drawings 
occur at 2 ft. elevation intervals, with index contours occurring at 10 ft. 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 of land 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 of land that will have a performance bond posted in the Coal Hollow Mine is 
shown on Drawing 5-3.  Drawing 5-3 was reconfigured in December of 2014 prior to 
phased bond release to remove performance bond from areas that are no-longer within 
the MRP planed disturbance (not disturbed by mining), thus removing the need to include 
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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 of land 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 5-51CA. 

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. 

521.168 For the purposes of SURFACE COAL MINING AND RECLAMATION 
ACTIVITIES, each air pollution collection and control facility; and 
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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 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 of the 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 this 
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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:1v 
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/haul 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 
5-22I 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 surface mining area 
are temporary in nature and will be relocated frequently as mining progresses.  These 
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temporary travelways 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.  
 
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 “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 
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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: 1v 
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 travelways 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 of the 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. 

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

521.250.    Perimeter Markers. 

The perimeter of a permit area will be clearly marked with fencing before the beginning 
of surface mining activities. The perimeter of all permitted 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 permit 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. 
 
Additional coal (shown on Drawing 5-9 and Drawing 5-10 as Pit B-1) at the Coal Hollow 
Mine will also be encountered incident to reclamation and borrow activities where it 
would not have been practical to mine otherwise. This coal will be surface mined. Coal 
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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: 
 
 
 

Existing Coal Hollow Mine 
Description Extraction 

Status 
Average Coal 
Thickness (ft) 

Average Strip 
Ratio* (yd3/Ton) 

Quantity 
(**Ton) 

Total Coal within Permit 
Boundary 

N/A 16.3 7.7 12,092,000 

High Strip Ratio Area (NE 
corner of permit area) 

Not Mined 16.0 13.5 2,812,000 

Coal under highwalls and 
sedimentation structures 

Not Mined 17.2 4.8 2,305,000 

Coal under Robinson 
Creek Diversion 

Not Mined 15.5 3.9 172,000 

Highwall & Underground Not Mined 16.0 0 2,460,000 
Recoverable Coal 
(Surface) 

Mined 16.3 6.4 3,416,000 

Recoverable Coal 
(Underground) 

Mined 16.0 0 927,000 

*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 

Status 
Average Coal 
Thickness (ft) 

Average Strip 
Ratio* (yd3/Ton) 

Quantity 
(**Ton) 

Total Fee Coal within 
Permit Boundary 

N/A 15.4 4.5:1 7,127,300 

Coal under highwalls and 
sedimentation structures 

Not Mined 15.1 10.1:1 2,201,700 

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 
(Surface) 

Mined 15.5 4.6:1 3,410,700 

     
*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 of the seam, provide the ability to efficiently and cleanly excavate the lower part 
of the 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 front end loader, 
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 temporarily 
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pushed into a pile on top of unmined 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 - 
Surf 

 118 

2016 – 
UG 

 362 

2017 – 
UG 

 565 

   
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.  
 
Overburden excavation and coal mining at Coal Hollow will begin near the subcrop of 
the coal seam at the western end of the permit area in the NW ¼ NE ¼ of Section 30, 
T39S, R5W. Topsoil will be removed and stored separately in topsoil stockpiles as shown 
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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 ¼ 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 Pit10.  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 summarized 
below: 
 

Production Schedule 
  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 remain and 
be utilized for final reclamation of the last pits mined. 
 
As with the Coal Hollow Mine, topsoil and subsoil will be removed with dozers and/or 
scrapers to a depth determined by the soil scientist. 
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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 of this 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 of the 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 
subcrop of the coal seam at the southwestern end of the permit area in the SW ¼ NW ¼ 
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 of 2 
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 placed into 
pit backfill. This initial phase includes pits 1 through 10 as shown on Drawing 5-53. 
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 
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and the geologic contact between Tropic Shale and Quaternary Alluvium in Pits 8 and 9. 
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 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 D11 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 will include: 

 Design support for roads, pits, sediment impoundments etc… 
 Field staking of designs utilizing high precision GPS survey systems. 
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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 of the Certified Blaster and copies of the Blasting license(s) 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 
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 18x18ft 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 (0.75 lb or 1 lb) and a 25/500ms 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 barn 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 1H 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 ½ mile of the North Private Lease requiring a preblasting 
survey. However, a preblasting survey will be offered to each of the owners of the five 
land parcels with structures in Alton Town that are nearest to the Northwest corner of the 
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 Barn 
and a Fish Pond with an earthen dam, located on property owned by Heaton Brothers 
LLC that are both within the ½ 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 adjustments 
made for production, weather, and the mine’s or contractor’s schedule. 

524.410.    Unscheduled Blasts 
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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 ½ 
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 after 
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 muck 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 
determined 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 permit area, and changes in the course, channels, or availability 
of surface or ground water outside the mine permit 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 
permit 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 
System, HZ (+3dB) 

 Maximum Level 
dB 

2 Hz or lower – flat response  133 peak 
 

(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 Permit Area 1 will be monitored from the earthen dam of the 
pond mentioned above until blasting activities are no longer within ½ mile of the 
structure. Periodic (quarterly) monitoring will then continue through Permit 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 
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on Drawing 1-7). Subsequent blasting activities in Permit 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 permit 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 in/s 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 Permit Area 1 will be monitored 
from the earthen dam of the pond mentioned above until blasting activities are no longer 
within ½ mile of the structure. Periodic (quarterly) monitoring will then continue through 
Permit 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 Permit 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 permit area in accordance 
with the following: 
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Distance (D) from Blast 
Site in feet 

Maximum allowable 
Particle Velocity (Vmax) 
for ground vibration, in 
inches/second (1) 

Scaled distance factor to be 
applied without seismic 
monitoring (Ds) (2) 

0 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 of the 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 airblast 
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. If the 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 of less 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 R645-100-200 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, 
Special Categories of Mining (See Chapter 9).  The alternate highwall option has limited 
extraction with no subsidence.  Refer to Appendix 5-8 (Feasibility of highwall mining the 
Smirl seam) for geotechnical and design information.  Due to the design and mining 
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method of highwall 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 if there is material 
damage as a result of subsidence.    
 
 
 
 
 
 
526.    MINE FACILITIES: 
 
The area of land 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. Due to 
bond requirements and the scarcity of open space with relation to the soil and spoil 
stockpiles in Permit 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 Permit 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 of the 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 permit 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 of this road following mining are provided on Drawing 5-22C. 

Initial mining operations at the North Private Lease will be on the western edge of the 
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 of the 
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, coal loadout 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 upgradient 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 corner 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. 
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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 corner 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 coal loadout system will be located in the central part of 
the facilities area.  This system will include an above ground reclaim feeder, a coal 
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 approximately 
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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 
of two 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. 
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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 of limitations 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 
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 T1, a temporary engineered mobile pump and pipeline system from 
Pond T1 to Pond 6, and miscellaneous berms.  The locations of these 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 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. 

 

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 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. 
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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 of these 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 Access/Haul 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 of the Underground Portal Access is also 
provided in Drawing 5-22I. 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 

Roads retained for an approved postmining land use include the following: Access to 
East Pugh Property (K3993), County Road 136 (K3900), Alton Coal Mine Road 
(K3100), Access to Water Well and Road to Swapp Ranch.  Details and locations for 
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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 of the 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 
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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:1v 
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 5-22I. 

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      

5-22G.  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 of these roads is shown on Drawing5-37 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 
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temporary travelways 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. 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 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 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 portion of this 
road will be constructed in designated wet meadow under Army Corps of Engineers 
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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:1v 
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 travelways 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 application for an 
Individual Section 404 permit under the same number. This notification will include a 
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copy of the 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:1v 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 corners 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 travelways 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. 
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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:1v 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 efficiently remove 
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 backfill will then 
remain in place until closure of the Underground Mine and finally rehandled as backfill 
to Pit 10. 
 
The underground mining will be accessed through portals in an existing pit.  There will 
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 AOC. 
 
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 of unmined 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 11to 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 
backfilled pits and the NW temporary spoil stockpile will be used to backfill the 
remaining Pit 21.    
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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 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 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:1v. 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 32 acres and 
varies in height from 35 to 120 feet. The excess spoil pile will be completely rehandled as 



 Chapter 5
  05/04/2017 

5-63

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. 

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 5-51C 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 segregated from 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 materials 
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 rock fills 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 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. The geotechnical studies for 
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both permit areas can be viewed in Appendix 5-1for 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 landform underneath the Coal Hollow Mine long-term 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:1v. 

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:   The final fill configuration of the fill (excess spoil) will be 
suitable for the approved postmining 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 landform underneath the Coal Hollow long-term 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:1v.   The long term 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:  
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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 entirely 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 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 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 underdrains are 
planned for the excess spoil structure. 
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745.121: Diversions will comply with the requirements of R645-301-742.300 

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 permit area. Exceptions to the removal of all noncoal mine 
waste from the permit  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 of the 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 of RCRA 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-Forming 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-forming, toxic-forming 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 

529.    MANAGEMENT OF MINE OPENINGS.  
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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 of trenches 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 R645-301-731.522 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 
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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 of 2 feet below the ground surface.  A minimum of 2 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 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 R645-301-731 
 
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 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 of the possible addition of the 
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 T1, a temporary engineered mobile pump and pipeline 
system from Pond T1 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. 
 
 
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, 
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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 any one 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:1v 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:1v (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 of 3h:1v (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:1v (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 upgradient 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. 

533.    IMPOUNDMENTS. 
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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 of 30 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 of R645-301-733.210. 

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. 



 Chapter 5
  05/04/2017 

5-74

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 highwall 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 R645-301-536 and R645-301- 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 expert in 
this field.  This analysis can be viewed in Appendix 5-1 for the Coal Hollow Mine 
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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 of these 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, 5-37A 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; and 

There will be no acid or toxic forming substances used in road surfacing. 
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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 5-37A 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:1v 
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-
22I) 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 1500’ in 
length and will be constructed to the same specifications for the haul roads above, 
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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 
temporary travelways 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.  
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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 travelways 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.  
This is a conservative standard that has been effectively utilized at mining 
operations with similar equipment and mining practices.   
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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 term 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-
term 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 performance 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 conducted as part of the 
periodic inspections required in R645-301-514.100, 514.311, and R645-
301-514.120.   These compaction tests will be conducted using nuclear 
density (ASTM D2292-9) or equivalent method.  If less than the specified 
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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 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. 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 natural 
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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 
0 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 fill 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 of this 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 of 2.8h:1v (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:1v (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 horizontal lifts 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 horizontal lifts 
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 stability of the 
fill and will meet all other applicable requirements. 
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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 5-1for 
Coal Hollow and Appendix 5-11 for the North Private Lease. 
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 If for 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: 
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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. 
 
Since the underground mine portals are located in the bottom of Pit 10 at the Coal Hollow 
Mine, they will be reclaimed and permanently closed by the backfilling of the pit to a 
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, R645-301-631.100, 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 of 2 feet below the ground surface.  A minimum of 2 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 operations, it will be 
permanently closed unless otherwise managed in a manner approved by the Division. 
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If any exploration boreholes are to be used as monitoring wells or water wells, these will 
meet the provisions of R645-301-731 
 
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 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 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 
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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 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 
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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 of the 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 excavation/backfill 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 Private Lease.  
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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 scarified 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, topsoiled, 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 which addresses 
R645-302 regulations) will be at the time when completed panels are backfilled as 
described in Section 529. 
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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 of 2 feet below the ground surface.  A minimum of 2 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. 
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If any exploration boreholes are to be used as monitoring wells or water wells, these will 
meet the provisions of R645-301-731 
 
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 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, and 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 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. 

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 coal mine waste. 

542.740.    Disposal of Noncoal Mine Wastes. 
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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 of the 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 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 
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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 of the well.  The casing will be severed a 
minimum of 2 feet below the ground surface.  A minimum of 2 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 of R645-301-731 
 
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 monitoring or 
otherwise managed in a manner approved by the Division. 

552.     PERMANENT FEATURES. 
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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 ¼ 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 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.  Coal is then removed to the sizing/loading area.  The 
miner is moved along the face making successive pushes into the coal face.  Once coal is 
removed from the Pits/ Highwall Trench, overburden from excavation of the next 
Highwall Trench is used to backfilled the mined out area continuing with the progression 
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of the 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 Pit10.  
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 highwall 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 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 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 Coal 
Hollow Mine: 
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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 2,375,581 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 of leaving 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 upgradient 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 11to 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 overburden being 
placed directly as backfill in the same highwall trench, progressing from South to North. 
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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 excavation/backfill operation.  In accordance 
with R645-301-553, 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) 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 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 of 2012 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 
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Year 7 1,254,600 CY 
Total 19,453,030 CY 

 
 
Major steps in the backfilling and grading process for both permit 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-term 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 Permit Area 2 and 
accumulates an ever-growing void, the width of the void space increases but never 
exceeds 400 ft., 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 permit 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 apply to this 
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surface mine.  The slopes will be regraded to a maximum angle of 3h:1v 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:1v 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:1v (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 of 3h:1v (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:1v (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 land use. 
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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 R645-301-
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.  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 R645-301-731.100 through R645-301-731.522 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. 

 

553.600.    Highwall Management 
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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.   

For 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 segregated from 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 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.  

 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 
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more protection for the topsoil, the Division may, on a case-by case basis, 
approve an alternative; 

The landform underneath the 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.   

Not Applicable 

 R645-301-512.210: Excess Spoil. The professional engineer experienced in the 
design of earth and rock fills 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 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,   
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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 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:1v. 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 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 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 5-1for the Coal Hollow Mine. 

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

Not Applicable 

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

No coal mine waste is planned in the excess spoil area. 
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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 landform beneath the Coal Hollow Mine long term 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 reclamation of the spoil does not include 
any terraces and the slopes will not exceed 3h:1v.  

 R645-301-553.240:   The final fill configuration of the fill (excess spoil) will be 
suitable for the approved postmining 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 landform 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:1v.  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 term 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 landform beneath 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. 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 of the 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. 
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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 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 of R645-301-742.300 

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.  
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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, depicting the acres of open pit and /or 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 C1/C2. 

560.  Performance Standards 

Coal mining and reclamation operations will be conducted in accordance with the 
approved permit and requirements of R645-301-510 through R645-301-553.  
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Subject: Geoteclmical 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 submitted 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. 

RGI362 GEiI1 I1:NGINEERING, INC, 
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1.0 INTRODUCTION
1.1 General

This report presents the results of a geotechnical investigation performed 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 corner 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 performed 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.

The site plan on Plate 1 shows the approximate trench location with respect to the

approximate property lines and proposed stockpiles and impoundments.
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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.
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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.
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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.
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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.
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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

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.
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6.3 Earthwork

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 bottom of the

overexcavations, stabilization and/or additional overexcavation will be required
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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

subgrade 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.
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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

Material Type Test Type Average Dry Density Shrinkage/Expansion
Tropic Shale (CH) Native Nuclear Density 96.3 pcf --
Tropic Shale (CH) Loose Nuclear Density 84.8 pcf 11.9 % - Expansion

Tropic Shale (CH) Compacted Nuclear Density 107.2 pcf 11.3 % - Shrinkage
Alluvium (SM) Native Nuclear Density 95.6 pcf --
Alluvium (SM) Loose Nuclear Density 88.7 pcf 7.2 % - Expansion

Alluvium (SM) Compacted Nuclear Density 114.2 pcf 16.3 % - Shrinkage

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 removed a

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, prior 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 maintained as

recommended.
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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.
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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 should include, but

not necessarily be limited to, the following:
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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.
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CONSOLIDATION TEST DATA

Sample Location - T-8 5'
Water added at 2000 psf

Load (psf) Percent
Consolidation

Net Percent
Consolidation *

500 2.17 0.00

1000 3.37 1.20

2000 4.12 1.95

2000 + H20 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

Alton Coal Development - North AreaPROJECT:
Plate:South East of Alton, Utah
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THE UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)

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.
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Organic silts and organic silty clays of low plasticity

Inorganic silts, micaceous or diatomaceous fine sandy or
silty soils, elastic silts

Alton Coal Development - North Area

Color

SP

SM

SC

ML

Inorganic clays of high plasticity, fat clays

Peat and other highly organic silts

CL

Highly Organic Soils

OH

GP

GM

GC

SWSands

More than 50 % of
coarse part is smaller
than the No. 4 sieve.

Clean Sands

Less than 5% fines

Sands w/ Fines

More than 12% fines

Major Division Typical Group Names
Gravels

More than 50 % of
coarse part is larger
than the No. 4 sieve.

Clean Gravels

Less than 5% fines

Gravels with Fines

More than 12% fines

Symbol

GW Well graded gravels, gravel sand mixtures,
little or no fines

Poorly graded gravels/gravel sand mixtures

Silty gravels, gravel-sand-silt mixtures

Clayey gravels, gravel-clay-sand mixtures

OL

PLASTICITY CHART

Silts and Clays
Liquid Limit less than 50

Silts and Clays
Liquid Limit 50 or more

Inorganic silts and very fine sands, rock flour, silty or
clayey fine sands or clayey silts with low plasticity

Inorganic clay-silt mixture and very fine sand, silty or
clayey fine sands or clayey silts with low plasticity.

Inorganic clays of low to medium plasticity, gravely
clays, sandy clays, silty clays, lean clays
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CH

CL-ML

Well graded sands, gravely sands, little or no fines

Poorly graded sands or gravely sands, little or no fines
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Clayey sands, sand clay mixtures
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The depth of overexcavation shall extend from the bottom
of the footing or existing site grade whichever is
GREATER.

Plate:
 Client: Alton Coal Development

Basement Foundation

Drainage and gradation shall be constructed in
accordance with the requirements of section R401.3 & 
R801.3 of the 2012 IRC or section 1804.3 of the 2012
IBC. Refer to geotechnical report for additional drainage & 
grading requirements & recommendations.

Slab-On-Grade Foundation

The total width of overexcavation is euqal to the width of
the footing plus 2x the width of lateral overexcavation.

The width of overexcavation is equal to 5ft past the edge
of ftg 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.
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OVEREXCAVATION, DRAINAGE AND
MOISTURE PROTECTION DIAGRAM

PROJECT: Alton Coal Development - North Area
South East of Alton, Utah

Hardscaped areas: 4

2% slope for 10'-0" required
(2 1/2" of fall over 10')

Compacted
Structural Fill

Exterior flat work
or pavement

Direct roof drainage away from
foundation in accordance with
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1.0 INTRODUCTION 

This report presents the results of the geotechnical engineering study performed 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 I, 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 15 feet in height and large dozers (DIO to Dll 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 
2005 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-lS, 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-3-0S and CH-S-05. 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-IS Silty Clay (CL-ML) 
SP-IS Silty Sand (SM) 

Page 10f9 

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-0S (Rock Core) 
Weathered Shale 40' - 55' 

Fat Clay (CH) 
CH-3-0S (Rock Core) Shale 41'-44.S' 

CH-5-0S (Rock Core) Shale 48' - 55' 

CH-5-05 (Rock Core) Shale 98' - 108' 

Samples SP-l3, SP-lS, SP-J6 and CH 32, were combined to make a sample representative of the 
upper soil profile which TGE labelled SP-16-l3. Samples CH-I-05 and CH-3-0S 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 48-55 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 TGE 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 S 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 TGE 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 
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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 determine 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 to 15 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 alluviaVcolluvial sediments consist of silty sand 
(SM), sandy silt (ML) and lean clay (CL). The sediments are underlain by highly 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 GT-I, GT-2 and GT-3. Subsurface water was also observed at a depth of 
about 15 feet in GT-5. Boring GT-4 terminated 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, vanatlOns 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 performed for the proposed excess spoil structure, for the interior 
slopes of the proposed sedimentation Ponds #1 through #4. Stability analyses were performed 
using GSTABL7 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 (PGA) 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 of0.145g was used in the analyses. 

Based on the information provided, TGE 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: httplleqhazmap.us~bRPORATED 
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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-I-3 and CH-5-48 were averaged 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 maximum 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 of9429 psf or a cohesive strength of 4700 psf. 
For stability purposes a cohesion of 700 psf and a friction angle (0) 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 AI-AI, A2-A2, BI-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 slope 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. 

5.1 Excess Spoil Structure 

Based on the information provided, TGE understands the excess spoil structure will be a 
permanent 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 information indicates that the subsurface profile varies between the area of GT-
2/GT-3 and GT-5. Therefore, four stability analyses were performed representing Line AI-AI, 
A2-A2. Line BI-Bl 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 . 

INCORPORATED 
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Generally, the sub grade 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 sub grade in the area of Lines B 1-B 1 
and B2-B2 contains loose sand 10-feet 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 of the stability analyses with the respective soil parameters used 
are tabulated below. 

SLOPE SET pm, COHESION STATIC PSEUDO-ST A TIC 
AI-AI 19 240 1.6 1.1 
A2-A2 19 240 1.6 1.1 
BI-BI 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-5-48 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 15. 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 from 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 

OCT 1 ~ 2009 
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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 infonnation 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 ofthe 
fill for the pond embankment will be approximately 14-feet. The soils associated with the slopes 
and embankment for the pond will be similar 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 DRAWDOWN 

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 1.2 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 Tenn 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 the sp&. ~ED 
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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 term or long term 
performance 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 TGE 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 ofthis 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 perccnt 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, TGE 
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 TGE. 

Based on the information provided, TGE'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, TGE 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 oiht!r 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, TGE'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. TGE 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 exploration 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 carefully 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 TGE 
field personnel using surveyed property comers, and information 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 drill rig using 8-inch outside diameter hollow
stem augers. 

Relatively undisturbed 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 lA-inch inside diameter (10) 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-ENGINEERING Figure No.3 

Soring No. GT-l 

Project : Alton Hollow Project 
Project No.: 307001 
l ocation: Alton, Utah 

Elevation: 6900 feet 

o..ptt. .. 
D. 

I (ft.) 'G - hIlt 1.'5CS E Description 
I 0 

.. 
VI 

I 

1 TOPSOIL: Ught brown, moist, loose, 6' thick. 

I 2 LEAN CLAY: Very stiff. moist to wet. greenish brown. 
~ 
I 

I~ 
5 

I-r ~ ~ 
"8 ~ 

I--g CL 
~ 

~ .~ 

Fu 
~ ~ 

"1:4 r-rs-
'16 ~ 7 
7" f-' 

7 r-w-r-n ~ ' ~ 
23 I:AT CLAY: Stiff. moist to wet. probable perched water 
~ between 22 and 25 feet, some pebbles and gravel, gray with 
7 ltan specs. 

~ ~ ~ 
"28 CH 

I'--' 

I 29 

"30" ~ I 31 -

r--n- r-< 

~ 
7 

35 

Iii 
SHALE SHALE: Weathered. hard. moist, brownish gray to gray. 

~ tx 
37 ~ring Terminated at 36 Feet. 

'38 
39 
7 
TI 
~ 
'43 
F-;;4 
rrs-
, I~otes: 140 Ib sampler using drive cable. Low EffiCiency. 

Date of Drilling: February 28, 2007 

Drilling Company: GTS 
Equipment: Mobile 8-80 
Logged By: A.T. 

GWT: 10 feet 

Laboratory Test Results Other Data 

2" 10 Sampler 

29. 53. SO/5" 

2" 10 Sampler 

WC= 12.6% .21, 56, 50/3" 

P O = 111.6 pet 
I 

U.=47 PI=31 
I 

! 

l.,« 
2" 10 Sampler 

20,37. SO/5" 

J" 10 Sampler 
12,26.40 

WC=28.6% 1" ID Sampler 

DO=95.0pcf : ~,16, 25 

.l=69 PI=52 
WC =4777 pst 

[1" ID Sampler 

7,24,26 

;!' 10 Sampler 

17.50/5' 

' ''lr'''~Dnl ATED 
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DRILL LOG TA YLOR GRO-RNGINEERING Figure No.4 

Boring No.: GT-2 Date of Drilling: March 1, 2007 

Project : Alton Hollow Project Drilling Company: GTS 
I Project No.: 307001 Equipment: Mobile B-80 

Location: Alton, Utah Logged By: A.T. I 
Elevation: 6900 feet 

GWT: 10 feet 

~' ~ 

(ft-) lir.Phil usa. "-
Description Laboratory Test Results Other Data E 

0 ~ 

1 [TOPSOIL light brown, moist, loose, 611 thick. I 

I 

I,,""~ ;ILTY SAND: Medium dense to loose, moist to wet, gray to 

~ :an_ 

~ i 

f-~ 
~ Standard Spoon F+-7 11,10,13 

7 I'-
I 

I---g SM 
i 

'1'0 2" ID Sampler 

'11 ~ ~C; 10.6% 5.8,7 
7 ·200; 33.3% r-rr- ~ 

'14"" I 

Fit 
7 ~ No Recovery Due to GWT and Loose Sand . 2" 10 Sampler 

~ I 3,5,8 
f-ls" ~ 

I-~ ( LAYEY SAND: Very loose, wet, tan. 

~ SC 

~ 21 I ,2" 10 Sampler 

f:4. I LEAN CLAY: Some sand, very soft. wet, tannish gray. 
I 

12,3,5 
23 

I'-

'24 Cl 
'""is 
'16 ~ Liquified with vibration. WC;27,8% ~" 10 Sampler 

7 I ~L; 37 PI; 19 ~ , 6, 9 
7s I"-

fg-
30"": 

~ " 'IDSamll'er 

~ I FAT CLAY: With sand, medium stiff, moist, bluish gray with WC; 18.5% 3, 6, 8 

4- CH I'-' 1'J:lark gray seams. 

-~ ! 34 

r-~ lL SHAll 

~ 
,p HALE: Weathered, hard, moist, light gray to dark gray. 

36 2" 10 Samoler 

37 
7 

Poring Terminated at 35.S Feet. 50/5" 

""19 
~ 
7 I 

7 I 

'4t- I 

7 
~ ' 

~otes: 140 Ib sampler using drive cable, Low [fficiency, 

~f,~cc~pr RATED I 
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DRILL LOG TA YLOR GEO-ENGINEERING Figure No.5 

Boring No.: GT-3 Date of Drilling: February 28, 2007 

Project: Alton Hollow Project Drilling Company: GTS I 

Project No.: 307001 Equipment: Mobile B-8D 

Location: Alton, Utah Logged By: A.T. 
Elevation: 6900 feet 

GWT: 15 feet I 

I 

~ r;tap/1~1 _OJ 

{ft., uses "-
Description L.boratory Test Results other U;jta 

0 I ~ 
1 110PSOIL: LiRht brown. moist. loose. 6" thick, 
2 )lLTY SAND: Medium dense to loose, moist to wet, gray to 

1-'3 :an. 
I-;-
f-T 
I--

~ 2" I D Sampler ~ 
~ 11,20.1b 

B "'" I-g 
t--w 2" ID Sampler 

t-t- ~ twc= 11.0% ,, 6,11 
I-U- -200= 37.S% 
t-tr lI-

I 14 SM I-=-:'" ....g.. 
~ , lNo Recovery Due to GWT and Loose Sand. 2" ID Sampler ~ 

17 3, 3,3 
f--rs I'--' 

t--r9 ( LA YEV SAND: Very loose, wet, tan. 
I-fo-
t-tt" ~ L' ID Sampler 

"2"2 ILEAN CLAY: Some sand, very soft, wet, tannish gray 5, 5. 8 

7 ~ 

7 
~ 

r-#-
~ Liquified with vibration. 2" ID Sampler ~ 

27 6, 26, 75/5 5" 

7 If-
29 ~~", I~IGH PlASTICITY SILT: Very Stiff, wet. dark gray to black. we = 37.3% 
30 

i!" 'c"" MH X I DD= 76.6 pd 1" ID Sampler 

31 
, 

U = 74 PI = 38 Ii, 18, 30 

32 :=----=, I--l 
lJC = 1956 psi 

~ FAT CLAY: Very Stiff, mOist, gray. Sampling terminated due 
34 , 10 water intrusion into hole from above layers. 

"""35 
7 CH ~ ;1" ID Sampler 
f---

:3,25, -~ 
38 

'39 
~ 1111t,11 

: SHALE ,5( SHALE: Weathered. hard. moist, light gray to dark gray "ID Sampler 

41 
I 

13,50/5" 

~ 1l0ringTerminated at 41 Feet. 
43 

7 
I-n'" 
~otes : 140 Ib sampler using drive cable. low Efficiency. 

I ~'rp~a.o' .'" TED 
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DRill lOG TA YLOR GEO-ENGINEERING Figure No.6 I 
Boring No.: GT-4 Date of Drilling: March 1, 2007 

Project : Alton Hollow Project Drilling Company: GTS 
Project No.: 307001 Equipment: Mobile 6-80 
I-ocation: Alton, Utah Logged By: A.T. 
j:levation: 6900 feet 

GWT:NA 

Dept ., 
h (ft.) Graphi usa C 

Description Laboratory Test Results Other Data E 
'" D Vl 

1 rtUlli TOPSOil: LiQht brown; maist loos~>1 6n thick
j 

2 51lTY SAND: Medium dense, moist, tan. 
~t- I SM 
~~ 5tandard Spoon 

~ 15< ~!O" 

~ llorlng Terminated.t 5 Feel on sand<lone bedrock. 

I-~ 8 
\""9-
1-10 
7 ! I-u--
I-~ 
'14 
I-tr' 
I-~ 
1-1]" 
I-tr-

: 'l9 I-fo--
, 

f-ft'" 
1-22 
I-it 
f-~ 
I-=-
I-~ 

I ~ 
27 

7 
i-fg-
r-~ 
7 
ITz 
'33 
~~ 
f--3s 
'36 
1-'37 
f--'fs'-
139 
7 
---'-

41 

142 
-~ , 
---;j;I 
--E-
Notes; 140 Ib sampler using drive cable. Low EffICiency 

I 
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DRILL LOG TAYLOR GEO-ENGINEERING Figure No.7 
I 

I 'Boring No.: GT-S Date of Drilling: March 1,2007 

Project: Alton Hollow Project Drilling Company: GTS 

Project No_: 307001 Equipment: Mobile B-80 

Location: Alton, Utah logged By: A.T. 

Elevation: 6900 feet 
GWT: 15 feet 

~ 
GraphiC 11 (ft., uses Description ,Laboratory Test Results Other Data 

a I 

1 ~=="'-''''' ITOPSOIL: Light brown. moist. loose. 6" thick. 

2 'ATCLAY: Very Stiff. moist. dark brown with tan specs. 
~3 l50me pebbles at 15 feet and saturated sand lavers at 15 
f-i'"" eet. Potential perched water. 

~ r-t- ~ NC" 18.716 Standard Sampler 
1-7 I)D ~ 108.3 pet '12.26,32 

7 CH 
,...; 

, L;63 PI;44 

f-T 
F-w 1~" ID Sampler 

~ .... NC= 17.1% 14. SO. 50/5" 
~i2 ~ )D= 102.0 pd 

~ 1u- ~63 PI~45 
r-lA"' UC; 9429 pst 
~ 

1 - g.. 
X NC~ 17.2% I" ID Sampler 

-~ 
17 OD~120.0 j>d 10.40, SO/S" 

~ I 

Iloring Terminated at 16.5 feet. 

~ 
I 4 

4 
'2!-23 

24 
-~ 
26 -F 
-~ 
29' 
~tJ 

~ 
~~ 
1-33' 
i-~ , 
Ts l 
7 
I 37 

~ 
~ 
I-~ 
~ 
~ 
~ 
r~ 45 

' Iotes; 140 Ib sampler using drive cable. Low Efficiency. 
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DRILL LOG 

AllOn Hol\()w PrQ~, 

No.: 307001 
Ito. UliIh 
~fppt 

PETERSON HYDRAUU C 

Desalp an 

.Ud"., u.".grayto 

73 coal, blade With some brown mottled lones. 

This boring is close to GT-l 

76-76.3 Siltstone. gray. clayey, 

~¥ 
highly laminated, 

Date of Drilling: 

Drilling Company: DA Smith Drillers 

Equipment: 
Logged By: Eric Peterson 

GWT: Not Indicated 
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DRILL LOG 

Alton, Utah 
6900 feet 

Core (Auger hole) 

rore 
This boring i. close to GT-2 

PETERSON HYDRAUUC Figure No.9 

Date of Drilling: Nov. 12, 2005 

Drilling Company: DA Smith Drillers 

Equipment: 
Logged BV: Eric Peterson 

GWT: Not Indicated 

ae.cription laboratory Test Result5 Other Data 

~----------------------------------------~~~~ATED 
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DRILL LOG PETERSON HYDRAULIC Figure No. lO-A 

Boring No.: CH-OI-OS Date 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 
Elevation: 6900 feet 

GWT: 15 feet 

Doupcjoo .. 
(ft.) G<apll, L usC!! c. 

O«?Scription Laboratory Test Results Other Data 

0 I ! 
2 ~OPSOll: Light brown, moist, loose, 6" thkk. 
4 

I 
Cl (l·S Soil, Clayey I 

~~ 15- 14 Gravp.l with sand and ~jlt, rp.ddi-;.h 
g GM 

r-ft'" 
~t-

I 

~fr" 

~ 14'16.6 Clayey Silt, wet 
I 18 16.5·20 Clay, moist, wet 

I 
!-To-

I '2T ,20·34 Silty clay, dark gray, less dense than above 

7 CL 

17 
I~ 
'"iii" 
7 
~~ 114-48 Clay, stiff, medium gray . 
I-~ 38 
1-40'" CH 
1-42'" 
~~ 44 I-;tt-

I 
I-ts" 
I-~ 18-55 Dark gray silty carbonaceous ,hale, soft, w.,y texture 

52 .;ome minor interbedded shaley siltstone. iron·stained 1=20.1 
1-54' ;: Fracture zone at 50-51 feet ,.:ohesion = 321 psi 
I-ii'" !S5-68 Carbonaceous shale with minor silt, dark gray to OM=20 t-fg-

1"lack, more competent than above '1\0100=99.5 
I--~ 60 .l = 61 PI = 38 
1-62 
f-fro 
""66" 
"'"68 158-69.5 Fractured/broken carbonaceous shale, dark Bray to 
I-W SHALe b lack 
IT 1;9.5·88,5 Carbonaceous shale, dark gray to black, soft, waJY 
IT ,1HbI1I! 
~76 
r78' 
~ 

liii 

r~ 
""tt" 
7 
~~ 
I--~ 

" 18.5-89.5 Medium gray siltstone i 

I~otes: Auger (0-40 feet), Continou, NQ core (40-175 feet) 

I 
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DRill lOG PETERSON HYDRAULIC Figure No. lO-B 

IBoring No.: CH-Ol-oS Date of Drilling: Nov.8, 200S 

Deplh 
Graphi, JUSC; 

(ft.) 
~ 
E ,,,- I)es<ription Laboratory Test Results Other Data 

92 CH 119.5-92 Bentonite, medium to dark gray, pure 
"'94 92-92.5 Siltstone, medium gray 

'7 ;'!E 92.5-107 Cabonaceo~s shale, dark gray to black, soft, war;y 

"is texture 1=25.4 wfoo :ohesion = 216 psf 

~ 
" 

107-109.5 Siltstone and cabonaceoos shale, interbedded, P M=17.0 
~ thin"t laminated, dar!< amy 11100 = 108.4 ~ ' 

I~ 109.5-110 Carbona<:eoUs shale. dark gray to black, sa lt, L=53 PI =31 

~ war;y texture 

1-
110 SHALE 110-115 Siltstone and cabon.ceous shale, interbedded, 
112 thinly laminated, dark gray 

1 114 115-121.5 carbonaceous shale. dark gray to black, soft, 

'"'m-' w''''I texture, (poercore recovery) I-iia 121.5-122 timey claystone, dark gray, fossiliferous, (small, 
1 I 120 open fracture in this interval) 

1 122 

II 
122-125 Little or no recovery in t his zone 

1 124 125-121.5 Carbonaceaus shale, dark gr.y to black, soft, 
lorn 

! 

IW''''I textu r. 
ns a:! 27~S=-(IS-sentDnite, medium to light BraV 

130 ~ 128-135 Carbonaceous shale, da rk gray to black, soft, war;y 
III 

i SHAlf texture 
~ 135-131 Carbonaceousw shale, harder than above I -rn- ~37-138 Bentonite and interbedded carbonaceous shale, 

138 CH lark and medium gray, thinly laminated 
140 i'll 138-143.5 Carbonaceous shale. dark gray to black, soft 1---

~ : 143.5-144 Bentonite and interbedded carbonaceous shale, 
144 dark and medium gray, th inly laminated 

146 SHALE 144-146 carbonaceou, shale and thin interbeds of siltstone, - 146-152.5 Siltstone with minor thin interbeds of 

: 1
148 

l~i! 
cabonaceaus shale, mottled gray to black 

. 150 

iTs2 
l52.5-154.7 Coal, low grade or highly carbonaceous shale, 

I 154 - b lack, abundant white fossils/fossil hash 
156 

I 158 
1 160 ( f..£Jl 

I 162 
1 164 l54.7-171.5 Co.l, black with some brown mottled lones. 
1 166 

'T68 
1701 

'"'i7t 111.5-171-7 eoal, low grade, brown and black 
1 174 

~ l71.7·173.5 Carbonaceous shale, dark gray to black 
f-176 173.5-175 Siltstone, gray, Interbedded with minor 

178 I carbonaceous sf1a1e 
1 180 

"'far 
f-~ 
f-iii"-

! ~i88 

"'~-
1-i9i" 
Notes: Auger (0-40 feet), Continous NQ core (40-175 feet) 
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December 15, 2008 Taylor Geo-Engineering 

APPENDIXC 
LABORATORY TESTING PROGRAM 

Project No. 307001 

Laboratory tests were conducted on representative soil samples obtained from the exploratory 
borings for the purpose of evaluating specific engineering properties and to aid in classification. 
Laboratory testing was performed at IGES Geotechnical Laboratory (Murray, Utah). A 
summary of the various laboratory tests, conducted in accordance with ASTM or other approved 
procedures follows: 

Tests Conducted: 

Natural Moisture Content 
ASTMD 2216 

Natural Dry Density 
ASTM D 2922 

Grain Size Analysis 
ASTM D 422 

Hydrometer 
ASTM D 422 

Atterberg Limits 
ASTM D 423 and D 424 

Standard Proctor 
ASTMD698 

Unconfined Compressive Strength 
ASTMD 2166 

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 (Le. 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. 

Determine the 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, Summary of Laboratory Test Results. 
Laboratory data sheets are provided in Appendix C-l and C-2. 

INCORPORATED 

OCT 1 5 2009 
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TA YLOR GEO-ENGINEERING, LLC 

.lI.lton Coal Hollow Project 

Sample Locati on 

Boring 

No. 

GT-1 

GT-1 

GT-l 

GT-2 

GT-2 

GT-2 

GT-3 

GT-3 

GT-5 

GT-5 

GT-5 

SP-16-13 

CH-I-3 

CH-5-48 

CH-5-98 

Z 
D 
:g 
- -
::0 

~ 
m 
o 

Depth 
(ft.) 

10·11,5 

I 20-21.5 

25-26.5 

10-11.5 

25-26.5 

30-31.5 

10-11.5 

30-31.5 

5-6.5 

10-11.5 

I 15-16.5 

39120.0 

40 - 44.5 

48 - 55 

98 - 10& 

Natural 

Moisture 

Content 

(%) 

12_6 

14.4 

28_6 

10.6 

278 

18_5 

11,0 

37.3 

18.7 

17.1 

17.2 I 

5_7 

Natural 

Dry 

Density 

(pet) 

111 5 

95_0 

76.6 

1083 

1020 

1200 

1329 

Summary of Laboratory Test Results 
Gradation Atterberg Umfts 

I Plasticity 

Unconfined 

liquid Compressive 
Gravel Sand Silt Clay 

Limit Index Strength 
(%) (%) (%) (%) 

(%) (%) (psf) 

I I 
47.0 310 

I 

69.0 520 47770 

33.3 

37_0 19_0 

37_5 

74.0 380 19550 

630 440 

630 450 94290 

I 

0.0 20,5 51.1 284 3LO 15.0 

1-1 44 57,8 37.& 53.0 32_0 

13.2 40.7 46.1 61.0 38.0 

74 29.7 629 HO 360 

TABLE 1 

TGE Project No , 307001 

Standard Proctor CU T ria)(lal Test 

Optimum 
Maximurrl 

Effective 
Dry Effecti ve uscs 

Moisture Cohesion 
(%) 

Density (0) 
(psf) 

(pet) 

CL 

CL 

CH 

SM 

CL 

CL 

SM 

MH 

CH 

CH 

I CH 

17.0 110.4 29.6 94.0 CL 

20.5 101-9 21-6 319.0 CH 

20.0 99_5 20.1 321.0 5C 

170 108.4 254 216..0 CH 

I 





I 

Moisture Content and Unit Weight of Soil 
(In GflIeral Aemrd .. "" with ASTM U29J7 lind U2216) 

Project: Taylor Geo-Engineering 
No: M00991-002 

I~ -
~~ 

IZl 

.si .= 
;: 
00 

I 
-i:j 

~ 
'c 
::J 

'" ... 
~ 
'0 
~ 

Location: 
Date: 3/912007 

By: NB 

Boring No., 
Samnle: 

Depth: 

Sample hei1!ht. H (in 

Sample diameter. D (in 

Sample volume. V (fe 

Wt rinlIs + wet soil (II 

WI. rinl!s/tare (I! 

Moist soil. Ws (gJ 
Moist unit wt., Ym (pcl) 

Wet soil + tare (I!} 
Dry soil + tare (I! 

Tare (2) 

Moisture Content. w (%' 

Dry Unit Wt., Yd (pet) 

Entered by:. ____ _ 

Revicwcd:. ___ _ 

G1-1 (iT-I 

1O-1l.5' 20.7 1S 

1.110 

1.890 

O.Om3 

102.87 

0.00 I 

102.87 
125.73 

292.45 670.40 

276.79 603.47 

152.92 140.21 

11.6 14.4 
111.6 

G1-2 

I 

10-11.5' 

438.87 

410.17 

140.53 

10.6 

-ICiES 
© IGES 200-1 

(j 1'-2 GT-2 (i 1'-1 01-5 GT-5 
, 

')5-2(-,)' ,0-11.5' 10-11.5' 5-6.5' 15-16.5 

4.449 1.4,0 

1.373 un4 
0.0033 0.0037 

222.43 234 .72 

I 0.00 0.(10 

222.43 I 234.72 
128.53 140.70 

295.22 380.&0 491.11 283.41 I 3&5 .29 

264.26 345.01 457])! 262.52 .150.82 

152.70 152.72 13').84 150.75 150.62 

27.8 18.5 11_0 18.7 17.2 

108.3 120.0 

OCT 1 5 2009 

Div, of Oil, Gas & Mining 



Liquid Limit, Plastic Limit, and Plasticity Index of Soils 
(ASTM 04318) 

Project: Taylor Geo-Engineering 
No: M00991-002 

Location: 
Date: 1111/2007 

By: BRR 

Boring No.: GT-l 
Sample: 

Deptb: 10-11.5 
Description: Not Requested 

Preparation method: Air Dry 
Liquid limit test method: Multipoint 

Plastic Limit 
Detennination No I 2 

Wet Soil + Tare (2) 9.48 10.49 
Dry Soil + Tare (g) 8.37 9.24 

Moisture Loss (2) 1.11 1.25 
Tare (2) 1.39 1.39 

Dry Soil (g) 6.98 7.85 
Moisture Content w (%) 15.90 15.92 

Determination No I 2 3 
Number of Dr ODS. N 35 27 18 

Wet Soil + Tare (g) I 10.04 11 .88 10.87 

~IGE5 
© IGES 2004 

Dry Soil + Tare (g1 7.36 8.53 I 7.75 

r-_______ M~o~i~~re~L~os~s~(~21~~2~.6~8~~-3~.~35~4_~3~.~12~+_-----r----~~' ----~I 
Tare (Q) 1.37 1.39 1.39 

Dry Soil (Q)' 5.99 I 7.14 6.36 
Moisture Content, w (%) 44.74 46.92 49.06 

One-Point LL (%} 47 

Liquid Limit, LL (%) 47 
Plastic Limit, PL (%) 16 

P:lasticity Jndex, PI (%) 31 

49.5 

49 

48.5 

'" 48 ~ 
1J 47.5 
.: 
::> 47 Cl 

~ 
~46.5 
'c 
~ 46 

45.5 

45 

44.5 

10 

~ 
1 

\ 
\ 
\ 
1 

\ 

Flow Curve 

\ 
\ 

\ 
:) 

Number of drops, N 

Entered by: 
Reviewed: ------

100 

00 r---------------------~~------~ 
Plasticity Chart 

o 

II 

10 

U L-____ L-----------~--~------------~ 
10 20 30 40 50 60 70 80 90 100 

Liquid Limit (LL) 

INCORPORATED 

Div. of Oil, Gas & Mining 



I 

I 

i 

Liquid Limit, Plastic Limit, and Plasticity Index of Soils 
(ASTM 04318) 

~IGES 
© IGES 2004 

Project: Taylor (;eo-Engineering 
No: M00991-002 

Location: 
Date: 3/15/2007 

By: NB 

Boring No.: GT-l 
Sample: 

Deptb: 25-26.5 
Description: Not Requested 

Preparation method: Air Dry 
Liquid limit test method: Multipoint 

Plastic Limit 
Determination No 1 

Wet Soil + Tare (g) 4.1 
Dry Soil + Tare (g) 3.7 

Moisture Loss (~) 0.4 
Tare (Il ) 1.38 

Dry Soil (g 2.32 
Moisture Content, w (%) 17.24 

Liquid Limit 
Determination No I 

Number ofDroDS. N 37 
Wet Soil + Tare (pJ I 8.66 
Dry Soil + Tare (Il ) , 5.76 

Moisture Loss (g) , 2.9 
Tare (g 1.39 

Drv Soil (g 4.37 
Moisture Content. w (% 6tdfi 

One-Point LL (%, 

Liquid Limit, LL (%) 69 
Plastic Limit, PL (%) 17 

Pbsfl.clty Index, PI (%) 52 

70 

69.5 

69 
~ 
" 
'i68.5 
II> 

~ 68 , 

~ 
.~ 67.5 
o 

:::E 
67 

66.5 

66 

10 

~ Flow Curve 

\ILL=691 

\ 
\ 
~ 

\ , 
\ 
\ 
i 
~ 

Number of drops, N 

Entered by: ____ _ 
Reviewed: --------

100 

2 I 

4.23 
3.81 
0.42 I 

1.38 
2.43 
17.28 

2 3 
30 23 

7.73 7 
5.16 4.7 
2.57 2.3 
1.39 1.4 
3.77 3.30 
6R.17 69.70 , 

70 69 

00 ~------------------------~------~ 

so 

IQ 

o L-__ ~L---~--~~~--------------~ 
80 90 100 o to 20 30 40 50 60 70 

Liquid Limit (LL) 

INCORPORATED 
Z:\I'RUJECTS\MOO99I~Taylor~Geo-Engineering\002\[ALvl "ls)2 
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Liquid Limit. Plastic Limit. and Plasticity Index of Soils 
(A.!HM 04318) 

Project: Taylor Geo-Engineering 
No: M00991-002 

Location: 

Boring No.: GT-2 
Sample: 

Depth: 25-26.5 . 

WIGES 
© IGES 2004 

Date: 3113/2007 
By: BRR 

Description: Not Requested 

I 

Plastic Limit 

Moisture Content, w (%), 

Li Yid Limit 
Determination No 

Number of Drops. N . 
Wet Soil + Tare (g 

Drv Soil + Tare (e: 
Moisture Loss ( ) 

Tare (e:) 
Drv Soil (g) 

Moisture Content. w (%) 

-
_One-Point LL (%1 

Liquid Limit, LL (%) 
Plastic Limit, PL (%) 

1~lMti . Index, PI (%) 

Preparation method: Air Dry 
Liquid limit test method: Multipoint 

2 
9.63 9.76 
8.35 8.47 
1.28 1.29 
1.39 1.4 
6.96 7.07 
18.39 18.25 

2 3 
30 20 13 
II 11.9 10.25 

8.43 9.02 7.72 
2.S7 2.88 2.53 
1.4 1.39 1.39 

7.03 7.63 6.33 
36.56 37.75 39.97 I 

37 37 

37 
18 
19 

40.5 1 

40 ' 

'\ 
\\ 

Flowcurv:l p iclt ' Clwrt 

39.5 

~ 39 
;: 
~38.5 1 

~ 38 1 
~ 
~37.5 

37 

36.5 ~ 
36 ! 

10 
Number of drops, N 

Entered by: 
Reviewed: .-----

100 

II 

o L-____ L-______ ~--~--~----------~ 

70 80 90 100 o 10 20 30 40 50 60 
Liquid Limit eLL) 

INCORPORATED 

Div. of Oil, Gas & Mining 



Liquid Limit, Plastic Limit, and Plasticity Index of Soils 
(ASTMD4J18) 

"IGES 
@IGES2004 

i 

Project: Taylor Ceo-Engineering 
No: M00991-002 

Location: 
Date: 3/1512007 

By: NB 

Boring No.: GT-3 
Sample: 

Depth: 30-31.5 
Description: Not Requested 

Preparation method: Air Dry 
Liquid limit test method: Multipoint 

Plastic Limit 
Determination No 

Wet Soil + Tare (g 

Drv Soil + Tare (g)' 
Moisture Loss (g) ' 

Tare (e;) 
Qry Soil (!{I' 

Moisture Content, w (%) 
Liquid Limit 

Determination No 
Number of Drops, N 

Wet Soil + Tare (g) 

Dry Soil + Tare (g) 

Moisture Loss (2) 

Tare(R 
Dry Soil (g 

Moisture Content. w (% 
One-Point LL (%) 

78 

1 
4.54 
3.7 

0.84 
1.39 
2.31 
36.36 

1 
34 

7.02 
4.67 
2.35 
1.38 
3.29 

71.43 

74 
36 
38 

~ Flow Curve 
77 

'l76 
~ 
E75 
0 
OJ 

2:!74 
£l 

~ , 
\ 
\ 

L , 

.~ 

2 
4.32 
3.55 
0.77 
1.39 
2.16 
35.65 

2 3 
23 15 

8.35 8.2 
5.36 5.23 
2.99 2.97 

I I 
1.39 1.39 
3.97 3.84 
75.31 77.34 

75 I 

00 r-______________________ --~L-------~ 

PI tic:ity Chart 

o 

!II 

'0 
~73 

E: 20 

72 It) 

71 D ~--~L---__ ------~------------T-~ 
10 

Number of drops, N 
100 30 40 50 60 70 80 90 100 

Liquid Limit (LL) 
o 10 20 

Entered by: 
Reviewed: - - ---

OCT 1 5 2009 
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Liquid Limit. Plastic Limit. and Plasticity Index of Soils 
(ASTM 04318) 

~ICiE5 
©IGES 2004 

Project: Taylor Geo-Engineering 
No: M00991-002 

Location: 
Date: 3/13/2007 

By: BRR 

Boring No.: GT-5 
Sample: 

Depth: 5-6.5 
Description: Not Requested 

Preparation method: Air Dry 
Liquid limit test method: Multipoint 

Plastic Limit 
Determination No 1 

Wet Soil + Tare (g), 8.32 
Dry Soil + Tare (g) 7.22 

Moisture Loss (~) 1.1 
Tare (g) 1.39 

Drv SoiUI.!:) 5.83 
Moisture Content, w (% \ 18.87 

Liquid Limit 
Determination No 1 

Number ofDroos. N 28 
Wet Soil + Tare J g) 9.23 
Dry Soil + Tare (g 6.25 

Moisture Loss ( I.!:) 2.98 
Tare (g) 1.39 

Drv Soil (g) 4.86 
Moisture Content. w (%) 61.32 

One-Point LL (%) 62 

Liquid Limit, LL (%) 63 
Plastic Limit, PL (%) 19 

t-Wticity Index. PI (%) 44 

68 

67 ~ , Ft . Cur\'~ 

1 

66 \ 
t 

\ 

61 

60 

III 
Number of drops, N 

I I 

Entw-ed b)'; 
R "iewed: -----

2 
8.38 
7.28 
1.1 
1.38 
5.90 
18.64 I 

2 3 

22 17 
8.43 10.49 
5.68 6.82 
2.75 3.67 I 

1.39 1.38 
4.29 5.44 
64.10 67.46 

63 

~ r-------------------------~------~ 
ptasrici.r liar! 

Mil 

LU 

o 30 40 50 60 70 80 90 100 
Liquid Limit (LL) 

INCORPORATED 
Z:IPROJEC'TS\M00991Jaylor_Geo-EngineeringIOO21[ALvl xls]5 

OCT 1 5 2009 
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! 

Uguid Limit. Plastic Limit. and Plasticity Index of Soils 
(ASTM 04318) 

WIGES 
© IGES 2004 

Project: . 
No: M00991-002 

Location: 
Date: 311 512007 

By: NB 

Plastic Limit 
Determination No 

Wet Soil + Tare (g; 
Dry Soil + Tare (£:1 

Moisture Loss (g) 

Tare (I! I 

Dry Soil ell; : 
Moisture Content, w (% 

Liquid Limit 
Determination No 

Number ofDroos. N 
Wet Soil + Tare (g) 

Dry Soil + Tare (g) 

Moisture Loss (g) 

Tare (\1:) 

Dry Soil (g) 

Moisture Content. w (%) 
One-Point LL (%) 

68 

Boring No.: GT-5 
Sample: 

Depth: 10-11.5 
Description: Not Requested 

Preparation method: Air Dry 
Liquid limit test method: Multipoint 

I 
5.3 
4.7 
0.6 
1.35 
3.35 
17.91 

I 
34 

8.93 
6.05 
2.88 
1.38 
4.67 
61.67 

63 
18 
4S 

I 

I 

2 I 

5.18 
4.61 

I 

0.57 
1.35 
3.26 
17.48 

2 3 
25 13 

8.19 
t 

10.32 
5.54 6.72 
2.65 i 3.6 I 

1.35 1.39 I 

4.19 5.33 
63.25 67.54 

63 

I 

(~ r---------____ ----__ ------~L-------~ 
Flow Curve PIa: tielty Chart 

67 

~66 
~ 

C 
E65 

\ 
'\ 

\ 
0 
<> 

~64 
E 
'" '0 
~63 

62 

61 

10 
Number of drops, N 

Entered by: ___ ~ __ 
Reviewed: '--------

100 

0=;-40 
e:, 

>< .., 
] 30 

.~ 

'" ii: 20 

III 

o L-__ ~ ______ ----~----------~~~ 

o 10 20 30 40 50 60 10 
Liquid Limit (LL) 

80 90 100 

Z:IPROJECTSIMOO99I_ Ta'~tt'!fllt"R1~I!fiIj~ilg.v l.xls J6 

OCT 1 5 2009 
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Amount of Material in Soil Finer than the No. 200 (754m) Sieve 
(ASTM 01140) 

Project: Taylor Ceo-Engineering 
No: M00991-002 

Location: 
Date: 3/ 12/2007 

By: NB 

.-IGES 
® IGES 2004 

I 

Boring No. GT-2 (i'1-3 I ~~----~~~~~~~ __ ~l __ -+ __ ~ __ ~ __ ~~ 
..s Samnk I 

~ ~ ______________ ~D~e~p~~~~10~-~I ~I.~5~~I(~)-~I ~I.~5~ ____ ~~ ____ ~ ____ ~~I __ ---4~----~----~1 
5 Splil No No 
til 

Split Sieve· 

Moist total sample wt. (~) 298.34 352.37 
Moist coarsc fraction (g 

Dry split fraction (21 

No. 200 Drv wt. retained (g) 179.78 198.58 
Split sieve· Dry wt. retained (gl 

Dry total sample wt. (Il: 269.64 317.54 
Moist soil + tare (g 

~ a~------~~~~~~~~----~----~~----~----~~----~----~~----~--~-i 8 TI~ ________ ~~~~so~i~J+~ta~re~(~Il:~ ____ ~~ ____ ~ ____ ~~ ____ ~ ____ ~~ ____ ~ ____ ~~ ____ ~ 

U £~------------__ T~are~~(g~)~ ____ ~ ____ -J ____ ~~ ____ ~ ____ -f ______ '-____ ~ ____ -i 
Moisture content (% 

J-______ ~M~o~is~t~so~i~I+~mre~(~g~~4~3~8.~8~7~~4~9~1 .~7~1 ~----~~----~--__ ~~----~----~~----; 
~ ~tl_--------~D~)ry~S~Oi~1 =+~tar~e~(g~: ~4~1~O~.1~7~~4~5~7~.3~8~------~----_.------f------t------t_----~ 
00 ~.~------~~----~T~are~(~g: ~1;4~O.~5~3~~1~1;<).;R;4~----~~----~----~~i ----~~----~----_i 

Moisture eontcnt (% ' 10.64 10.97 

Pertent oassinl!: split sieve* (%) 

'utent OBssiDI!: No. 200 sieve (%) 33.3 37.5 I 

Entered by :, _____ _ INCORPORATED 

Reviewed:, _____ __ 

Oiv. of Oil, Gas & Mining 



Unconfined Comoressin Strength of Cohesive SoUs 
(ASTM 02166) 

Project: Taylor Geo-Engineering 

No: M00991-002 
Location: 

Date: 3113/2007 
By: DS 

Axial 

Strain 
("!o) 

Sample height, H (in.) 
Sample diameter, D (in.) 

Sample volume, V (fi') 
Wt. rings + we! soil (g) 

WI. rings/tare (g) 

Moist soil, W s (8) 

Moist unit wt., Ym (pet) 

Dry unit wt., Y d (pet) 

O'd Q 
0'1-0'3 1I2O'd 
(pst) (pst) 
00 00 

25.8 12.9 
451 22.6 
70.9 35.5 
116,0 58.0 
1353 676 
180.3 901 
2382 119 I 
296.0 148.0 
392.4 196.2 
9245 462.3 
1517.9 759.0 
19742 9871 
23067 1153,4 
25996 12998 
2865.6 1432.8 
3085.8 1542.9 
3273.3 1636.7 
3422.1 17111 
3538.6 1769.3 
36544 18272 
3732,2 IlWil 
3802.9 1901.5 
38490 1924.5 
3913 2 19566 
3945.9 1973.0 
3984.5 1992.3 
4017.0 20085 
4080.6 2040.3 
4137.8 2068.9 
41818 20909 
4231.2 2115,6 
42194 21397 
4326.8 2163.4 
43565 21783 
4390.9 2195.5 
44133 22067 
44409 2220.5 
44734 2236.7 
44995 2249.8 
45195 2259.8 
4533.5 2266.8 
4558.1 2279.1 
4582 0 22910 
4600.0 23000 

4250 
1930 

0.0012 
39884 

0.00 

398.84 
122.2 

9!5.0 

6000 

5000 

C' 4000 

.e 
f 
b 
E 3000 
-;; .. 
~ .> 
OJ = 2000 

1000 

o 

o 

o 

o 

o 

o 

Boring No.: GT-I 

Sample: 
Depth: 25-26.5 feet 

Sample Description: Brovm clay 

Sample type: Undisturbed 

Wet soil + tare (g) 

Dry soil + tare (g) 

Tare (8) 
Moistu£c oontent, w (%) 

Strain rate (%/min) 

Strain at failure, Er (%) 
Deviator stress at failure. (O'l-03)f (PSt) 

Shear stress at failure, (Jj~ (0' I r<13r)12 (PSt) 

~IGE5 

5832 

5202 
30.00 

28.6 
20 

22.45 
4777 

2389 

@IGES2005 

0.00 
0,05 
010 
0,15 
0,20 
0.26 
0 .31 
0.35 
0.40 
046 
0.70 
095 
1.20 
1.46 
1.70 
1.95 
220 
245 
270 
2.95 
3.20 
3.4~ 

3.71 
3.95 
4.20 
4.45 
4.70 
4.95 
5.46 
595 
6.45 
6.95 
146 
7.96 
8,.5 
8.96 
9.45 
9.95 
10.45 
10.96 
11.46 
11.95 
12.45 
129.1 
13 45 
13.95 
14.45 
14.95 
1546 
t596 
16.45 
16.96 
1745 
1795 
1845 
1896 
1945 
19.96 
20.46 
20.96 
21.45 
2195 
22.45 

46IU 
46285 

2305 8 
2314.3 

~ '-----~------~--~~------~--
4644.9 23225 
4654.9 23275 

5 10 15 20 25 
4675.7 23379 Axial strain (41/0) 
4680.0 23400 
4693.8 23469 
4702.7 2351.4 
4710.8 2355,4 
47236 2361.8 
473H 2367,7 
47426 2371.3 
47535 23768 
47592 23796 
4759.2 23796 
4764.2 2382 I 
41687 23844 
4777 3 2388.7 

Entered by.: ____ _ 

Rt:viewt:d:. ____ _ RATED 
I 

OCT 1 5 2009 

Div. of Oil, Gas & Mining 



Liquid Limit. Plastic Limit. and Plasticity Index of Soils 
(ASfM D4318) 

IGES 
© IGES 2004 

Project: Taylor Ceo-Engineering 
No: :\,100991-001 

Location : 
Date: 3/8/2007 

By: OKS 

Boring No.: _ 
Sample: CH-5-98 

Depth: _ 
Description: Gray Weathered Claystone 

Preparation method: Air Dry 
Liquid limit test method : Multipoint 

Plastic Limit 
Determination No 1 

Wet Soil + Tare (Il) 8.38 
Dry Soil + Tare (g) 7.37 

Moisture Loss (2:) 1.01 
Tare (g) 1.39 

Dry Soil (g) 5.98 
Moisture Content, w (%) 16.89 

LIQUid Limit 
Determination No I 

Number of Drops. N 36 
Wet Soil + Tare (g) 11.22 
Dry Soil + Tare (g ) 7.85 

Moisture Loss (g) 3.37 
Tare (g) 1.39 

Dry Soil (gl i 6.46 
Moisture Content, w (%) 52.17 

One-Point LL (%) 

Liquid Limit, LL (%) 53 
Plastic Limit, PL (%)1 17 

I t'ciq- Index, PI (%)1 36 

55.5 

55 

54.5 
""' ~ 
;- 54 

~ 
853.5 
~ = ."E 53 

~ 
52.5 

52 

51.5 

10 

Entered by : 

Flow Curve 

~ILL= S31 
~ 

\ 

\ 
\>i> 

Number of drops. N 

Reviewed: -----

100 

2 
12.66 

I 

10.99 
1.67 
1.38 
9.61 
17.38 I 

2 3 I 

2fl 16 
12.94 11.57 

I 

8.92 I 7.95 I 

4.02 3.62 
1.35 1.39 
7.57 6.56 
53.10 55.18 

I 53 

w ~----------------------~~------~ 

~o 

111 

10 
I-....... ~--r" 

o L-__ ~~------____ ~ ____ ~ __ ~~~~~ 

o 10 2 30 40 SO 60 70 80 90 100 
Liquid LImit (LL) OCT 1 5 2009 

1. '.!'ROJ[ 



Liquid Limit. Plastic Limit. and Plasticitv Index of Soils 
(ASTM D4318) 

Project: Taylor Geo-Engineering 
No: M00991-001 

Location: 
Date: 3/8!2007 

By: BRR 

Boring No.: _ 
Sample: SP-16-13 

Depth: _ 
Description: Not Requested 

Preparation method: Air Dry 
Liquid limit test method Multipoint 

Plastic Limit 
Determination No I 

Wet Soil + Tare (g) 12 
Dry Soil + Tare (g) I 10.53 

Moisture Loss (g) l.47 
Tare (!!) 1.4 

Drv Soil (g' 9.13 
Moisture Content, W (%) 16.10 

LIQuid Limit 

Determination No I 
Number of Drops. N 33 

Wet Soil + Tare (g) 9.64 
Dry Soil + Tare (g) 7.76 

Moisture Loss (g) 1.88 
Tare (g) 1.39 

Drv Soil (g) 6.37 
Moisture Content, W (%) 29.51 

One-Point LL (%) 

Liquid Limit, LL (%) 31 
Plastic Limit, PL (%) 16 

Plasticity Index, PI (%) 15 

2 
12.16 
10.66 
1.5 
1.39 
9.27 
16.18 

2 3 
23 18 

10.95 10.77 
8.68 8.48 
2.27 2.29 

, 
1.37 1.35 
7.31 7.13 

I, 31.05 32.12 
31 

© IGES2004 

I 

I 

I 

32.5 j 
32 ~ 

FlowCurve I 
~ ~-~~-------------------T~----~ 

j 
~31.5 
'-' .... 
r: 
~ 31 
r: 
o 
u 

~30.5 
tl 
'15 
~ 30 

29.5 

~ 

~ 
~ILL = 311 

\ 
29 --

10 
Number of drops, N 

Entered by: ____ _ 
Reviewed: - ----

Plasticity Chart 

. It 

10 

100 10 20 30 40 50 60 
Liquid Limit (LL) 



Liquid Limit, Plastic Limit, and Plasticity Index of Soils 
(ASTM D4318) 

Project: Taylor Ceo-Engineering 
No: M0099J-OOl 

Location: 
Date: 3112/2007 

By: NB 

Boring No.: 
Sample: CH-1-3 

Depth: 
Description: Not Requested 

Preparation method: Air Dry 
Liquid limit test method : Multipoint 

Plastic Limit 
Determination No I 

Wet Soil + Tare (g:) 6.44 
Dry Soil + Tare (g: 5.57 

Moisture Loss (g) 0.87 
Tare(Q) 1.38 

Drv Soil (~) 4.19 
Moisture Content, w (%) 20.76 

LIQUId Limit 

Determination No I 
Number of Drops. N 3S 

Wet Soil + Tare (g) 8.47 
Drv Soil + Tare (Q ) 6.09 

Moisture Loss (g:) 2.38 
Tare (~) 1.38 

Dry Soil (g) 4.71 
Moisture Content, w (%) 50.53 

One-Point LL (%) 

Liquid Limit, LL (%) 53 
Plastic Limit, PL (%) 21 

Plasticity Index, PI ( Vu, 32 

2 
6.43 
5.57 
0.86 
1.39 
4.18 

20.57 

2 3 
27 ')0 

8.11 10.61 
5.8 7_35 

2.31 3.26 

l.39 1.4 
4.41 5.95 
52_38 54.79 

53 53 

© IGES 2004 

I 

I 

55.5 60 ~----------------------------~----~--~ 
55 

54.5 

,--.., 54 
~ 
::-53.5 
" OJ 

E 53 
0 u 
~ 52.5 
tl 52 '0 
~ 51.5 

51 

50.5 

50 

10 

\ 
I. 
I 

~ 

flO'Vo' CU e 

Number of drops, N 

Entered by: ________ _ 
Reviewed: -----
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I 

Liquid Limit. Plastic Limit. and Plasticity Index of Soils 
(ASTM D4318) 

I 
© IGES 2004 

Project: Taylor Geo-Kngineering 
No: M0099]-OOl 

Location: 
Date: 3/ 12/2007 

By: NB 

Boring No.: 
Sample: CH-5-48 

Depth: 
Description: Not Requested 

Preparation method: Air Dry 
Liquid limit test method: Multipoint 

Plastic Limit 
Determination No I 

Wet Soil + Tare (g) 8.58 
Dry Soil + Tare (g) 7.22 

Moisture Loss (g) 1.36 
Tare (g) 1.4 

Dry Soil (g ) 5.82 
Moisture Content, w (%) 23.37 

Liq uid Limit 
Determination No 1 

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 

P ta .... ticity Index, PI (%) 38 

66 

65 

64 

~63 

~62 
t: 

8 61 

'" ... 
~60 
·13 
~ 59 

58 

57 

56 

10 

" 

'· loy,Cunie 

; 
\ 

\ 
\ 

" , ~ 

Number of drops, N 

Entered by:. _ _ __ _ 
Reviewed: --- --

lOa 

2 
10.39 
8.71 
1.68 
1.39 
7.32 

22.95 

2 3 
25 18 
9 9.55 

6.13 6.33 
2.87 3.22 

I l.39 1.38 
4 .74 4.95 
60.55 65.05 

61 

60 ~------------------------~--------~ 
Plasticity Chart 

50 

rll 

10 

o L-__ ~ __________ L-____________ ~ 

o 10 20 30 40 ~O 60 7qNC~RP~ 000 
Liquid Limit (LL) 

OCT 1 5 2009 
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Particle-Size Analysis of Soils 
(ASTMD422) 

Project: Taylor Geo-Engineering 
No: M00991-001 

Location: 
Date: 3/6/2007 

B DKS IY: 

Split: Yes 
Split sieve: 3/8" 

Moist Dry 
I Total sample wt. (g): 7142.6 6906.5 
+3/ 8" Coarse fraction (g): 523.1 505 .9 

·3/8" Split fraction (g): 1270.1 1228.10 

Split fraction: 0.927 

I 

Accum. Grain Size P.:rcenl 
Sievt' IWL R~t.~ (mm) fine r 

12" - 300 -
8" 200 -
6" - 150 -
4" - 100 . 
J" - 75 -
1.5" - 37.5 . 
3/4" 19 100.0 
318" 505.90 9.5 92.7 
No.4 1.40 4.75 92.6 

No.tO 18.10 2 91.3 
No.20 102.50 0.85 84.9 
No.40 176.30 0.425 79.4 
No.60 227.20 0.25 75.5 

No.IOO I 289.00 0.15 70.9 
No.200 ,94.40 0.075 62.9 

100 

90 

80 

;;; 70 
.~ 

Ilol 
~ 
~ 

60 
.Q .. 

50 Ilol = t.: 

~ 40 
Ilol 

'" .. 
Ilol 30 Q.o 

20 

10 

0 

100 

Entered by: 
Reviewed: 

, 

I 

Boring No.: _ 
Sample: CH-5-98 

Depth: _ 

IGES 
© IGES 2004 

Description: Gray Weathered Claystone 

MoiSWi'1; dfj],@ C.F.(+J/II"l S.'l'.1-31!~) 
Moist soil + tare (g): 629.&0 1661.40 

Dry soil + tare (g): 616.32 1619.40 

Tare (g): 220.90 391.30 

Moisture content (%): 3.4 3.4 

..... Split 

INCORPORATED 

OCT 1 5 2009 



I 

Particle-Size Analysis of Soils 
(ASTMD422) 

Project: Taylor Geo-Engineering 
No: M00991-001 

Location: 
Date: 3/6/2007 

By' OKS 

Split: 
Split sieve: 

Total sample wt. (g): 
+ 3/S" Coarse fraction (g): 

-3/8" Split fraction (g): 

Split fraction: 

Accum. 
Sieve Wt. Ret. (Il 

12" -
8" -
6" -
4" -
3" -

1.5" 
3/4" 27.60 
318" 719.00 
1\0.4 0.20 

No.IO 11.1 0 
No.20 38.60 
NoAO 67.70 
NO.60 96.10 

No.IOO 136.70 
No.200 205.90 

100 

90 

80 

..... 
70 -= 0.0 

'" it ... 60 
,Q ... 

50 OJ = to: 

-= 40 
OJ 
u ... 
OJ 30 Q.,. 

20 

10 

0 

100 

Entered by: 
Reviewed: 

Yes 
3/8" 

Moist Dry 
5766.1 5455.0 
760.6 719.0 
464A 439.40 

0.868 

Grain Size Percent 
(mm) Finer 
300 -
200 -
150 -
100 -
75 , 

37.5 100.0 
19 99.5 
9.5 86.8 

4.75 86.8 
2 84.6 

0.85 79.2 
0.425 73.4 
0.25 67.8 
0.15 59.8 

0.075 46.1 

Boring No.: _ 
Sample: CH-5-48 

Depth: _ 

IGES 
© IGES2004 

Description: Gray Weathered Claystone 

Moisture data C.F.(+3/S") S.F.(-3/S") 

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 

0.1 0.01 

INCORPORATED 

OCT 1 5 2009 



Particle-Size Analysis of Soils willi hydrometer 
(:\STM D422) 

IG 
© IGES2004 

Project: Taylor Geo-Engineering 
No: M00991-001 

Location: 
Date: 3/12/2007 

By· BRR 

Split sieve: 
Split sieve: 

Total sample wt. (g): 
+3/8" Coarse fraction (g): 

-3/8" Split fraction (g): 
Hydrometer fraction (g): 

Split fraction: 

Accum. 
Sieve Wt. Ret. (.g,: 

12" -
8" -
6" -
4" -
)1' 

1.5" -
3/4" -
3/8" 79.60 
No.4 

"10.10 0.40 
"10.20 0.10 

"'0.40 0.25 
"'n.60 0.40 

No.IOO 0.75 
No.200 2.63 

100 

90 

80 

... 
70 ..c 

bJI 
'u 
~ 60 
>. 

..Q 
... 

50 .. 
C 

10: 

C 40 
II) ... .. 
II) 

30 g. 

20 

LO 

0 

lOO 

Yes 
3/8" 

Moist Dry 
7774 7397.19 
83.4 79.60 

356.60 339.30 
62 .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 
0.075 94.5 

10 

I 

Boring No.: 
Sample: CH-1-3 

Depth: 
Description: Description 

Moisture data C.F.(+3/8") S.F.(-3 /8") 
Moist soil + tare (g): 224.40 92.06 

Dry soil + tare (g): 220.60 R9.0S 
Tare (g): 141 .00 ]0.00 

Moisture content (%): 4 .77 5.10 
Hxdrometer data 

Hyd. split: No.IO 
Gs: 2.65 Assumed 

Hyd.( -No. 1 0) 

61.75 
(10.70 

30.04 
3.42 

Slope: -0.164 
Intercept: 16.3 

a : 1.00 
Composite COIT. : 6 Hyd . fraction: 98.81 

Dispersion period (min); 

<=Split 

<=Split hyd. 

Elapsed lim 
I (min I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0.5 

I 

1 

2 
5 
15 
34 
64 
160 
258 
521 
1396 

15 Disgersion device: Air-iet 
Temp. Hydromete Grain Size % Soil in 

(OC) Reading (mm) Suspension 
16.5 59 0.05190 86.99 
16.5 55 0.03847 80.43 
16.5 50 0.02870 72.22 
16.5 46 0.01887 65 .65 
17 43 0.01112 60.73 

17.5 40 0.00754 55.81 
18 37.5 0.005 57 51.70 
19 34.5 0.00357 46.78 
20 32 0.00282 42.68 

21.5 29 0.00199 37.75 
21 26 0.00125 32.83 

--e- \1echanioal 

--e.-Hydrorne,ter 

I: II! I 

0.1 0.01 0.001 

INCORPORATED 

OCT 1 5 2009 
nt red by: 

R ."icwcd: 
Grain size (mm) 



Particle-Size Analysis of Soils with hydrometer 
(ASTMD422) 

IGE 
© IGES2004 

Project: Taylor Geo-Engineering 
No: 1'100991-001 

Location: 
Date: 3/12/2007 

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: 

Accum. 
Sieve Wt. Ret. (g I 

12" -
8" -
6" · 
4" -
J" -

1.5" 
3i4" · 
318" · 
No.4 

I 

\10.10 1.63 
'Jo.20 0.14 
'JoAO 0.55 
\10.60 1.98 
NO.lOO 5.36 
No.200 9.94 

100 
3 in 3/4 in 

90 

80 

;E 70 
~ . ., 
~ 60 
~ .c 
~ 50 
= r::: 
;; 40 .. 
I; .. .. 30 g", 

20 

10 

0 
100 

Yes 

3/8" 
Moist Dry 

10597.4 10387.95 
0.00 

51 1.30 501.19 
49.63 49.11 
1.000 

Grain Size Percent 
(mm) Finer 
300 
200 -
150 · 
100 -
75 · 

37.S · 
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-16-13 

Depth: 
Description: Description 

MOlstureAata C.F.(+37S") S.F.(-3/8") Hyd.( -No.1 0) 
Moist soil + tare (g): - 680.10 95.73 

Dry soil + tare (g): - 609.71 95.04 
Tare (g): - 154.40 30.00 

Moisture content (%): 0.00 2.02 1.06 I 

H:Ldrometer data Slope: -0.164 
I Hyd. split: No.IO Intercept: 16.3 

Gs: 2.65 Assumec a: 1.00 
Composite corr. : 6 Hyd. fraction: 99.67 

Disoersion oeriod (min): 15 Dispersion device: Air-iet 
I 

Elapsed tim Temp. Hydromete Grain Size % Soil in 
(min) (OC) Readinj!; (mm) SusDension 

0.5 17 H 0.06039 77.13 
I 17 42 0.04347 73.07 
2 17 39.5 0.03140 67.99 
5 17 36 0.02043 60.89 
15 17 33 0.01207 54.80 
30 17.5 31 0.00861 50.74 
76 18 27 0.00553 42.62 

<=Split 123 19 25.5 0.00434 39.58 
266 20 23 0.00296 34.50 

<=Splithyd 53& 21.5 20 0.00208 28.42 
1413 21 19 0.00130 26.39 

I 

I 

-e-Mechtmlcal 

-e- Hydrc~mCl:er 

INCORPORATED 

OCT 1 5 2009 
0.1 0.01 0.001 Div. of Oil, Gas & Mining 

Entered by: 
Reviewed: 

Grain size (mm) 
Z:\!'ROJECTS\M00991_ Taylor _ Geo-Ensineering\OO 1\(GSDHYDv 1 xIs]2 



I 

Laboratory Compaction Characteristics of Soil 
(ASTM D698 I 01557) 

Project: Taylor Geo-Engineering 
No: M00991-001 

Location: 
Date: 3/1/2007 

By: NB 

Boring No.: 
Sample: SP-16-13 

Depth: 
Sample Description: 

Engineering Classification: Not requested 
As-received moisture content (%): 2.02 

Preparation method: Moist 

© IGES2004 

Method: ASTM 0698 B 
Mold volume Cft3): 0.0333 Rammer: Mechanical-circular face 

Rock Correction: No 
Optim urn moisture content (%): 17 
Maximum dry unit weij:! lt (pel): 110.4 

Point Number +IU +12 +14 +16 + 115 

Wt. Sample + Mold (g) 5962.0 6033.3 6106.0 6120.3 6075.2 
Wt. of Mold (g) 4181.8 4181.8 4181.8 4181.8 4181.8 

Wet Unit Wt., Ym (pet) 117.7 122.5 127.3 128.2 125.2 

Wet Soil + Tare (g) 738.9 593.5 820.4 685.7 719 
Dry Soil + Tare (g) 674.85 538.79 728.12 602.71 620.21 

Tare (g) 140 150.7 153.3 152.4 152.7 
MOIsture Content, w (%) 12.\1 14.1 16.1 IX.4 Z I 1 

Dry Unit Wi., Yd (pcf) 105.1 107.3 109.7 108.3 103.4 

120 

X Ma 'imum dry Ilfti~ \ elghl and 

115 
pnllllllIl rnoislUre m 11 

'. 
' . . , 

Q 
Col 
Q. 

Max im\lm lIO' il 

righl I \?4·'Ij~ct 
'-' .... 110 -= ~ 'as 
~ 
.t: 
= 105 = 

" Ci 

100 
.. 

t... • ... 

" 

95 L-~ __________ ~~ __ ~~ __ ~~·.;"~-ll~~ ~ED 

5 10 15 20 25 30 OCT 1 5l~009 
Entered by:. ___ _ Moisture content (%) 
Reviewed:. ___ _ 'mm 



Laboratory Compaction Characteristics of Soil 
(ASTM 0698/ DlSS7) 

Project: Taylor Geo-Engineering 
No: M00991-001 

Location: 
Date: 31712007 

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: ASTM D698 B 
Mold volume (ft\ 0.0333 Rammer: Mechanical-circular face 

Rock Correction: No 
Optimum moisture content (%): 20.5 
M' d • . h ( I) 10 9 aXlmum Iry umt "'1,.'.11: t ~pCI : I. 

Point Number +18 +2U +15 +12 
Wt. Sample + Mold (g) 6110.0 6102.8 6092.8 5905.3 

Wt. of Mold (g) 4256.2 4256.2 4256.2 4181.7 
Wet Unit Wt., Ym (pef) 122.6 122.1 121.5 114.0 

Wet Soil + Tare (g) 518.1 584.4 626.4 659.3 
Dry Soil + Tare (g) 455.42 511.67 559.49 586.02 I 

Tare (IZ) 177.9 I 724.6 222 150.7 
I\IfQisture Content, W (%} 22.0 25.3 19.8 17.1 

Dry Unit Wt., Yd (pen 100.0 97.4 lOlA 97.3 

110 r--------; ...:.....------,,.....----~--------

105 

90 

x ~ imum dr:!l unit weigl1~ lind 
optimum mOlsiure n1 fl r 

MiI.>cinmm~lInit 
ViTight I01.t) ~~~n 

-, " .. .. . ' 
" 

.. 
'. ss L-------~------~--~~----~~------~_b~~~R D 

OCT 1 5°2009 
10 15 20 25 30 

Moisture content (%) 
35 

Entered by:. ___ _ 
Reviewed.: ____ _ 
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Laboratory Compaction Characteristics of Soil 
(ASTM D698 / D1557) 

Project: Taylor Geo-Engineering 
No: M00991-001 

Location: 
Date: 3/7/2007 

By: DKS 

Boring No.: 
Sample: CH-5-48 

Depth: 
Sample Description: 

Engineering Classification: Not requested 
As-received moisture content (%): 5.7 

Preparation method: Moist 

© IGES 2004 

Method: ASTM D698 B 
Mold volume (ft3): 0.0333 Rammer: Mechanical-circular face 

Rock Correction: No 
Optimum moisture content (%): 20 
M' d • 'b f) aXlmum It'y umt "'C~ . t (1lC': 99.5 

Point Number +10 +12 +14 +Ib 
wt. Sample + Mold (g) 5890.6 5946.0 5981.3 5995.8 

Wt. of Mold (g) 4174.8 4174.8 4174.8 4174.8 
Wet Unit Wt., Ym (pet) 113.5 117.1 119.5 120.4 

Wet Soil + Tare (g) 360.7 316.6 348.1 376.2 
Dry Soil + Tare (g) 331.24 288.78 313.48 335.73 

Tare (12.) 141.8 139.8 140.6 153 
Moisture Content, w (%) 15.6 HI 7 211.11 12.1 

Dry Unit Wt., Yd (pcf)~ 98.2 98.7 99.5 98.6 

110 

X 1~ 'im en" UJlil' i.shl aJld 
Qplimum moU.tUfC COIIllm1 

105 

C' 
u 
c. 
'-' 

M.:o:im Llmdry~ ···.L,\\' I. <ls-17 

'\ eight ~ 1193 ~ pel)' -. • '. 
".l' J . • - -.... 100 ..c:I 

.~ . " 
CII :s .. 

;::: 
I: 95 = .. 
t> 

Q 

90 

+11$ 
6002.4 
4174.8 
120.9 
414.5 

364.49 
154.3 
23_~ 

n.6 

" .. 
'. 

+2u 
6002.8 
4174.8 
120.9 
450.5 

391.25 
152.8 
24.8 

I 

96.8 

85 L---------------~~~--~--------------~~~~~iED 

10 
35 OCT 1 516b9 15 20 25 30 

Moisture content (%) Entered by: ___ _ 
Reviewed:. ___ _ 



Laboratory Compaction Characteristics of Soil 
(ASTM D698 1 1)1 SS7) 

Project: Taylor Geo-Engineering 
No: M00991-001 

Location: 
Date: 31712007 

By: DKS 

Boring No.: 
Sample: CH-5-98 

Depth: 
Sample Description: 

Engineering Classification: Not requested 
As-received moisture content (%): 3.42 

Preparation method: Moist 

© IGES 2004 

Method: ASTM D698 B 
Mold volume (ft\ 0.0333 Rammer: Mechanical-circular face 

Rock Correction: No 
Optimum moisture content (%): 17 
Maximum dry unit w'ej~b t (P'Cf) : ]O~.4 

Point Number +14 +16 I +10 
Wt. Sample + Mold (g) 6091.4 6075.0 5952.8 

Wt. of Mold (g) 4175.3 4175.3 4175.3 
Wet Unit Wt., Ym (pet) 126.7 125.6 117.6 

Wet Soil + Tare (g) 452.1 583.3 536.3 
Dry Soil + Tare (g) 415.64 525.49 490.64 

Tare (Il) 211.3 222.5 156.2 
Moisture Content, W (%) l'7~lf 19.1 13.7 

Q 
c:.I 
,e, 
.... 
-= OIl 
'ill 
~ 

:':: = = 

" Q 

Dry Unit Wt., Yd (pet) 107.5 lOS,S 103.4 

120 

115 

110 

105 

100 

X 111\.imum dry it ~e i g l11 Mtd 
Qptimum m ~lLlre cont 01 

'. " 

trudmll~.dl'Y'ullj 

W(! 1M I IIS:~ .• pt!). 

+L. 
6033.8 
4175.3 
122.9 

481.8 
437.31 

I 150.7 
15.5 

I 

106.4 

· , l VI G§-;n 

. 
, 

" 

" 

9 
... " 

~----~------~--~----------~~~~-'~nn~ATED 
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2009 

5 15 20 25 
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Entered by: ____ _ 

Reviewed:, ___ _ 
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Isotropically Consolidated Undrained with Pore Pressure (CnJIPP) 
Project Name: Taylor Geo-Engineering 

Project Number: M00991-001 
Sample: CH-I-3 

Comments: Samples were compacted to 90% of ASTM 0698 at 
OMC. 

Test Number Sl S2 S3 

Height, H (in) 5.44 5.85 5.19 
Diameter. 0 (jn ) 2.42 2.42 2.42 

.~ ~1oislure Content, w (%) 21.0 21.0 20.2 

.t:: 

.5 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 

.... Moisture Content, w (%) 26.5 
t 

25.1 21.2 <l! 
I\) 

Dry Unit Weight. yd (pei) i 99.3 105.8 ...s:::: 96.4 
rfl , 

I\) Saturation (%) 100.0 100.0 100.0 .... 
~ Void Ratio, e 0.72 0.68 0.57 <1> 
l::Q B 0.95 0.95 I 0.95 

Back I?ressure (pst) 6193 5161 I 5474 
Strain rate (%/min) 0.033 0.033 0.033 

Time to Failure (min) 606.1 606.1 460.6 
Strain at Failure, f:f (%) 20.00 20.00 I 15.20 

'" a3 (psf) 2878 5760 11518 '" t <1> 
.;:: ' a l-a3 (pst~ 2393 3460 I 7111 rfl 

t; a 1 (pst) 527] 9220 18629 -0 
q = (a l-(3)12 (pst) 1197 1730 3556 f-
P - (a1+a3)/2 (pst 4075 7490 15073 

u (pst) 1473 3782 6184 
[/) c;'3 (pst) 1405 1978 5334 
[/) 
II) 

a'l-c;'3 (pst) 2393 3460 7111 .... -rfl (;'1 (pst) 5438 12445 II) 3798 
.~ q = (a'l-a'3)/2 (pst) 1197 1730 3556 
0 

~ p' = (a'l +(;'3)12 (pst) 2602 3708 8889 "-i 
~ a'l/c;'3 ' 2.70 2.75 2.33 

A - u/(erl-c;3), 0.616 1.093 0.870 

Estimated Specific Gravitv 2.70 

10 0 0 Plastic Limit (%) 2] 

Liauid Limit (%' 53 
PlastiCity Index (%) 32 

Total 
Summary of Strength Paramater~ Stress 

c (pst) 223 
, (deg) 12.6 

tan ~ 0.224 

~ Saturation set to 100% for phase calculations 
Tested by:, ___ _ 

IGES 

I 

I 

I 

0 
Effective 

Stress 

319 
I 

21.6 
0.396 

INI"..\.,;! PORATED 

OCT 1 5 2009 
Reviewed:, _ _ _ _ z . \PROJECTS\M00991_ rsylOl'_ Geo-Engineering\OO I \!GTXCUJv l_CH· 1-3 xis ]Summary 

Div. of Oil, Gas & Mining 



Isotronically Consolidated Undrained with Pore Pressure (CHJlPP} GES 
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Project Name: Taylor Geo-Engineering 
Project Number: MOO991-001 

Sample: CH-I-3 
Comments: 

Summary of Strength Paramater~ I 

Total Effective 
Stress Stress 

c (pst) 223 319 
~ (deg) ~ 12.6 21.6 

tan ~ 0.224 0.396 

10000 
11 I 
-0 9000 

9 8000 
r/1 

8 7000 ;:) 61 ' 4 
Ilf .... 6000 ;:) 

'" CJJ 

60 
(]) 5000 ... c.. 

- Q (]) 782 ... 4000 0 
l.'lQ c.. 

on 
0 r/1 3000 (]) r u 

><1 
U.l 2000 147 

1000 

0 

0 5 10 15 20 0 5 10 15 20 
Axial strain (%) Axial strain (%) 

- J. II ,I r~f 

~--~--~ ________ L-________________ ~ __ ~~~ RPORATED 

1~' 152009 o 2000 4000 6000 8000 10000 
Nonnal stress, an I p' (pst) 

12000 

Div. of Oil, Gas &. Mining 



Project Name: Taylor Geo.Engineering 
Project Number: M00991-001 

Sample: CH·1-3 
Comments: Samples were compacted to 90% of ASTM D698 at 

Test Number: SI ' 

Z:\PROJECTSIM00991 T2\lnr Geo·I".ne~l«I1f11! 011 I IlG TXCU3vl Llj. ] .} '(kjs] 
"-~1jII nd "PJ~ tl[ahY~ L11 1!Cl.1o~ 11 

'ilruill lll'l -n;l prHll r7 'I ." 1-<1"1).'1 
~% I t I"'D I~~I t .... t) tp~r"\ 1('l~I) 

0.00 ·10 a 2nK 2SO& -5 
002 125 56 2822 2947 62 
004 133 67 2812 2945 67 
006 138 73 2807 2945 69 
008 151 78 2800 2950 75 
010 259 122 2757 3016 130 
0,20 572 294 2584 3156 286 
030 731 409 2470 3201 366 
0,40 843 498 2381 3223 421 
0.50 937 584 2295 3232 468 
0,60 1018 658 

I 
2220 3238 509 

0,70 1086 718 2160 3246 543 
0,80 1149 775 2103 3252 574 
090 1203 829 2050 3254 602 
1.00 1253 876 2002 3256 627 
1 10 1299 919 1960 3259 650 
120 1345 960 1918 3263 672 
1.30 1382 994 1884 3266 691 
140 1418 1031 1849 3267 709 
150 1451 1062 1816 3267 725 
160 1483 1093 1786 3269 742 
170 1511 1122 1756 3268 756 
1 80 1539 1148 1731 :1270 770 
190 1563 1172 1706 3269 7~2 
200 1587 1197 1681 3268 793 
2.10 1610 1218 1660 3271 805 
2.20 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 1"\49 3274 862 
2,80 1735 1345 1534 3269 868 
290 1750 1359 1521 3271 875 
3,00 1765 1373 1506 3271 882 
3,10 1775 1386 1493 3268 888 
3,20 1786 1397 1481 3267 893 
3,30 1800 1409 1469 3270 900 
3.40 1806 1421 1458 3264 903 
3.50 1821 1431 1447 3268 910 
3,60 1831 1442 1437 3268 916 
3.70 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 
4.10 1865 1485 1393 3259 933 
4,20 1880 1494 1384 3264 940 
430 1886 1502 1377 3263 943 
440 1892 1507 1371 3263 946 
450 1898 1514 1365 3263 949 
4.60 1908 1521 1357 3265 954 
4.70 1918 1527 1351 3269 959 
4.80 1919 1533 1345 3265 960 
490 1929 1539 1339 3269 965 
500 1939 1545 1334 3273 970 
510 1945 1550 1329 3274 973 
520 1951 1555 1323 3274 976 

Il p" 
'"I~ nJ)!! 10'1 4..l~! oJ'l ,'".1 

tp!!} (¢) 

2873 2;11'1 1001 
2941 2885 1044 
2945 2878 1047 
2948 2876 1049 
2954 2875 1.054 
3008 2886 1.094 
3164 2870 1221 
3244 2835 1.296 
3300 2802 1354 
3348 2764 1.408 
3387 2729 1.458 
3421 2703 1502 
3453 2678 1.546 
3481 2652 1587 
3505 2629 1.626 
3529 2610 1663 
3551 2590 1701 
3569 2575 1733 
3589 2558 1 767 
3604 2542 1 799 
3620 2527 1 831 
3634 2512 1 860 
3648 2500 1889 
3660 2488 191/\ 
3672 2475 1944 

3683 2465 1.970 
3693 2454 1.994 

I 

3705 2446 2021 
3716 2437 2045 
3722 2425 2.066 
3731 2418 2.090 
:1741 2412 2113 
3746 2402 2. 131 
3755 2396 2. 151 
3761 2388 2172 
3766 2380 2.189 
3771 2374 220/\ 

3778 2370 2.225 
3782 2361 2.239 
3789 2358 2258 
3794 2352 2275 

3797 2346 2.287 
3803 2343 2302 
3807 2339 2318 
3810 2332 2.331 
3811 2326 2 339 

3818 2324 2 358 
3821 2320 2. 370 
3824 2317 2 380 
3828 2314 "l 390 

3832 2311 :! 406 
3837 2310 2419 
3838 2305 2427 
3843 2304 2441 
3848 2303 2454 

3851 2302 2464 
3854 2299 II~( ,"' Mt,ol:l ATED 

OCT 1 5 2009 
3/14 

Div. of Oil, Gas & Mining 



.\,,~ 0 \J 

I 
.A 1"" " LIT""II" ~ HI.,. .... , 

1,,1 q 1 '1 
P II' 

<lmln. (a 1-'>3) P'I:..:.o .• .lu n'l "'1 jol-u l ) •• 'G'I+d3~"~ a'"l!o'J 
! .• 1 j !1'11 I~IJ [J')n (fill) I ~O lI!.ll 1p->fI 

l'-=' 5 30 195' 1559 1120 3276 97S ~!.n 2291 :! JH.1 
540 1967 1565 1314 3280 983 3862 2297 2497 
5 50 1972 1569 1309 3281 986 3865 2295 2507 
560 1978 1573 1306 3284 989 3867 2295 2 SIS 
570 1984 1576 1303 3287 992 3871 2295 2.522 
580 1990 1580 1298 3288 995 3873 2293 2.532 
590 1995 1583 1295 3290 998 3876 2293 2541 
600 2001 1587 1291 3292 1001 3879 2292 2.549 
6.10 2011 1591 1288 3299 1005 3884 2293 2561 
620 2012 1593 1286 3298 1006 3884 2292 2.565 
630 2022 1596 1282 3304 1011 3889 2293 2577 
6.40 2027 1599 l2SU 3307 1014 3892 2293 2.584 
6 SO 2037 1602 1276 3313 1019 3897 2295 2 .596 
6.60 2039 1605 1275 3314 1019 3899 2294 2599 
6.70 2048 1607 1272 3320 1024 3903 2296 2.611 
6,80 2050 1609 1269 3319 1025 3903 2294 2615 
6.90 2055 1612 1267 3322 1028 3906 2294 2.622 
7,00 2061 1614 1265 3325 1030 3909 2295 2630 
7.10 2062 1616 1262 3324 1031 3909 2293 2634 
7.20 2068 1617 1261 3329 1034 3912 2295 2640 
7.30 2073 1620 1259 3332 1037 3915 2295 2647 
7.40 2074 1621 1257 3332 1037 3916 2295 2650 
750 2080 1622 1256 3336 1040 3918 2296 2.656 
760 2081 1623 1256 3337 1041 3920 2297 2657 
7,70 2087 1624 1254 3341 1043 3922 2297 2664 
78U 2088 1626 1253 3341 1044 3922 2297 2667 
790 2093 1628 1250 3344 1047 3925 2297 2674 
800 2095 1628 1252 3346 1047 3927 2299 2674 
810 2100 1630 1248 3348 1050 3928 2298 2683 
820 2101 1630 1248 3349 1051 3929 2299 2684 
8 30 2107 1630 1248 3355 1053 3932 2301 2688 
840 2104 1632 1247 3351 1052 3930 2299 2687 
8.50 2117 1633 1247 3364 1059 3938 2305 2698 
~ . 60 2118 1634 1245 3363 1059 3938 2304 2702 
8,7U 2120 1634 1245 3364 1060 3938 2304 2.703 
8 80 2121 1634 1245 3366 1060 3939 2305 2704 
8,90 2130 1634 1245 3375 1065 3943 2310 2.711 
900 2131 1635 1243 3375 1066 3944 2309 2.714 
9.10 2133 1634 1245 3377 1066 3945 2311 2713 
9,20 2138 1634 1245 3382 1069 3947 2313 2.718 
930 2143 1635 1243 3386 1071 3950 2315 2723 
9 ,~0 2148 1636 1243 3391 1074 3954 2317 2727 
9.50 2157 1635 1243 3400 1079 

I 
3957 2322 2.735 

9,60 2154 1635 1243 3398 1077 3956 2321 2733 
9.70 2163 1635 1243 3407 1082 I 3960 2325 2740 
980 2164 1634 1245 3409 1082 

I 
3961 2327 2.739 

990 2169 1634 1245 3414 1085 3963 2329 2.743 
1000 2174 1634 1246 3420 1087 I 3967 2333 2746 
1010 2179 1634 1246 3425 1090 

I 
3969 2336 2.750 

1U20 2185 1634 1245 3429 1092 3971 2337 2755 
1030 2190 1633 1246 3435 1095 3973 2341 2758 
1040 2195 1633 1246 3440 1097 3976 2343 2762 
1050 2196 1633 1246 3441 1098 3976 2344 2762 
1060 2201 1633 1246 3446 1100 3979 2346 2766 
1070 2205 1632 1248 3454 1103 3982 2351 2.767 
10 80 2206 1632 1247 3453 1103 3982 2350 2770 
1090 2208 1632 1247 3454 1104 3982 21,1 2770 
1100 2209 1630 1248 3457 1104 3983 2352 2.770 
II 10 2209 1630 1249 3459 1105 3984 2354 2769 
11.20 2214 1629 1249 3464 

I 

1107 3986 2356 2773 
11 30 2215 1628 1250 3466 1108 3986 2358 2.772 .' IH O 2220 1627 1253 3473 1110 3990 2363 I _~Rr :n 11 50 2221 1628 1252 3473 1111 3990 2362 
1160 2230 1627 1253 3483 1115 3995 2368 2780 

RATED 

OCT 1 5 2009 

Div. of Oil, iic & Mining 



IblI1f 011 ·'ror.- I!fIfttlVC "F. fI«:\lu 
"lII.UJII " tcrl - n ll pInS , U tt l ;;1'1 

L..J.~'.) 'lid) j rsrl t~ IJ1'I) 

11 70 2231 1624 I~ 14.Ao; 
1180 2228 1623 1256 3484 
1190 2233 1623 1255 3488 
1200 2234 1622 1256 3490 
12,10 2238 1621 1257 3496 
1220 2239 1620 1259 3498 
1230 2244 1619 1260 3504 
1240 2245 1617 126 1 3506 
12.50 2249 1616 1262 3512 
1260 2254 1615 1263 3517 
1270 2259 1614 1266 3524 
12,80 2260 1613 1266 3525 
1290 2264 1610 1268 3532 
I3 00 2273 1609 1269 3542 
1310 2273 1607 1272 3545 
13 20 2278 1606 1274 3552 
1330 2282 1605 1274 3556 
1340 2291 1603 1275 3566 
13 50 2295 1601 1277 3573 
\3 60 2296 1600 1279 3575 
13 70 2301 1598 1281 3581 
13 80 2305 1595 1283 3588 
13 90 2306 1594 1284 3590 
1400 2306 1592 1287 3593 
1410 231 I 1591 1288 3599 
1420 2315 158M 1290 3606 
1430 2316 1587 1293 3609 
1440 2320 1585 1294 3614 
1450 2321 1582 1296 3617 
1460 2322 1581 1297 3619 
1470 2322 1579 1300 3622 
1480 2323 1576 1302 3625 
1490 2331 1575 1303 3634 
1500 2328 1573 1306 3633 
1510 2328 1572 1307 3635 
1520 2329 1569 1309 3638 
IS 30 2329 1567 131 I 3641 
1540 

I 

2334 1566 J313 3646 
1550 2334 1564 1315 3649 
1560 2335 1561 1317 3652 
1570 2335 1559 1320 3655 
15.80 2340 1558 1321 3660 
1590 2340 1555 IJ23 3663 
1600 2341 1553 1327 3667 
1610 2345 1552 \327 3671 
1620 2345 1550 1329 3674 
11'>30 2349 1548 1330 3679 
1640 2350 1546 1334 3683 
1650 2354 1544 1334 3688 
16.60 2358 1542 1337 3695 
16 70 2358 1541 1338 3697 
1680 2.06, 1538 1341 3703 
1690 2367 1535 1343 3710 
1700 2367 1534 1344 3711 
17.10 2371 1532 1347 3717 
1720 2371 1530 1349 372U 
1730 2375 1527 1351 3727 
1740 2376 1526 1352 3728 
1750 2376 1524 1355 3731 
1760 2376 J.~21 1357 3733 
17.70 2377 1520 135li 3735 

• 1780 2381 1518 1361 3741 
1790 2381 1516 1363 3744 
1800 2381 1514 1365 3747 

q P 
« l_l)f,! I +i:l j ll~ 

il2ll) ,~., 

111 5 .399-1 
1114 3994 
1116 3995 
1117 3995 
1119 3998 
ll20 3998 
1122 4000 
1122 4001 
1125 4003 
1127 4006 
1129 4009 
1130 4008 
1132 4011 
1136 4015 
1137 4015 
1139 4019 
1141 4020 
1145 4024 
1148 4026 
1148 4026 
1150 4029 
1153 4031 
1153 4031 
1153 4032 
1155 4034 
1158 4036 
1158 4037 
1160 4039 
1161 4039 
1161 4039 
1161 4040 
1161 4040 
1165 4044 
1164 4042 
1164 4043 
1\64 4043 
1165 4043 
1167 4045 
1167 4046 
1167 4046 
1168 4046 
1170 4048 
1170 4048 
1170 4050 
1172 4051 
1173 4051 
1175 4053 
1175 4055 
1177 4054 
1179 4059 
1179 4059 
1181 406U 
1183 4062 
1184 4062 
1186 4064 
1186 4064 
1188 4066 
1188 4066 
1188 4066 
1188 4067 
1188 4067 
1190 4069 
1191 4069 
1191 4070 

p' 
IHI~,t:! 

\P,f1 

:zJfrl,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 
244M 
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 

n'lI~l 

2779 
2773 
2.779 
2.778 
2780 
2.779 
2781 
2780 
2.782 
2784 
2.785 
2785 
2786 
2.791 
2.788 
2.788 
2.792 
2797 
2797 
2,796 
2.796 
2796 
2.795 
2792 
2794 
2794 
2792 
2793 
2791 
2790 
2787 
2784 
2789 

783 
:z 782 

779 
2 776 
2778 
2775 
2773 
2770 
2771 
2.769 
2764 
2.768 
2.765 
2.766 
2762 
2765 
2764 
2762 
2.762 
2762 
2761 
2761 
2758 
2.758 
2.757 
2.154 
2,751 
2.750 
2750 
2747 

t 0 PORATED 

OCT 1 5 2009 
5/14 

Div. of Oil, Gas & Mining 



·'~I.1l mI \~'tI! EllI::d1l'" 1'11£1:11\\1'" 
~Jn. £ til l l' In' . ~ n; a' l 

''''I IP'lfi lMn 1(.,0 ~p!lfI 

JE ID l'l~l ISI1 1366 3748 
1820 2382 1510 1369 3751 
18,30 2382 1507 1371 3753 
1840 1383 1506 1372 3755 
1850 2383 1504 1375 3757 
1860 2387 1502 1377 3764 
1870 2383 1499 1379 3763 
1880 2383 1498 1382 3765 
1890 2384 1496 1383 3767 
1900 2384 14'13 1385 3769 
1910 2384 1491 1387 3772 
1920 2384 1490 1389 3773 
1930 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 
1990 2393 1477 1402 3794 
2000 2393 1473 1405 3798 

~ P 
1 .. ,-,,~)12 ~"II.d • 
r~~ lIDO 

1191 ~~ 
1191 4069 
1191 4070 
1191 4070 
1191 4070 
1193 4072 
1192 4070 
1192 4071 
1192 4070 
1192 4070 
1192 4071 
1192 4071 
1192 4071 
1194 4073 
1194 4073 
1196 4075 
1195 4073 
1196 4075 
1196 4075 
1197 4075 

p' 
(0'1+,,'3)12 

~PJO 

!U"l 
2560 
2562 
2564 
2566 
2570 
2571 
2573 
2575 
2577 
2580 
2581 
2583 
2586 
2589 
2593 
2593 
2597 
2598 
2602 

11'1 1 
I 

l~~ 
2740 
2738 
2,736 
2.733 
2.733 
2728 
2725 
2724 
2721 
2718 
2.717 
2.714 
2716 
2713 
2713 
2709 
2709 
2707 
2703 

INCORPORATED 

OCT 1 5 2009 

Div. of Oil, G!~i Mining 



Project Name: Taylor Geo-Engineering 
Project Number: M0099I-OOI 

Sample: CH-I-3 

Comments: Samples were compacted to 90% of ASTM D698 at 
Test Number: S2 

Z:IPROJECTSIM00991 T~I"r Geo- FJIISIOOI'I'n¢.UII 'J;G1-XCU) I I:H·1-J ~:bl.~ 
~'lnI 1111 , I"'r" I'.'JJn:I~ L1lfel"'~ it 

sJwJIJ " (crl-Ill! pfl' , \I., rT (1'1 lu i 3)0'2 
1";'\ (",f'1 IPSO (pllr, ({1m 1p"1) 

OUO -14 0 ~ 5746 -7 
002 225 59 5701 5927 113 
004 391 112 5647 6038 195 
006 508 158 5602 6109 254 
0,08 599 200 5559 6158 300 
0.10 677 240 5520 6197 339 
0.20 937 379 5380 6317 468 
0,30 1113 500 5260 6373 557 
0.40 1254 625 5134 6389 627 
050 1370 743 5017 6387 685 
0,60 1467 856 4903 6371 734 
070 1556 957 4803 6359 778 
0,80 1636 1060 4699 6335 818 
0.90 1707 1158 4602 6310 854 
100 1779 1252 4508 6286 889 
1.10 1841 1336 4423 6264 920 
1,20 1895 1417 4342 6237 947 
1.30 1944 1492 4268 6211 972 
J 40 1993 1562 4198 6191 996 
150 2042 1630 4129 6171 1021 
1 60 2086 1696 4064 6150 1043 
l 70 2122 1754 4006 6129 1061 
1 80 2158 1803 3951 6110 1079 
1 90 2198 1860 1901 6099 1099 
200 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 
260 2421 2183 3577 5998 1211 
270 2448 2221 3539 ,987 1224 
280 2475 2256 3504 5979 1237 
290 2493 22K9 3471 5964 1246 
300 2519 2325 3435 5954 1260 
310 2546 2359 3401 5947 1273 
320 2564 2389 3370 5934 1282 
330 2582 2423 3338 5919 1291 
340 2604 2456 3304 5908 1302 
3.50 2622 2489 3271 5893 1311 
360 2640 2522 3239 5879 1320 
370 2653 2551 3209 5862 1327 
380 2667 2588 3171 5838 1333 
390 2685 2612 3149 5834 1342 
400 2694 2633 3127 5821 1347 
410 2707 2657 3102 5810 1354 
4.20 2717 2680 3080 5797 135& 
430 2730 2701 3058 5788 1365 
440 2739 2725 3034 5774 1370 
450 2757 2745 3014 5771 1378 
460 2770 2768 2992 5762 1385 
470 2779 2786 2973 5753 1390 
4,80 2788 2799 2960 5749 1394 
490 2802 2819 2941 5742 1401 
500 2806 2840 2920 5726 1403 
5 10 2820 2858 2902 5722 1410 
520 2829 2876 2884 5713 1414 

I 

p p' 
11I 1- uJ Il t(!'1 WJ 

Ip!lif \!r..i'I 

5753 'S7.H 
5872 5814 
5955 5842 
6014 5855 
6059 5859 
6098 5858 
6228 5848 
6316 5816 
6387 5761 

I 

6444 5702 
6493 5637 
6538 5581 
6577 5517 
6615 5456 
6649 5397 
6680 5344 
6707 5290 
6731 5239 
6757 5195 
6781 5150 
6803 5107 
6822 5068 
6839 5030 
6860 5000 
6877 4966 
6894 4935 
6908 4901 
6924 4869 
6942 4843 
6956 4814 
6970 4787 
6984 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 
7138 4393 
7145 4377 
7149 4363 
7154 4355 
7160 4341 
7163 4323 
7169 4312 
7175 4299 

(l'l ll'I'3 

1002 
1040 
1069 
1.091 
1. 108 
1 123 
1 174 
1.212 
1, 244 
L273 
U99 
1324 
J.348 
1.371 
1.395 
1.416 
1.436 
1.455 
1475 

I 1494 
I 513 
) 530 
1 546 
1 564 
1 580 
U97 
1612 
1.628 
1646 
1.661 I 

1.677 
1692 
1706 
1.718 
1733 
1.749 
1.761 
1774 
1.788 
1802 
1815 
1_827 
1.841 
1853 
1.862 
1873 
1882 
1893 
1903 
1915 
1926 
1935 
1942 
1953 
1961 
1972 

i 9 OF PORATED 

OCT 1 5 2009 
7114 

Div, of Oil, Gas & Mining 



"""Ill 1m JIJ\II~ ElrttU.t 1' lli:I;tl'i"C 
!'lUI £1. _ (al - a3) f'II1! • \ u rI' 1"1 

'·:'1 (rsl'l 1ps1) I~n {psO 
.' " " 

530 2842 :&11-1 ll1J(> 5707 
540 2846 2912 2849 5696 
550 2860 2930 2831 5690 
560 2R7J 2947 2813 5686 
570 2886 2963 2797 5682 
580 2898 2978 2781 5680 
590 2911 2995 2765 5676 
600 2924 3011 2749 5673 
610 2933 3026 2732 5665 
620 2946 3043 2718 5664 
630 2959 3054 2705 5664 
640 2971 3069 2691 5662 
650 2980 3080 2679 5659 
660 2988 3094 2667 5655 
Ii 70 3001 3108 2651 5652 
680 3010 3122 2638 5648 
690 3018 3135 2624 5643 
700 3027 3148 26 II I 5638 
710 3035 3162 2597 5633 
720 3044 3175 2585 5628 
730 3048 3188 2572 5620 
740 3052 3201 2560 5612 
7 50 3061 3213 2547 5608 
760 3065 3223 2537 5602 
770 3069 3235 2525 5594 
780 3074 3247 25 13 5587 
790 3074 3257 2503 5577 
800 3082 3270 2490 5572 
810 3091 32R 1 2479 5570 
820 3091 3290 2171 5562 
830 3099 3300 2459 5558 
840 3103 3311 2450 5553 
850 3107 3320 2439 5547 
8.60 3111 3330 2431 5543 
870 3112 3339 2422 5533 
880 3120 3348 2411 5531 
890 3128 3358 2403 5531 
900 

I 

3132 3366 2394 5526 
910 3140 3377 2383 5523 
920 3148 3386 2374 5522 
930 3156 3394 2366 5522 
940 3168 3402 2357 5525 
950 3176 3412 2348 5524 
960 3188 3421 2339 5526 
970 3196 3429 2330 5526 
980 3199 3437 2323 5523 
9.90 3207 3446 2314 5521 
1000 3215 3453 2308 5523 
1010 3219 3463 2296 5515 
10.20 3231 3473 2287 5518 
1030 3234 3483 2277 5511 
10 40 3238 3490 2270 5508 
10 50 3242 3500 2260 5502 
1060 3246 3507 2253 5499 
10 70 3250 3516 2244 5493 
10.80 3253 3524 2237 5490 
10.90 3253 3532 2227 5480 
11.00 3257 3539 2220 5477 
11 10 3260 3548 2212 5473 
1120 3260 3556 2205 5465 
11.30 3264 3564 21% 5460 
]J 40 3268 3571 2189 5456 
1 150 3267 3579 2180 5448 
1160 3271 3586 217S 5446 

q P 
r"l-o..w:2 la l fft])I1 

(pst) IPSO 

142 ~ me 
1423 7184 
1430 

I 

7191 
1436 7196 
1443 7202 
1449 7209 
1456 7215 
1462 7222 
1467 7225 
1473 7234 
1479 7239 
1486 7245 
1490 7250 
1494 7255 
1501 7260 
1505 7266 
1509 7269 
1513 7273 
1518 7277 
1522 7281 
1524 7284 
1526 7287 
1530 7290 
1533 7292 
1535 7294 
1537 7296 
1537 7297 
1541 7301 
1545 7305 
1545 7306 
1550 7309 
1552 7312 
1554 7313 
1556 7317 
1556 7317 
1560 7319 
1564 7325 
1566 7326 
1570 7330 
1574 7334 
1578 7338 
1584 7344 
1588 7347 
1594 7353 
1598 7357 
1600 7360 
1604 7363 
1608 7368 
1610 7369 
1615 7375 
1617 7377 
1619 7379 
1621 7381 
1623 7382 
1625 7384 
1627 7387 
1627 7386 
1628 7388 
1630 7390 
1630 7391 
1632 7392 
1634 7393 
1634 7393 
1636 7396 

P 
(.,.' .. .,.3 _ 

!psll 

~~I~ 
4272 
4260 
4249 
4239 
4231 
4221 
4211 
4199 
4191 
4184 
4177 
4169 
4161 
4152 
4143 
4133 
4125 
4115 
4106 
4096 
4086 
4077 
4069 
4060 
4050 
4040 
4031 
4024 
4016 
4009 
4001 
3993 
3987 
3978 
3971 
3%7 
3960 
3953 
3948 
3944 
3941 
3936 
3932 
3928 
3923 
3918 
3916 
3906 
3902 
3894 
3889 
3881 
3876 
3868 
3863 
3854 
3849 
3842 
3835 
3828 
3822 
3814 
3810 

,,'I}"'~ 

11jIJ~ 

1999 
2010 
2.021 
2.032 
2.042 
2,053 
2.064 
2.074 
2,084 
2.094 
2,104 
2.112 
2121 
2132 
2141 
2150 
2159 
2169 
2178 
2185 
2192 
2202 
2208 
2216 
2223 
2228 
2238 
2247 
22S1 
2260 
2267 
2274 
2280 
2285 
2294 
2.302 
2.308 
2.318 
2.326 
2.334 
2344 
2353 
2363 
2371 
2377 
2386 
2393 
2402 
2413 
2421 
2427 
2434 
2441 
2.448 
2454 
2461 
2467 
2474 
2479 
2487 
2493 
2499 

or PORATED 

OCT 1 5 2009 
8114 

Div. of Oil, Gas & Mining 



.~ •• gj {ILl .~p(\fl! Erro..'1.J.~ IUed .. " 
!lMllf\ r. 11I 1-(lJI 1"1'<"';'. u dl 0'1 \'.' _1"'1"1 (r<il Ir£) ip:s.1) 

11 10 J.:!J~ 3593 2 11J6 5441 
1180 3274 3600 2159 5434 
1190 3278 3607 2152 5430 

, 
1200 3278 3614 2145 5423 
1210 3274 3621 2138 5412 
1220 3277 3627 2132 5410 
1230 3277 3634 2127 5403 
1240 3284 3647 2114 .)'9~ 
1250 3284 3659 2 101 5385 
1260 3291 3665 2e95 5386 
12.70 3295 3671 2089 5384 
1280 3302 3676 2083 5385 
1290 3305 3679 2081 5386 
13.00 3312 3679 2082 5394 
1310 3320 3676 2083 5403 
13,20 3323 3676 2084 5407 
13.30 3330 3676 2084 )414 
13.40 3341 3680 2080 5421 
'1350 3344 3686 2074 5418 
13 tiD 3347 3688 2072 5419 
13 70 3351 3693 2067 5418 
13 .W 3358 3696 2065 5422 
1390 3361 3701 2059 5420 
1400 3364 3704 2055 5419 
1410 3364 3709 2052 5415 
1420 3367 3714 2047 5414 
1430 3374 3719 2041 5415 
1440 3373 3723 2036 5410 
1450 3376 3728 2032 5408 
1460 3376 3731 2029 5405 
1470 3379 3735 2025 5403 
1480 3378 3738 2021 5399 
14.90 3377 3743 2018 5395 
1500 3377 3747 2013 5390 
1510 3380 3749 2011 5391 
1520 3376 3753 2007 5383 
1530 3379 3755 2005 5383 
1540 3374 3760 2000 5374 
1550 3374 3764 1997 5370 
1560 3373 3768 1993 5366 
1570 3372 3772 1988 5361 
IS 80 3368 3776 1984 5352 
15,90 3367 3779 1981 534R 
1600 3374 3783 1978 5352 
1610 3377 3785 1974 5351 
1620 3380 3786 1974 5354 
16.30 3382 3790 1971 5353 
1640 3385 3791 1969 5354 
1650 3392 3794 1966 5358 
1660 3395 3796 1964 5358 
1670 3397 3797 1963 5360 
1680 3404 3799 1960 5364 
1690 3407 3801 1959 5366 
1700 3413 3802 1958 5371 
1710 3419 3802 1959 5378 
1720 3426 3804 1956 5381 
1730 3428 1806 1954 5383 
1740 3435 38U6 1953 5388 
17 50 3437 3806 1953 5391 
1760 3436 3806 1953 5390 
1770 3439 3808 1952 5391 
1780 3442 3808 1952 5394 
1790 3444 3809 1951 5395 
18 CO 3443 3810 1950 5393 

'I p 

... 1 ...... 311i Irr\;<1'.\).'2 
(pin I~I) 

1637 PIi? 
1637 7397 
1639 7399 
1639 7399 
1637 7396 
1639 7398 
1638 7399 
11\42 7403 
1642 7402 
1646 7405 
1647 7407 
1651 7410 
1653 7412 
1656 7417 
1660 7419 
1661 7422 
Hiti') 7426 
1670 7430 
1672 7432 
1674 7433 
1675 7435 
1679 7440 
1681 7440 
1682 7442 
1682 7443 
1683 7444 
1687 7446 
1687 7446 
1688 7448 
1688 7449 
1689 7449 
1689 7449 
1689 7450 
1688 7448 
1690 7450 
1688 7447 
1689 7449 
1687 7447 
1687 7448 
1686 7447 
1686 7447 
1684 7444 
1684 7444 
1687 7448 
1688 7448 
1690 7451 
1691 7452 
1693 7452 
1696 7456 
1697 7457 
1699 7458 
1702 7462 
1703 7463 
1707 7466 
1710 7471 
1713 7472 
1714 7475 
1717 7477 
1719 7478 
1718 7478 
1720 7479 
1721 

I 

7480 
1722 7482 
1722 7481 

P 
ja'I-",.'l 

IPliI) 

I 

J-M~ 
3797 
3791 
3784 
3775 
3771 
3765 
3756 
.1743 
3741 
3736 
3734 
3734 
3738 
3743 
3746 
3749 
3750 
3746 
3745 
3742 
3743 
3739 
3737 
3733 
3730 
3728 
3723 
3720 
3717 
3714 
3710 
3706 
3701 
3701 
3695 
3694 
3687 
3683 
3680 
3674 
3668 
3665 
3665 
3663 
3664 
3662 
3661 
3662 
3661 
3661 
3662 
3662 
3664 
3669 
3668 
3669 
3671 
3672 
3672 
3672 
3673 
3673 
3671 

"'ltd] 

U!~ 
2516 
2523 
2.528 
2.531 
2537 
2541 
2554 
2563 
2571 
2577 
2585 
2.588 
2591 
2593 
2594 
2598 
2606 
2613 
2616 
2621 
2626 
2.633 
2637 
2639 
2645 
26S3 
2656 
2662 
2663 
2669 
2671 
2.674 
2.678 
2681 
2.682 
2685 
2.687 
2690 
2692 
2696 
2698 
2.699 
2706 
2 ,710 
2.712 
2716 
2720 
2,725 
2.729 
2,731 
2736 
2739 
2743 
2745 
2752 
2,754 
2758 
2760 
2.759 
2,762 
2763 
2765 
2766 

INcon pORATEO 

OCT 9/145 2009 

Div. of Oil, Gas & Mining 



h~u!l <TlIJ \pN1!' En~Il"~ EIT.:>::lj,c 
"Iiklill1L~ VI'I...,] , Pf¢' , II (jJ .. 'I 

~~) II"'Q (JI'rl) (r.d'l Ip;(I 

I~ III J.j+t, lHl.:! 1949 ~i9J, 
1820 3441 3810 1950 53Y1 
1830 3440 381l 1949 5389 
1840 3439 3812 1947 5387 
18.50 3438 3&12 1947 5386 
1860 3441 3813 1946 5387 
1870 3436 3811 1950 5386 
18 80 3435 3810 1950 5385 
18.90 3431 3808 1952 5383 
1900 3433 3808 1952 5385 
19 10 3432 3805 1954 5386 
1920 3434 3804 1956 5390 
1930 3430 3799 1961 5391 
19 40 3436 3797 1963 5398 
1950 3442 3795 1966 5408 
1960 3444 3791 1969 5413 
1970 3446 3788 1972 5418 
1980 3449 3785 1974 5423 
19 90 3455 3785 1974 5429 
2000 34(;0 3782 1978 5438 

q 1\ 
(II'I-<ll)o'l ... I "'-C'3J1l 

~fl!IJl Ir<11 

1723 7484 
1721 7480 
1720 7480 
1720 7479 
1719 7479 
1720 7480 
1718 7479 
1718 7477 
1715 7475 
1717 7476 
1716 7476 I 

1717 7477 
1715 7476 
1718 7478 
1721 7482 
1722 7482 
1723 7483 
1724 7484 
1727 74~7 

1730 7490 

Jl 
'ctl+O': V:': n' J!o' 

I('lf'fl 

1672 
3670 
3669 
3667 
3667 
3667 
3668 
3667 
3667 
3669 
3670 
3673 
3676 
3681 
3687 
3691 
3695 
3699 
3702 
3708 

271l& 
2.765 
2766 
2766 
2.766 
2768 
2762 
2.762 
2757 
2.759 
2.756 
2756 
2.749 
2.751 
2750 
2,750 
2,748 
2747 
2750 
2750 

lNCORPORfI,Tff'l 

oel , J 2009 

D' of Oil Gas & Mining IV, I 

10114 



Project ~am.: Taylor Geo-Engineering 
Project Number: M00991-001 

Sample: CH-I-3 
Comments: Samples were compacted 10 90% of ASTM 1)698 at 

Test ~umber: S3 

Z,\PROJECTS\M0099I la,lor CM-rnll,jne.:.>fi"lll'Jll n rGTXCC3v1 CH-I-3xls}d 
,' eml 17<1 j,f"O~ ~1ic.1Jn ~t1e(.I I\'i! q 
~'"u] l (01-03) 1ftM. \\I If (1' 1 Ittl 31. 

r'~1 ' P51) \",,0 ~psl) l l"' f) (r<t) 

1100 -29 0 11518 I IW -15 
002 344 61 11457 11801 172 
004 614 124 11393 12008 307 
006 824 180 11337 12161 412 
008 lOll 238 11280 12290 505 
010 1155 286 11232 12387 577 
020 1689 511 11008 12697 845 
030 2055 718 10801 12855 1027 
040 2350 946 10572 12922 1175 
0_50 2593 1160 10358 12951 1297 
060 2808 1369 10149 12957 1404 
070 2995 1564 9954 12949 1498 
o BO 3182 1757 9761 12942 1591 
090 3344 1940 9578 12923 1672 
1 00 3493 2114 9404 12897 1747 
I 10 ,ti,2 2283 9235 12867 1816 
1 20 3762 2441 9078 12840 1881 
I 30 3882 2586 8932 12814 1941 
I 40 4002 2727 8791 12793 200t 
I 50 4108 2860 8658 12766 2054 
1 60 4209 2984 8532 12741 2105 
1 70 4305 3103 8415 12720 2153 
l. BO 4401 3181 8333 12734 2201 
I 90 4492 3292 8227 12719 2246 
200 4574 3406 8113 12687 2287 
210 4661 3536 7982 12643 2330 
220 4738 3653 7865 12602 2369 
230 4815 3760 7758 12573 2407 
240 4891 3858 7660 12551 2446 
250 4959 3952 7566 12525 2479 
260 ~026 4039 7478 12504 2513 
270 5097 4123 7396 12494 2549 
280 5160 4205 7313 12473 2580 
290 5222 4280 7238 12460 2611 
300 5275 4350 7168 12443 2638 
310 5328 4413 7105 12433 2664 
320 5386 4473 7044 12429 2693 
330 5438 4545 6972 12410 2719 
340 5486 4612 6906 12392 1743 
350 5530 4675 6843 12373 2765 
360 5578 4739 6779 12357 2789 
370 5616 479B 6721 12337 2808 
380 5659 4857 6661 12320 2830 
390 5698 4912 6606 12304 2849 
400 5736 4964 6554 12291 2868 
410 5775 5015 6503 12277 2887 
420 5818 5065 6452 12270 2909 
430 5851 5112 6405 12257 2926 
440 5885 5156 6362 12247 2943 
450 5918 5198 6320 12238 2959 
460 5956 5238 62BO 12236 2978 
470 5985 5275 6243 12228 2993 
480 . 6023 5308 6210 12233 3012 
490 6052 5341 6177 12229 3026 
500 6085 5371 6147 12232 3043 
510 6109 5400 6117 12226 3055 
520 6138 5426 6092 12229 3069 

" p' 

I 

for l lii l),r:! ' 1!'1.;.d'} ~'2 1,'11'1 

IP!>I) l llif) 

1150, II ~IH 1 00i 
11690 11629 1.030 
11825 11701 1054 
11929 11749 1.073 
12023 11785 1090 
12095 11809 1103 
12364 11853 1153 
12546 11828 1.190 
12693 11747 1222 
12815 11655 1.250 
12922 11553 1277 
13016 11452 1301 
13109 11352 1.326 

I 13190 11250 1349 

I 

13264 11150 1.371 
13334 IIU51 1,393 
13400 10959 1414 
13459 10873 1.435 
13519 10792 1455 
13572 10712 1474 
13621 10637 1493 
13671 10568 1512 
13718 10534 1528 
13765 10473 1546 
13806 10400 1564 
13848 10312 1 584 
13887 10234 1.602 
13925 10165 1.621 
13963 10105 1639 
13997 10045 1.655 
14031 9991 1.672 
14068 9945 1689 
14098 9893 1706 
14129 9849 1.721 
14155 9806 1736 
14182 9769 1.750 
14209 9737 1765 
14237 9691 1780 
14261 9649 1.794 
14284 9608 1808 
14306 9568 1823 
14327 9529 1.836 
14347 9490 1.850 
14367 9455 1 863 
14386 9422 1.875 
14405 9390 1 888 
14426 9361 1 902 
14443 9331 1,913 
14460 9305 1 925 
14477 9279 1 936 
14496 9258 1948 
14510 9235 1959 
14529 9221 1970 
14544 9203 1980 
14560 9189 1990 
14572 9172 1999 
14587 9160 I ~ ;10, RATED 

OCT 1 5 2009 
11114 

Div, of Oil, Gas & Mining 



..... [aJ Gd .\poo: ElrecU~r 

I 

H t<xh.e 
smJIl1. E (01 - 03) pre , U Q ' "'I [",,) (]:I>I) (!"Ii 11',1) I f1)fJ 

~ 

531l 6 ][i'I 5464 N)5-J 12220 
540 6199 5498 6021 12220 
5 S0 6227 5533 5984 12211 
,60 6256 5569 5949 12204 

I 

57fJ 6284 5598 5919 12203 
580 6312 5626 5891 12203 
590 6340 565 3 5864 12204 
600 6372 5680 5837 12210 
6.10 6400 5706 5812 12212 
620 6419 5732 5786 12205 
630 6447 5752 5766 12213 
6,40 6474 5774 5744 12218 
650 64Y~ 5795 5723 12220 
660 6521 5816 5702 12222 
670 6544 5835 5683 12227 
680 6567 5850 5668 12235 
690 65M6 5866 5651 12237 
7 00 6600 5881 5637 12237 
710 6614 5895 5624 12238 
720 6632 5907 5610 12243 
730 6651 5920 5597 12248 
740 6665 5932 55R6 122 50 
750 6679 5944 5575 12254 
760 6693 5959 5560 12253 
770 6707 5968 5549 12256 
780 6721 5978 5540 12260 
790 6734 5987 5531 12265 
800 6748 5998 5520 12268 
810 6757 5996 5521 12279 
R 20 6763 5999 5519 12281 
8 30 6772 6002 5515 12287 
840 6785 601 6 5502 12288 
850 6795 6027 5491 12285 
860 6804 6039 5479 12283 
8,70 6813 6049 5470 12283 
8.80 6827 6059 5459 12286 
8.90 683 1 6068 5450 12281 
9,00 6845 6077 5440 12285 
910 6850 6083 5435 12284 
no 6854 6090 5428 12282 
9,30 6872 6096 5423 12295 
940 

I 

6881 6101 5417 12298 
9,50 6890 610M 5411 12301 
960 6899 6114 5404 12303 
9,70 6907 6118 5401 12308 
9.80 69 12 6122 5396 12308 
9.90 6925 6122 5397 12322 
1000 6934 6126 5392 12326 
1010 6947 61 29 5389 12335 
1020 695 1 6129 5389 12340 
1030 6955 6129 5389 12344 
1040 6968 6 131 5387 12355 
1050 6973 6132 5385 12358 
1060 6977 6126 5391 12368 
10.70 6985 6125 5392 12378 
1080 6985 6122 5396 12381 
1090 6994 6130 53R9 12383 
1100 6998 6136 5383 12381 
11 10 7002 6142 5377 12379 
1120 7006 6146 5371 I 12378 
1130 7011 6155 5363 12374 

• 1140 7015 6160 5357 12372 
1150 7010 6164 5354 12364 
1160 701 5 li171 5347 12361 

'I p 
l <J l-..h'i (cr l+<:l ll2 

i p~ (11)t) 

3083 L4«J I 
3100 14618 
3114 14630 
3128 14645 
3142 14659 
3156 14674 
3170 14688 
3186 14704 
3200 14718 
3210 14727 
3223 14741 
3237 14755 
3249 14767 
3260 14778 
3272 14790 
3284 14801 
3293 148 10 
3300 14818 
3307 14826 
3316 14834 
3325 14K43 
3332 14&50 
3339 14858 
3346 14865 
3353 14871 
3360 

I 

14878 
3367 14885 
3374 14892 
3379 14896 
3381 14899 

3386 14904 
3393 14912 
3397 149 15 
3402 14920 
3407 14925 
3413 14931 
3416 14933 
3422 14940 
3425 

I 

14942 
3427 14945 
3436 14955 
3440 14958 
3445 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 15016 
3499 15018 
3501 15020 
3503 15021 
3505 15023 
3507 15025 
3505 15023 
3507 15025 

I 

I 

P 
(0'1+0'3)/2 tr' lttr'J 

[!)oO 

11 m 2mll 
9121 2.030 
9097 2041 
9076 2052 
9061 2.062 
9047 2071 
9034 2081 
9024 2092 
90 12 2101 
8995 2109 
8989 2118 
8981 2.127 
8972 2.135 
8962 2144 
8955 2,152 
8951 2 159 
8944 2165 
8937 2 171 
8931 2176 
8926 2. 182 
8923 2188 
8918 219] 
8914 2. 198 
8906 2204 
8903 2209 
R900 2213 
8898 2218 
8894 2222 
8900 2224 
8900 2225 

8901 2228 
8895 2233 
8888 2238 
8881 2242 
8876 2.246 
8872 2250 
8~65 2254 
8863 2.258 
8859 2260 
8855 2.263 

8859 2267 
8857 2270 
8856 2.273 
8853 2277 
8854 2279 
8852 2.281 
8860 2283 
RR59 2.2R6 
8862 2,289 
8864 2290 
8867 2.291 
8871 2294 
8872 2295 
8880 2294 
8885 2295 
8889 2295 
RRR6 2.298 
8882 2300 
M8n 2302 
8874 2.304 
8868 2307 
8865 2309 
8859 2309 
8854 2312 
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>'U"I 011 .~ I"!ITe LIlh:li ,.~ lflhl'"'' 
llRin, E C!J i~\' W &I 0'3 I 
I~I ~1'!.fI (pSI) 11'"'0 ~p,'In 

11 70 10 II! 6176 I ~W 12361 
11 80 7023 6178 5341 12363 
11 ,90 7027 6183 5335 12362 
12.00 7OJ] 6186 5331 12362 
1210 7030 6189 5330 12361 
12.20 7030 6191 5327 12357 
1230 7038 6193 5324 12363 
1240 7034 6197 5321 12355 
12.50 7038 6197 5322 12360 
12.60 7046 6197 5321 12366 
1270 7045 6197 5321 12366 
12,80 7045 6196 5322 12367 
1290 7045 6196 5322 12367 
13.00 7048 6196 5322 12370 
1310 7048 6194 5323 12371 
1320 7056 6196 5323 12379 
13.30 7059 6193 5324 12384 
13,40 7059 6193 5324 12383 
1350 7062 6191 5327 12389 
13,60 7070 6190 5328 12398 
13,70 7073 6189 5330 12404 
13.80 7073 6189 5329 12402 
13 90 7080 6187 5330 12411 
1400 7088 6]84 5334 12422 
1410 7091 6184 5334 12425 
1420 7091 6183 5336 12427 
1430 7094 6184 5334 12428 
1440 7093 6178 5340 12433 
1450 7101 6179 5339 12439 
]460 7100 6180 5337 12437 
1470 7107 6180 5337 12444 
1480 7106 6183 5335 12441 
1490 7106 6182 5336 12442 
15 GO 7l0S 6182 5336 12441 
1510 7104 6182 5336 12440 
IS 20 7111 6184 5334 12445 
1530 7102 6185 5333 12435 
]5.40 7094 6183 5335 12429 
]550 7101 6185 5333 12433 
1560 7100 6187 5331 12431 
]570 7103 6189 5329 12432 
1580 7106 6189 5329 12435 
15 ,90 7101 6190 5328 12429 
16 GO 7100 6192 5326 12425 
]6 ,10 7103 6191 5327 12429 
1620 7098 6193 5324 12422 
]6.30 7097 6196 5322 12419 
1640 7100 6198 5320 ]2419 
1650 7095 6200 5317 12412 
1660 7094 6204 53]4 12407 
1670 7092 6208 5310 12403 
1680 7091 6211 5307 12398 
1690 7086 6216 5302 12389 
17 GO 7089 6219 5300 12389 
1710 7092 6224 5294 12386 
17 20 7091 6230 5288 12379 
]7.30 7086 6231 5287 12372 
1740 7088 6234 5283 12372 
1750 7087 6238 5281 12368 
17,60 7089 6141 5276 12366 
1770 7092 6246 5272 12364 
1780 7087 6247 5271 12357 
1790 7093 6251 5267 12360 
18 GO 7096 6252 5267 12363 

~ P 
."I--c: ~" lal+OfW:! 

(jI!n Ilbfl 

1~ IXll' 
3511 

I 
15030 

3513 15031 
3515 15033 
3515 15034 
3515 15033 
3519 15037 
3517 15035 
3519 15038 
3523 15040 
3523 15040 
3522 15040 
3522 15040 
3524 15042 
3524 15042 
3528 15047 
3530 15047 
3529 15047 
3531 15049 
3535 15053 
3537 15055 
3537 15054 
3540 15058 
3544 15062 
3546 15063 
3545 15064 
3547 15065 
3547 15064 
3550 15068 
3550 15068 
3554 1507] 
3553 15071 
3553 15070 
3552 15070 
3552 15070 
3556 15073 
3551 15069 
3547 15064 
3550 15068 
3550 15069 
3551 15069 
3553 15070 
3550 15068 
3550 15068 
3551 15069 
3549 15067 
3548 15066 
3550 15067 
3547 15065 
3547 15064 
3546 15065 
3546 15063 
3543 15061 
3545 15063 
3546 15064 
3545 15063 
3543 15060 
3544 15062 
3543 15062 
3515 15062 
3546 15064 
3543 15061 
3547 15064 
3548 15067 

P 
Itl+o'l '1 v'l tll"'J 

I ·11 

" 2314 
8852 2315 
8848 2317 
8847 2319 
8845 2319 
8842 2320 
8844 2322 
8838 2322 
8841 2.322 
8844 1324 
8~44 2324 
8845 2324 
8844 2324 
8846 2324 
8847 2324 
8851 2325 
8854 2.326 
8854 2.326 
8858 2326 
8863 2327 
8867 2327 
8866 2.327 
8871 2,328 
8878 2329 
8879 2330 
8881 2329 
8881 2330 
8886 2328 
8889 2330 
8887 2.330 
8891 2332 
8888 2332 
8889 2332 
8889 2331 
8888 2331 
K889 2333 
8884 2.332 
8882 2.330 
8883 2332 
8881 2332 
8880 2.333 
8882 2333 
8878 2.333 
8876 2333 
8878 2333 
8873 2.333 
8871 2333 
8870 2335 
8865 2,334 
8861 2.335 
8857 2.336 
8853 2.336 
8845 2337 
8844 2338 
8840 2,340 
8833 2341 
8830 2,340 
8828 2342 
8825 2342 
882] 2344 
8818 2345 
8814 2345 
8814 2347 
8815 2347 

INCORPORATED 
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j\~LlI oil ,\ ]JaIl: lTh.'1:II'o't: 
1IIm11l, r. (al_j) j:«"'~ .... 

I 

n'J 
1-,1 Ip,n lrt~1) 11>',1) 
-,,'~. '- 1( 

I 
1810 "i'D'iI'1 1>20(2 

~~~ 1820 7097 6258 
1830 7095 6261 5257 
1840 7094 6264 5254 
18 SO 7096 6268 5250 
18.60 7091 6266 5252 
1870 7090 6271 5247 
1880 7092 6273 5245 
18.90 7094 6276 5242 
1900 7089 6280 5238 
1910 7087 6285 5233 
19,20 7082 6287 5232 
1930 7080 6317 5201 
19.40 7082 6327 5191 
19,50 7081 6322 5197 
1960 7075 6309 5210 
1970 7074 6289 5228 
19,80 7064 6272 5247 
1990 7063 6258 5261 
20,00 7065 6249 5269 

£lrc~IJ'" q p 
!l'1 lo l~~ ljll+nJ _ 

(~O I~~ lpof} 

U](III ~7 1~1t,!' 
12357 3548 15066 
12352 3548 15065 
12348 3547 15065 
12346 3548 15066 
12343 3546 15063 
12337 3545 15062 
12337 3546 15064 
12336 3547 15066 
12326 3544 15062 
12320 3544 15061 
12314 3541 15060 
12282 3540 15059 
12273 3541 15059 
12277 3540 15059 
12285 3538 15056 
12302 3537 15054 
12312 3532 15051 
12324 3531 15050 
12334 3532 15051 

P 
(,,'14,,'J ":1. .,' II,,· j 

~\'loll 

:t:'l1J 2347 
8808 2349 
8804 2 350 
8801 2,350 
8798 2352 
8797 2.350 
8792 2351 
8791 2.352 
8789 2.353 
8782 2.353 
8777 2354 
8773 2,354 
8742 2361 
8732 2364 
8737 2363 
8747 2358 
8765 2353 
8779 2.346 
8793 2342 
8802 2,341 

INCORPORATED 
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I 

Isotropically Consolidated Undrained with Pore Pressure (CIDfPP) 
Project Name: Taylor Geo-Engineering 

Project Number: M00991-001 
Sample: CH-5-48 

Comments: Samples were compacted to 90% of ASTM D698 at 
OMC. 

, I 'est Number SI S2 S3 

Height, H nn' 4.21 4.10 4.08 
Diameter, 0 (in) 1.93 1.93 1.93 

oa Moisture Content, w (% 19.8 19.8 19.8 :.e 
.s Dry Unit Weight, yd (pcf) 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 (%) 27.0 26.5 23.8 '" Q) 

Dry Unit Weight, yd (pcf) 96.4 97.1 101.4 ...0 
[fJ 
Q) Saturation (%) 100.0 100.0 100.0 .... 

c2 Void Ratio, e 0.73 0.72 0.64 Q) 

co 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 
I 

509.1 584.8 

I en 
Strain at Failure, d (%) 19.50 16.80 19.30 

U'J 0'3 (pst) 2879 5763 11524 Q) 

!;:; 0' 1 -0'3 (psfl 2392 4023 7276 ' [fJ 

oa 0' 1 (pst) 5271 9786 18799 ..-
0 

q = (0'1-0'3)12 (pst) 1196 2012 3638 r 
p '-'. (0- I +aJ)r:l tpst) 4075 7775 15161 

u (ps£) 1332 3013 5413 

'" 0-'3 (psf) 1547 
'" 

2750 61 ]0 
~ 0"1-0-'3 (psf) 2392 4023 7276 

'" cr'l (psf) 3939 6773 13386 Q) 

.:: q = (0"1-0"3)/2 (ps£) 1196 2012 3638 ..-
u 
~ p' = (0"1 +0"3)/2 (pst) 2743 I 476J 9748 "-' 
~ cr'lIcr'3 2.55 2.46 2.19 

A - uJ(crl-cr3) 0.557 0.749 0.744 

Estimated Specific Gravit\' 2.70 

D Plastic Limit (%) 23 
Liquid Limh (%' 61 

Plastici ty Index (%' 38 

I 

Total 
Summary of Strength Paramaters Stress 

c (pst) 306 
, (deg) 12.7 

tan ~ 0.226 

" Saturation set to 100% for phase calculations 

Tested by: 

I 

, 

I 

i 

I 

I 

, 

I 

D 
Effective 

Stress 
321 

20.1 

I ()'~~~'"' 

OCT I 5 

RATED 

2009 
Z:\PROILcrSiM0099I_ TIl)'lor _ Gco-Eoginccring\()O I \[GTXCU3v 1_ CH-5--18 xls]Summ:uy 

Div. of Oil, Gas & Mining 



• 

Isotropically Consolidated Undrained with Pore Pressure (CIUIPP) 
Project Name: Taylor Geo-Engineering 

Project Number: M00991-001 
Sample: CH-5-48 

Comments: 

Summary of Strength Paramater$ 
c (pst) 

cp (deg) 
tan ~ 

8000 10000 7276 

7000 9000 

c 6000 c 8000 
"" 

'" 8 7000 8 ;:::: 

~ 5000 a) 
6000 .... 

41123 ;:::: 
OIl" '" '" 00 
11.) 4000 Q) 5000 ti .... 
OIl 0.. 
.... ~ 0 4000 <;:; 3000 0 

~392, 0.. .s;: 
00 

11.) 00 3000 
Ci 2000 

Q) 

~ 
~ 2000 

1000 1000 

0 0 

0 5 10 15 20 0 5 

E5 

Total Effective 
Stress Stress 

306 

I 

321 
12.7 20.1 

0.226 0.367 I 

..a-

Ol~ 

..-

1lJ_ 

10 15 ... 0 
Axial strain (%) Axial strain (%) 

6000 
c 
oo 

8 
0'" 

~OOO 
til" 
til 

~ 
til 

.... 
CIS 

1;l2000 
r/l 

a 
o 2000 4000 6000 8000 10000 

Nannal stress, an I p' (pst) 

:- Sl, 2879 ps[ 

i- S2, 5763 psf 

" :l. I r52~ ~r 

12000 

RPORATED 

l~i 152009 

Div. of Oil, Gas & Mining 



Project Name: Taylor Geo-Engineering 
Project Number: M00991-001 

Sample: CH-5-48 
Comments: Samples were compaded to 900/0 of ASTM D6911a' 

Test Number: SI 

Z;IPROJECTSIM00991 TlF>flY (J.:n-F""ntt'r1~It'Ml\rQTXCU3vl CH-5-48 xls]! 1 
.hLJII I "d ~ por~ E"C\."U. ~ J::n~ q 
I!.:HII (ol - cr3) ,,:. lI en (1S1 - u J]ll 

! Il"l. !%) 11"11) (~O \Y.d'J I~I) 

000 -4 0 2JI.,g 2875 -2 
002 190 56 2823 3013 95 
004 267 98 2782 3049 134 
006 339 134 2746 3084 169 
0,08 397 165 2114 3111 198 
010 448 193 2686 3134 224 
0.20 628 301 2572 3200 314 
0,30 749 399 2480 3229 375 
0,40 851 483 2397 3248 426 
050 933 560 2319 3253 467 
060 1016 629 2250 3266 508 
070 1085 698 21~1 3266 542 
0,80 1141 751 2130 3270 570 
090 1197 799 2081 3278 598 
I UU 1246 8~3 2037 3283 623 
I 10 1289 885 1995 3284 645 
120 1332 922 1959 3291 666 
130 1375 957 1922 3298 688 
140 1412 963 1916 3328 706 
150 1448 956 1923 3371 724 
160 1478 969 1910 3388 739 
170 1514 990 1889 3403 757 
180 1544 1013 1866 3410 772 
190 1573 1035 1844 3417 787 
2 00 1597 1055 1824 3420 798 
2.10 1626 1078 1803 3429 813 
2 20 1649 1097 1183 3432 825 
230 1672 1114 1766 3439 836 
240 1689 1124 1155 3444 845 
2 SO 1712 1133 1145 3458 856 
260 1135 1154 1125 3461 868 
270 1752 1170 1109 l4ti1 87ti 
280 1768 1191 1689 3457 884 
2 90 1785 1204 1676 3461 892 
300 1807 1218 1662 3470 904 
3 10 1818 1232 1647 3465 909 
320 1834 1247 1632 3466 917 
3 30 1851 1259 1620 3471 925 
3 40 1861 1272 1607 3468 930 
3 50 1871 1285 1594 3465 935 
3 60 1887 1295 1584 3471 944 
3 10 1897 1305 1574 3471 949 
380 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 3489 977 
430 1963 1350 1530 3493 981 
440 1973 1356 1523 3496 986 
450 1983 1361 1518 3501 991 
460 1992 1366 1513 3506 996 
470 2002 1370 1510 3512 1001 
480 2012 1372 1508 3519 1006 
490 2015 1370 1509 3524 1008 
500 2025 1369 1510 

I 

3535 1013 
5 10 2035 1375 1505 3540 1017 
520 2044 1381 1499 3544 1022 

p p' 
hl l ~JJ f.! III 1.;.c'3 J'Z 

IP3lj I~I) 

l Jl7'l 2177 
2974 2918 
3014 2916 
3048 2915 
3077 2912 
3103 2910 
3193 2886 
3254 2854 
3305 2822 
3346 2186 
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 
3655 2/\30 
3677 2622 
3693 2616 
3105 2607 
3716 2603 
3724 2599 
3734 2602 
3747 2593 
3755 2585 
3764 25 73 
3773 2569 
3784 2566 
3788 2556 
3196 2549 
3804 2545 
3809 2538 
3814 2530 
3823 2527 
3828 2523 
3833 2520 
3840 2517 
3846 2516 
3852 2515 
3856 2512 
3862 251 1 
3865 2509 
3870 2509 
3875 2510 
3881 2511 
3885 2514 
3887 2516 
3892 2522 
3898 2523 
3902 2522 

n'lrd3 

1001 
1 067 
L 096 
1 123 
1. 146 
] 161 
: 244 
;,302 
1355 
1403 
1451 
1.497 
1536 
1,575 
1.612 
1,646 
1.680 
1.716 
1131 
1 753 
1774 
1801 
1827 
1853 
1875 
1902 
1925 
1.947 
1963 
1.981 
2006 
2025 
2047 
2.065 
2087 
2104 
2.124 
2142 
2.158 
2173 
2.192 
2.205 
2,218 
2236 
2,247 
2259 
2272 
2283 
2.295 
2306 
2.316 
2326 
2334 
2.336 
2341 
. - A~ 

2 63 
ORATED 

OCT 1 5 2009 
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,\x181 lid ~"nrc: IlTrC;II'{e ~I1~U,e q r p' 
.Iru ~ (<rI-n3j ",e" . II 17'3 n" (nl_1jo/:' r .... I...a3)Jl ldl dJ)12 d lfd 

I ~·., INI) 1~ (pst) I [lSI) . ~!l C~t1 ipsO 
•• .iii. .-

530 J""x 1m. 14~) J:Iot .. IIlH ~~ l~IY 2370 
540 2051 1391 1489 3540 1026 2514 2378 
550 2061 1395 1484 3545 1031 3910 

I 

2515 2389 
560 20M 1401 1478 3543 1032 3911 2511 2396 
570 2074 1405 1474 3548 1037 3916 2511 2.401 
5.80 2071 1409 1470 3547 1039 3918 2509 2413 
5.90 2081 1414 1467 3547 1040 3921 2507 2.4 19 
6.00 2096 1416 1463 3559 1048 3927 2511 2433 
6.10 2100 1420 1460 3559 1050 3929 2509 2439 
6.20 2109 1423 1456 3565 1055 3934 2511 2.449 
6.30 210n 1424 1456 3562 1053 3933 2509 2.441 
6.40 2122 1427 1454 3575 1061 3941 2515 2.460 
6.50 2125 1429 1450 3575 1063 3942 2513 2.465 
6.60 2128 1430 1450 3578 1064 3944 2514 2.468 
6.70 2132 1431 1449 3581 1066 3946 2515 2471 
6.80 2135 1431 1449 3584 1067 3948 2516 2.473 
6.90 2138 1432 1447 3585 1069 3948 2516 2478 
7.00 2147 1434 1447 3594 1074 3954 2520 2.484 
7 10 2151 1434 1446 3596 1075 3954 2521 2.488 
7.20 2154 1434 1447 3601 1077 3957 2524 2.489 
730 2163 1434 1446 3609 1082 3961 2527 2.497 
7.40 2166 1434 1446 3612 1083 3962 2529 2.499 
7,50 2170 1435 1444 3614 1085 3964 2529 2502 
760 2173 1435 1444 3617 1086 3965 2531 1 .504 
770 2176 1435 1444 3620 1088 3967 2532 2.507 
780 2185 1436 1443 3628 1093 3972 2536 251 4 
790 2188 1436 1443 3631 1094 3973 2537 2516 
8 00 2185 1437 1442 3627 1093 3972 2535 2515 
8 10 2188 1437 1442 3630 1094 3973 2536 2518 
820 2197 1437 1443 3640 1099 3979 2542 2523 
830 2200 1437 1442 3642 1100 3979 2542 2526 

I 

840 2204 1437 1442 3646 1102 3981 2544 2 528 
850 2206 1437 1443 3650 1103 3983 I 2546 2.529 
860 2210 1436 1443 3653 ' 105 3984 2548 2531 
8.70 2219 1436 1443 3662 : 109 3988 2552 2.537 
880 2216 1436 1443 3659 : 108 3987 2551 2535 
890 2219 1436 1444 3663 109 3990 2554 2.536 
9 00 2222 1435 1114 3666 !1 11 3990 2555 2 538 
910 2231 1434 1446 3676 Il lS 3994 2561 2,543 
920 2228 1434 1446 3673 :: 14 3993 2559 2541 
9.30 2231 1434 1446 3676 ' [l S 3994 2561 2,543 
940 2233 1434 1447 3680 11 17 3997 2563 2.544 
9.50 2236 1432 1447 3683 :L 18 3997 2565 2546 
q 60 2239 1432 1447 3686 [ 120 3999 2566 2.548 
Y 70 2236 1432 1447 3683 ; 118 3997 2565 2.546 
980 2245 1432 1448 3693 1123 4003 2570 2551 
990 2248 1432 1448 3696 l 124 4004 2572 2.553 
1000 2251 1431 1449 3700 l 125 4006 2574 2553 
1010 2254 1430 1450 3704 1127 4007 2577 2554 
1020 2257 1430 1450 3707 1128 4008 2578 2.556 
1030 2254 1429 1450 3704 1127 4006 2577 2554 
1040 2262 1430 1450 3712 1131 4011 2581 2.560 
1050 2265 1429 1150 3715 1133 4012 2583 2.562 
1060 2262 1429 1451 3713 11 31 4011 2582 2.559 
1070 2265 1429 1451 3716 1132 4013 2584 2560 
1080 2268 1429 1451 3719 1134 4014 2585 2.562 
1090 2270 1429 1451 3722 1135 4015 2587 2.564 
1100 2273 1428 1451 

I 

3725 1137 4016 2588 2.566 
II 10 2270 1428 1451 3722 1135 4014 2587 2.564 
1120 2273 1428 1451 3724 1137 4016 2588 2566 
1130 2276 142R 1451 3727 1138 4017 25~9 2.568 
1140 

I 

2278 1427 1453 3731 1139 4018 2592 2569 
1150 2281 1425 1454 3735 1141 4020 2594 2569 ) 1'"" 
1160 2284 1425 1454 3738 1142 4021 2596 NC RP ATED 

OCT 1 5 2009 
4114 
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0\':11181 1)0,1 , JlQR! f.ti«lIw 
'\1 •• '(1 lw ,,,]-al, 1ft '\1.1 d 

,\- J., .~:.. tp<n IV'I) IPSt} 

1170 2181 142~ , 1 ~~5 

1180 

I 

2284 1424 1455 
1190 2286 1422 1457 
12 GO 22R9 1420 1460 
1210 2286 1417 1462 
1220 2288 1415 1465 
1230 2291 1414 1465 
1240 2294 1415 14M 
12.50 2296 1414 1465 
1260 2299 1414 1465 
1270 2296 1411 1468 
12.80 2298 1407 1474 
1290 2301 1402 1477 
13 00 2303 1402 1477 
1310 2312 1401 1478 
1320 2309 1400 1479 
1330 2305 1400 1481 
1340 2308 139R 1481 
\350 2316 1397 1482 
1360 2319 1397 1482 
1370 2315 1396 1484 
13.80 23 I 8 1395 1484 
1390 2320 1395 1484 
1400 2323 1393 1487 
1410 2325 1390 149!) 
1420 

I 

2328 1390 1489 
1430 2330 1389 1490 
1440 2332 1388 1491 
1450 2329 1387 149-'1 
1460 2337 1386 1494 
1470 2334 1384 1495 
1480 2342 1383 1496 
1490 2344 1383 1496 
1500 2346 1382 1497 
15 10 2349 1382 1498 
15.20 2345 1382 1498 
1530 2348 1381 1499 
IS 40 2350 1381 1498 
IS 50 2352 1380 1499 
1560 2355 1380 1499 
15,70 2351 1379 1501 
15.80 2359 1379 1502 
15.90 235/\ 1376 1503 
1600 2358 1375 1504 

! 1610 2360 1375 1505 
1620 2362 1374 1505 
1630 2365 1374 1506 
1640 2361 1372 1503 
1650 2358 1370 1509 
16.60 2360 1369 1510 
1670 2368 136& 1511 
16l!O 2365 1367 1512 
1690 2372 1364 1515 

I 
1700 2369 1363 1517 
17. 10 2371 1362 1518 
1720 2367 1361 151'1 
1730 2370 1359 1520 
1740 2372 1357 1522 
1750 2368 1356 1524 
1760 2371 1355 1524 

I 17.70 2367 1354 1526 
1780 2369 1352 1528 
1790 2366 1352 1529 
1800 2368 1350 1529 

Elre(1 ,,~ 11 P 
dl hrl~ll1l I I al 12, 

(11'10 Ip>l) J.II'!ll 

~~ II ~n 4020 
1142 4021 

3743 1143 4022 
3748 1144 4024 
3748 1143 4022 
3754 1144 4024 
3757 1146 4025 
3758 1147 4026 
3762 1148 4027 
3764 1149 4028 
3764 1148 4027 
3772 1149 4029 
3778 1151 4030 
3781 1152 4031 
3790 1156 4035 
3788 1154 4033 
3786 1153 4033 
3789 1154 40)) 
3798 1158 4037 
3800 1159 4038 
3799 1158 4038 
3802 1159 4038 
3805 1160 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 
3838 1171 4050 
3840 l l72 4051 
3844 11 73 4052 
3847 1174 4055 
3844 1173 4053 
3847 1I 74 4054 
3848 1175 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 
3890 1185 4064 
3893 1186 4065 
3892 1184 4064 
3895 1185 4064 
3893 1184 4064 
3897 1185 4064 
3895 1183 4063 
3897 1184 4063 

I 

(a'I ! '3)/2 
1 .. <1) 

2595 
2597 
2600 
2604 
2605 
2610 
2611 
2611 
2614 
2615 
2/\1/\ 
2623 
2628 
2629 
2634 
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 

' Itg j 

2568 
2570 
2.569 
2568 
2564 
2562 
2563 
2.567 
2567 
2569 
2564 
2.560 
2558 
2559 
2.564 
2560 
2.557 
2559 
2563 
2.565 
2.560 
2.562 
2563 
2563 
2.560 
2563 
2 S64 
2 S64 
2559 
2565 
2562 
2566 
2567 
2,567 
2.568 
2566 
2.566 
2.569 
2569 
2.570 
2.567 
2571 
2.568 
2568 
2568 
2.570 
2570 
2566 
2563 
2,563 
2567 
2..564 
2566 
2561 
2.562 
2558 
2559 
2.559 
2554 
2556 
2551 
2551 
2548 

JC-.. - - ATED 

OCT 1 5 2009 
5/14 
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A~llIl ml \ JXIft I;.l.l~l\~ 'Itwcuv\! 
1i1111 it. Inl_~) ~. \U ",.1 ,,'I 

...,.... 1%1 (roil I p~fI Ip"t"l II'IIIl 

1810 :'110 1349 J5.;o 3900 
1820 2372 1349 1530 3902 
1830 2379 1348 1531 3910 
1840 2376 1347 1533 3909 
1850 2383 1346 1535 3918 
1860 2385 1345 1536 3921 
1870 2387 1343 1536 3923 
1880 2389 1341 1538 3927 
1890 2385 1340 1540 3926 
1900 2387 1339 1542 3929 
1910 2389 1338 1542 3931 
1920 2391 1336 1543 3934 
1930 2388 1334 1545 3933 
1940 2389 1333 1547 3937 
1950 2392 1332 1547 3939 
1960 2388 1331 1549 3937 
1970 2390 1328 1551 3941 
1980 2392 1326 1554 3946 
1990 2388 1325 1554 3943 
2000 2390 1323 1556 3946 

'l 'P 
(crl-".W;l IDlkrl _ 

Ip.j) I p!l1) 

qn ~11ii4 

11 40()5 

II 4069 

II 3 406& 
11",1 4072 
II 1 4073 
II'M 4073 
II'H 4074 
I I'll 4073 
11114 4074 
1''1S 4074 
I I'lli 4075 
II 4073 
1IilS 4075 
11'1& 4075 
11.,.1 4073 
11<15 4074 
Ilolo 4076 
1I¥-1 4073 
11<)5 4074 

p' 
(,,'1+,,'3)12 ~1,'<t3 

I.,.rt 

:!7IS 
2716 
2721 
2721 
2726 
2728 
2729 
2733 
2733 
2735 
2736 
2738 
2739 
2742 
2743 
2743 
2746 
2750 
2749 
2751 

2:W~ 

2550 
2554 
2.549 
2553 
2553 
2554 
2553 
2549 
2549 
2 550 
2550 
2545 
2544 
2546 
2542 
2541 
2539 
2537 
2537 

INCORPORATED 

OCT 1 5 2009 

Div. of Oil, Gas & Mining 
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I 

Pruject Name: Taylor Geo.Engineering 
Project Number: M00991·00l 

Sample: CH·5·~8 
Comments: Samples were compacted to 90% of ASTM D698 at 

Test Number: S2 

Z:\PROJECTS\M00991 b\ I~r llo:rJ-Ery1:I!I"'I'I~.OB I I.IGrXCUJ" I CH·5·48 ~1!l1!;,! 
-\ ~ilII all , ..... ril Wl\!l:lm: Enfcm<e q 

Jlnull. " lllll-03 , per ..MJ 1'1'1 " 1 .. 1- ... 3}i'l 
(.~) it"n .1"'1/ (~r, i~,t) 1f!!'1) 

0.00 ·;:6 0 ~'6 L 5735 ·13 
002 270 45 5717 5987 135 
004 450 85 5676 6127 225 
006 587 123 5639 6226 294 
0,08 695 155 5607 6303 348 
0,10 782 184 5578 6360 391 
020 1090 306 5456 6547 545 
0.30 1298 391 5371 6668 649 
OAO 1476 354 5408 6884 738 
0.50 1618 258 5504 7122 809 
0.60 1745 289 5473 7217 872 
070 1857 362 5399 7256 929 
080 1955 409 5353 7308 978 
090 2053 449 5313 7366 1026 
:.00 2136 341 5421 7557 1068 
• 10 2219 390 5372 7591 1110 
1 20 2295 453 5309 7603 1147 
U O 2370 512 5251 7621 1185 

40 2431 543 5220 7651 1216 
1 50 2493 565 5197 7690 1246 
1 60 2539 597 5165 7704 1270 
170 2600 627 5134 7734 1300 
180 2660 672 5091 7751 ]310 
190 2707 703 5059 77M 1354 
200 2760 734 5028 7788 1380 
210 2799 766 4996 7795 1400 
220 2845 801 4961 7806 1423 
230 2884 834 4929 7813 1442 
240 2923 863 4899 7822 1462 
250 2955 898 4864 7819 1477 
260 2986 940 4821 7808 1493 
270 3018 984 4779 7797 1509 
280 3056 1034 4728 7784 1528 
290 3088 1091 4670 7758 1544 
300 3119 1163 4600 7719 1560 
310 3143 1225 4537 7680 1572 
320 3175 1287 4475 7649 1587 
330 3206 1353 4409 7615 1603 
340 3230 1421 4340 7570 1615 
350 3261 1494 4268 7528 1630 
360 3278 1564 4198 7476 1639 
370 3309 1630 4132 7440 1654 
380 3332 1691 4071 7403 1666 
390 3356 1743 4020 7376 1678 
400 3380 1788 3974 7353 1690 
410 3397 1826 3936 7333 1698 
420 3413 1362 3900 7313 1707 
430 3437 1909 3854 7291 1718 
440 3446 1952 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 3656 7169 1756 
4.90 3536 2137 3625 7160 1768 
500 3545 2169 3593 7138 1773 
510 3555 2197 3565 7120 1777 
520 3571 2235 3529 7099 1785 

,., 
Id"£Jlfl ( .. I .. 3 'J 

t",1) t¢) 

5748 5748 
5897 5852 
5987 5902 
6055 5933 
6110 5955 
6153 5969 
6307 6001 
6411 6020 
6500 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 

I 

6413 
7142 6408 
7162 63% 
7185 6384 
7205 6371 
7223 6360 
7239 6341 
7255 6315 
7272 6288 
7290 6256 
7306 6214 
7323 6160 
7334 6109 
7349 6062 
7365 60\2 
7376 5955 
7392 5898 
7401 5837 
7416 5786 
7428 5737 
7441 5698 
7452 5664 
7460 5634 
7469 5606 
7481 5572 
7486 5534 

I 7497 5501 
7505 5467 
7510 5436 
7518 5412 
7530 5392 
7535 5366 
7539 5342 
7548 5314 

"'11'1'1'3 

I ()(B 

1047 
1079 
1 104 
1 124 
1.140 
L200 
L.242 
1273 
1.294 
1.3 19 
1.344 
1.365 
U 86 
L394 
1.413 
1432 
1451 
1466 
1480 
1492 
1506 
1523 
1535 
1549 
1560 
1.574 
1585 
1.597 
1608 
1.619 
1631 
L647 
1661 
1 678 
1.693 
1 709 
1727 
1744 
1.704 
1781 
1.801 
1819 
1.835 
1.851 
1.863 
1 875 
1.892 
1 904 
1,921 
1 936 
1 , 94~ 

1.961 
1.976 
1 987 
1997 

iNCt.~P( RATED 
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A~lnl ()d , I'lI{" hllt)"II\'f [JT~me q 11 la ' I~~)f.! 'l.lll'QI "; (01-03) ~r u 0 ' 41'1 ("I-qW:! 171 +ft] V! .r'l fo 'J ---.. ( ~.) I.m-! ( I):tt) (1'<11 4P~f'I l.rl} IjI)O UI<r) 

~ J(I 3587 !:!6S 3498 '?(tII;S 1~ 1)>7 

I 
5292 I 2025 

540 3597 2296 3466 7063 1798 7560 5265 2038 
550 3613 2323 3439 7052 1806 7568 5246 2050 
560 3629 2348 3414 7042 1814 7576 5228 2063 
5,70 3638 2365 3397 7035 181 9 7581 5216 2071 

I 
5.80 3647 2386 3376 7023 1824 7586 5200 2080 
5.90 3663 2406 1356 7020 1832 7594 5188 2.091 
6.00 3665 2427 3336 7002 1833 7596 5169 2.099 
6.10 3675 2451 3312 6986 1837 7600 5149 2.110 
6.20 3684 2476 3287 6971 1842 7605 5129 2121 
630 3700 2499 3264 6963 1850 7613 5114 2134 
640 3702 2520 3243 6945 1~51 7614 5094 2J42 
650 3718 25 32 3230 6948 1859 7621 I 5089 2151 
660 3720 2545 3217 6937 1860 7622 5077 2.156 
670 3722 2557 3205 6928 1861 7623 5066 2161 
6 80 3738 2572 3190 6928 1869 7631 5059 2172 
690 3740 2594 3169 6909 1870 7633 5039 2180 
700 3749 2613 3150 6899 1874 7638 5025 2190 
710 3758 2629 3134 6892 1879 7642 5013 2199 
720 3767 2643 3 120 6886 1883 7646 

I 
5003 2207 

730 3769 2655 3107 6876 1884 7646 
I 

4991 2.213 
740 3771 2661 3102 6873 1885 7M8 I 4988 2216 
7 50 3773 2669 3093 6866 1887 764~ 4979 2220 
760 3782 2680 3082 6864 1891 7653 4973 2227 
770 3790 2690 3073 6863 1895 7658 4968 2233 
780 3792 2705 3058 6850 1896 7659 4954 2240 
790 3801 2722 3041 6842 1901 7664 4942 2250 
800 3803 2738 3024 6827 1902 7664 4925 2258 
810 3812 2752 3011 6823 1906 7669 4917 2266 
8 20 3814 2756 3006 6820 1907 7669 4913 2269 
830 3822 2761 3001 6824 1911 

I 

7673 49J3 2274 
840 3824 2766 2996 6820 1912 7674 4908 2277 
850 3833 2773 2989 6821 1916 7678 4905 2283 
860 3835 2785 2978 68 13 19 17 768U 4895 2288 
870 3843 2799 2963 6806 1922 7684 4884 2297 
880 385 1 2806 I 2957 6808 1926 7689 4883 2303 
890 3853 28 14 

I 
2949 6802 1927 7690 4875 2 307 

900 3862 282 1 2942 6804 1931 7694 4873 2 313 
9 10 3864 2~28 2934 6797 1932 7694 '1865 2317 
92U 3872 2831 2932 6804 1936 7699 4868 2320 
930 3874 2828 2934 6807 1937 7699 4870 2321 
9.40 3889 2833 2929 68 18 1944 7706 4873 2328 
950 3884 2840 2923 6807 1942 7705 4865 2329 
960 3892 2852 2910 6802 1946 7708 4856 2338 
970 3894 2866 28% 6790 1947 7709 4843 2345 
980 3902 28 75 288R 6790 1951 7714 4839 2.351 
9.90 3910 2886 2876 6786 1955 7717 4831 2360 
10 00 39 12 2894 2869 67111 1956 77\9 4825 2363 
10 10 3920 2902 2860 67lllJ 1%0 7722 4820 2371 
10.20 39 15 2908 2854 6769 1958 7720 4812 2372 
10 3() 3930 29 14 2849 6779 1965 7728 4HI4 2379 
10 40 3925 2916 2845 6770 1%3 7723 4807 2.380 
1050 3933 2921 284 1 6774 1%7 7728 4808 2384 
1060 3935 291 5 2847 6781 1967 7729 4814 2382 
10.70 3936 2913 2849 6785 1968 7730 4817 2381 
10 80 3938 291 3 2849 6787 1%9 7731 4818 2382 
10 90 3939 292 1 2842 6781 1970 7733 4812 2386 

I 11.00 3947 2929 2833 6780 1974 7735 4806 2393 

I 

II 10 3949 2935 2827 6776 1974 7736 4801 2397 
1120 3943 2940 2823 6767 1972 7735 4795 2397 

I 

I UO 3958 2946 2818 6775 1979 7742 4796 2.405 
\I 40 3953 2948 28 15 6768 1976 7740 4792 

I 

2404 
11 50 3961 2953 2809 6770 1980 7742 4790 2410 
1160 3956 2955 2807 6763 1978 7740 4785 r :)- ; TED 

OCT 1 5 2009 
8114 

Div. of Oil, Gas & Mining 



,'l\ml Ilo.l \fIoVt I:.II~IJ'~ 
I . C (01-0-3) J>~ . \11 ~J 

<%i ~ t~f) ~~ 

ll 7tl 3964 2~5-! 2!MR 
IlSO 3965 2955 2807 
1190 3966 2957 2805 
1200 3968 2962 2800 
12. 10 3969 2951 28 11 
1220 3970 2944 2818 
12.30 3971 2942 2821 
12.40 3973 2953 2809 
12 .50 3974 2962 2800 
12.60 3976 2965 2797 
1270 3977 2970 2792 
1280 3972 2976 2786 
1290 3973 I 2980 2784 
1300 3974 2982 2781 
J3 10 397~ 2985 2777 I 

1320 3977 2985 2777 
13 30 3978 2987 2777 
13.40 3979 2985 2778 
1350 3974 2978 2784 
1360 3975 2968 2793 
13.70 3976 2961 2800 
13.80 3977 2970 2792 
1390 3985 2976 2786 
14.00 3986 2983 2780 
141 0 3987 2985 2778 
1420 3988 2989 2773 
1430 3995 2991 2772 
1440 3990 2994 2768 
1450 3991 2994 2768 
1460 3998 2997 2765 
14 70 3999 2998 2764 
1480 4000 2997 2765 
1490 4007 2997 2766 
1500 4008 2996 2766 

I 

15 10 4009 2Y87 2175 
1520 4010 2976 2786 
1530 4017 2974 I 278R 
1540 4018 29R3 2779 
1550 4013 2991 2771 
1560 4020 2997 2765 
1570 40 14 3001 2763 
1580 40 15 3006 2757 
1590 4022 30 to 2752 
16.00 4017 3015 2747 
1610 40 18 3017 2745 
1620 40 1Q 3018 2744 
1630 4019 3017 2745 
16.40 4020 301 8 2744 
16.50 4021 3019 2743 
16.60 4022 3015 2747 
1670 4016 3013 2748 
1680 4023 J013 2750 
1690 4018 3012 2750 
1700 4013 3010 2752 
1710 4019 2999 2763 
1720 4014 2994 2768 
1730 4009 2989 2773 
1740 4009 2996 2766 
1750 4010 3004 2758 
1760 40lJ 3022 2740 
1770 4011 3045 2718 
1780 4012 3058 2704 
1790 4006 3052 27lJ 
1800 4001 3046 2716 

l'"~t"e Q p 
Ifl ~"I-.l)'l (crl_JY! 

(plfl C~O \I:~I) 

6772 I'I~;' ~ 6772 1981 
6771 1983 7745 
6768 1984 7746 
6780 1985 7746 
6788 1985 7747 
6793 1986 7749 
6782 1987 7748 
6774 1987 7749 
6772 1988 7750 
676Y 1988 7750 
6758 1986 7748 
6756 1986 7750 
6755 1987 7750 
6752 1988 7750 
6753 1988 7750 
6754 1989 7752 
6757 1989 7752 
6758 1987 7749 
6768 1988 7748 
6776 1988 7749 
6769 1989 7751 
6771 1992 7754 
6766 1993 7756 
6765 1993 7756 
6761 1W4 7756 
6767 1998 7761 
6758 1995 7757 
6760 1996 7757 
6763 1999 7761 
6763 2000 7762 
6765 2000 7762 
6773 2004 7767 
6774 2004 7766 
6785 2005 7767 
6796 2005 7767 
6806 2009 7771 
6797 2009 7771 
6784 2006 7768 
6785 2010 7772 
6777 2007 7770 
6772 2008 7771 
6774 2011 7773 
6764 2009 7770 
6763 2009 7771 
6763 2009 7771 
6764 2010 7772 
6764 2010 1772 
6764 2011 7772 
6769 2011 7773 
6765 2008 7770 
6773 2012 7775 
6768 2009 7771 
6765 2006 7768 
6782 2010 7772 
6782 2007 7769 
6782 2004 7766 
6775 2005 7767 
6768 2005 7767 
6751 2005 7767 
6729 2006 7769 
6716 2006 7768 
6717 2003 7766 
6717 2001 7762 

(0'1!'3)12 '1/11 
\p>l) 

4790 
4790 
4788 
4784 
4795 
4803 
4807 
47% 
4787 
4784 
471\() 
4771 
4770 
4768 
4764 
4765 
4765 
4767 
4771 
4781 
4788 
4781 
4778 
4713 
4771 
4767 
4769 
4763 
4764 
4764 
4763 
4765 
4770 
4770 
4780 
479 1 
4797 
4188 
4777 
4775 
4770 
4764 
4763 
4756 
4754 
4753 
4755 
4754 
4753 
4758 
4757 
476 1 
4759 
4758 
4771 
4775 
4777 
4771 
4763 
4746 
4724 
4710 
4714 
471 6 

lolll 
1413 
2414 
2417 
2412 
2409 
2408 
2414 
2419 
2422 
2424 
2.426 
2427 
2429 
2.432 
2432 
2433 
2432 
2428 
2423 
2420 
242S 
2430 
2,434 
2435 
2438 
2441 
2441 
2442 
2446 
2447 
2447 
2449 
2449 
2.445 
2.439 
2441 
2.446 
2.448 
2,454 
2.453 
2.457 
2462 
2462 
2464 
2465 
2464 
2465 
2466 
2.464 
2461 
2463 
2461 
2458 
2.455 
2450 
2446 
2.449 
2454 
2464 
2476 ., 

l ~ I' (,.., 
2473 

TED 
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j~;,l 

1810 Jim 2737 
1820 3012 2750 
1830 4003 2997 2765 
1840 4003 2985 2177 
1850 3998 2956 2806 
1860 3998 2939 2823 
18,70 3993 2923 2839 
18.80 3999 2912 2850 
1890 4000 2866 2895 
1900 3995 2833 2929 
19. 10 4001 2817 2944 
19,20 4007 2810 2951 
19.30 4007 2821 2941 
1940 4008 2R34 2919 
19,50 4014 2854 2908 
1960 4020 2871 2893 
1970 4021 2889 2873 
1980 4021 2907 2855 
1990 4021 2924 2838 
20,00 4022 2943 2819 

m I 771\(1 
6752 2001 7763 
6768 2001 7763 
6780 2002 7764 
6804 1999 7761 
6822 1999 7761 
6832 1997 7758 
6850 2000 7762 
6895 2000 7761 
6923 1997 7759 
6945 2001 7761 
6958 2004 7764 
6948 2004 7766 
6937 2004 7767 
6922 2007 7769 
6913 2010 7773 
6893 2010 7772 
6876 2011 7772 
6859 2011 7773 
6840 2011 7773 

4751 2456 
4766 2448 
4178 2.442 
4805 2425 
4823 2416 
4835 2407 
4850 2,403 
4895 2382 
4926 2364 
4945 2 .359 
4955 2.358 
4944 2363 
4933 2 .368 
4915 2381 
4903 2.390 
4883 2400 
4866 2408 
4848 2417 
4830 2427 

INCORPOR.ATED 
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Project Name: Taylor Geo-EDgineering 
Project Number: M00991-001 

S.mple: CH-5-48 
Comments: Samples .. ere compacted to 90,,". of ASTM D698 at 

Test 'IIumber: S3 

Z:\PROJECTSIM0099I TInJor GeO-rJ1~I'I«ril"1l J:GI\10TXCl:J, I CH-.i-4I .ds~ J 
0\",,01 M .~ p>r<: hAlttll'VO Ln«b1;~ q 

~1IluI1 L (al-a3) pro!' \y o'J 0(1 [l'It~])<2 

io-.. 
(".) Ipd) ~ ",I) IPS!) t)'l-I) I~fl 

000 -4-;' 0 11 ~14 I U 'n .:!J 
0.02 511 43 11480 11992 256 
0.04 829 82 11442 12271 415 
0.06 1054 116 11408 12461 527 
0,08 1247 150 11374 12621 624 
0.10 1394 179 11344 12738 697 
0.20 1949 307 11217 13166 975 
0,30 2333 328 111% 13529 1167 
040 2632 288 11235 13867 1316 
050 2891 39 1 11\32 14023 1446 
060 3119 519 11005 14124 1559 
070 3323 650 10875 14198 1662 
080 3512 789 10734 14246 1756 
090 3684 922 10602 14286 1842 
100 3857 104& 10475 14332 1928 

I 
1 10 3998 Jl68 10356 14354 1999 
120 4139 1287 10236 14375 2069 
1 30 4272 1402 10123 14395 2136 
140 4405 1505 10019 14423 2202 
150 4514 1627 9897 14411 2257 
160 4631 1733 9790 14421 2316 
170 4733 1846 9678 14410 2366 
180 4834 1956 9568 14402 2417 
IYO 4935 2071 9453 14388 2468 
200 5021 2169 9355 14375 2510 
2\0 5114 2259 9264 14378 2557 
220 5199 2373 9151 14350 2599 
230 5276 2478 9045 14322 2638 
240 5354 2583 8941 14295 2677 
250 543 1 2679 8846 14277 2715 
260 5493 277 1 8753 14245 2746 
270 5562 2861 8664 14225 2781 
280 5623 295 1 8572 14 196 2812 
290 5677 3035 8490 14167 2839 
300 5746 31 13 8411 14157 2873 
310 5800 3190 8333 14133 2900 
320 5846 3269 8255 14\01 2923 
330 5899 3343 8181 14080 2950 
340 5952 34 16 8108 14061 2976 
350 5991 3493 8031 14022 2995 
3_60 6036 3566 7957 13994 3018 
3,70 6082 3637 7887 13969 3041 
380 6127 3706 78 18 13945 3064 
390 6165 3775 7749 13914 3082 
400 6203 3839 7684 13887 3101 
4 10 6240 3902 7621 13861 3120 
420 6270 3961 7563 13833 3135 
430 6308 40 18 7505 13813 3154 
440 6345 4078 7447 13791 31 72 
450 6375 4130 7395 13770 3187 
4.60 6405 4179 7345 13749 3202 
470 6442 4233 7291 13733 3221 
4.80 6464 4283 7241 13704 3232 
490 6486 4335 7189 13675 3243 
500 6523 4384 7140 

I 

13663 3261 
510 b53K 4434 7089 13627 3269 
520 6560 4483 7040 13600 3280 

p 
10 '1 ':-J)r.! ~~ ol~)!l 

Jp50 ~ 

I liOn Il~oo 

11779 11736 J 045 
11938 11856 1.072 
12050 11934 1_092 
12147 \1997 I 110 
12220 12041 IJ23 
12498 12191 1174 
12690 12362 1208 I 

12839 12551 1.234 
12969 12578 1.260 
13083 12564 1283 
13186 12536 1.306 
13279 12490 I 327 
13366 12444 1348 
13452 12404 1368 
13523 12355 1386 
13593 12306 

I 1.404 
13661 12259 1.422 
13726 12221 i 440 
13781 12154 j 456 
13839 12106 1 473 
13890 12044 1 489 
13941 11985 1 505 
\3991 11920 1 522 
14034 11865 1 537 

I 

14080 1182 1 , 552 
14123 11750 1568 
141 61 11 683 1 583 
14201 11618 1 599 
14240 11561 1 614 
14270 11499 1628 
14305 11444 1M2 
14335 11384 1656 
14364 11329 1.669 
14397 11284 1.683 
14423 11233 1696 
14447 11178 1.708 

I 14474 11131 1,721 
14500 11084 1.734 
14519 11026 1.746 
1454 1 10975 1.759 
14565 10928 1.771 
14587 10881 1.784 
14606 10831 1.796 
14625 10786 1807 
14643 10741 1,81 9 
14659 10698 I 829 
14677 10659 1840 
14697 10619 1.852 
14712 10582 1.862 
14726 10547 1,872 
14745 10512 l.884 
14755 10472 1.893 
14767 10432 1 902 
147&5 10401 1 914 
14792 10358 1 922 
14803 10320 1 932 

NCORP ATED 

OCT 1 5 2009 
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<mII1ft ( (01-03) 

(~ " 
~j 0'1 

!~I II",Q (P<SfI 1p!1) 
,~ 

5 30 G.U9 4534 r,mIJ 13579 
5.40 6611 4582 6942 13552 
5,50 6625 4627 6897 13522 
560 6654 4672 6852 13506 
570 6676 4715 6808 13484 
5.80 6690 4755 6769 13459 
590 6711 4798 6726 13438 
600 6733 4841 6684 13417 
6 10 6747 4882 6643 13390 
620 6769 4919 6605 13373 
630 6782 4960 6565 13347 
640 6797 4997 6526 13323 
6 SU 6810 5033 6491 13301 
660 6832 5067 6457 13289 
670 6845 5098 6427 13272 
680 6852 5129 6395 13247 
690 6866 5157 6368 13234 
700 6879 5187 6338 13217 
710 6893 5219 6305 13198 
720 6907 5246 6279 13186 
730 6920 5273 6251 13J7J 

I 
740 6934 5297 6227 13161 
750 6940 5322 6203 13143 
760 6947 5345 6178 13125 
770 6960 5371 6154 13113 
780 6966 5393 

I 

6130 13096 
790 69&7 5421 6103 13090 
800 6986 5444 6080 13066 
8 10 6999 5466 6058 13057 
820 7005 5491 6033 11038 
830 7018 5512 nO 13 lJ031 
R 40 7024 5533 5991 13015 
850 7037 5554 5970 13007 
860 7050 5575 5949 12999 
870 7056 5597 5928 12984 
880 7055 5618 5905 12960 
890 7068 5638 5886 12953 
900 7074 5659 5864 12938 
910 7073 5680 5843 12916 
920 7085 5699 5826 12911 
930 7091 5718 5806 12897 
940 7097 5736 5787 12884 
950 7102 5755 5770 12872 
960 7115 5770 5754 12869 
970 7114 5787 5737 1285D 
980 7126 5803 5722 12848 
990 7132 5817 5707 12839 
IU 00 7130 5829 5696 12826 
1010 7136 5841 5683 12819 
1020 7141 5855 5669 12810 
1030 7140 5865 5659 12799 
1040 7145 5876 5648 12793 
1050 7151 5884 5640 12790 
1060 7156 5895 I 5629 12785 
1070 7161 5903 

I 
5622 12783 

1080 7166 5913 5611 1277R 
1090 7172 5920 5604 12776 
1100 7170 5926 5597 12768 
11 10 7175 5932 5593 12768 
11 ,20 7174 5938 5586 12759 
1130 7186 5944 5580 12765 
1140 7191 5948 5576 12767 
1150 7189 5954 5569 12758 
1160 7194 5957 5568 12762 

q 
, ", ("I-.. l)'} '''·I ... .,.~1f.! 

CpU) ({)'n 

3294 14K1 ~ 
3305 14829 
3313 14837 
3327 14851 
3338 14861 
3345 14869 

I 

3356 14880 
3366 14892 
3374 14899 
3384 14908 
3391 14916 
3398 14922 
3405 14929 
3416 14939 
3423 14947 
3426 14950 
3433 14958 
3440 14964 
3447 14970 
3453 14978 
3460 14984 
3467 14992 
3470 14995 
3473 14997 
3480 15005 
3483 15007 
3493 15018 
3493 15016 
3500 15023 
3503 15026 
3509 15034 
3512 15036 
3519 15042 
3525 15049 
3528 15053 
3528 15051 
3534 15058 
3537 15060 
3536 15060 
3543 15067 
3546 15069 
3548 15072 
3551 15076 

I 

3558 15082 
3557 15080 
3563 15088 

I 3566 15091 
3565 15090 I 

3568 15092 
3571 15094 
3570 15095 
3573 15096 
3575 15099 
3578 15102 
3581 15105 
3583 15108 
3586 15111 
3585 15109 
3588 15112 
3587 15110 
3593 15116 
3595 15120 
3595 15118 
3597 15122 

p' 
In' l+<l'1),~ 

l~f) 

11R14 
10247 
10210 
10179 
10146 
10114 
10082 
10051 
10017 
9989 
9956 
9924 
9896 
9873 
9849 
9821 
980J 
9777 
9751 
9732 
9711 
9694 
9673 
9652 
9634 
9613 
9597 
9573 
9557 
9536 
9522 
9503 
9488 
9474 
9456 
9433 
9419 
9401 
9380 
9368 
9351 
9336 
9321 
9312 
9294 
9285 
9273 
9261 
9251 
9239 
9229 
9220 
9215 
9207 
9203 
9195 
9190 
9183 
9180 
9173 
9173 
9172 
9164 
9165 

n' L'd] 

1,'Ul 

1.952 
1,960 
],971 
1.981 
1.988 
1 998 

I 

2007 
2,016 
2025 
2.033 
2041 
2.049 
2058 
2M5 
2071 
2078 
2085 
2093 
2 JOO 
2 J07 
2 11, 
2 .119 
2124 
2131 
2136 
2145 
2149 
2155 
2161 
2167 
2172 
2179 
2. 185 
2. 190 
2195 
2201 
2206 
2210 
2.216 
2221 
2226 
2.231 
2236 
2.240 
2.245 
2,250 
2252 
2256 
2260 
2262 
2265 
2268 
2271 
2274 
2277 
2.280 
2281 
2.283 
2284 
2288 

ric ~ J~ , n I 

I 

ATED 

OCT 1 ~ 2009 
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I!,,,,o) I'fd \ J'<~ Ellr:.:n'·~ !ifTt\.'lI>e q p P 
"!I. ~I ... '" (0'1-0'3) 

Jm! " II (J'j 11'1 (lrl-dly,l II> 1_'1 In I"r 131._ cr llo"J 
~ %) 1f'!'1') ~ [!>,i1i \I'cd) .~ H~n 1p<1') IT"'I) 

11711 1192 )%1 ~5li1 121" m"! 15120 

I 
9158 2 29] 

1180 7197 5964 5560 12757 3599 15122 9159 2295 
1190 7202 5967 5556 12759 3601 15125 9158 2296 
1200 7207 5968 5555 12763 3604 15127 9159 2.297 
12.10 7205 5972 5552 12757 3603 15126 9154 2.298 
1220 7210 5971 5554 12764 3605 15130 9159 2,298 
1230 7215 5971 5553 12768 3608 15131 9160 2299 
12.40 7220 5971 5553 12773 3610 15134 9163 2.300 
12.50 7218 5971 5554 12772 3609 15134 9163 I 2.300 
1260 7223 5970 5555 12778 3611 15136 9167 2,300 
1270 7221 5967 5556 12777 3610 15134 91n7 2300 
12,80 7219 5968 5555 12774 3609 15133 9165 2.299 
1290 7224 5967 5556 127&0 3612 15135 9168 2300 
13 00 7228 5966 5558 12786 3614 15138 9172 2,301 
13 10 7226 5964 5561 12787 3613 15138 9174 2,299 
1320 7217 5963 5561 12778 3609 15132 9170 2.298 
13 30 7215 5967 5556 12772 3608 15131 9164 2299 
13 40 7227 5966 5558 12784 3613 15137 9171 2300 
13 SO 7224 5963 5561 12785 3612 15136 9173 2.299 
1360 7222 5961 5562 12784 3611 15135 9173 2298 
13 70 7233 5959 5566 12799 3617 15141 9182 2300 
1380 7231 5957 5567 12798 3616 15139 9183 2.299 
13 90 7235 5953 5572 12807 3618 15142 9189 2.299 
14.00 7240 5950 5574 128 14 3620 15144 9194 U99 
1410 7238 5945 5580 12817 3619 15144 9199 2297 
1420 7242 5938 5587 12829 3621 15116 9208 2296 I 

, 

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 2291 
1460 7246 5903 5621 12867 3623 15147 9244 2289 
1470 7250 5891 5634 12884 3625 15150 9259 2287 
1480 7248 5878 5645 12893 3624 15148 9269 2284 
1490 7252 5863 

I 

5661 12913 3626 15150 9287 2281 
1500 7263 5849 5675 12938 3632 15155 9306 2280 
15 iO 7260 5835 5690 12950 3630 

I 

15155 9320 2276 
15.20 7252 5820 5704 11955 3626 15149 9330 2271 
1530 7255 5807 5718 12973 3628 15152 

I 

9346 2269 
1540 7259 5793 5732 12991 3630 15154 9362 2.266 
1550 7257 5780 5744 13001 3629 15152 

I 

9372 2263 
1560 7255 5767 5757 13011 3627 15151 9384 2260 
1570 7259 5753 5771 13029 3629 15153 9400 2.258 
15.80 7256 5740 5785 13041 3628 15153 9413 U54 
1590 7260 5727 5798 13057 3630 15155 9428 2252 
1600 7264 5713 5811 13074 3632 15155 9442 2250 
1610 7261 5700 5823 13084 3631 15154 9454 2247 
1620 7259 5687 5836 13095 3629 15153 9466 2.244 
16.30 7269 5677 5847 13116 3634 15158 9481 2243 
1640 7266 5666 5857 13123 3633 15157 9490 2241 
1650 7263 5653 5870 13134 3632 15155 9502 2237 
16.60 7261 5642 5882 13143 3630 15154 9512 2.234 
1670 725R 5631 5893 13150 3629 15153 9522 2232 
In 80 7262 5623 5901 13162 3631 15154 9532 2.231 
169U 7265 5612 5912 13178 3633 15157 9545 2.229 
17 00 7262 5602 5923 13185 3631 15156 9554 2.226 
17. 10 7253 5590 5934 13187 3627 15150 9560 2.222 

I 

1720 7257 5578 5946 13203 3628 15153 9575 2.220 
1730 7261 5569 5955 13215 3630 15154 9585 2219 
17AO 7264 5558 5965 13229 3632 15156 9597 2.21 g 
1750 7261 5549 5975 13236 3631 15154 9605 2215 
1760 725R 5540 5984 13242 3629 15153 9613 2213 
17.70 7262 5535 5989 13250 3631 15154 9619 2.213 
1780 7259 5525 5999 13258 3629 15153 9628 2210 
17 90 7262 5513 6011 13273 3631 15155 ~C{ R AT 1800 7259 5503 6021 13280 3630 15154 j :0 
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~~i!! E1fm ... ~ 
In, l !~ I -,JJ) .~ d] 

('% ~ 11"'(' [PlIO 11":111_ 

1810 1256 5494 ,,1W 
1820 7260 5485 6040 
1830 7263 5474 6051 
18.40 7260 5465 6059 
1850 7263 5458 6066 
18_60 7260 5451 6073 
1870 7257 5444 6081 
1880 7260 5439 6086 
18_90 7263 5432 6093 
1900 7260 5428 6096 
1910 7270 5425 6099 
1920 7266 5417 6107 
1930 7276 5413 6110 
1940 7266 5409 6115 
1950 7269 5405 6119 
1960 7266 5403 6121 
1970 7269 5402 6122 
1980 7272 5399 6124 
1990 7275 5396 6128 
2000 7271 5393 6130 I 

Lll~1'f q r 
.,-'1 ~ol-ol ".! (" I . "J)I~ 

(1"1:) , ... 0 If'dl 

13287 3628 ISIS) 
13300 3630 15154 
13313 3631 15156 
13319 3630 15153 
13329 3632 15155 
13333 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 
13388 3635 15158 
13387 3633 15157 
13391 3634 15158 
13396 3636 15159 
13403 3637 15161 
13402 3636 15159 

I 

I' 
(cr'l+cr'3)/2 n'! 'd1 

(Ihf) 

%59 1.1003 
9670 2_202 
9682 2.200 
9689 2_198 
9697 2.197 
9703 2_196 
9710 2_193 
9716 2193 
9724 2.192 
9726 2.191 
9733 2.192 
9740 2190 
9748 2191 
9748 2188 
9753 2188 
9754 2.187 
9757 2187 
9760 2.187 
9765 2.187 
9766 2.186 

INCORPORATED 
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Isotropically Consolidated Undrained with Pore Pressure (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. 

GES 

"( est Number SI S2 S3 
I Height, H (in 4.22 4.22 4.05 

Diameter, D (in) 1.88 1.8B 1.88 
~ Moisture Content, w (%) 17.3 17.3 17.3 
."'.::: 
s:: Dry Unit Weight. yd (pct) 97.9 98.0 97.7 ..... 

Saturation (% 7B .6 77.0 74.0 
Void Ratio, e 0.59 0.60 0.62 

..... Moisture Content, w (%) 22.4 20.6 
I 

19.8 C'l 
<!) 

Dry Unit Weight, I'd (pcf) 114.4 I 
..s:: 103.8 107.1 
r./) 

<!) Saturation (%) 100.0 100.0 100.0 .... 
..s Void Ratio, e 0.61 0.56 I 0.53 <!) 

cc B 0.95 0.95 0.97 

Back pressure (ps£) 5431.9 15270 6916 
Strain rate (%/min) 0.033 0.033 0.033 I 

Time to Failure (min) 603.0 606.1 603.0 I 

Strain at Failure, f:f (%) 19.90 20.00 19.90 
rLl 

03 (pst) 2878 5754 11523 rLl 
<!) ... 

01-03 (pst) 5436 8088 V) 2994 

~ 01 (pst) 5873 11190 19612 
0 

q = (01-03)12 (psf) 1497 2718 4044 I r-
p - (0l+03)/L (pst) 4375 8472 15568 I 

u (psf} I 1353 2564 6606 I 

'" 0-'3 (psfl 1526 3190 4918 
rLl 
(1) 

0-'1-0-'3 (psfl 2994 5436 8088 
I 

..... 
V) 

(1) 0-'1 (psfl l 4520 8626 13006 
.::: q = (0'1-0'3)12 (pst) I 1497 2718 4044 U 
~ <+-< p' = (0"'1 +0'3)12 (pst) 3023 5908 8962 
~ 0"1/0-'3 2.96 2.70 2.64 

A - U/(0-1-0'3) 0.452 0.472 0.B17 
Estimated Specific Gravitv 2.70 

D D Plastic Limit (%) 17 
Liquid Limit (%) 53 

Plastici ty Index (%) 36 
I 

Total Effective 
Summary of Strength Paramaters Stress Stress 

• Saturation set to 100% for phase calculations 
Tested by: ___ _ 

Reviewed: ___ _ 

c (ps£) 657 

~ (deg) 12.9 
tan ~ 0.229 

216 

25.4 
0.475 INCORPORATE 

OCT 1 5 2009 
Z·\PROJECfS\M0099 1 Taylor eeo·Enginccri ng\OO I\(GTXCUJv l CH-S 98 x1s)Summ3~ 
. - - - uiv. of Oil, Gas & Mir 



Isotropically Consolidated Undrained with Pore Pressure (CIUIPP) 
Project Name: Taylor Geo-Engineering 

Project Number: MOO991-001 
Sample: CH-5-98 

Comments: 

Summary of Stren2th Paramaten 
c (pst) 

$ (deg) 
tan ~ 

9000 10000 

8000 
____ -0 

9000 

7000 c 8000 
c '" 
'" 5 7000 -36000 5436 ::s 

" ai b .... 6000 
gf 5000 ::s 

en 
rfl 

~ II.) 5000 '- 0. ...... 
: 4000 II.) 

~ ~W4 
.... 4000 0 c.. 

.~ 3000 Q '" <U '" 3000 Q Q) 
u 

2000 ~ 
u..J 2000 

1000 1000 

IJ 0 

0 5 10 15 20 I) 5 

IGES 

Total Effective 
Stress Stress 

657 216 

12.9 25.4 
0.229 0.475 

66ij6. 

2564 

I 53 
0 

10 15 _0 

Axial strain (%) Axial strain (%) 

6000 
Q 
'" 5 
0"" 

~OOO 
en 
'" Q) 

!:l 
'" .... 
d 

~2000 
VJ 

o 
(I 4000 6000 8000 10000 12000 

Normal stress, an / pI (pst) 

!NCORPORATED 
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~ 
[a •• !p") .~I) (p~l Ip.>fl If'!n (pM'! 

530 lJ.52 1t.77 1201 l~~~ 117'> +:.l~ 2377 2,m, 
540 2362 1680 1200 3562 1181 4061 2381 2968 
5,50 2372 1678 1200 3572 1186 4065 2386 2.977 
560 23K9 1678 1200 3590 1195 4073 23,}5 2.991 
5.70 2400 1677 [201 3601 1200 4078 2401 2.998 
580 2410 1677 1201 3611 1205 4083 2406 3007 
590 2420 1674 1205 3625 1210 4089 2415 3009 
600 2437 1669 1209 3647 1219 4097 2428 3015 
610 2448 1664 1214 3662 1224 4102 2438 3016 
620 2458 1669 1209 3667 1229 4\07 2438 3032 
630 2468 1669 1209 3677 1234 4112 2443 3041 
640 2478 1669 1209 3688 1239 4117 2448 3049 
650 2495 1668 1212 3707 1247 4127 2459 3.059 
660 2492 1668 1212 3703 1246 4125 2458 3056 
670 2502 1611 1 1218 3719 1251 4129 2468 3055 
680 2505 1656 1221 3726 1253 4130 2474 3.052 
690 2515 1654 1225 3740 1258 4136 2482 3054 
700 2525 1656 1222 3748 1263 4141 2485 3.066 
710 2529 1655 1223 3752 1264 4143 2488 3067 
720 2538 1654 1226 3764 1269 4149 2495 3.07 1 
730 2548 1654 1225 3773 1274 4153 2499 3.081 
740 2552 1650 1228 3780 1276 4154 2504 3,078 
750 2562 1649 lHO 3792 1281 4160 2511 3,082 
760 2572 1642 1236 3808 1286 4164 2522 3,080 
770 2581 1637 1241 3822 1291 4169 2532 3080 
780 2585 1634 1245 3829 1292 4171 2537 3077 

I 790 2594 1636 1243 3838 1297 4177 2541 3087 
800 2598 1637 1241 3839 1299 4177 2540 3093 
810 2607 1635 1245 3852 1304 4183 2548 3095 
820 2617 1634 1246 3863 1309 4188 2554 3 101 
830 2620 1630 1248 3868 131 0 41 88 2558 3100 
840 2630 1628 1250 3880 1315 4193 2565 3 103 
850 2633 1626 1253 3886 1317 4195 2569 3102 
860 2636 1623 1256 3892 1318 ~ 198 2574 3098 
870 2646 1621 1259 3904 1323 4202 258 1 3102 
880 2649 1613 1266 3914 1324 4203 2590 3,093 
8.90 2652 160~ 1270 3922 1326 4204 2596 3.088 
900 2655 1605 1274 3929 1327 4206 2601 3.084 
9. 10 2658 1606 1274 3932 1329 4208 2603 3,087 
920 2654 1605 1274 3928 1327 4206 260 1 3084 
9.30 2664 1603 1275 3939 1332 4210 2607 3.089 
9AO 2661 1602 1276 1937 1330 42U9 2606 3 OMS 
950 2663 1600 1279 3942 1332 4210 2610 3083 
9,60 2673 1598 1282 3955 1336 4216 2618 3085 
970 2676 1595 1283 3959 1338 4216 202 1 1085 
980 2685 1592 1287 3972 1343 4221 2629 3 087 
990 2682 1583 1290 3972 1341 4219 263 1 3.079 
10 00 2697 1583 1295 3992 1349 4227 2644 3083 
1010 2700 1578 1301 4001 1350 4229 2651 3076 
1020 2710 1571 130g 4017 1355 4233 2663 3.072 
10 30 2719 1572 1307 4025 1359 423B 2666 3081 
1040 2715 1571 I 1309 4024 1358 4237 2667 3.074 
1050 2725 1569 1309 4033 1362 4241 2671 3082 
1060 2727 1567 13 11 4039 1364 4242 2675 3080 
1070 2736 1565 1314 4050 1368 4247 2682 3083 
10 80 2746 1571 1309 4054 1373 4252 26R2 3,098 
1090 2748 1562 1316 4064 1374 4253 2690 3.089 
1100 2751 1558 1321 4072 1376 4254 2696 3,083 
11.10 2754 1553 1325 4079 1377 4255 2702 3,078 
1120 2750 1545 1334 4084 1375 4253 2709 3.062 
1130 2766 1538 1341 4106 1383 4261 2723 3063 
1140 2768 154 1 1337 4105 1384 4262 2721 3070 
1150 2771 1540 1339 4110 1385 4265 2725 p·. co~pr 
II 60 2774 1538 1341 4114 1387 4265 2727 3069 

ATED 
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11 71,) 2776 15~7 1342 .II~ 

11 80 2779 1533 
I 

1346 4125 
11 90 2782 1531 1348 4129 
12GO 2784 1528 I 

1350 1134 
12 \0 2787 1525 1353 4140 
1220 2789 1523 1356 4145 
1230 2792 1519 1359 4151 
1240 2801 1517 1362 4162 
12.50 2797 1509 1370 4167 
1260 2806 1504 1375 4180 
1270 2808 1500 117R 4186 
1280 2817 1502 1377 4194 
1290 2813 1502 1377 4190 
13 00 2822 1500 1378 4200 
1310 2824 1499 1380 4205 
13 20 2833 149R 1380 4213 
13 30 2835 1496 1384 4219 
1340 2838 1493 1385 4223 
1350 2840 1491 1387 4228 
13 60 2843 1489 1390 4232 
1370 2845 1485 1394 4239 
1380 2847 1483 1396 4243 
1390 2850 1479 1399 4249 
1400 

I 

2852 1477 1400 4252 
1410 2848 1473 1405 4253 
1420 2856 1470 1409 4265 
1430 2853 1462 1417 4269 
1440 2855 1457 1420 4275 
1450 2857 1455 1424 4281 
1460 2859 1456 1423 4282 
1470 2862 1457 1421 4283 
1480 2870 1456 1424 4294 
1490 2872 1455 1424 4296 
1500 2880 1452 1426 4306 
1510 2883 1451 1427 4310 
1520 2&&5 1449 1431 4315 
1530 2893 1446 1432 4325 
15 iO 2895 1449 1430 4325 
1550 2897 1444 1434 4331 
1560 2905 1439 1439 4344 
1570 2907 1437 1442 4350 
1580 2909 1434 1445 4354 
15.9G 2912 1430 1448 4360 
1600 2914 1428 1451 4364 
1610 2922 1425 1453 4375 
1620 2918 1422 1457 4374 
1630 2926 1420 1459 4384 
1640 2927 1417 1461 4389 
1650 2924 1414 1465 4388 
1660 2926 1410 1468 4394 
1670 2922 1407 1472 4393 
1680 2924 1405 1473 4396 
1690 2931 1402 1476 4408 
1700 2933 1401 1478 4411 
1710 2941 1398 1480 4421 
1720 2943 1395 1483 4426 
1730 2945 1393 1486 4431 
1740 2947 1390 148~ 4435 
1750 2948 1388 1490 4439 
1760 2950 1387 1493 4443 
1770 2958 1384 1494 4452 
1780 2966 1382 1496 4462 
1790 2962 1381 149B 4459 
1800 2963 1380 1500 4463 

II 

I 

p 
III I--(fl);~ i<l' 1~n3l."1 

IpSO Ip!lff 

I'~~ 4266 
1389 4269 
1391 4269 
1392 4270 
1393 4272 
1395 4273 
1396 4274 
1400 4279 
1399 4277 
1403 4281 
1404 4282 
1409 42K7 
1407 4285 
1411 4289 
1412 4292 
1416 4295 
1418 4297 
1419 4297 
1420 4298 
1421 4300 
1422 4302 
1424 4302 
1425 4303 
1426 4303 
1424 4302 
1428 4307 
1426 4305 
1428 4305 
1429 4307 
1430 4308 
1431 . 4309 
1435 4315 
1436 4314 
1440 4319 
1441 4320 
1442 4322 
1447 4325 
1448 4326 
1449 4327 
1453 4331 
1454 4333 
1455 4333 
1456 4334 
1457 4335 
1461 4339 
1459 4337 
1463 4341 
1464 4342 
1462 4340 
1463 4341 
1461 4339 
1462 4340 
1466 4344 
1467 4345 
1471 4349 

I 

1472 4350 
1472 4351 
1473 4352 
1474 4353 
1475 4355 
1479 4357 
1483 4361 
1481 4359 
1482 4361 

(a'Hr;,'3)/2 

\.,..t) 

2730 
2736 
2738 
2742 
2747 
2750 
2755 
2762 
2768 
2777 
2782 
2785 
2783 
2789 
2793 
2797 
2802 
2804 
2807 
2811 
2817 
2819 
2824 
2826 
2829 
2837 
2843 
2848 
2852 
2852 
2852 
2859 
2860 
2866 
2869 
2873 
2878 
2877 
2883 
2892 
2896 
2900 
2904 
2907 
2914 
2915 
2922 
2925 
2927 
2931 
2933 
2935 
2942 
2944 
2950 
2955 
2958 
2961 
2965 
2968 
2973 
2979 
2978 
2981 

til l''''. 

UOOY 
3064 
3064 
3 U62 
3059 
3.057 
3.054 
3.057 
3.042 
3.041 
3038 
3.046 
3043 
3.048 
3046 
3.052 
3049 
3049 
3.047 
3045 
3040 
3.040 
3037 
3.037 
3027 
3028 
3014 
3010 
3007 
3010 
3013 
3016 
3017 
3020 
3.020 
3016 
3020 
3.025 
3.020 
3019 
3.016 
3014 
3010 
3.008 
3011 
3.003 
3005 
3004 
2996 
2.993 
2985 
2.985 
2.985 
2.985 
2.987 
2984 
2982 
2.980 
2978 
2976 
2980 

IN ~ p d' 
2976 

RATED 

OCT 1 5 2009 

Div. of Oil, Gas/& Mining 



.'i }">1\1 l1'li .'!. F!f!re I:lTttll\ e l 'IT~l!e q 11 

I 

p' 
~lr.J ~ <r H JJI f'1.%~, u 0'1 11'1 (,,1 al l"':!. (If I .. W. 1n'1+(3)1.:! n' l/d] 
~·4) IpsI) ~ 1"'1) (psfJ 11l'l) ~ p.dl t~n 1jl>1) -
18 10 liM 1379 I!IOO 4465 1483 41<1 1 2m • . 9," 
1820 2967 1376 1502 4469 1483 4362 2986 2975 
1830 2974 1375 1503 4478 1487 4366 

I 

2991 2978 
1840 2Y76 1373 1506 4482 1488 4366 2994 2977 
1850 2978 1372 1507 4485 1489 4367 2996 2.976 
1860 2974 1370 1508 4482 1487 4365 2995 2.972 
1870 2975 1368 1512 4487 1488 4367 2999 2.968 
18 80 2983 1367 1512 4494 1491 4370 3003 2973 
18.90 2979 1364 1514 4493 1489 4368 3003 2.968 
1900 2975 1363 1515 4490 1487 4366 3002 2963 
1910 2982 1362 1516 4498 1491 4369 3007 2967 
1920 2978 1361 1517 4495 1489 4367 3006 2962 
1930 2979 1359 1520 4499 1490 4368 3009 2.960 
1940 2981 1357 1521 4502 1491 4369 3011 2960 
1950 2977 1354 1524 4501 1488 4367 3013 2.953 
1960 2984 1354 1526 4510 1492 4372 3018 2956 
1970 2986 1352 1527 4512 1493 .4371 3020 2956 
1980 2981 1350 1529 4511 1491 4370 3020 2950 
1990 2994 1353 1526 4520 1497 4375 3023 2.963 
2000 2990 1349 1529 4519 1495 4373 3024 2956 

INCORPORATED 

OCT 1 ~ 2009 

Div. of Oil, Gas & Mining 

'0.' 4 



I 

I 

Project Name: Taylor Geo-I!:ngin •• riag 
Project Number: M0099)-UOl 

S3mpl.: CII-5-98 
Comments: Samples were compacted to 90% of ASTM D698 at 

Test 'lumber: S2 

ZIPROJCCTSIM00991 ~~or lC1I-En(l,1(Jt!;./'P1r1Jo:1 1 ~ IGTXCUJv) CH-5-98 xls l ~ 
,'~ul (Til .1 P'II~ jJ~1'~ EfCo!t'th'(,; q 

~UiU.11, E (crl - cr3) ,,~ ,. 'u .,.'3 (1' 1 t <!I--iJ3~ 
I~' I ~~I) (p'Y) 11"1) ~p$n ((»n 

1100 ·19 0 51"-1 5715 -1~ 
002 325 76 5678 6002 162 
0,04 533 160 5593 6127 267 
0.06 677 227 5527 6204 339 
008 785 288 5466 6251 393 
010 893 348 5406 6299 446 
0.20 )265 600 5155 6421 633 
030 1537 805 4949 6486 768 
040 1757 990 4764 6522 879 
0.50 1949 1156 4598 6547 974 
060 2118 1301 4453 6571 1059 
070 2259 1428 4327 6586 1)29 
0,80 2399 1546 4208 6607 )200 
090 2525 1653 4101 6626 1262 
1.00 2650 1757 3997 6647 1325 
1 10 2761 1846 3908 6669 13RI 
1 20 2858 1927 3827 6685 1429 
1,30 2954 2003 3752 6706 1477 
1 40 3050 2079 3675 6725 1525 
I 50 3117 2140 3614 6731 1559 
I liO 3199 2196 3558 6757 1599 
1 70 3266 2248 3508 6773 1633 
1 80 3340 2298 :1456 6796 1670 
1 90 3399 2344 3412 68\1 1700 
200 3452 2386 3369 6821 1726 
210 3512 2423 3331 6842 1756 
220 3564 2457 3297 6861 1782 
230 3616 2491 3263 6879 1808 
240 3661 2523 3231 6892 183) 
250 3713 2553 3201 69)4 1857 
260 3758 2581 3174 6931 1879 
270 3796 2fiOI\ 3148 6944 1898 
280 3833 2629 3125 6958 1917 
290 3878 2650 3105 6982 1939 
3 00 3908 2673 3081 6990 1954 
3 10 3953 2695 3059 7012 1976 
3.20 3983 2714 3040 7023 1991 
3.30 4020 2731 3023 7043 2010 
340 4050 2748 3008 7058 2025 
350 4080 2763 2992 7072 2040 
360 4110 2779 2975 7085 2055 
370 4140 2793 2962 7102 2070 
3.80 4163 2806 2949 7112 2082 
390 4193 2818 2936 7129 2097 
4.00 4216 2828 2926 7141 2108 
4.10 4239 2839 2915 7154 2119 
420 4268 2850 2906 7174 2134 
430 4291 2858 2896 7187 2145 
4.40 4313 2867 2888 7201 2157 
450 4336 2875 2879 7215 2168 
460 4365 2882 2872 7237 2183 
470 4388 2889 2865 7252 2194 
4.80 4403 2898 2858 721i1 2202 
490 4432 2905 , 2849 7282 2216 
500 4448 2908 2846 

I 

7294 2224 
5 10 4463 2913 2841 7304 2232 
520 4485 2916 2838 7323 2243 

P 
Icrl_W:l 
I~n 

~7J1O 

5916 
602) 
6093 
6146 
6200 
6388 
6522 
6633 
6728 
6813 
6884 
6954 
7016 
7079 
7135 
7183 
7232 
7279 
7312 
7353 
7388 
7424 
7455 
7481 
7510 
7536 
7562 
7584 
7610 
7634 
7652 
7671 
7694 
7708 
7730 
7745 
7764 
7780 
7795 
7809 
7825 
7837 
7850 
7862 
7873 
7889 
7899 
7912 
7922 
7937 
7948 
7957 
7970 
7978 
7985 
7997 

P 
fa" 1 • rr'lVl err/a' 

If!!;O 

S1J(l 
5840 
5860 
5865 
5858 
5852 
5788 
5718 
5643 
5572 
5512 
5457 
5408 
5364 
5322 
5289 
5256 
5229 
5200 
5173 
5157 
5140 
5126 
5111 
5095 
5087 
5079 
5071 
5062 
5057 
5053 
5046 
5041 
5044 
5035 
5035 
5032 
5033 
5033 
5032 
5030 
5032 
5030 
5033 
5033 
5034 
5040 
5042 
5045 
5047 
5054 
5058 
5059 
5066 
5070 
5073 
5080 

I !)fli 

1057 
1.095 
) 123 
1. 144 
1 165 
1245 
I 311 
1.369 
1424 
1476 
1.522 
1 570 
1 616 
1.663 
1 707 
1.747 
1 787 
1 830 
1 862 
1 899 
1 931 
1 91i6 
1 996 
2024 
2054 
2081 
2 108 
2,133 
2160 
2.184 
2.206 
2227 
2)49 
2.268 
2292 
2.310 
2.330 
2.347 
2,364 
2382 
2398 
2.412 
2,428 
2441 
2,454 
2469 
2482 
2494 
2506 
2520 
2.532 
2541 
2556 
2563 

I 

2571 

It C OF ATED 

OCT' 5 2009 
7114 

Div. of Oil, Gas & Mining 



,\-.;;111 N \ 1'0f<l 1'1f«nve 
'if I IlL I.i (al-a3) pr~ u 'J 

( ~., • ...,n !p:lr, I P-~I'} -"'" ':..~, ~ 

5JIl 4507 NIl ~33 
540 4522 2924 2831 
550 4545 2928 2826 
560 4566 2932 2824 
5,70 4581 2934 2820 
580 4597 2936 2818 
5,90 4611 2939 2815 
6 ,00 4626 2941 2814 
6.10 4648 2942 2812 
6.20 4663 2944 2810 
6,30 4671 2946 2810 
6 .40 4692 2947 2808 
6,50 4700 2947 2807 
6.60 4722 2947 2808 
6,70 4730 2948 2807 
6.80 4744 2948 2806 
6.90 4759 2949 2806 
7.00 4767 2947 2807 
7.10 4774 2946 2810 
720 4789 2947 2807 
7.30 4803 2946 2810 
7.40 4811 2944 2810 
750 4819 2943 281 1 
7,60 4840 2942 2812 
770 4847 2940 2814 

I 780 4855 2940 2814 
790 4869 2937 2817 
800 4883 2936 2818 
810 4891 2935 2819 
820 4905 2934 2820 
830 4905 2932 2822 
840 4919 2930 2824 
850 

I 

4927 2930 2825 
860 4934 2928 2827 
870 4941 2926 2828 
880 4949 2923 2831 
890 4962 2923 2831 
900 4969 2920 2835 
9 10 4977 2917 2837 
920 4984 2915 2839 
930 4998 2913 2841 
940 5005 2909 2845 
950 5012 2907 2847 
960 5018 2905 2851 
970 5032 2901 2853 
9 80 5039 2899 2855 
990 5040 2895 2859 
1000 5053 2894 2860 
10~ 10 5060 2892 2862 
10.20 5067 2888 2866 
1030 5073 2886 2868 
1040 5080 2882 2872 
1050 5087 2879 2875 
1060 5094 2876 2878 
10,70 5107 2874 2881 
1080 5113 2871 2885 
1090 5127 2867 2887 
1100 5127 2864 2892 
1110 5140 2860 2894 
1120 5140 2858 2896 
1110 5 147 2854 2900 
1140 5153 2851 2903 
1150 5160 2847 2907 
1160 5166 2844 2911 

EIl""LJ\~ q r 
0'1 (I:II-dl).C i(lI~WZ 

4~tJ ~~r} If'I'Il1 

7,l-all illI· 8008 
7353 2261 8016 
7370 2272 8026 
7390 2283 8038 
7402 2291 8045 
7414 2298 8052 
7427 2306 8060 
7440 2313 8068 
7460 2324 8078 
7473 2332 8085 
7480 2335 8090 
7501 2346 8101 
7508 2350 8104 
7530 2361 8116 
7537 2365 8120 
7550 2372 8126 
7565 2379 8134 
7574 2383 8137 
7584 2387 8142 
7596 2395 8148 
7613 2402 8157 
7621 2406 8159 
7629 24U9 8163 
7652 2420 8174 
7662 2424 8178 
7669 2427 8181 
7686 2435 8188 
7701 2442 8195 
7710 2445 8199 
7725 2452 8206 
7728 2453 8207 
7743 2460 8214 
7751 2463 8218 
7761 2467 8222 
7770 2471 8225 
7779 2474 8228 
7793 2481 8235 
nus 2485 8240 
7813 2488 8242 
7823 2492 8246 
7839 2499 8253 
7849 2502 8256 
7859 2506 8260 
7869 2509 8264 
7885 2516 8270 
7894 2520 8274 
7898 2520 8274 
7913 2527 8280 
7922 2530 8284 
7932 2533 8287 
7942 2537 8291 
7952 2540 8294 
7962 2544 8297 
7971 2547 8301 
7988 2553 8309 
7998 2557 8312 
8014 2563 8317 
8018 2563 8318 
8034 2570 8324 
8036 2570 8324 
8046 2573 8327 
8056 2577 8331 
8066 2580 8334 

8077 2583 8338 

r 
(11'1 cr~~r;: 

irl<J) 

I 

~O;;(7 

5092 
5098 
5107 
Sill 
5116 
5121 
5127 
5136 
5141 
5145 
5155 
5157 
5169 
5172 
5178 
5185 
5191 
5197 
5202 
5211 
5215 
5220 
5232 
5238 
5242 
5251 
5259 
5264 
5272 
5275 
5283 
5288 
5294 
5299 
5305 
5312 
5320 
5325 
5331 
5340 
5347 
5353 
5360 
5369 
5375 
5379 
5386 
5392 
5399 
5405 
5412 
5419 
5424 
5434 
5441 
5450 
5455 
5464 
5466 
5473 
5480 
5487 
5494 

:;.i 
2598 
2608 
2617 
2.625 

I 

2631 
2.638 
2,644 
2653 
2.660 
2.662 
2671 
2.674 
2.681 
2,685 
2.691 
2.696 
2,698 
2.699 
2706 
2}10 
2}12 
2,714 
2.721 
2.722 
2725 
2729 
2733 
2735 
2739 
2738 
2742 
2.744 
2745 
2747 
2748 
2753 
2.75 3 
2,755 
2,756 
2759 
2,7j9 
2760 
2,761 
2764 
2.765 
2763 
2.767 
2768 
2,768 
2769 
2,769 
2.769 
2.770 
2,773 
2,773 
2 ~776 

2773 
2.776 
2.775 
2,775 
2775 

INoom 
2774 

RATED 

OCT 1 5 2009 

Div. of Oil, Ga'S4& Mining 



A'tlnt (" .... \11O~ U~llve lll,,::( .... I q fI p' 
mlIUI.'[ (01- 03) ~""', u oIJ n'j co l_l'a 1 rl13j1:l UI" <l"l)l:! a'iI'o'J 

f%) 11"11 ipUl ( ~~fl 4~1) U»O IPlO U/S'1, 

1170 5172 n~a 29 1.1 IIVM 2S119 U40 HOO 2,11s 
11 80 5172 2838 2916 8089 

I 

2586 8340 5S02 2,774 
1190 5179 2834 2920 8098 2589 8343 5509 2,774 
12 no 5185 2832 

I 

2922 8107 2593 8346 55 I 5 2,775 
12 10 5191 2828 2927 SI 18 2596 8351 5522 2.774 
1220 5191 2825 2929 8120 2596 8350 5525 2,772 
1230 5198 2821 2934 813 I 2599 

I 
8354 5533 2772 

1240 5204 2818 2937 8141 2602 8357 5539 2772 
1250 5210 2816 2940 8150 2605 8360 5545 2772 
1260 5216 2812 2942 8158 2608 8362 5550 2773 
1270 5223 2809 2945 8168 26 I I 8365 5557 2773 
1280 5222 2805 294'1 8171 2611 8365 5560 2771 
1290 5235 2802 2952 S187 2617 8371 5570 2.773 
1300 5241 2798 : 2957 8198 2620 8375 5577 2.772 
13 10 5241 2794 2959 8200 2620 8374 5580 2.771 
1320 5246 2791 2964 821 I 2623 8378 5587 2.770 
1330 5246 2787 2967 8213 2623 8377 5590 2.769 
1340 5252 2784 2970 8222 2626 8380 5596 2768 
1350 5258 2782 2972 8231 2629 8383 5602 2.769 
13.60 5264 2776 2978 8242 2632 8386 5610 2.768 
J3 70 5270 2773 2981 8251 2635 8389 5616 2768 
1380 5276 2771 2983 8259 2638 8392 5621 

I 

2,769 
1390 5276 2768 2986 8262 2638 8392 5624 2.767 
14.00 5275 2764 2990 8265 2638 8392 5628 2764 
1410 5287 2759 2995 8282 2644 8398 5638 2766 
1420 5293 2757 299R 8291 2646 8402 5645 2765 
1430 5299 2752 3002 8300 2649 8403 5651 2765 
1440 5298 2750 3005 8303 2649 8404 5654 2763 
1450 5304 2746 3009 83 I 3 2652 8407 5661 2763 
1460 531U 2743 3011 8321 2655 8409 

I 

5666 2763 
1470 5309 2739 

I 

3015 8324 2655 8409 5669 2761 
1480 5315 2736 3019 8334 2657 8412 

I 

5677 2760 
14.90 5314 273 I 3023 8337 2657 8411 5680 2,758 
1500 5320 2723 3030 8350 2660 8413 5690 2,756 
1510 5319 2715 3038 8357 2660 8412 5698 2751 

I 1520 5331 2714 3040 8371 2665 8419 5706 2,753 
15,30 5336 2715 3039 8375 2668 8422 5707 2756 
1540 5348 2715 3039 8387 2674 8428 5713 2760 
IS 50 5341 2715 3040 838 I 2670 8426 571 I 2757 
1560 5346 2713 3041 8388 2673 8427 5715 2758 
1570 5352 2711 3044 8396 2676 8431 5720 2758 
1580 5357 2710 3044 8401 2679 8433 5722 2760 
1590 5356 2708 3046 8403 2678 8432 5724 2.758 
1600 5362 2707 3047 8409 2681 8435 5728 2760 
16 10 5361 2704 3050 841 I 2681 8434 5730 2758 
1610 5366 2702 3053 8419 2683 8438 5736 2.758 
16.30 5371 2698 3056 8427 2686 8440 5741 2758 
1640 5377 2696 305R 8435 2688 8442 5746 2758 
1650 5376 2694 3061 8437 2688 8443 5749 2756 
1660 5381 2689 3065 8446 2690 8444 5755 2756 
1670 5386 2686 3068 8454 2693 8447 5761 2755 
1680 5385 2682 3072 8457 2693 8447 5765 2753 
1690 5390 2677 3078 8468 2695 8450 5773 2751 
17 00 5389 2674 3080 8469 2695 8449 5775 2750 
1710 5394 2669 3085 8479 2697 8451 5782 2749 
1720 5393 2664 3089 8483 2697 8451 5786 2746 
1730 5392 2660 3094 8487 2696 8450 5790 2.743 
I?AO 5397 2656 JO'IY 8496 2699 8454 57Y7 2742 
1750 5402 2653 3101 8503 2701 8455 5802 2.742 
17,60 5395 2643 3111 8506 2698 8452 5808 2.735 

I 1770 5400 2632 3122 8522 2700 8454 5822 2.730 
1780 5405 2627 3127 8532 2703 8456 5829 

I 

2729 
17 90 5404 2632 3123 8527 2702 8457 5825 I 2mO 1800 5403 2632 3122 8525 2701 8455 5824 PORATED 

OCT 1 5 2009 
9/14 

Div. of Oil, Gas & Mining 



5406 
5411 
5404 2625 

18 so 5409 2622 
1860 5408 2620 
1870 5412 2618 
1880 5411 2615 
1890 5416 2611 
1900 5420 2607 
1910 5419 2604 
1920 5423 2599 3155 8579 
1930 5428 1594 3160 8588 
1940 5421 1591 3163 8584 
1950 5431 1586 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 

8457 
8459 
8456 5831 
8459 5837 
8458 5838 

~7!16 8460 5842 
In, 8459 5844 
2708 8463 5852 
2110 8465 5858 
271:N 8464 5861 
111.3 8466 5867 
71~ 8468 5874 
71n 8464 5874 

~716 8470 5884 
Z712 8466 5886 
Hli 8465 5896 
~71~ 8470 5909 
11~ 8470 5906 

1718 8472 5908 

_711 
2730 
2731 
2727 
2726 
2726 
2726 
2724 
2722 
2722 
2719 
2719 
2.718 
2.714 
2.714 
2709 
2703 
2702 
2703 
2704 

INCORPORATED 

OCT 1 ) 2009 

Div.ofOil, G 1ining 
tl<1~ 



Project Name: Taylor Geo-Engineering 
Project ,"umber: M00991-001 

Sample: CH-5-98 
Comments: Samples ",ere compacted to 90% of ASTM D698 at 

Test ,"umber: 83 

Z:\PROJECTSIM00991 T~lor C.ci}-r~l_"t:>t .(f1I IIGrxC."U.h I CH.5-YI."r,.:l:tJ 
lb.iJi rid '",·'r,· lilltttl'l't! 't'I I ~[llit 

"".'IJ. ~ tcsl-all I'rJ!.1JI .\U oJ '1'1 
J $"J Irsn Il'!'n !\l11'l H'I<f1 

000 
002 
0 04 
006 
0.08 
010 
0.20 
0.30 
OAO 
0.50 
060 
0 70 
0.80 
0.90 
100 
1.1 0 
1.20 
I 30 
J 40 
1 50 
160 
1 70 
I 80 
1 90 
200 
2. \0 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
280 
2,90 
3 00 
3,10 
320 
3.30 
3.40 
3.50 
3.60 
3,70 
3.80 
3.90 
4.00 
4,10 
4,20 
4 .30 
4.40 
4.50 
4.60 
4.70 
4,80 
4.90 
5 00 
510 
520 

-10 
46 
46 
54 
54 
46 
45 
44 
44 
51 
51 
42 
41 
41 
40 
39 
39 
30 
29 
29 
28 
27 
19 
18 
18 
17 
9 
16 
7 
7 
6 
6 
5 
-3 
4 
-4 
-5 
-6 
-14 
-7 
-7 

1476 
2203 
2681 
3072 
3401 
3675 
3918 
4145 
4355 
4527 
4691 
4847 
4987 
5111 
5236 
5344 

o 
18 
30 
43 
55 
67 
126 
178 
224 
269 
315 
357 
396 
432 
470 
507 
547 
587 
623 
657 
69 1 
727 
760 
792 
822 
853 
883 
911 
936 
967 
998 
1024 
1052 
1078 
1104 
1129 
1151 
1176 
1201 
1218 
1240 
1410 
1545 
1650 
1759 
1884 
1993 
2118 
2245 
2372 
2489 
2605 
2717 
2821 
2921 
3018 
3114 

1 1~ll 

11506 
11493 
11480 
11468 
11457 
11397 
11347 
11300 
11255 
1120B 
111 66 
11128 
11091 
11054 
11016 
10976 
10937 
10900 
10866 
10832 
10797 
10763 
10733 
10701 
10671 
10640 
10612 
10588 
10556 
10526 
10500 
10473 
10446 
10420 
10394 
10372 
10347 
10323 
10307 
10283 
10113 
9979 
9873 
9764 
9639 
9530 
9406 
9278 
9152 
9035 
8919 
8806 
8702 
8602 
8505 
8409 

11512 
11552 
11539 
11534 
11522 
11502 
11442 
11391 
11343 
11306 
11259 
11208 
11169 
11132 
11094 
11056 
11015 
10967 
10930 
10895 
10861 
10825 
10782 
10751 
10719 
106B8 
10649 
10628 
10595 
10563 
10532 
10505 
10478 
10443 
10424 
10390 
10367 
10342 
10309 
10300 
10276 
11589 
12182 
12554 
12837 
13D40 
13205 
13324 
13423 
13507 
13562 
13610 
13653 
13689 
13714 
13741 
13753 

-5 
23 
23 
27 
27 
23 
23 
22 
22 
26 
25 
21 
21 
20 
20 
20 
19 
15 
15 
14 
14 
14 
10 
9 
9 
9 
4 
8 
4 
3 
3 
3 
3 
-2 
2 
-2 
-3 
-3 
-7 
-3 
-4 

738 
1102 
1340 
1536 
1701 
1838 
1959 
2072 
2178 
2264 
2346 
2423 
2494 
2556 
2618 
2672 

11517 
11547 
11 546 
11550 
11550 
11 540 
11545 
11547 
: 1546 
11550 
11 549 

1544 
11544 
1 1543 
11544 
11543 
11543 
11539 
11538 
11538 
] 1537 
J 1538 
1 1533 
1 1534 
1 1532 
1 1532 
11528 
lI'ilI 
11527 
11526 
11527 
11527 
11527 
11522 
11526 
11521 
11521 
11521 
11517 
11521 
11519 
12261 
12625 
12864 
13059 
13224 
13361 
13483 
13596 
13701 
13787 
13869 
13947 
14016 
14079 
14141 
14195 

1151 7 
11529 
11516 
11507 
11495 
11479 
11419 
11369 
11322 
11281 
11234 
l11B7 
11148 
11111 
11 074 
11036 
10996 
10952 
10915 
108Bl 
10846 
10811 
10773 
10742 
10710 
10679 
10645 
10620 
10591 
10559 
10529 
10503 
10475 
10444 
10422 
10392 
10370 
10345 
10316 
10303 
10279 
10851 
11080 
11214 
11300 
11340 
11368 
11365 
11351 
11329 
11298 
11264 
11230 
11195 
11158 
11123 
11081 

if II ) 

I n(H 
1004 
1004 
1005 
1.005 
1.004 
1 004 
].004 
1 004 
1.005 
1.005 
1004 
1.004 
1004 
1.004 
1,004 
1004 
1003 
1003 
1003 
1003 
1003 
1002 
1002 
1002 
1002 
1001 
1.002 
1001 
LOOI 
1.001 
1001 
1.000 
1.000 
1000 
1000 
1.000 
1001 
1.001 
1.001 
1001 
1,146 
1.221 
1272 
1 315 
1 353 
1 386 
1.417 
1447 
1476 
1.501 
1526 
I 550 
1 573 
1594 

!~T I "" RATED 

OCT 1 5 2009 

Div. of Oil, aMs4& Mining 



" \Jpl ooJ .1 pare: Effr!Ctm~ EI1"1;"' • 
lran t: (1'1- 11') 1 l"r '~ . (7'] "'I 
(%) .~O ~l"!) H"n 1",,0 

530 545~ 1204 ~~u 13773 
540 5546 3306 8217 13763 
550 5638 3400 8123 13762 
5.60 5731 3489 8034 13765 
570 5800 3579 7944 13744 
5.80 5885 3664 7860 13744 
590 5954 3744 7779 13733 
600 6023 3818 7705 13728 
610 6084 3894 7629 13713 
620 6145 3968 7555 13700 
630 6198 4038 7485 13683 
640 6251 4105 7418 13670 
650 6304 4174 7349 13654 
6.60 6357 4242 7281 13639 
670 6395 4305 7218 13613 
680 6425 4365 7158 13584 
690 6470 4428 7095 13566 
700 6508 4490 7033 13541 
710 6553 4548 6976 13529 
720 6590 4603 6921 13511 
730 6620 4658 6867 13487 
740 6649 4709 fi81'1 13465 
750 6679 4759 6765 13444 
760 6716 4801 6723 13439 
770 6753 4849 6675 13428 
780 6782 4897 6627 13409 
790 6811 4951 6573 13384 
800 6833 4997 6526 13359 
810 6877 5042 6483 13360 
820 6906 5086 6437 11:143 
830 6928 

I 

5126 6397 13325 
840 6964 5167 6356 13320 
850 6993 5206 6319 13311 

I 

860 7014 5242 6281 13295 
870 7042 5280 6244 13286 
880 7064 5317 6206 13270 
890 7092 5345 6178 13270 
900 7113 5377 6147 13260 
910 7141 5414 6109 13250 
920 7162 5444 6080 13242 
930 7183 5475 6048 13231 
940 7204 5508 6015 13219 
950 7225 5542 5981 13206 
960 7253 5575 5949 13201 
970 7266 5601 5923 13189 
980 7286 5636 5888 13174 
990 7307 5667 5856 13163 
10.00 7313 5698 5826 13138 
1010 7340 5731 5794 13134 
1020 7361 5763 5760 13120 
1030 7373 5794 5730 13103 
1040 7394 5820 5704 13097 
1050 7407 5849 5675 13081 
1060 7419 5876 5648 13067 
1070 7432 5903 5621 13053 
1080 7438 5926 5597 13035 
10.90 7457 5951 5573 13030 
11.00 7470 5974 5550 13020 
11.10 7475 5995 5528 13004 
11 ,20 7495 6016 5507 13002 
11.30 7501 I 6037 5486 12986 
1140 7506 6053 5471 12977 
1150 7518 6070 5453 12971 
1160 7523 6086 5438 12961 

9 JI 
( .. I-allo'"I ( .. II<l)~ ! 

~ pafl 1!»I1 

2726 14_$1;1 
2773 14296 
2819 14343 
2865 14389 
2900 14423 
2942 14466 
2977 14500 
3011 14535 
3042 14565 
3072 14596 
3099 14622 
3126 14649 
3152 14675 
3179 14702 
3198 14721 
3213 14736 
3235 14758 
3254 14777 
3276 14800 
3295 14819 
3310 14835 
3325 14849 
3340 14863 
3358 14882 
3377 14900 
3391 14915 
3406 14929 
3417 14940 
3439 14963 
,4';1 14976 
3464 14987 
3482 15005 
3496 15021 
3507 15030 
3521 15045 
3532 15055 
3546 15069 I 

3557 15080 
3571 15094 
3581 15105 
3592 15115 
3602 15125 
3612 15136 
3626 15150 
3633 15156 
3643 

I 

15167 
3653 15177 
3656 15180 
3670 15195 
3680 15204 
3687 15210 
3697 15220 
3703 15227 
3710 15233 
3716 15239 
3719 15242 
3729 15252 
3735 15260 
3738 15261 
3748 15271 
3750 15274 
3753 15276 
3759 15283 
3762 15285 

" (u' I +u'3 )/2 

1Jt<f) 

11U4li 
10990 
10943 
10900 
10844 
10802 
10756 
10717 
10671 
10628 
10584 
10544 
10501 
10460 
10416 
10371 
10330 
10287 
10252 
10216 
10177 
10140 
10104 
10081 
10051 
10018 
9979 
9943 
9921 
9890 
9861 
9838 
9815 
9788 
9765 
9738 
9724 
9703 
9680 
9661 
9640 
9617 
9594 
9575 
9556 
9531 
9509 
9482 
9464 
9440 
9416 
9401 
9378 
9357 
9337 
9316 
9301 
9285 
9266 
9255 
9236 
9224 
9212 
9200 

"" idJ 

L(OS' 
1.675 
1.694 
1,713 
1.730 
1.749 
; 765 

782 
y 797 
t 813 
1828 
1843 
1.858 
1873 
1886 
1 898 
1912 
1 925 
1 939 
I 952 
1 964 
1 976 
1 987 
1 999 
2012 
2023 
2036 
2047 
2061 
2073 
1083 
2096 

I 2107 
2 117 
2128 
2.138 
2148 
2. 157 
2 169 
2 178 
~, 188 

I 

2198 
2208 
2219 
2227 
2.238 
2,248 
2255 
2.267 
2278 
2287 
1296 
1,30S 
2 314 

I 
2 322 
2329 
2.338 
2.346 
2352 
2.361 
2367 

N - ,[ RATED 
2379 ocr, 2009 

Div of Oil, G::!;,; . Mining 
· TI"' 4 



1\ ..... 1 aU Api'll! Erfl:dl." t.1~I'C 
" III ~ ( I-<rJ) .It • J.u ,,'} ,,'1 

(%) tJl,;() (",,0 (tKO I~I) 

II?U I 75 '6 6107 :Iol l1 12953 
1180 7534 6126 5397 12931 
11 .90 7539 6145 5378 12917 
1200 7551 6164 5359 12911 
1210 7556 6186 5337 12893 
1220 7568 6207 5317 12886 
1230 75RO 6230 5294 12874 
1240 7585 6251 5273 12858 
1250 7590 6268 5255 12846 
1260 7609 6287 5237 12846 
12.70 7621 6306 5218 12839 
1280 7626 6323 5200 12826 
1290 7645 6341 5183 12827 
13.00 7657 6355 5169 12825 
1310 7668 6369 5155 12823 
13 20 7687 6382 5142 12829 
13 30 7699 6395 5129 12827 
1340 7710 6405 5118 12828 
13 50 7722 6416 5108 12829 
1360 7733 6423 5101 12834 
13 70 7744 6431 5092 12837 
1380 7749 6438 5085 12834 
13 90 7760 6447 5076 12836 
1400 7778 6456 5068 12846 
1410 7783 6465 5058 12841 
1420 7787 6473 5050 1'2837 
1430 7798 6499 5025 12823 
1440 7802 6514 5010 12813 
1450 7813 6516 5007 12820 
1460 7824 6516 5007 12&31 
1470 7829 6518 5006 12834 
1480 7833 6525 4999 12831 
1490 7843 6529 4995 12839 
1500 7847 6536 4987 121\,\4 
1510 7858 6543 4980 12838 
1520 7855 6549 4974 12829 
1530 7873 6556 4967 12840 
1540 7877 6563 4960 12837 
1550 7880 6569 4954 12835 
1560 7884 6560 4964 12848 
15.70 7895 6567 4957 12851 
1580 7892 6573 4951 12842 
1590 7895 6574 4950 12845 
1600 7899 6586 4938 12837 
1610 7909 6597 4926 12&36 
1620 7906 6606 4918 12824 
1630 7917 6610 4913 12830 
1640 7920 6616 4907 12828 
1650 7924 6622 4902 12825 
1660 7920 6627 4897 12817 
1670 7924 6631 4892 12816 
16,80 7927 6638 4885 12812 
1690 7931 6641 4883 12813 
noo 7934 6645 4878 12812 
1710 7944 6652 4871 12815 
1720 7947 6661 4863 121\10 
1730 7950 6668 4856 12806 
1740 7960 6670 4854 12814 
1750 7977 6676 4848 12824 
1760 7973 6677 4848 12821 
1770 7976 6679 4844 12820 
1780 7979 6680 4843 12822 
1790 7989 6678 4845 12834 
1800 7999 6677 4847 12845 

9 I' 
(crl-(ll )r.! 10'11 3 It.:! 

(1lCI1l (j»n 

l1~ IS.91 
3767 15290 
3770 15293 
3776 15299 
3778 15302 
3784 15309 
3790 15314 
3793 15316 
3795 15319 
3805 15328 
3811 15334 
3813 15336 
3822 15346 
3828 15352 
3834 15358 
3844 15367 
3849 15373 
3855 15378 
3861 15384 
3867 15390 
3872 15396 
3875 15398 
3880 15403 
3889 15413 
3891 15415 
3894 1.'i417 
3899 15423 
3901 15426 
3907 15430 
3912 15436 
3914 15438 
3916 15440 
3922 15446 
3924 15447 
3929 15453 
3928 15451 
3936 15460 
3938 15462 
3940 15464 
3942 15466 
3947 15471 
3946 15469 
3948 15471 
3950 15473 
3955 15478 
3953 15477 
3958 15482 
3960 15484 
3962 15485 
3960 15484 
3962 15485 
3964 15487 
3965 15489 
3967 15490 
3972 15495 
3974 15497 
3975 15499 
3980 15504 

I 

3988 15512 
3987 15511 
3988 15512 
3990 15513 
3995 15518 
3999 15523 

p' 
11I'1+G'J)f.Z 

.~n 

'1'~ 
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 
8897 
8897 
8887 
8881 
8871 
8872 
8868 
8863 
8857 
8854 
8849 
8848 
8845 
8843 
8836 
8831 
8834 
8836 
8834 
8832 
8833 
8840 
8846 

o' lJC(J 

-L .391 
2.396 
2,402 
2,409 
2.416 
2.423 
2.432 
2.439 
2.444 
2.453 
2.461 
2.466 
2.475 
2.481 
2.488 
2495 
2,501 
2.506 
2512 
2.516 
2.521 
2524 
2.529 
2535 
2.539 
2542 
2552 
2557 
2561 
2563 
2564 
2567 
2.570 
2,574 
2.578 
2,579 
2.585 
2.588 
2,591 
2.588 
2593 
2594 
2.595 
2.600 
2.606 
2,608 I 

2611 
2,614 
2,617 
2617 
2.620 
2.623 
2624 
2626 
2.631 
2634 
2.637 
2640 
2645 
2645 
2647 
2648 
2649 

tP b IN fo) R,(\TED 

OCT 1 5 2009 
13/14 

Div, of Oil, Gas & Mining 



1l'(1n1 (Ll , Ilffi' I:Jr«II\,~ 
oJln1lL ~ (Gl-G3) r ,'-!.I rI 

t%l I!'SO ~p>n (pJl) 

IS 10 ~ M1D U 54 
1820 8005 6665 4858 
1830 8001 6659 4864 
1840 8010 6657 4866 
1850 8020 6651 4872 
1860 8036 6650 4873 
1870 8039 6648 4876 
1880 8041 6644 4879 
18.90 8050 6638 4886 
1900 8060 6637 4886 
1910 8049 6635 4889 
19.20 80:58 6631 4892 
1930 8061 6624 4899 
1940 8070 6621 4902 
1950 8066 6616 4907 
1960 8068 6616 4909 
1970 8017 6610 4913 
1980 8080 6610 4913 
1990 8088 6606 4918 
2000 8084 6594 4930 

I flOC11\ ~ q 
0" ( .. 1 .... 3)1. 

'1",1) t f'i'l1') 

118« 4001 I 
12863 4002 
12865 4001 
12877 4005 
12892 4010 
11909 40lM 
12914 4019 
12921 4021 
12937 4025 
12946 4030 
12938 4025 
12950 4029 
12960 4030 
12971 4035 
12973 4033 
12977 4034 
12990 4039 
12993 4040 
13006 4044 
13014 4042 

p 
(a I aJtr.! 

lron 

15524 
15526 
15524 
15529 
15533 
15541 
15543 
15544 
15550 
15553 
15548 
15553 
15554 
15557 
15556 
15559 
15562 
15563 
15568 
15566 

II' 
(cr'I+O"3)12 

1)1';1) 

1t8!4 
8861 
8865 
8872 
8882 
8891 
8895 
8900 
8912 
8916 
8913 
8921 
8930 
8937 
8940 
8943 
8952 
8953 
8962 
8972 

Ir 1,10'_ 

:l!MQ 
2,648 
2645 
2646 
2,646 
2.649 
2.649 
2,648 
2.648 
2.649 
2.647 
2647 
2,645 
2.646 
2.644 
2.644 
2644 
2.644 
2645 
2.640 

INCORPORATED 

OCT 1 5 2009 

Div. of Oil, H'~ & Mining 



Isotropically Consolidated Undrained with Pore Pressure (CIUIPP) 
Project Name: Taylor Geo-Enginecring 

Project Number: MOO991-()()l 
Sample: SP-16-13 

Comments: Samples were compacted to 90% of ASTM D698 at 
OMC 

Test Number SI ~2 S3 
Height, H (in)1 5.87 5.82 5.66 

Diameter, D (in), 2.42 2.42 2.42 
] Moisture Content, w (%)1 16.9 16.9 16.9 
'S Dry Unit Weight. yd (pet) 99.9 99.8 99.8 ...... 

Saturation (%)1 66.4 66.3 66.2 
Void Ratio, ~ 0.69 0.69 0.69 

... Moisture Content, w (%)' 20.6 19.3 19.0 «l 
II) 

Dry Unit Weight. yd (ocf) 107.1 109.5 110.0 ..s:: 
lfJ 
IIJ Saturation (%) 100.0 100.0 100.0 ... 

r.8 Void Ratio, e 0.56 0.52 0.51 II) 

CO 8 1 0.96 0.95 0.96 I 

Back pressure (ost) 7343 .3 8207.6 4751.5 
Strain rate (%/min) 0.033 0.033 0.033 

Time to Failure (min) 606.1 606.1 606.1 

Strain at Failure, d (%) 20.00 20.00 20.00 
Cfl 

0'3 (pst) 2880 5759 11524 Cfl 
II) 

b 0' 1-0'3 (psf) 2443 4466 8909 lfJ 

] 0'1 (psf) 5323 10225 20432 
o · 

q = (0' 1-0'3)12 (psf) 1222 2233 4454 f-< 
P - (0' 1+0'3 )/1. Cpst) 4101 7992 15978 

I 
u (pst) 1783 3649 7116 

00 0"3 (pst) 
00 . 1097 2109 4407 
II) 

0" 1-0"3 (pst) 2443 4466 8909 b 
lfJ 

0"1 (pst) 3541 6576 13316 IIJ 

.~ q = (0"1-0"3)/2 (pst) 1222 2233 4454 .... 
u 
~ ...... p' = (0"1+0"3)/2 (pst) 2319 4343 8862 
u.1 0" 1/0"3 3.23 3.12 3.02 

A - u/(al-a3) 0.730 0.8 17 0.799 

Estimated Specific Gravitv 2.70 

D Plastic Limit (%) 16 
L!quid Limit (%) 31 

Plasticity Index (%) 15 

... 

Total 
Summary of Stren2th Paramater! Stress 

c (pst) 84 

~ (deg) 15.9 
tan ~ 0.284 

. Saturation set to 100% for phase calculations 

Tested by: 

I 
I 

I 

i 

I 

I 

i 

I 

I 

I 

I 

ES 

D 
Effective 

Stress 

94 

29.6 
0.568 ! 

ORPORATED 

CT 1 5 2009 
z. \PROJECTS\M00991_ Taylo[_ Gro-Ensineering\OO 1 \[GTXCUJv 1_ Sl'-16-1 J xl5]Summ~ 

Div. of Oil, Gas & Mining 



• 
Isotropically Consolidated Undrained with Pore Pressure (CIUIPP) 

Project Name: Taylor Geo-Engineering 
Project Number: M00991-001 

Sample: SP-16-13 
Comments: 

Summary of Strength Paramaters, 
c (pst) 
~ (deg) 

tan 'I 
10000 10000 

9000 9000 

8000 Q 8000 
e- rn 

<:Il 7000 8 7000 ~ ;:s 

"'" ai b 6000 .... 6000 ;:s 
",' 

'" til '" 11) 5000 4466 ~ 5000 .l:: 0. til _ -El ... <l) 

0 4000 .... 4000 0 i;l 0. .> 
3000 _4~3 

rn 
11) '" 3000 0 <l) 

~ 
2000 ~ 2000 

1000 1000 

0 0 
0 5 10 15 20 0 5 

GES 

Total Effective 
Stress Stress 

84 94 
15.9 29.6 

0.284 0.568 

1183 

10 15 20 
Axial strain (%) , Axial strain (%) 

6000 
c 
6 

- .J, 11524 plil-

O ~----.l....-":'-~~--L.--'-_____ ~~----';:lI-------' 

2000 4000 6000 8000 10000 12 00 
140& .l CORPORATED 

Normal stress, O"n I p' (pst) OCT 1 5 2009 

Div. of Oil, Gas & Mining 



Project Name: Taylor Geo-Engineering 
Project Number: M0099\-OO\ 

Sample: SP·\6-13 
Comments: Sampl .. were compacted to 90% of ASTM D698 at 

Teo' Number: SI 

Z:IPROJECTS\MOO99I T ... I~r [ii!<~l· ~S"I~r". ~Y')IIIGTXCU3vl SP·16-13 ",101.1 
A~l:w G~ ,\ JI"fi' l' tI«H~~ h1l1:1:lIVt' \1 

IlI1Ill ~ (al-a3) rr~' \u 17'1 0' 1 (111-l1~~_ ,-.! r~) I~ ips!) Uosl) tjK11 

000 -4 0 lBW 2A1~ -2 
002 55 21 2857 2912 27 
004 55 

I 

23 2855 2910 27 
006 59 25 2854 2913 29 
008 63 27 2853 2\116 32 
0.10 63 28 2850 2913 31 
0.20 71 35 2843 2914 35 
0 30 302 116 2761 3064 151 
OAO 81 I 424 2455 3265 405 
050 1003 618 2260 3263 501 
0.60 1123 768 2110 3233 562 
070 1206 891 1987 3193 603 
080 1279 994 1884 3164 640 
090 1336 1079 1800 3136 668 
100 1385 1154 1725 3110 692 
I 10 1425 1217 1661 3085 712 
120 1456 1273 1605 3062 728 
130 1484 1321 1557 3041 742 
140 1507 I \366 1513 3020 753 
150 1534 1405 1473 3007 767 
160 1553 1441 1438 2991 776 
170 157 1 1473 1405 2977 786 
180 1586 1505 1374 2960 793 
190 1600 1533 1345 2946 800 
200 1615 1559 1320 2935 808 
2 10 1629 1581 1297 2927 815 
220 1644 1605 1274 2918 822 
230 1658 1624 1255 2914 829 
240 1669 1643 123 5 2904 834 
250 1679 1661 1218 2897 839 
260 1693 1677 120 1 2895 847 
270 1699 1694 1185 2884 850 
280 1713 1709 117 1 2884 857 
290 1724 1722 1157 2881 862 
300 1730 1735 1144 2874 865 
3\0 1736 1746 1132 2868 868 
3.20 1742 1758 1121 2862 871 
330 1748 1767 1112 2860 874 
340 1754 1778 1101 2854 877 
350 1759 1787 109 I 2851 880 
360 1765 1797 1082 2847 883 
370 1771 1805 1074 2845 886 
380 1773 I ~ 13 1067 2840 887 
390 1779 1820 1060 2839 889 
400 1781 1H27 1053 2833 890 
410 1783 1834 1044 2827 891 
420 1788 1839 1040 2828 894 
430 1790 1846 1033 2823 895 
440 1796 1852 1027 2823 898 
450 1802 1858 1021 2823 901 
460 1803 1863 1015 281\1 902 
470 1805 1868 10 12 2817 903 
480 I B1 I 1874 1006 2817 905 
490 1817 1879 1000 2817 908 
500 I 1818 IH82 996 2815 909 
510 1824 1887 992 2816 912 
520 1B30 1893 986 2816 915 

I I> 
1a'I!.nil " t71_~ ~ tJ'l i,,'~ 

II'SIl (1"'fi ' 

.l'M71 Un \ 001 
2906 2885 1019 
2906 2g83 1019 
2908 2883 1021 
2911 2884 1022 
2910 2882 1022 
2914 2879 1.025 
3028 2913 I 109 
3284 2860 1330 
3380 2762 \.444 
3440 2672 1.532 
,4RI 2590 1,607 
3518 2524 1679 
3547 2468 1742 
3571 2417 1 803 
3590 2373 1,858 
3607 2334 1.907 
3620 2299 1.953 
3632 2266 1996 
3645 2240 2041 
3655 2214 2080 
3664 2191 2118 
3672 2167 2155 
3679 2146 2190 
3686 2127 2224 
3693 2112 2256 
3701 20~1i 2290 
3709 2084 2321 
3713 2070 2351 
3718 2057 2379 
3725 2048 2409 
3728 2035 2 434 
3737 2028 2463 
3740 2019 2490 
3743 2009 2.512 
3746 2000 2533 
3749 1991 2554 
3753 1986 2.571 
3755 1977 2593 
3758 1971 2612 
3761 1965 2.632 
3764 1959 2 650 
3766 1953 2 662 
3769 1949 2679 
3770 1943 2692 
3770 1936 2707 
3773 1934 2720 
3774 1928 2 733 
3776 1925 2749 
3779 1922 2765 
3780 1917 I 2.776 
3782 1914 2784 
3785 191 I 2,800 
3787 1908 , 2817 
3788 1906 2825 
3791 1904 2839 
3793 1901 1 0 PORATED 

OCT 1 5 2009 
3114 

Div. of Oil, Gas & Mining 



,I\\I~I od .l p<II"' [l11!dJ.~ E1"'-'(h~ 
nnIJn, I<TI ....,.-~ I pre:..,. ~ l1') Ifl ,''''l I I'l jP-,t') Ips!) tJ'lOO 

530 I 1897 \I~~ 2,& 18 
540 1841 1897 981 2822 
550 1847 1900 979 2826 
560 1852 1903 975 2R28 
570 1862 1908 971 2833 
580 1867 1911 968 2836 
590 1873 1914 965 2838 
600 1879 1917 962 2R41 
610 1888 1918 960 2848 
620 1898 1922 958 2855 
630 1903 1923 955 2859 
640 1905 1927 952 2857 
650 1910 1929 951 2861 
660 1919 1931 947 2867 
670 1925 1932 946 2871 
680 1926 1934 945 2871 
6.90 1932 1935 944 2R76 
700 1937 1936 943 2880 
7 10 1942 1938 941 2884 
720 1944 1938 940 2884 
730 1945 1938 910 2886 
74U 1951 1940 939 2890 
750 1952 1941 938 2890 
760 1957 1943 937 2894 
770 1959 1942 937 2896 
780 1960 1941 938 2898 
790 1965 1940 939 2905 
800 1971 1940 939 2910 
81 0 1972 1938 940 2912 
820 IY77 1938 940 2918 
830 1982 1937 941 2924 
840 1992 1938 940 2932 
8 SO 1997 1937 941 2938 
860 2002 1938 940 2942 
870 201l 1937 941 2952 
880 2012 1937 941 2954 
890 2017 1938 940 2957 
900 2022 1938 940 2963 
910 2027 1940 940 2968 
920 2032 1935 944 2976 
930 2038 1932 945 2982 
940 2046 1930 947 2994 
950 2051 1934 945 2996 
960 2056 1936 943 2999 
970 2065 1937 941 3007 
980 2070 1938 940 3010 
9.90 2071 1940 939 3010 
10.00 2080 1941 938 3018 
10 10 2085 

I 

1942 937 3022 
]() 2U 2090 19~3 937 3026 
1030 2091 1943 936 3026 
10.40 2099 I 1944 934 3034 
10 50 2100 1944 934 3035 
10.60 2105 I 1944 936 3041 
10 70 2106 1944 936 3042 
10.80 2111 1944 932 3043 
10.90 2112 1943 936 3048 
1100 2113 1943 Y36 3049 
11.10 2118 1943 936 3054 
11.20 2119 1942 937 3056 
II 30 2120 1943 937 3057 
1140 2125 1942 937 3061 
1150 2129 1941 938 3067 
1160 2130 1941 938 3068 

~ P 
ral I!I~ ~ 10 1 « 

,par) IpsO 

Q l~ lm 
921 3799 
923 3802 
926 3805 
931 3810 
934 3813 
937 3815 
939 3819 
944 3823 
949 3828 
952 3830 
952 3831 
955 3835 
960 3838 
962 3841 
963 3842 
966 3844 
969 3847 
971 3851 
972 3851 
973 3851 
975 3854 
976 3855 
979 3858 
979 3858 

I 980 3859 
983 3861 
985 3864 
986 3865 
989 3867 
991 3870 
996 3874 
998 3877 
1001 3879 
1005 3884 
1006 3885 
1009 3887 
lOll 3890 
1014 3893 
1016 3895 
1019 3896 
1023 3901 
1026 3904 
1028 3907 
1033 391l 
1035 39 14 
1036 3914 
1040 39 18 
1042 3921 
1045 3925 
1045 3924 
1050 3928 
1050 3929 
1053 3932 
1053 3933 
1056 3932 
1056 3935 
1057 3935 
1059 3938 
1060 3938 
1060 3940 
1062 3941 
1065 3943 
1065 3944 

p' 
(n'1+d'l)l.:! 

1 ... ,1) 

I Qf,JQ 

1902 
1902 
1902 
1902 
1902 
1901 
1902 
1904 
1907 
1907 
1904 
1906 
1907 
1909 
1908 
1910 
1911 
1913 
1912 
1913 
1914 
1914 
1915 
1916 
1918 
1922 
1924 
1926 
1929 
1933 
1936 
1940 
1941 
1947 
1947 
1949 
1951 
1954 
1960 
1964 
1970 
1971 
1971 
1974 
1975 
1975 
1978 
1979 
1982 
1981 
1984 
1985 
1988 
1989 
1988 
1992 
1992 
1995 
19% 
1997 
1999 
2003 
2003 

a'1.'1l".J 

,7 
UtA! 
2876 
2887 
2.899 
2.918 
2929 
2941 
2952 
2967 
2981 
2992 
3001 
3009 
3026 
3035 
3039 
3,047 
3055 
3063 
3.06S 
3069 
3077 
3.081 
3090 
3091 
3090 
3093 
3099 
3097 
3103 
3106 
3118 
3. 121 
3129 
3136 
3137 
3146 
3.151 
3156 
3. 154 
3156 
3160 
3.171 
3182 
3,194 
3202 
3,206 
3218 
3,226 
3231 
3,235 
3247 
3.248 
3250 
3251 
3265 
3,258 
3259 
3.264 
3.262 
3,263 
3268 
3270 
3271 

., ~ , INCOr r ORATED 

OCT l/l~ 2009 

Div. of Oil, Gas & Mining 



A~I.aI nil , p.:!I' IlrO\;l I~ c f-41" ~h.~ 
rrl! l ll: 

p : p 
'tml~, 1., 1-,,3 1 ~ \ \1 ,,'J 0'1 'nl ... ~ '! I (0'1+0'3)/2 c' IW3 

I~~J t r~) 11"1) If'll) (PIt) 1j1g") Ip!ol) !p!iIi 

11 i O 2135 1940 940 3075 H'.WIII J'14 7 2008 ~271 
1180 2140 1938 940 3080 1070 3948 2010 3276 
1190 2144 1938 940 3085 1072 3951 2012 3281 
1200 2119 1937 941 3090 1074 JY53 2016 3283 
1210 2153 1937 943 3096 1077 3956 2019 3285 
1220 2158 1936 943 3101 1079 3958 2022 3290 
1230 2163 1935 944 3106 1081 3960 2025 3292 
1240 2167 I 1934 945 3112 1084 3962 2029 3294 
1250 2172 1932 946 3118 1086 3964 2032 3.296 
1260 2176 1932 946 I 3122 1088 3967 2034 3300 
1270 2181 1932 947 3128 1090 3970 2038 3302 
1280 21K2 1929 950 3131 1091 3969 2040 3297 
12.90 2186 1929 950 3136 1093 3972 2043 3.302 
13.00 2194 1928 951 3145 1097 3976 2048 3308 
1310 2199 1925 953 3152 1099 3978 2053 3307 
1320 2207 1925 954 3161 1103 3983 2058 3313 
1330 2211 1923 955 3167 1106 3984 2061 3314 
1340 2216 1922 957 3172 1108 3986 2064 3316 
iJ 50 2220 1920 959 3179 1110 3989 2069 3.315 
1360 2224 1918 960 3185 1112 3991 2072 3317 
1370 2229 1917 961 3190 1114 3993 2076 3,318 
1380 2233 1915 964 3197 1117 3995 2080 3.317 
1390 2237 1914 965 3202 1119 3997 2084 3319 
1400 2242 1911 967 3209 1121 3999 2088 3318 
1410 2242 1910 968 3211 1121 4000 2090 3 316 
1420 2247 1909 969 3216 1123 4002 2093 3317 
1430 2247 1907 973 3220 1124 4003 2097 33\0 
1440 2251 1911 968 3220 1126 4006 2094 3325 
1450 2252 1909 969 3222 1126 4005 2096 3323 
1460 2256 1907 973 3229 1128 4008 2101 3319 
1470 2257 1896 982 3239 1129 4007 2111 3297 
1480 2258 I 1&94 9&5 3242 1129 4007 2114 3293 
1490 2254 1892 987 3242 1127 4006 2114 3284 
1500 2262 1&89 989 3252 1131 4010 2121 3286 
1510 2263 1886 993 3256 1131 4010 2124 3279 
1520 2263 1884 995 3259 1132 4011 2127 3.274 
1530 2264 1882 996 3260 1132 4011 2128 3272 
1540 2272 1&81 999 3270 1136 4016 2\35 3.274 
1550 2276 1879 1000 3276 1138 4016 2138 3.276 
1560 2283 1877 1002 3286 1142 4021 2144 3278 
1570 2287 1875 1004 3291 1144 4022 2147 3280 
1580 2291 1874 1005 3296 1146 4024 2150 3.281 
1590 2296 1870 1008 3304 1148 4026 2156 3277 
16.00 2300 1870 1008 3308 1150 4028 2158 3281 
1610 2300 1868 1012 3312 1150 4030 2162 3273 
1620 2304 1865 1014 3318 1152 4031 2166 3272 
1630 2304 1863 lUIS 3320 1152 4031 2167 3.270 
1640 2308 1862 1016 3325 1154 4033 2171 :1 271 
1650 2316 1861 1018 3333 1158 4036 2175 3276 
1660 2320 1860 1019 3338 1160 4038 2179 3277 
1670 2324 J 859 1021 3345 1162 4042 2183 3276 
1680 2328 1856 1022 n~o 1164 4U42 2186 3277 
1690 2335 1854 1025 3359 1167 4046 2192 3,279 
1700 2342 1852 I 1028 3370 I J71 4051 2199 3278 
1710 2350 1851 1028 3378 1175 4053 2203 3285 
1720 2353 1854 1026 3379 1177 4056 

I 
2202 3294 

1730 2357 1851 1028 3385 1179 4057 2207 3293 
17 40 2357 1846 1034 3391 1179 4058 2213 3.280 
17 50 2365 1841 1039 3403 1182 4062 2221 3 277 
1760 2365 1836 1042 3407 1183 40fil 2225 3269 

I 
17 70 2369 1834 1044 3413 1184 4063 2229 3268 
1780 2372 1831 1049 3422 I 1186 4066 2235 3261 
1790 2373 1826 1053 3425 1186 4065 2239 3254 
1800 2373 1819 1060 3433 1187 4065 2246 fFW. o PORATED 

OCT 1 5 2009 
5/14 

Div, of Oil, Gas & Mining 



AXIII 
"IJIIln 

t':'J 

18 10 ~ <I 1814 
1820 2377 1808 
1830 2377 1804 
1840 2381 1802 
18.50 2384 1800 
1860 2388 1799 1080 
18_70 2395 1797 1082 
1880 2398 1794 1084 
1890 2405 1793 1087 
19.00 2406 1793 1085 
1910 2412 1792 1087 
1920 2416 1791 1088 
1930 2419 17gg 1090 
1940 2423 1787 1091 
1950 2426 1786 1093 
1960 2426 1784 1095 
1970 2433 1783 1096 
19.80 2433 1783 1096 
1990 2437 1786 1093 
2000 2443 1783 1097 

J.lH ~ 
3447 4067 
3452 1189 4067 
3457 1190 4069 
3463 1192 1071 
3467 1194 4072 
3477 1197 4076 
3483 1199 4078 
3492 1203 4082 
3491 1203 4081 
3499 1206 4085 
3504 1208 4087 
3510 1210 4088 
3514 1212 4090 
3519 1213 4092 
3521 1213 4092 
3529 1217 4095 
3529 1217 4095 
3529 1218 4097 
3541 1222 4101 

2266 
2271 
2274 
2279 
2284 
2289 
2288 
2293 
2296 
2300 
2303 
2306 
2308 
2313 
2313 
2311 
2319 

rll /dJ 

J • 
3221 
3211 
3.212 
3211 
3212 
3214 
3212 
3_214 
3_216 
3-220 
3_221 
3,2 19 
3220 
3.221 
3.216 
3220 
3220 
3230 
3.227 

INCORPORATED 

OCT 16.!i42009 

Div. of Oil, Gas & Mining 



I 

Project Name: Taylor Geo-Engineering 
Project Number: M00991-001 

Sample: SP-16-13 
Comments: Samples were compacted to 90% of ASTM D698 at 

Test Numbu: S2 

2:IPROJECTSIM00991 ril'\'l.v (j"o-£rQ!;!I'l<'''flmAAlI' ICltXCU3vl Sfl-16-13 xIs .;! 
,\~i.1 \1d . \ !'OIC" E.IIR"'''' • Uk_"e q 

~1 UL I. (crl-cr3) pre. ,W (/j 0' 1 (al-ollll 
("-I '1"0 \lI~O \F3t) 1(I!f) (~O 

OU) -5 0 S7~3 5753 -3 
002 4 23 5736 5740 2 
004 4 39 5720 5724 2 
006 

I 

-I 52 5707 5706 0 
008 3 63 5695 5699 2 
010 3 74 S6Rj 5688 2 
0.20 -2 115 5644 5642 -I 
0.30 -2 146 5613 5611 -1 
040 -3 169 5591 5589 -1 
0.50 -3 185 5574 5571 -I 
060 3 203 5556 5553 -2 
070 -4 218 5541 5537 -2 
080 -4 233 5526 5521 -2 
090 -5 248 5512 5507 -2 
1.00 -5 261 5499 5494 -3 
I 10 -6 275 5485 5479 -3 
120 -2 286 5474 5472 -1 
130 1148 702 5057 6205 574 
140 1593 1068 4691 6284 797 
150 1847 1350 4408 6255 923 
160 2030 1593 41 66 6196 1015 
170 2171 1801 3957 6128 1085 
180 2293 1992 3767 6060 1147 
190 2390 2154 3605 5995 1195 
200 2473 2293 3466 5938 1237 
2.10 2547 2414 3345 5892 1274 
220 2613 2524 3236 5849 1307 
230 2666 2614 114, 5811 1333 
240 2718 2697 3081 5799 1359 
250 2767 2776 2983 5750 1383 
260 2811 2850 2909 5720 1405 
270 2854 2914 2845 5699 1427 
280 2890 2974 2785 5675 1445 
290 2925 3030 2729 5653 1462 
300 2955 3081 2679 5634 1478 
3 10 2982 3125 2634 5616 1491 
320 3008 3167 2592 5600 1504 
330 3038 3206 2553 5592 1519 
340 3056 3249 2510 5566 1528 
350 3078 3285 2474 5551 1539 
360 3100 3318 2442 5542 1550 
370 3113 3351 2408 5521 1557 
380 3122 33KO 2380 5502 1561 
390 3144 3407 2352 5495 1572 
400 3153 3428 2331 5483 1576 
4\0 3170 3452 2307 5477 1585 
420 3183 3476 2283 5466 1592 
430 3196 3500 2259 5456 1598 
440 3214 3518 2240 5454 1607 
450 3227 3541 2218 5445 1613 
460 3244 3560 2199 5443 1622 
470 3261 3579 2181 5442 1630 
4 RO 3278 3597 2163 5"41 1639 
4ljU 3287 3615 2143 5430 1643 
500 33~4 3631 2128 5432 1652 
5 10 3316 3646 2113 5429 1658 
520 3329 3656 2102 5431 1665 

p 
(0'1 o3~t;! 

(~, 

5755 
5762 
5760 
5758 
5760 
57(\0 
5758 
5759 
5759 
5757 
5757 
5757 
5757 
5757 
5757 
5757 
5759 
6333 
6555 
6682 
6774 
6844 
6905 
6954 
6995 
7032 
7066 
7092 
7138 
7142 
7164 
7186 
7203 
7221 
7237 
7250 
7263 
7278 
7287 
7298 
73\0 
7315 
7321 
7331 
7335 
7344 
7350 
7357 
7365 
7372 
7382 
7390 
7399 
7402 
7411 
7417 
7423 

r 
III' I +<I' J ,'~ 

'!!Sfl 

~755 

5738 
5722 
5707 
5697 
5687 
5643 
5612 
5590 
5572 
5554 
5539 
5524 
5509 
5496 
5482 
5473 
5631 
5487 
5332 
5181 
5043 
4913 
4800 
4702 
4619 
4543 
4418 
4440 
4366 
4315 
4272 
4230 
4191 
4156 
4125 
4096 
4072 
4038 
4012 
3992 
3964 
3941 
3924 
3907 
3892 
3874 
3857 
3847 
3831 
38

c

21 
3811 
3802 
3787 
3780 
3771 
3767 

1'1 t,'<!'J 

1001 
1 001 
L 001 
T 000 
1.001 
1,001 
l OOO 
~, OOO 

1 000 
1,001 
1.001 
1001 
1.001 
1_001 
1001 
1.001 
1000 
I 227 
1340 
1419 
1481 
1548 
1609 
1663 
1 714 
1.762 
1 808 
1.848 
t 882 
1.928 
1.966 
2003 
2038 
2072 
2103 
2.132 
2161 
2190 
2.218 
2244 
2269 
2293 
2 .312 
J ,337 
2.353 
2.374 
2395 
2.415 
2434 
2.455 
2.475 
2495 
2515 
2533 
2552 
2570 
2584 

INCOf-iPORATED 

OCT 1 5 i609 
Div. of Oil, Gas & Mining 



.... ".&1 a~ '~POIl! LJr<l'1l'c Ui~",<, q P " ilI'IIll\ ~ [a l-<m l'f"~ • 11 Ii 'I 1~1-..3.11~ Icri+a.w~ dl-HT'l 'l dLfa'1 
(%, il"'ll lfood) U>sf) ~tJIll) (p>n lr!.f'I 11»'11 

.~~ ..... -III 

530 Ht6 3668 ~W! 5437 1673 1~1l ll{).ll lllljl 
540 3355 3685 2074 5429 1677 7436 3751 2617 
5 50 3363 3696 2062 5426 1682 7440 3744 2631 
560 3376 3709 2050 5425 1688 7447 3737 2.647 
570 3392 3721 2038 5430 1696 7455 3734 2665 
580 3405 3731 2027 5432 1703 7461 3730 2680 
590 3422 3741 2018 5440 1711 7470 3729 2696 
600 3434 3750 2009 5441 1717 7476 3726 '-710 
610 3451 3761 1998 5449 1725 7484 3723 2 .727 
620 3463 3764 1995 5458 1732 7490 3726 .736 
630 3480 3771 

I 
1988 5467 1740 7499 3727 .2.751 

640 3492 3779 1979 5471 1746 7505 3725 764 
650 3500 3789 1970 5470 1750 7509 3720 2.777 
660 3512 3798 1962 5474 1756 7516 3718 2790 
670 3529 3806 1952 5481 1764 7523 3717 2807 
680 3537 3812 1948 5484 1768 7528 3716 2.816 
690 3545 3819 1939 5484 1773 7531 3712 2828 
700 3549 3825 1934 5482 1774 7533 3708 2835 
710 3557 3831 1928 5485 1779 7537 3706 2. 845 
720 3565 3843 1916 5481 1783 7541 3699 2861 
730 3573 3854 1904 5477 1786 7545 3691 2876 
7.40 3573 3856 1903 5476 1786 7545 3690 2877 
750 3581 3858 1901 5481 1790 7549 3691 2.884 
760 3584 3857 1902 5486 1792 7551 3694 2885 

I 
770 3600 3854 1904 I 5505 1800 7559 3705 2891 
780 3604 3854 1904 5509 1802 7561 3706 2893 
790 3616 3851 1908 5524 1808 7567 3716 2H95 
800 

I 
3624 3842 1917 7571 3729 2890 5541 1812 

8 10 3640 3834 1924 5564 1820 7579 3744 2892 
820 3644 3832 1927 5570 1822 7580 3748 2.891 
8 30 3655 

I 

3837 1922 5577 1828 7586 3750 2902 
840 3667 3842 1917 5584 1834 7592 3751 2913 
8 50 3679 3850 19W 5589 1839 7599 3750 2.926 
860 3694 3857 1902 5596 1847 7606 3749 2.942 
870 3706 3863 1896 5602 1853 7612 3749 2955 
8 80 3713 3868 1890 5604 1857 7615 3747 2.965 
890 3725 3874 1884 5609 1863 7621 3747 2977 
9.00 3729 3879 1880 5608 1864 7623 3744 2984 
910 3740 3885 1874 5614 1870 7629 3744 2,996 
920 3748 3888 1870 5618 1874 7632 3744 3004 
9 30 3759 3893 1866 5625 1880 7638 3745 3.015 
940 3774 3898 1862 5636 1887 7647 3749 3.027 
950 3786 3901 1859 5644 1893 7653 3751 3037 
9.60 3797 3905 1854 5651 1899 7657 3752 3.048 
9.70 3808 3908 1850 5659 1904 7663 3755 3058 
980 3816 3911 1848 5664 1908 7666 3756 3.065 
990 3831 3913 1847 5678 1915 7675 3762 3,074 
1000 3838 3914 1845 5683 1919 7678 3764 3.081 
10 10 3845 3916 1843 5689 1923 7682 3766 3,086 
1U2U 3852 3918 1841 5693 1926 7685 3767 3092 
10 30 3856 3918 1841 5697 1928 7686 3769 3.094 
1040 3863 3919 1841 5704 1931 7691 3772 3098 
1050 3870 3921 1839 5708 1935 7695 3774 3. 105 
1060 3877 3921 1838 5714 1938 7697 3776 3110 
1070 3880 3922 1836 5716 1940 7699 3776 3113 
1080 3883 3922 1836 5719 1942 7700 3778 3114 
1090 3890 3922 1836 5726 1945 7704 3781 3. 118 
Il 00 3893 3\124 1835 5728 1947 7705 3782 3.121 
11 10 3892 3922 1838 5730 1946 7706 3784 3.1 18 
11 .20 3899 3922 1838 5737 1950 7709 3787 3. 122 
11 30 3906 3922 1836 5743 1953 7712 3789 3. 127 
1140 3921 3922 1836 5757 1960 7719 3797 

I 

3 135 
1150 3924 3921 1838 5761 1962 7721 3799 3135 
1160 3934 3921 1838 5772 1967 7726 3805 T:! 'o~ • ) JED 
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I"'") U>'II) (p;1l l j"J) IllY) j ~f'1 ( i1~1 IPSII 

11 7(J 3941 W'u Il'IfJ nil 1971 7730 J~ 1l J IJl 
I 180 3952 3920 1840 5792 1976 7736 3816 3148 
1190 3959 3919 1841) 5799 1979 7738 3819 3.152 
1200 3969 3918 1841 5810 1985 7743 3826 3.156 
1210 3980 3916 1842 5822 1990 7749 3832 3. 160 
1220 3990 3915 1843 5834 1995 7754 3839 3.165 
1230 3989 3913 1846 5835 1995 7753 3840 3161 
1240 4000 3913 1846 5846 2000 7759 3846 3167 
1250 4010 3911 1849 5859 2005 7765 3854 3. 169 
1260 4017 3909 1849 5866 2008 7767 3858 3172 
1270 4023 3907 1853 5876 2012 7772 3864 3171 
1280 4030 3905 1855 5885 2015 7775 3870 3172 
1290 4040 3904 1855 5895 2020 7779 3875 3178 
1300 4047 3900 IK59 5905 2023 7782 3882 3. 177 
1310 4061 3899 1860 5920 2030 7789 3890 3. 183 
1320 4075 3897 1862 5937 2037 7796 3900 3188 
1330 4081 3894 1865 5946 2041 7799 3905 3. 189 
1340 4084 3891 1868 5952 2042 7801 39\0 3. 186 
1350 4094 3890 1869 5963 2047 7806 3916 3190 
1360 4104 3886 1873 5976 2052 78]] 3925 3. 191 
1370 4106 3885 1874 5980 2053 7812 3927 3. 191 
1380 4112 3880 1879 59\11 2056 7815 3935 3.189 
1390 4119 3M7~ 1880 5998 2059 7818 393~ 3. 191 
1400 4121 3875 1883 6004 2061 78 19 3944 3 188 
1410 4127 3873 1887 6014 2064 7823 3950 3 187 
1420 4133 3871 1888 6021 2067 7825 3955 3189 
1430 4136 3868 1890 6026 2068 7827 3958 3 188 
1440 4138 3866 1893 6031 2069 7828 3962 3186 
1450 4136 3863 1895 6033 2068 7827 3964 3182 
1460 4143 3860 1898 6041 2071 7830 3970 3182 
1470 4145 3859 19(}) 6044 2072 7831 3972 3182 
1480 4147 3856 1904 6051 2074 7833 3978 3178 
1490 4157 3852 1907 6063 2078 7837 3985 3 180 
IS 00 4163 3850 1909 6072 2081 7840 3990 3. 181 
IS 10 4169 3849 1910 6079 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 
1540 4194 3840 1918 6112 2097 7856 4015 3. 186 
IS 50 1203 3838 1921 6124 2\02 7860 4022 3 188 
1560 4209 3836 1923 6132 2105 7863 4028 3. 189 
15.70 4215 3833 1927 6141 2\07 7867 4034 3188 
15 .80 4217 3830 1929 6146 2\08 7867 4037 3,186 
IS 90 4223 3826 1932 6155 2111 7870 4044 3. 185 
1600 4232 3823 1936 6168 2116 7875 4052 3186 
1610 4238 3820 1938 6176 2119 7877 4057 3. 186 
16.20 4243 3817 1942 6185 2122 7880 4063 3.185 
1630 4249 3813 1945 6194 2124 7883 4070 3. 184 
1640 4251 3810 1949 6200 2125 7884 4074 3. 181 
16.50 4260 3808 1951 6211 2130 7889 4081 3. 183 
16,60 4269 3804 1955 6224 2135 7893 4089 3,184 
16.70 4275 3799 1959 6234 2137 7896 4097 3.182 
16.80 4291 1797 1963 6254 2146 7905 4108 3,186 
In 90 4300 3795 1%4 6264 2150 7909 4114 3. 189 
1700 4306 3791 1968 6273 2153 7911 4120 3 188 
17.10 4311 3788 1971 6282 2156 7914 4127 3,187 
17.20 4316 3782 1977 6293 2158 79\7 4135 3 183 
1730 4322 3778 1980 6302 2161 7920 4141 3. 1&2 
17.40 4327 3774 1985 6312 2164 7922 4149 3180 
1750 4329 3768 1991 

I 

6320 2164 7923 4155 3174 
17 60 4334 3763 1996 6330 2167 7926 4163 3172 
17.70 4335 3758 2000 6336 2168 7926 4168 3167 
1780 4337 3754 2006 6343 2169 7928 4175 3 162 
1790 4342 3750 2009 6351 2171 7930 4180 3 162 
1800 4344 3745 2013 6357 2172 7931 4185 ! N (J(!)fH- ! RiHED 
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I ~ 10 4353 J7·m W ig 
1820 4358 3735 2024 
1830 4363 3729 2031 
1840 4375 3738 2021 
1850 4380 3735 2024 
1860 4392 3712 2047 
1870 4394 3699 2061 
1880 4402 3689 2069 
1890 4407 3682 2077 
1900 4412 3678 2081 
1910 4420 3672 2087 
1920 4422 3666 2093 
1930 4426 3660 2099 
1940 4431 3656 1102 
1950 4436 3653 2106 
1960 4441 3648 2110 
1970 4445 3647 2112 
1980 4454 3642 2116 
1990 4462 3654 2106 
2000 4466 3649 2109 

61'fMl~c q P 
0'1 1 .. 1-01)1:1 (al l .... )f.! 

IPiI) ~ I""fl tJ'.'l) 

6372 2 176 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 2223 7981 
6570 2227 7986 
6568 2231 7991 
6576 2233 7992 

p' 
Irtl+d!.J.''': 

Jp:.J') 

'I lIB 
4203 
4212 
4209 
4214 
4243 
4258 
4271 
4280 
4287 
4297 
4304 
4312 
4318 
4324 
4331 
4334 
4343 
4337 
4343 

II J.I 

Hili 
3 153 
3.1 48 
3164 
3.164 
3145 
3132 
3.127 
3.122 
3 120 
3.118 
3113 
3109 
3. 10& 
3 107 
3104 
3 105 
3.104 
3 119 
3 118 
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Project Name: Taylor Geo-Engineering 
Project Number: M00991-001 

Sample: SP-16-13 
Comments: Samples were compacted to 90% of ASTM 0698 at 

Test Number: S3 

Z:IPROJECTSIM00991 T8\'1n r:M-r~ nCCfl~ ,"'lOl'.rGTXCU3vl _:W-16-13 xis 1 
t.J.Ja! I'Id . ,~ LIT.""" • t ffi;"'fIWl: q 
Ir IIIJ In .--tI~ t 

\~h 
G' 0' 1 (a'I-II1~ 

~":') '1"'0 IJl'I) Ip'fl (r'!IO 

(l tU -14 U 11521 II VjT -7 
002 148 30 11492 11640 74 
004 148 46 11477 11624 74 
006 156 61 11461 11618 78 
008 165 74 11450 11615 83 
010 174 87 1143fi 11610 87 
0.20 205 138 11385 11590 102 
030 236 182 11341 11577 118 
040 271 219 11303 11574 135 
050 1560 450 11073 12632 780 
060 2694 881 10642 13335 1347 
070 3312 1313 10208 13520 1656 
0,80 3750 1787 9735 13485 1875 
090 4075 2255 9269 13344 2038 
100 4347 2673 8850 13197 2174 
110 4569 3058 8464 13034 2285 
120 4764 3407 8115 12880 2382 
130 4928 3710 7812 12740 2464 
140 5069 3986 7537 12606 2534 
150 5196 4226 7297 12493 2598 
160 5310 4453 7068 12378 2655 
170 5410 4655 6867 12277 2705 
180 5502 4848 

I 

6675 12176 2751 
190 5597 5021 6503 12\00 2799 
200 5675 5181 6341 12016 2837 
210 5748 5331 6191 1\939 2874 
220 5821 5472 6051 11871 2910 
230 5885 5599 592, 11807 2942 
240 5940 5718 5805 11744 2970 
250 6003 5831 5691 11694 3002 
260 6058 5923 5600 11658 3029 
270 6108 6014 5508 11617 3054 
280 6154 6103 5419 11573 3077 
290 6200 6187 5335 11535 3100 
300 6245 6272 5251 11496 3123 
310 6286 6348 5175 1141i1 3143 
320 6323 6418 5104 11427 3162 
330 6360 6484 5039 11398 3180 
340 6396 6546 4977 11373 3198 
350 6428 6609 4915 11343 3214 
360 6460 6656 4867 11327 3230 
370 6488 6706 4816 11304 3244 
380 6519 6754 4768 11287 3260 
390 6551 6802 4720 11271 3276 
4 UU 6578 6848 4675 11253 3289 
410 6606 6895 4628 11233 3303 
420 6633 6933 4589 11222 3316 
430 6664 6974 4548 11212 3332 
440 6695 7011 4513 11208 3348 
450 6727 7047 4475 11202 3363 
460 6749 7085 4438 11187 3375 
4,70 6776 7ID7 4416 11192 3388 
4,80 6807 7135 4388 11195 3404 
4 YU 6829 7165 4357 11187 3415 
500 6860 7190 4333 11193 3430 
510 6887 7220 4302 11189 3443 
520 6913 7246 4276 11190 3457 

I' I" 
(01_31,. Il!I'r.f<a'W.! If l 'o'J 

(I'~1 II'~I) 

j 1514 11514 I lM Il 
11596 11566 1.013 
11596 11550 l.013 
11601 !l540 1 014 
11606 11532 1014 
lIlil0 11523 LOIS 
]]626 11488 1.018 
11641 11459 1,021 
11658 11439 ' 024 

12302 11852 • .1 41 
12869 ]]988 1.253 
13177 !l864 ' 324 

13397 11610 1.385 
13562 11307 1.440 
13696 11023 1 491 
13807 10749 1.540 
13905 10498 I 587 
13986 10276 1 631 
14057 10071 1673 
14120 9895 1 712 
14176 9723 I 751 
14228 9572 I 788 
14273 9426 j 824 
14322 9301 J 861 
14360 9178 I 895 
14396 9065 , 928 
14433 8961 1 962 
14465 XXii'; 1994 
14492 8774 2023 
14524 8693 2055 
14551 8629 2_082 
14577 8563 2109 
14599 8496 2136 
14622 8435 2162 
14645 8373 2189 
14666 8318 2.215 
14684 8266 2239 
14702 8219 2262 
14720 8175 2285 
14738 8129 2308 
14752 8097 2327 
14766 8060 2_347 

I 14782 8028 2367 
14798 7996 2388 
14812 7964 2407 
14825 7930 2427 
14839 7905 2445 
14854 7880 2465 
14871 7861 2484 
14886 7839 2503 

I 

14897 7813 2521 
14910 7804 2535 
14926 7791 2551 
14937 7772 2567 
14953 7763 2583 
14966 7745 2601 
14979 7733 , l-4 r; 1-
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8mlln, 'I1HUI pre» u 0') 0'1 11T1,,3Y2 1 ... 1 1)C (0-'1+0-'3)/2 0'110' 

l'l'ol !I"!'n 11"11 1 ~ Plt) \p.o I~O LP5fl 

530 6'lJO 7272 ! I 1119\J 341':1 14Wl 
II 

7720 2633 
540 6966 7297 4226 11192 3483 15005 7709 2648 
550 6992 7319 4204 11196 3496 15018 7700 2663 
560 701~ 7340 4184 11202 3509 15033 7693 2,678 
570 7049 7360 4163 11211 3524 15047 7687 2693 
580 7079 7376 4146 11225 3540 15062 7686 2707 
590 7105 7390 4132 11237 3552 15075 7685 2.719 
600 7126 7404 4118 11245 3563 15086 76g1 2,731 
610 7148 7418 4104 11252 3574 15096 7678 2-742 
620 7174 7436 4087 11260 3587 15109 7673 2.755 
630 7200 7451 4071 11 27 1 3600 15122 7671 2768 
640 7217 7467 4U56 11273 3608 15132 7664 1.779 
650 7234 7482 4041 11275 3617 15139 7658 2790 
660 7255 7496 

I 

4027 11282 3628 15150 7654 2802 
G 70 7276 7508 4014 11290 363K 15160 7652 2,813 
680 7293 7519 4003 11297 3647 15169 7650 2822 
690 7310 7532 

I 
3991 11300 3655 15177 7646 2832 

700 7327 7541 3981 11308 3663 15186 7645 2840 
710 7344 7547 I 3975 11319 3672 15194 7647 2847 
720 7352 7553 3969 11321 3676 15198 7645 2852 
730 7373 7559 3964 11336 3686 15209 7650 H60 
740 7381 7569 3954 11335 3691 15214 7645 2.867 
750 7402 7580 3943 11344 3701 15223 7643 2877 
760 7419 7588 3934 11353 3709 15232 7644 28B6 
770 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 74BO 7619 3904 11384 3740 15262 7644 2916 
810 7496 7622 3900 11396 3748 15270 7648 2922 
820 7517 7627 3897 114L1 3758 15282 7655 2929 
830 7533 7633 3891 11414 3766 15290 7657 2936 
840 7553 7637 3885 11438 3777 15299 7662 2944 
850 7569 7640 3883 11452 3785 15307 7667 2949 
860 7589 7643 3879 11468 3795 15317 7674 2.956 
870 7605 7638 3884 11489 3803 15325 7686 2.958 
880 7625 7636 3886 11511 3813 15335 1 7699 2962 
890 7645 7637 3885 11530 3823 15345 7708 2.968 
900 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 11605 3864 15386 7741 2993 
940 7752 7649 3873 11625 3876 15398 7749 3001 
950 7767 7649 3873 1164 1 3884 15406 7757 3005 
9.60 7791 7654 3869 11659 3895 15418 7764 3014 
970 7810 7654 3869 11679 3905 15428 7774 3019 
980 7825 7656 3866 11692 3913 15435 7779 3024 
990 7849 7658 3865 11714 3924 15448 7790 3031 
10.00 7860 7660 3863 11723 3930 15452 7793 3035 
1010 7875 7660 3864 11739 393& 15461 7802 3038 
1020 7890 7658 3864 11754 3945 15467 7809 3042 
10 }O 7905 7695 3829 11734 3953 15476 7782 3065 
10 40 7916 7708 3815 11731 3958 15480 7773 3075 
10 50 7927 7698 3824 11751 3964 15486 7788 3073 
10,60 7942 7643 3878 11820 3971 15492 

I 

7l!49 3048 
1070 7957 7669 3855 1181\ 3978 15502 7833 3064 
IO,SO 7960 7626 3897 11856 3980 15502 7877 3043 
1090 7970 7592 3931 11901 3985 15508 7916 3028 
1100 7981 7574 3947 11928 3991 15512 7938 3.022 

I 

11 10 7992 7565 3958 11949 3996 15518 7953 3019 
1120 8002 7557 3%6 11968 4001 15524 7967 3018 
11 30 8013 7562 3960 11973 4006 15529 7966 3023 
1140 8027 7567 

I 

3955 11983 4014 15536 7969 3029 
1150 8038 7569 3954 11992 4019 15542 7973 3033 
J 160 8044 7576 3946 11990 4022 15544 7968 3039 
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11 70 8058 7ls:! mo I l~~ 

1180 8073 7587 3935 12008 
11 ,90 8087 7590 3932 12019 
12.00 8097 7594 3928 12026 
1210 8115 7597 3925 12040 
12.20 8129 7599 3924 12053 
1230 8143 7601 3921 12065 
1240 8161 7605 3919 12080 
12.50 8171 7605 3917 12088 
1260 8185 7605 3918 12103 
1270 8207 7605 3918 12125 
1280 8228 7603 3918 12146 
1290 8242 7600 3923 12165 
13.00 8256 7596 3926 12182 
1310 8273 7594 3928 12202 
1320 8294 7592 3931 12225 
1330 8308 7586 3937 12245 
13 40 8325 7581 3941 12267 
1350 8342 7575 3948 12291 
13 60 8360 7571 3952 12312 
13 70 8369 7565 3959 12328 
1380 8390 7560 3962 12352 
13.90 8399 7554 3968 12368 
14"00 8408 7547 3975 12384 
1410 8414 7540 3982 12396 
1420 8431 7533 3989 12420 
1430 8440 7525 3999 12438 
1440 8449 7519 40C3 12452 
1450 8454 7512 4010 12464 
1460 8463 7504 4019 12481 
1470 8468 7494 4028 12496 
1480 8477 7485 4037 12514 
14.90 8497 7476 4048 

I 

12545 
IS 00 8510 7467 4055 12564 

I 
1510 8518 7462 4062 12580 
IS 20 8531 7453 4069 12600 
IS 30 8539 7445 4077 12616 
1540 8548 7438 4084 12632 
1550 8564 7432 4090 12654 
1560 8584 7423 4099 12683 
1570 8600 7414 4109 12709 
1580 8612 7407 4116 12728 
IS 90 8632 7400 4123 12755 
1600 

I 

8648 7391 4131 12779 
1610 8656 7386 4138 12794 
1620 8668 7377 4146 12814 
16.30 8683 7369 4155 12838 
1640 8691 7361 4163 12854 
1650 8707 7354 4169 12875 
1660 8715 7346 4177 12892 
1670 8727 7337 4186 12913 
1680 8734 7330 4192 12926 
1690 8742 7325 4198 12940 
17 00 8754 7318 4205 12959 
17 10 8758 7309 4213 12971 
1720 8758 7302 4220 12978 
17 30 8773 7297 4226 12999 
1740 8773 7288 4234 13007 
17 50 8773 7280 4244 13017 
17 60 8785 7174 4249 13034 
1770 8785 7267 4255 13040 
17 80 

I 

8781 7259 4263 13044 
17 90 8789 7253 4269 13058 
1800 8789 7246 4276 13065 

q P 
l~l Wl (O'! '"GJ}.r:.! 

lpod) I ('Ill 

4029 I 
4036 15559 
4044 15566 
4049 15571 
4058 15580 
4065 15587 
4072 15594 
4081 15604 
4086 15607 
4093 15615 
4103 15626 
4114 15635 
4121 15643 
4128 15650 
4137 15659 
4147 15670 
4154 15676 
4163 15685 
4171 15695 
4180 15702 
4185 15708 
4195 15717 
4200 15722 
4204 15727 
4207 15729 
4215 15738 
4220 15743 
4224 15747 
4227 15749 
4231 15754 
4234 15756 
4238 15761 
4249 15772 
4255 15777 
4259 15783 
4265 15788 
4270 15792 
4274 15796 
4282 15804 
4292 15814 
4300 15822 
4306 15828 
4316 15838 
4324 15846 
4328 15851 
4334 15857 
4342 15865 
4346 15869 
4354 15876 
4358 15880 
4363 15887 
4367 15890 
4371 15894 
4377 15899 
4379 15901 
4379 15901 
4387 15909 
4387 15909 
4387 15910 
4392 15916 
~392 15915 
4391 15913 
4394 15917 
4394 15917 

II' 
lO" I 'j.r,). 

(~I 

7 I 

7972 
7975 
7977 
7983 
7988 
7993 
8000 
8002 
8010 
8021 
8032 
8044 
8054 
8065 
8078 
8091 
8104 
8120 
8132 
8143 
8157 
8168 
8180 
8189 
8205 
8219 
8228 
8237 
8250 
8262 
8276 
8296 
8310 
8321 
8334 
8347 
815R 
8372 
8391 
8409 
8422 
8439 
8455 
8466 
8480 
8496 
8508 
8522 
8534 
8549 
8559 
8569 
8582 
8592 
8599 
8613 
8621 
8630 
8642 
8648 
8654 
8664 
8671 

tr l/If 

3 QoI) 

3.051 
3.057 
3061 
3.068 
3072 
3077 
3082 
3086 
3089 
3095 
3100 
3 WI 
3103 
3106 
3 110 
3. 110 
J 112 
.1. 113 
j.1 15 
, 114 
3. 117 
j 117 
3115 
3 113 
j 113 
3 III 
3 11G 
3 108 
3106 
3102 
3100 
3.099 
3099 
3097 
3097 
3094 
3093 
3094 
3094 
3093 
3092 
3094 
3093 
3092 
3.090 
3.090 
3088 
3089 
3087 
3085 
3084 
3.083 
3082 
3079 
3075 
3.076 
3m2 
3.068 
3.067 
3064 
3060 
3059 -
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ft"""'roll 
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I'.) j~'r1 Ip)f) C""O .- ar 
1110 8792 m~ I 4284 
1820 8792 7233 4289 
1830 8799 7226 4296 
1840 8799 7218 4304 
18.50 8806 7210 4313 
1860 8810 7204 4318 
18.70 8817 7198 4325 
18,80 8820 7190 4333 
1890 8827 7185 4338 
1900 8834 7179 43~3 
1910 8845 7175 4348 
19.20 8852 7168 4356 
1930 8855 7162 4361 
19.40 8866 7157 4365 
1950 8872 7150 4374 
1960 8879 7143 4379 
1970 8886 7137 4386 
1980 8889 7129 4393 
1990 8895 7123 4399 
2000 8909 7116 4407 

t: l f~11~(, q 
0'1 {n l .... lJ/:l: 

IJI"(J tpsl) 

DOn ~H~ 

13081 4396 
13096 4400 
13\04 4400 
13119 4403 
13128 4405 
13142 4409 
13153 4410 
13166 4414 
13177 4417 
13193 4423 
13208 4426 
13216 4428 
13231 4433 
13246 4436 
13258 4440 
13272 4443 
13282 4444 
13294 4448 

I 

13316 4454 

P 1" 
~ .. I .. "},h"! (0'I+a'3)/2 

I('lIO ~1'!1l 

15919 ~I I 

15918 &685 
15922 8696 
15922 8704 
15926 8716 
15927 8723 
15932 8734 
15933 8743 
15937 8752 
15940 8760 
15945 8770 
15949 8782 
15950 8788 
15955 8798 
15960 8810 
15962 8819 
15966 8829 
15967 8838 
15970 8847 
15978 8862 

"'Ire" 

3,(I~ 

3.050 
3048 
3.044 
3.042 
3,040 
3038 
3.036 
3035 
3034 
3_034 
3.032 
3.031 
3.031 
3,029 
3.027 
3.026 
3023 
3.022 
3021 
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APPENDIXD 

DESIGN AND DETAIL SHEETS 
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Project No. 307001 
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# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 1.64 Dese. Type UnitVllt. UnitWI. Intercept Angle Surface 
b 1.64 No. (pcf) (pcf) (psf) (deg) No. 
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f 1.05 Shale 4 100.0 115.0 300.0 21.0 a 
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Safety Factors Are Calculated By The Modified Bishop Method Figure No. 17 
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# FS SoH 
a 1.07 Desc. 
b 1.07 
e 1.07 
d 1.08 
e 1.08 
f 1.08 
9 1.08 
h 1.08 

1.08 

AH 
Sand 
Clay 
Shale 

Soil Total Saturated Cohesion Friction Piez. 
Type Unit WI. Unit WI. Intercept Angle Surface 
No. (pet) (pet) (psI) (deg) No. 
1 107.0 114.1 240.0 19.0 Wi 
2 105.0 110.0 90.0 29.0 Wi 
3 100.0 120.0 2000.0 0.0 Wi 
4 100.0 115.0 300.0 21.0 0 
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## FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 1.05 Desc. Type Unit WI. Unit WI. Intercept Angle Surface 
b 1.05 No. (pel) (pel) (pst) (deg) No. 
e 1.05 Fill 1 107.0 114.1 240.0 19.0 W1 

L~d \,!I,hie 
Peak(A) 0.291(g' 
kh Coef. 0.1451,,)< 

d 1.06 Sand 2 105.0 110.0 90.0 29.0 W1 
e 1.06 Clay 3 100.0 120.0 2000.0 0.0 W1 
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e , B" Fill 1 1 07.0 114.1 240.0 19.0 W1 
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7250 - I -=F- .-
#I FS Soil Soil Total Saturated Cohesion Friction Piez, 
a " 1 C Dese. Type Unit Wt. Unit WI. Intercept Angle Surface 
b 1 0;;; No. (pel) (pet) (psI) (deg) No. 
e 1 DE Fill 1 107.0 114.1 240.0 19.0 W1 
d 1 D1 Sand 2 105.0 110.0 90.0 29.0 W1 
e 1 1-r Clay 3 100,0 120.0 2000.0 0.0 W1 
f 1 OJ) Shale 4 100,0 115.0 300.0 21.0 0 
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__ -+1__ ~ i 

Soil Soil Total Saturated Cohesion ~. QI QlQn Piez. 
Desc_ Type Unit Wt.. Unit Wt. Inter~p~ ~. Fe Surface 

No. (pet) (pet) (psQ fepg) No. 
A ll 1 99,4 116.2 94.0 ~ ;zt.5 W1 

Si!.'id 2 105.0 nOB _ 1IO,(J ,12i\.a.-!:! 

# FS 
a 2_152 
b 2.172 
c 2.190 
d 2.206 
e 2.216 
f 2.Z!J-

683Al 
9 2.226 
h 2.231 
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... 
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Safety Factors Are Calculated By Tho Modified Bishop Method 
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# FS 
a 1.31 
b 1.32 
c 1.33 
d 1.33 
e 1.34 
I 1.35 
II 1.35 
h 1.35 

1.35 

Soli Sell Total Saturated Cohesion Friction Plez. 
Desc. Type Unit WI. Unit WI. Intercept Angle Surface 

No. (pet) (pel) (ps!) (deg) No. 
FHI 1 99.4 116.2 94.0 29.6 W1 

Sand 2 105.0 110.0 90.0 29.0 W1 

a 

e' 
b . 

• 
19~ 

.0.0 0 QC:::±: ~ ~ 
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, FS 
a 1.245 
b 1.251 
c 1.255 
d 1.259 
e 1.267 
f 1.273 
g 1.275 
h 1.276 

1.286 

Soli Soli Total Saturated Cohesion Friction Piez. 
Desc. Type Unit WI. Unit WI. Intercept Angle Surflce 

No, (pet) (pel) (pst) (deg) No, 
Fin 1 99,4 116.2 84.0 16.0 WI 
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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 Riqhts 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: 12/13/2008 
Time of Run: 09:44PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\alton coal stock pile ch-5-98 seismic revised a1.in 
Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\alton coal stock pile ch-5-98 seismic revised a1.0UT 
Unit System: Engljsh 
Plotted Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\alton coal stock pile ch-5-98 seismic revised a1.PLT 
PROBLEM DESCRIPTION: Alton Coal Pile Line A1-Al - Static 
BOUNDARY COORDINATES 

6 Top Boundaries 
6 Total Boundaries 

Boundary X-Left Y-Left X-Right 
No. (ft) (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 6915.00 323.00 1 
5 323.00 6965.00 390.00 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 ~ O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
4 Type (s) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) 
1 107.0 l14.l 240.0 
2 105.0 110.0 90.0 
3 100.0 120.0 2000.0 
4 100.0 l15.0 300.0 

1 PIEZOMETRIC SURFACErS) SPECIFIED 
Unit Weight of Water ~ 62.40 (pcf) 

(deg) Paramo (psf) 
19.0 0.00 0.0 
29.0 0.00 0.0 

0.0 0.00 0.0 
21.0 0.00 0.0 

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 6890.00 
2 280.00 6890.00 
3 330.00 6895.00 
4 400.00 6895.00 
5 500.00 6895.00 

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 BEEN SUPPRESSED 

0.29l(g) 
0.145(g) 

O.OOO(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 
0 

30 Surfacers) Initiate(s) From Each Of 30 Points Equally Spaced 
Along The Ground Surface Between X 50.00(ft) 

and X ~ l40.00(ft) 

OCT 1 j 2009 

Div, at OH, Gas & Mining 
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Ea ch Surface Terminates Betwee n X = 280 . 00(ft) 
and X = 400 . 00(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Wh i ch A Surface Extends Is Y = 6700.00(ft) 
15 . 00If t ) Line Segments Define Each Trial Fa i lure Su rface . 
fol lowing Are Displayed The Ten Most Critical Of The Trial 

Failure Su r fa ces Evaluated. They Are 
Ord e red - Mos t Crit i ca l firs t . 
* * Safety factors Are Calcul ated By The Modi fi ed Bishop Method * * 
Tota l Number of Tria l Sur fac~s Attempt ed 900 
Numbe r of Trial Surf aces With Val i d FS = 900 
Statistical Data On Al l Valid FS Values: 

FS Max = 3 . 216 FS Min = 1. 643 FS Ave 1. 8 15 
Standard Dev i ation = 0 . 138 Coefficient of Variation 

Failure Surface Specified By 22 Coordinate Points 
Poi n t X- Surf Y- Surf 

No. 1ft) (ft) 
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 17 0 .02 6 6875.573 
8 185.023 6875 . 271 
9 200 . 002 6876.069 

1 0 214 . 882 6877 . 964 
11 229 . 582 6880.945 
12 244 . 02 5 6884 . 996 
13 258 .131 6890 . 096 
14 271. 826 6896 . 216 
15 285.0 35 6903.325 
16 297.686 6911.383 
17 309.713 6920.347 
1 8 321 . 050 6930 . 169 
1 9 331. 635 6940.797 
20 341.413 6952 .172 
21 350.330 6964.233 
22 352. 1 90 6967.178 

Ci rc le Center At X = 181 . 615; Y 
Factor of Safety 

7079.42~ and Radius 

*** 1. 643 
Individual data on the 27 slices 

Water Wa ter Tie Tie Ea rthquake 
Force For ce Force Fo r c e Force 

7.58 % 

204 .193 

Surcharge 
Slice Width We i ght Top Bot Norm Tan Ho r Ver Load 

No . 1ft) 11bs) (lbs) Il bs) lIb::;) lIb,,) (lbs) (lbs) (lbs) 
1 13.4 47 93 . 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 
5 14.3 26679 . 8 0 . 0 4349 . 1 o. O. 0.0 0. 0 0 .0 
6 4.3 1 0283.9 0.0 2052.4 o. o. 0.0 0 .0 0.0 
7 10 . 3 28882 . 6 0 . 0 6134.6 O. O. 0 . 0 0 . 0 0 . 0 
8 1 4 . 8 5080 1 . 6 0 . 0 11025.4 o. o. 0. 0 0 .0 0 . 0 
9 13 . 9 56257.3 0 . 0 11923.1 O. O. 0 . 0 0.0 0 . 0 

10 1.0 4446 . 7 0 . 0 924.7 O. O. 0 . 0 0 .0 0 . 0 
11 15.0 69503.3 0 . 0 13645.1 O. O. 0.0 0 . 0 0 . 0 
12 15.0 76 794 . 1 0.0 13412 . 9 O. O. 0 . 0 0.0 0 .0 
13 1 4.9 8171R.O 0.0 12 152.5 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 
1 5 14.4 84237.6 0 . 0 6579 . 9 O. o. 0 . 0 0.0 0 . 0 
16 13.8 80383 . 3 0.0 2297 . 9 o. o. 0 . 0 0 . 0 0.0 
17 0 . 3 1525.4 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 71738.7 0.0 0.0 o. o. 0 . 0 0.0 ~~{tORPORATED 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 0 . 0 

1 5 2009 22 11.3 45 207. 3 0.0 0 . 0 O. o. 0 . 0 0.0 o. cOeT 
23 2 . 0 6998.7 0.0 0.0 o. o. 0 .0 0 . 0 0.0 

Div. ot Oil. Gas & Mining 
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24 8.6 26666.0 0.0 0.0 o. o. 0.0 0.0 0.0 
25 9.8 20427.5 0.0 0.0 o. O. 0.0 0.0 0.0 
26 8.9 8114.4 0.0 0.0 o. o. 0.0 0.0 0.0 
27 1.9 279.2 0.0 0.0 O. O. 0.0 0.0 0.0 

Fdllure Surface Specified By 21 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 87.241 6900.000 
2 100.783 6893.548 
3 114.759 6888.102 
4 129.096 6883.690 
5 143.716 6880.337 
6 158.542 6878.059 
7 l73.495 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 
14 275.035 6898.806 
1') 288.163 6906.062 
16 300.727 6914.258 
l7 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 7082.086 and Radius 205.405 
Factor of SafeLy 

*** 1.644 *** • 

• 1NCOR1:Jn:::?/lTED 

OCT 1 !l 2009 

Div. of Oil.. Gas & Mining 
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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) 

********************************************************************************* 
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 a1.0UT 

Documents\Taylor Geo-Engi 
neering\a1ton coal stock pile ch~5-98 seismic 

Output Filename: C:\Documents and Documents\Taylor Geo-Engi 
neering\alton coal stock pile ch-5-98 seismic 

Unit System: English 
Plotted Output Filename: C:\Documents 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 al.PLT 
AI-AI - Seismic 

6 Top Boundaries 
6 Total Boundaries 

Boundary X-Left Y-Left X-Right 
No. (ft) (ft) (ft) 

1 0.00 6900.00 107.00 

Y-Right 
(ft) 

6900.00 
6905.00 

Soil Type 
Below Bnd 

1 
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 Y-Origin = 6750.00(ft) 
Default X-Plus Value = O.OO(ft) 
Default Y-Plus Value = D.DO(ft) 

ISOTROPIC SOIL PARAMETERS 
4 Type(s) of Soil 

6915.00 
6965.00 
6970.00 
6975.00 

1 
1 
1 
1 
1 

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 
4 100.0 115.0 300.0 

1 PIEZOMETRIC SURFACErS) 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 5 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 6895.00 
5 500.00 6895.00 

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. 

900 Trial Surfaces Have Been Generated. 

No. 
1 
1 
1 
0 

30 Surfacers) 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) 

H,iCCPPORATEO 

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) 
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 = 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) (ft) 
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 6863.585 
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 
21 335.801 6919.150 
22 346.921 6929.218 
23 357.378 6939.972 
24 367.l31 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 Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

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 
4 13.8 26434.5 0.0 6974.3 O. O. 3833.0 0.0 0.0 
5 10.8 26704.0 0.0 8823.8 O. O. 3872.1 0.0 0.0 
6 3.4 9411 .4 0.0 3310.6 O. O. 1365.1 0.0 0.0 
7 14.4 47864.6 0.0 16454.9 O. O. 6940.4 0.0 0.0 
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 
11 14.8 80115.1 0.0 23942.7 O. O. 11616.7 0.0 0.0 
12 0.2 968.1 0.0 282.2 O. O. 140.4 0.0 0.0 
l3 15.0 09889.4 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 0.0 "~n'''''ATt::D 17 14.6 107852.9 0.0 19449.9 o . O. 15638.7 0.0 ~NCO~\ c' -.ii', .. c_ 

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 ~ :iPCT 1 5 2009 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 Oi!, Gas & Mining 
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9.6 67333.9 0.0 1364.1 o. o. 9763.4 
3.7 25331.6 0.0 0.0 O. o. 3673.1 

12.8 84984.6 0.0 0.0 O. O. 12322.8 
11.2 69793.7 0.0 0.0 O. O. 10120.1 

1.1 6336.1 0.0 0.0 O. O. 918.7 
11.7 64093.3 0.0 0.0 O. O. 9293.5 
11.1 50192.2 0.0 0.0 O. O. 7277.9 
10.5 36455.6 0.0 0.0 O. o. 5286.1 

9.8 23230.0 0.0 0.0 O. O. 3368.3 
9.0 10859.8 0.0 0.0 O. o. 1574.7 
3.9 1159.6 0.0 0.0 O. O. 168.1 
Failure Surface Specified By 27 Coordinate Points 

Point X-Surf Y-Surf 
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 
25 
26 
27 

Circle 

(ft) (ft) 
53.103 6900.000 
66.211 6892.706 
79.712 6886.171 
93.564 6880.416 

107.721 6875.459 
122.138 6871.317 
136.768 6868.004 
151.562 
166.474 
181.454 
196.453 
211.424 
226.318 
241.085 
255.678 
270.050 
284.153 
297.943 
311.374 
324.402 
336.986 
349.084 
360.657 
371. 667 
382.079 
391.858 
399.550 

6865.530 
6863.902 
6863.127 
6863.208 
6864.142 
6865.929 
6868.561 
6872.031 
6876.326 
6881.434 
6887.336 
6894.016 
6901.449 
6909.613 
6918.481 
6928.024 
6938.211 
6949.009 
6960.383 
6970.434 

Center At X = 187.549 ; Y 
Factor of Safety 

*** 1.048 *** 

7126.167 and Radius 

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 
0.0 0.0 
0.0 0.0 

263.110 

!NCCr'PORATED 

OCT 1 :, 2009 

Div. of Oil, Gas & Mining 
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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) 

********************************************************************************* 

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: 09:37PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\alton coal stock pile ch-5-98 seismic revised a2.in 
Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\alton coal stock pile ch-5-98 seismic revised a2.0UT 
Unit System: English 
Plotted Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\alton coal stock pile ch-5-98 seismic revised a2.PLT 
PROBLEM DESCRIPTION: Alton Coal Pile Line A2-A2 - Static 
BOUNDARY COORDINATES 

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 

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 Typels) 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 
4 100.0 115.0 300.0 

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 5 Coordinate Points 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 6870.00 
2 280.00 6870.00 
3 330.00 6870.00 
4 

5 
400.00 
500.00 

6870.00 
6870.00 

Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake Coefficient Ikv) = 
Specified Seismic Pore-Pressure Factor = 0.000 
EARTHQUAKE DATA HAS BEEN SUPPRESSED 

0.291(g) 
O.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 
0 

30 Surface(s) Initiate(s) From Each Of 30 Points Equally Spaced 
Along The Ground Surface Between X 50.00(ft) 

and X 200.00(ft) 
Each Surface Terminates Between X 38G.OOlft) 

OCT 1 ~ 2009 
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and X = 500.00(ft) 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 6700.00(ft) 
15.00(ft) Line Segments Define Each Trial Failure Surface. 
Following Are Di~played 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 * * 

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 

Total Number of Trial Surfaces Attempted 900 
Number of Tridl Surfaces With Valid FS = 900 
Statistical Data On All Valid FS Values: 

FS Max = 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 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Circle 

X-Surf Y-Surf 
(ft) (ft) 

137.931 6884.756 
152.420 6880.871 
167.091 6877.749 
181.904 6875.388 
196.819 6873.799 
211.797 6872.986 
226.797 6872.951 
241.779 6873.694 
256.702 6875.213 
271.526 6877.504 
286.211 6880.561 
300.718 6884.375 
315.007 6888.937 
329.041 
342.781 
356.191 
369.233 
381.874 
394.079 
405.815 
417.051 
427.757 
428.074 

Center At X = 
Factor of Safety 

1.654 

6894.233 
6900.251 
6906.973 
6914.382 
6922.457 
6931.177 
6940.518 
6950.456 
6960.962 
6961. 308 

219.974 ; Y 7l61.964 

Individual data on the 26 slices 
Water Water Tie Tie 
Force Force Force Force 

Width Weight Top Bot Norm Tan 
(ft) (lbs) (lbs) (lbs) (lbs) (lbs) 
7.1 793.3 0.0 0.0 o. o. 
7.4 3223.0 0.0 0.0 o. o. 

14.7 14720.4 0.0 0.0 o. O. 
14.8 25052.8 0.0 0.0 O. O. 
14.9 34307.9 0.0 0.0 O. O. 
15.0 42365.1 0.0 0.0 o. O. 
15.0 49121.6 0.0 0.0 O. O. 
15.0 54502.3 0.0 0.0 o. o. 

3.2 12318.2 0.0 0.0 O. o. 
11.7 46627.8 0.0 0.0 o. o. 
14.8 62985.9 0.0 0.0 o. O. 
14.7 65555.1 0.0 0.0 O. O. 
14.5 66618.9 0.0 0.0 o. o. 

7.3 33744.6 0.0 0.0 O. O. 
7.0 32503.3 0.0 0.0 O. O. 

14.0 64703.9 0.0 0.0 O. O. 
13.7 61838.2 0.0 0.0 o. O. 
13.4 57702.7 0.0 0.0 O. O. 
13.0 52417.1 0.0 0.0 O. O. 
12.6 46120.9 0.0 0.0 O. O. 
12.2 38971.5 0.0 0.0 O. O. 

3.9 11163.5 0.0 0.0 O. O. 
7.8 19034.8 0.0 0.0 o. o. 

and Radius 289.094 

Earthquake 
Force Surcharge 

Hor Ver Load 
(lbs) (lbs) (lbs) 

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 
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 
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 
0.0 0.0 ~:!\hnnp(;Pr\Tl:.D 
0.0 0.0 ':IY~' " t,. 

0.0 0.0 0.0 
1 5 2009 0.0 0.0 o·OCT 

0.0 0.0 0.0 
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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 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 127.586 6884.399 
2 l42.305 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 6876.873 
8 231.980 6877.919 
9 246.883 6879.622 

10 261. 697 6881.977 
11, 276.393 6884.981 
12 290.943 6888.627 
13 305.319 6892.910 
14 319.493 6897.819 
15 333.438 6903.346 
16 34/.126 6909.480 
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 • *** 1.658 

• OCT 1 j 2009 
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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) 

********************************************************************************* 

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: 09:38PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

nccring\alton coal stock pile ch-5-98 seismic revised a2.in 
Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\alton coal stock pile ch-5-98 seismic revised a2.0UT 
Unit System: English 
Plotted Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\alton coal stock pile ch-5-98 seismic revised a2.PLT 
PROBLEM DESCRIPTION: Alton Coal Pile Line A2-A2 - Seismic 
BOUNDARY COORDINATES 

6 Top Boundaries 
6 Total Boundaries 

Boundary X-Left Y-Left X-Right 
No. (ft) 1ft) 1ft) 

1 0.00 6880.00 145.00 
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 

Y-Right 
(ft) 

6885.00 
6910.00 
6930.00 
6960.00 
6965.00 
6966.00 

Soil Type 
Below Bnd 

2 
1 
1 
1 
1 
1 

User Specified Y-Origin = 6750.00Ift) 
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 

No. (pef) (pcf) (psf) (deg) 
1 107.0 114.1 240.0 19.0 
2 105.0 110.0 90.0 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 (pcf) 
Piezometric Surface No. 1 Specified by 
Pore Pressure Inclination Factor 0.50 

Point X-Water Y-Water 
No. (ft) (ft) 

1 0.00 6870.00 
2 280.00 6870.00 
3 330.00 6870.00 
4 

5 
400.00 
500.00 

6870.00 
6870.00 

Pore Pressure Piez. 
Pressure Constant Surface 

Param. (psf) No. 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 1 
0.00 0.0 0 

5 Coordinate Points 

Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake Coefficient (tv) = 
Specified Seismic Pore-Pressure Factor = 0.000 

0.29~(g) 

0.145(g) 
0.000 (g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specif~ed. 

900 Trial Surfaces Have Been Generated. 
30 Surface Is) Initiatels) From Each Of 30 Points Equal~y Spaced 

Along The Ground Surface Between X 50.00Ift) 
and X 700.00(ft) 

Each Surface Terminates Between X 380.DOlft) 
and X SOO.OO(ft) 

oel 1 ~ 2009 
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Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y ~ 6700.00(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 
Total Number of Trial Surfaces Attempted 
Number of Trial Surfaces With Valid FS ~ 
Statistical Data On All Valid FS Values: 

FS Max ~ 1. 592 FS Min ~ 1. 073 

Modified 
900 

900 

FS Ave 
Standard Deviation ~ 0.084 Coefficient of 

Failure Surface Specified By 23 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (tt) 
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 6878.658 
9 262.426 6880.352 

10 277.242 6882.689 
11 291.944 6885.666 
12 306.503 6889.276 
l3 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 ; 
Factor of Safety 

*** 1.073 *** 
Individual data on the 26 

Y 7223.639 

slices 

Bishop Method 

1.l77 
Variation 

and Radius 

Water Water Tie Tie Earthquake 

* * 

7.10 % 

346.431 

Force Force Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (tt) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 
1 1.9 42.8 0.0 0.0 O. O. 6.2 0.0 0.0 
2 12.8 4487.1 0.0 0.0 O. O. 650.6 0.0 0.0 
3 14.8 14380.7 0.0 0.0 O. O. 2085.2 0.0 0.0 
4 14.9 23382.2 0.0 0.0 O. O. 3390.4 o. a 0.0 
5 15.0 31411.7 o. a 0.0 o. O. 4554.7 0.0 0.0 
6 15.0 38399.4 0.0 0.0 o. O. 5567.9 0.0 0.0 
7 15.0 44288.0 0.0 0.0 o. O. 6421.8 0.0 0.0 
8 12.4 40468.4 0.0 0.0 o. O. 5867.9 0.0 0.0 
9 2.5 8588.5 0.0 0.0 o. O. 1245.3 0.0 0.0 

10 14.9 53680.5 0.0 0.0 O. O. 7783.7 0.0 0.0 
11 14.8 57649.3 0.0 0.0 o. O. 8359.1 0.0 0.0 
12 14.7 60393.0 0.0 0.0 o. O. 8757.0 0.0 0.0 
13 14.6 61911.7 0.0 0.0 O. O. 8977 .2 0.0 0.0 
14 1.5 6149.1 0.0 0.0 o. O. 935.1 0.0 0.0 
15 12.9 55915.0 0.0 0.0 O. O. 8107.7 0.0 0.0 
16 14.2 61837.8 0.0 0.0 O. O. 8966.5 0.0 0.0 
17 14.0 60165.5 0.0 0.0 O. O. 8724.0 0.0 0.0 
18 13.7 57399.8 0.0 0.0 O. O. 8323.0 0.0 0.0 
19 l3.4 53612.1 0.0 0.0 O. O. 7773.8 0.0 ~~.'nr:n:",p I\TED 
20 l3 .1 48882.4 0.0 0.0 o. O. 7087.9 0.0 

l ' \.j'l. i! l.' ",' ~ .r, " 

21 8.6 29726.0 0.0 0.0 O. O. 4310.3 0.0 0.0 
1 ~ 2009 22 4.2 13309.4 0.0 0.0 O. O. 1929.9 0.0 o.oOCl 

23 12.5 32962.6 0.0 0.0 o. O. 4779.6 0.0 0.0 
24 12.1 21531.9 0.0 0.0 o. o. 3122.1 0.0 0.0 &M' . [)lv. of Oil, Gas' mmg 
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11.7 
4.3 

10047.3 
826.5 

0.0 0.0 
0.0 0.0 

o. 
O. 

O. 1456.9 
O. 119.8 

Failure Surface Specified By 24 Coordinate Points 
Point X-Surf Y-Surf 
No. (fL) (ft) 

1 127.586 6884.399 
2 142.251 6881.248 
3 157.n36 6878.717 
4 171.915 6876.810 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

186.860 
201.846 
216.846 
231.833 
246.782 
261.664 
276.455 
291.128 
305.656 
320.015 
334.178 
348.121 
361.819 
375.247 
388.382 
401. 201 
413.680 
425.798 
437.533 
443.158 

6875.530 
6874.881 
6874.864 
6875.477 
6876.721 
6878.592 
6881.088 
6884.205 
6887.937 
6892.276 
6897.216 
6902.748 
6908.861 
6915.545 
6922.789 
6930.579 
6938.902 
6947.742 
6957.085 
6961.963 

circle Center At X ~ 209.769; Y 
Factor of Safety 

1. 074 

7230.776 and Radius 

0.0 
0.0 

0.0 
0.0 

355.992 

ATED 

OCT 1 j 2009 

Div. at Oil, Gas & Mining 
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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) 

********************************************************************************* 

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: 09:34PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revlsed\alton coal stock pile ch-5-98 seismic revised bl.in 
Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\alton coal stock pile ch-5-98 seismic revised b1.0UT 
Unit System: English 
Plotted Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\alton coal stock pile ch-5-98 seismic revised b1.PLT 
PROBLEM DESCRIPTION: Alton Coal Pile Line B1-Bl - Static 
BOUNDARY COORDINATES 

11 Top Boundaries 
14 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 0.00 6825.00 122.00 6835.00 2 
2 122.00 6835.00 190.00 6850.00 1 
3 190.00 6850.00 296.00 6875.00 1 
4 296.00 6875.00 367.00 6895.00 1 
5 367.00 6895.00 470.00 6930.00 1 
6 470.00 6930.00 505.00 6935.00 1 
7 505.00 6935.00 555.00 6940.00 1 
8 555.00 6940.00 591.00 6945.00 1 
9 591.00 6945.00 660.00 6950.00 1 

10 660.00 6950.00 726.00 6950.00 1 
11 726.00 6950.00 770.00 6945.00 1 
12 122.00 6835.00 770.00 6835.00 2 
13 0.00 6817.00 770.00 68l7.00 3 
14 0.00 6800.00 770.00 6800.00 4 

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 Friction 
Type Unit Wt. Unit Wt. Intercept Angle 

Pore Pressure piez. 
Pressure Constant Surface 

No. (pcf) (pcf) (psf) (deg) Paramo (psf) No. 
1 107.0 114.1 240.0 19.0 0.00 0.0 1 
2 105.0 110.C 90.0 29.0 0.00 0.0 1 
3 100.0 120.0 2000.0 0.0 0.00 0.0 1 
4 100.0 115.0 300.0 21.0 0.00 0.0 0 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water = 62.40 (pcf) 
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 
2 280.00 6816.00 
3 770.00 6816.00 

Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Sp~cified Seismic Pore-Pressure Factor 0.000 
EARTHQUAKE DATA HAS BEEN SUPPRESSED 

0.291(g) 
0.145(g) 

O.OOO(g) aCI 1 ~ 2009 
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A Cri tical Failure Surface Searching Method , Usinq A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

900 Tr ial Surfaces Have Been Gene rated . 
30 Surface{s) I nitiate (s ) From Each Of 30 Points Equall y Space d 

Alung The Ground Surface Between X 50.00( f t ) 
and X l 4 0 .00(ft) 

Ea c h Surfac e Termina t es Be t ween X 400 . 00(ft) 
and X 700 . 00( ft) 

Unless Furthe r Limitations Were Imposed, The Minimum Elevat i o n 
At Which A Surfa ce Extends Is Y = 6750.00(ft) 
15.00 (ft) Line Segments Define Each Trial Failure Surface. 
Following Are Displayed The Te n Most Critica l Of The Trial 

Failure Surfaces Evaluated . T'hey Are 
Orde red - Most Critical First. 
* * Safety Factors Are Calculated By The Modified Bishop Method * * 

Sl ice 
No . 

1 
2 

Total Number of Trial Surfa ces Attempted 900 
Number of Trial Surfaces With Val i d FS = 900 
Statistical Data On All Valid FS Values: 

FS Max = 2.875 FS Min = 1. 708 FS Ave 2 . 249 
St anda r d Deviation = 0.255 Coefficient o f Variation 

Fai lure Su rface Specif i ed By 37 Coordina te Points 
Point X- S u r f Y-Surf 

No . (ft) (ft ) 
1 102.759 6833 . 423 
2 11 6 .7l4 6827 . 923 
3 130 . 85 1 6822 .909 
4 145.154 6818.388 
5 159 .6 04 6814.364 
6 174.185 6810. 8 43 
7 188.879 680 7 .829 
8 203.668 6805.325 
9 218 .536 6803. 33 4 

1 0 233.463 6801.859 
11 248.432 6800.902 
12 263.426' 6800.463 
13 27 8.426 6800.543 
1 4 2 93.4 14 6801. 14 3 
] 5 308.372 6802 . 261 
16 323.28 3 68 0 3 .896 
17 338 .128 6806.045 
18 352 .890 6808.708 
19 367 .55 0 6811. 879 
2 0 382 .093 6815 . 557 
21 396 .499 6819.7 35 
22 410.752 6824.409 
23 424 .835 682 9.57 4 
24 438 .731 6835.22 3 
25 452 .422 6841. 3 49 
26 465.894 6847.9 46 
27 479 .129 6855.0 0 5 
28 492.112 6862.518 
29 504.827 6870.4 7 5 
30 517 . 259 68 78.868 
3 1 529 .394 6887 .687 
32 54 1.215 6896.919 
33 552 .710 6906.556 
3 4 563 . 865 6916 . 584 
35 574 .666 69 26 . 993 
36 585 .100 6937.770 
37 591 .676 6945. 0 4 9 

Circle Center At X = 268.605 ; 
Factor of Safety 

*** 1.708 *** 
Indiv idual data on the 50 

Y 

Water Water Tie 

7233 . 784 

slices 
Tie 

Force Force Force Force 
Wi dt h Weigh t Top Bo t Norm Tan 

and Radius 

Earthquake 
Force 

Hor Ver 

1 1 . 32 % 

433.352 

Surc harge 
Load 

(ft) (lbs) (lbs ) ( l bs) (lbs) (lbs) (lbs ) (lbs ) (lbs ) 
14.0 4867 .4 0.0 0 .0 O. O. 0.0 0.0 0 . 0 

5 . 3 4328. 1 0.0 0 . 0 O. O. 0.0 0 . 0 0 .0 

iNCU::{ ;-)OF~ATED 
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3 8.9 10702.9 0.0 0.0 o. O. 0.0 0.0 0.0 
4 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 13552.8 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 
18 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 14.8 129861.0 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 u.o 
25 0.6 4911. 2 0.0 146.9 O. o. 0.0 0.0 0.0 
26 14.5 1304l8.9 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 120803.0 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 
41 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 2.3 791:1.0 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 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 102.759 6833.423 
2 116.653 6827.770 
3 l30.748 6822.638 
4 145.023 6818.034 
5 159.461 6813.963 
6 174.039 6810.433 
7 188.739 6807.447 
8 203.540 6805.009 
9 218.421 6803.124 

10 233.362 6801.793 
11 248.342 6801.020 
12 263.340 6800.803 
13 278.336 6801.145 ~"-'''''''Tr:O \ ~ ~ r' f'~~ -r-:i \"".: ~-'" f"\ " ,- - -• 14 293.309 6802.043 i "z -......... \,)t"\';." 

15 308.238 6803.499 
1 ~ 2009 16 323.103 6805.508 Oel 17 337.883 6808.068 

18 352.557 6811.177 
. t 0\' Gas & Mining 19 367.106 6814.829 OW.O I, 
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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 = 261.654 ; Y 7204.033 and Radius 403.237 
Factor of Safety 

*** 1. 716 
Failure Surface Specified By 32 Coordinate Points 

Point X-Surf Y-Surf 
No. (ftl (ftl 

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 6834.931 
22 414.412 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 319.634 
Factor of Safety 

*** 1.727 *** 

I\TED 

• OCT 1 j 2009 
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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) 

********************************************************************************* 

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 Ap?lied Forces. 

********************************************************************************* 
Analysis Run Date: 
Time of Run: 

12/13/2008 
09:32PM 

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-5-98 seismic revised b1.in 
Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\A1ton Revised\alton coal stock pile ch-S-98 seismic revised b1.0UT 
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 b1.PLT 
PROBLEM DESCRIPTION: Alton Coal Pile Line B1-B1 - Seismic 
BOUNDARY COORDINATES 

11 Top Boundaries 
14 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) 

6825.00 
683S.00 
6850.00 
6875.00 
689S.00 
6930.00 
693S.00 
6940.00 
6945.00 
6950.00 
6950.00 

(ft) 
122.00 
190.00 
296.00 
367.00 
470.00 
505.00 
55S.00 
591.00 
660.00 
726.00 
770.00 

(ft) Below Bnd 
1 0.00 6835.00 2 
2 122.00 6850.00 1 
3 190.00 6875.00 1 
4 296.00 6895.00 1 
S 367.00 6930.00 1 
6 470.00 6935.00 1 
7 SOS.OO 6940.00 1 

555.00 6945.00 1 
9 591.00 6950.00 1 

10 660.00 6950.00 1 
11 726.00 6945.00 1 
12 122.00 6835.00 770.00 6835.00 2 
13 0.00 6817.00 770.00 6817.00 3 
14 0.00 6800.00 770.00 6800.00 4 

User Specified Y-Origin = 6750.00(ft) 
Default X-Plus Value = O.OO(ft) 
Default Y-Plus Value = O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
4 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
19.0 

Pore Pressure Piez. 

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 11S.0 300.0 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water = 62.40 (pcf) 

29.0 
0.0 

21.0 

Pressure 
Paramo 

0.00 
0.00 
0.00 
0.00 

Constant Surface 
(psf) No. 
0.0 1 
0.0 1 
0.0 1 
0.0 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 6815.00 
2 
3 

280.00 
770.00 

6816.00 
6816.00 

Specified Peak Ground Acceleration Coefficient (A) 
Specified Horizontal Earthquake Coefficient (kh) 
Specified Vertical Earthquake Coefficient (kv) = 
Sp~~ified Seismic Pore-Pressure Factor = 0.000 
A Critical Failure Surface Searching Method, Using 

0.291(g) 
O.14S(:JI 

O.OOO(g) 

A Random 

oel 1 :l 2009 
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Technique For Genera ting Circular Surfaces, Has Been Specified . 
900 Trial Sur f aces Have Bee n Genera ted . 

30 Surfa ce (s ) I nit i ate(s) From Ea c h Of 30 Points Equally Spaced 
Al ong The Ground Surface Between X 50 .00(ft ) 

and X 14 0 . 00 (ft) 
Each Surface Terminat es Between X 400. 00 (ft) 

and X 700. 00(ft) 
Unl ess Further Limitati ons Were I mposed, Th e Minimum Elevation 
At Wh i ch A Surface Extends I s Y = 6750.00( f t) 
1 5 . 00 (ft) Li ne Segments Define Eac h Trial Failure Surface. 
Following Are Displ ayed The Te n Mos t Crit ical Of The Trial 

Failure Su r f a ces Eva luated . They Are 
Orde red - Mos t Critical First . 
* * Safety Factors Are Calcula ted By The Modified Bi shop Method * * 
Total Number of Trial Surfaces Attempted 900 
Number of Tria l Surfaces Wi t h Valid FS = 900 
Sta tist ical Data On Al l Va l id FS Values: 

FS Max = 1. 7 11 FS Min - 1 . 051 FS Ave 1 .397 
Sta ndard Deviation = 0 .1 67 Coef fic i ent o f Va riat i on 11 .98 % 

Fai l ure Su r f a ce Specified By 40 Coor d i na t e Points 
Po int X- Sur f Y- Surf 

No . (ft ) (ft) 
1 90.345 68 32 .405 
2 10 4.479 6827 . 38 4 
3 118.754 6822 . 776 
4 133. 1 57 68 18.585 
5 147 . 67 5 68 1 4.8 15 
6 162 . 29 7 68 11. 4 68 
7 177 .010 68 08 .547 
8 191. 801 6806 .055 
9 206 . 65 9 6803 . 99 5 

10 221 .571 6802 .367 
11 236. 523 6801.173 
12 251.504 6800 .41 4 
13 266 . 500 6800 . 091 
1 4 28 1.500 6800 . 205 
1 5 296 . 49 0 6800 . 753 
1 6 311 .457 6801. 738 
1 7 326 . 390 6803 .157 
18 341 . 275 6805 . 01 0 
19 356 .1 00 6807.294 
20 370.853 68 10.009 
21 ~85 . 570 6813 . 151 
22 40 0 .090 6816 .718 
23 41 4.5 49 6820 .708 
2 4 428.88 7 68 25 .115 
25 44 3 .091 6829 . 938 
26 45 7 .148 683 5.171 
27 47 1 . 0 47 68 40 . 8 12 
28 484 . 777 68 4 6 .853 
29 498.32 5 6853 . 29 1 
30 511 .680 6860 .120 
31 52 4.831 6867 .334 
32 537 . 767 687 4. 92 8 
33 550 .477 6882 . 89 5 
34 562 . 94 9 6891. 228 
35 575.174 6899.9 19 
36 587 . 14 2 6908 . 96 3 
37 598 . 84 1 69 18 . 350 
38 610.263 6928 .074 
39 62l. 397 6938 . 125 
4 0 631 .G60 69 47.9 46 

Ci r c le Center At X = 270.107 ; Y 7316.028 and Radius 515 . 951 
i,f ~;(:t~ r<T ED Factor o f Safety 

** * 1 . 05 1 *** 
I ndividual data on the 

Wate r Water 
Fo rce Force 

Slice Width Weight Top Bot 
No. (ft) (lbs) ( l bs) (lbs) 

53 sl ices 
Tie Ti e 

Force Fo r ce 
Norm Tan 
(lbs ) ( l bs ) 

Earthquake 
Fcrce Surcharge 

OCT 1 :3 2009 
Ho r 

(l b s ) 
Ver Lo ad . , M' . 

( lbs ) (lbs Viv. of Oil, Gas i'X Inmg 
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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. 2725.5 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. 2018.4 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.J o. O. ~401.7 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. 11071. 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 3971.1 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. 19080.5 0.0 0.0 
24 14.8 134015.0 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 137960.8 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. 8236.1 0.0 0.0 
41 6.7 54981.1 0.0 0.0 O. O. 7972.3 0.0 0.0 
42 13.2 102157.5 0.0 0.0 O. o. 14812.8 0.0 0.0 
43 1?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. 3885.8 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 U.O O. O. 8/96.9 0.0 0.0 
48 12.0 50185.5 0.0 0.0 O. O. 7276.9 0.0 0.0 
49 3.9 14127.9 0.0 0.0 O. O. 2048.6 0.0 0.0 
50 7.8 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. 2366.6 0.0 0.0 
53 10.3 4984.7 0.0 0.0 o. O. 722.8 0.0 0.0 

• oel 1 J 2009 
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APPENDIX E-4 

OUPTUT FILES OF STATIC AND PSEUDO-STATIC SLOPE STABILITY ANALYSES 

LINEB2-B2 
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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) 

********************************************************************************* 

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, Tieb2ck, 
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: 09:13PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\dlton coal stock pile ch-5-98 seismic revised b2.in 
Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\alton coal stock pile ch-5-98 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-5-98 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 Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 0.00 6810.00 200.00 6815.00 2 
2 200.00 6815.00 241.00 6820.00 1 
3 241.00 6820.00 308.00 6835.00 1 
4 308.00 6835.00 476.00 6875.00 1 
5 476.00 6875.00 617.00 6925.00 1 
6 617.00 6925.00 686.00 6925.00 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(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 
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 
4 100.0 115.0 ~oo.o 

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 Incli~ation 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-Pressure Factor = 0.000 
EARTHQUAKE DATA HAS BEEN SUPPRESSED 

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. 

No. 
1 
1 
1 
0 

900 Trirtl Surfaces Have Been Generated. 
30 Surface(s) Initiate(s) From Each Of 30 Points Equally Spaced 

OCT 1 ~ 2009 
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Along The Ground Surface Between 
and 

Each Surface Terminates Between 
and 

x 100.00(ft) 
X 400.00(ft) 
X 400.00(ft) 
X 6S0.00(ft) 

Unless Further Limitatlons Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 67S0.00(ft) 
lS.00(ft) Line Segments Define Each Trial Failure Surface. 
**** ERROR - RC11 **** 

»200 attempts to generate failure surface have failed. Revise limitations 
The Factor Of Safety For The Trial Failure Surface Defined 
By The Coordinates Liited 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 Non-Valid FS Solutions 
of the Total Attempted = 6.7 % 
Statistical Data On All Valid FS Values: 

FS Max = 10.391 FS Mlll = 1.611 FS Ave = 2.859 
Standard Deviation = 0.835 Coefficient of Variation 29.20 % 

Slice 
No. 

1 
2 
3 
4 

Failure Surface Specified By 22 Coordinate Points 
Point X-Surf Y-Surf 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
l7 
18 
19 
20 
21 
22 

Circle 

(ft) (ft) 
358.621 6847.053 
373.280 6843.875 
388.076 6841.411 
402.975 
4l7.940 
432.937 
447.931 
462.886 
477.767 
492.538 
507.166 
521.616 
535.853 
549.844 
563.557 
576.958 
590.0l7 
602.703 
614.985 
626.836 
638.226 
645.952 

6839.668 
6838.650 
6838.359 
6838.795 
6839.959 
6841.847 
6844.454 
6847.774 
6851.801 
6856.523 
686l.931 
6868.011 
6874.749 
6882.128 
6890.133 
6898.744 
6907.940 
6917.701 
6925.000 

431. 437 ; Y Center At X = 
Factor of Safety 

*** 1.611 *** 

7147.192 

Individual data on the 23 slices 
Water Water Tie Tie 
Force Force Force Force 

Width Weight Top Bot Norm Tan 
(ft) (Ibs) (Ibs) (lbs) (lbs) (Ibs) 
14.7 5230.3 0.0 0.0 o. O. 
14.8 15296.3 0.0 0.0 o. O. 
14.9 24389.9 0.0 0.0 o. o. 
15.0 32402.8 0.0 0.0 o. o. 

and Radius 308.846 

Earthquake 
Force Surcharge 

Hor Ver Load 
(lbs) (lbs) 

0.0 0.0 
0.0 0.0 ~lkl 0.0 0.0 
0.0 0.0 0.0 

D'wt,TED 

1 :l 2009 
5 15.0 39246.1 0.0 0.0 o. o. 0.0 0.0 D\~Jt Oil, Gas & M·ming 6 15.0 44848.1 0.0 0.0 o. o. 0.0 0.0 
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7 15.0 49156.6 0.0 0.0 
B 13 .1 45812.3 0.0 0.0 
9 1.8 6346.9 0.0 0.0 

10 14.8 55470.5 0.0 0.0 
11 14.6 58449.6 0.0 0.0 
12 14.4 60029.1 0.0 0.0 
13 14.2 60231.7 0.0 0.0 
14 14.0 59101.7 0.0 0.0 
15 13.7 56703.2 0.0 0.0 
16 13.4 53121.9 0.0 0.0 
l7 13.1 48455.5 0.0 0.0 
18 12.7 42824.4 0.0 0.0 
19 12.3 36363.5 0.0 0.0 
20 2.0 5414.5 0.0 0.0 
21 9.8 21969.9 0.0 0.0 
22 11.4 14843.4 0.0 0.0 
23 7.7 30l7.3 0.0 0.0 

• 

• 

coal stock 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
O. 
O. 
O. 
o. 
O. 
O . 

pile ch-5-98 seismic revised b2.0UT Page 3 

o. 0.0 0.0 
o. 0.0 0.0 
o. 0.0 0.0 
o. 0.0 0.0 
o. 0.0 0.0 
o. 0.0 0.0 
o. 0.0 0.0 
o. 0.0 0.0 
o. 0.0 0.0 
o. 0.0 0.0 
o. 0.0 0.0 
O. 0.0 0.0 
O. 0.0 0.0 
O. 0.0 0.0 
o. 0.0 0.0 
o. o. a 0.0 
O. 0.0 0.0 

0.0 
o. a 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o. a 
o. a 
o. a 

Gei i ~ 2009 

~,. ..,~ O'li Gas & Mining UN. vi ., 



• 

• 

• 

C:alton coal stock pile ch-5-98 seismic revised b2.0UT 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) 

********************************************************************************* 

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: 09:19PM 
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-5-98 seismic revised b2.in 
Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\alton coal stock pile ch-5-98 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-5-98 seismic revised b2.PLT 
PROBLEM DESCRIPTION: Alton Coal Pile Line B2-B2 - Seismic 
BOUNDARY COORDINATES 

7 Top Boundaries 
10 Total Boundaries 

Boundary X-Left Y-LeEt 
No. (Et) (ft) 

1 0.00 681U.00 

X-Right 
(ft) 

200.00 

Y-Right 
(ft) 

6815.00 
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 6835.00 476.00 1 
5 476.00 6875.00 617.00 1 
6 617.00 6925.00 686.00 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 PARl\METERS 
4 Type(s) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure piez. 
Type Unit wt. Unit Wt. Intercept Angle 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 
4 100.0 115. a 300.0 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water = 62.40 (pcf) 

(deg) Paramo (psE) 
19.0 0.00 0.0 
29.0 0.00 0.0 

0.0 0.00 0.0 
21.0 0.00 0.0 

Piezometric Surface No. 1 Specified by 3 Coordinate Points 
Pore Pressure Inclinatlon 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 ~arthquake Coefficient (kh) 
SpeciEied 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. 

900 Trial Surfaces Have Been Generated. 

No. 
1 
1 
1 
0 

30 Surfac~(s) Initiate(s) From Each Of 30 Points Equally Spaced 
Along The Ground Surface Between X ~ 100.00(Et) 

OCT 1 5 2009 

Div. of on, Gas & Mining 
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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) 
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 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
l7 
18 
19 
20 

X-Surf 
(ft) 

296.552 
316.164 
335.954 
355.869 
375.853 
395.851 
415.809 
435.672 
455.385 
474.895 
494.146 
513.088 
531.667 
549.833 
567.535 
584.726 
601.357 
617.384 
632.762 
640.725 

Circle Center At X ~ 

Y-Surf 
(ft) 

6832.437 
6828.517 
6825.629 
6823.782 
6822.981 
6823.228 
6824.522 
6826.860 
6830.236 
6834.639 
6840.059 
6846.479 
6853.883 
6862.250 
6871. 557 
6881. 779 
6892.887 
6904.852 
6917.639 
6925.000 

381.148 ; Y 
Factor of Safety 

1. 059 *** 
Individual data on the 22 

Water Water Tie 

7204.030 and Radius 

slices 
Tie Earthquake 

25.23 % 

381.101 

Force Force Force Force Force Surcharge 
Slice Width Weight Top Bot Norm Tan Hor Ver Load 

No. (ft) (lbs) (Ibs) (lbs) (lbs) (lbs) (lbs) (lbs) (Ibs) 
1 11.4 2970.9 0.0 0.0 o. O. 430.8 0.0 0.0 
2 8. :;> 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 
5 20.0 54300.7 0.0 0.0 O. O. 7873.6 0.0 0.0 
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 
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 l.1 4740.1 0.0 0.0 O. o. 687.3 0.0 0.0 
12 18.1 79050.4 0.0 0.0 O. O. 11462.3 0.0 0.0 
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 70872.9 0.0 0.0 o. O. 10276.6 0.0 0.0 !()TEO l7 l7 .2 62244.0 0.0 0.0 o. O. 9025.4 0.0 0 
18 16.6 51911. 8 0.0 0.0 o. O. 7527.2 0.0 o. 
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. 3281.8 0.0 0.0 

Div, Dr Oil, Gas & Mining 
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8.0 3136.2 0.0 0.0 O. o. 
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 6820.568 
5 355.373 6820.009 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
l7 
18 
19 
20 
21 

375.369 
395.327 
415.203 
434.953 
454.536 
473.909 
493.030 
511. 858 
530.351 
548.47l 
566.177 
583.432 
600.197 
616.438 
632.119 
638.802 

Circle Center At X = 
Factor of Safety 

1. 063 

6820.379 
6821. 679 
6823.906 
6827.054 
6831.117 
6836.086 
6841.950 
6848.697 
6856.312 
6864.779 
6874.079 
6884.192 
6895.097 
6906.769 
6919.183 
6925.000 

357.404 ; Y 7250.058 

454.3 0.0 0.0 

and Radius 430.054 

OC,- 1 :l 2009 

Dill, ot Oil. Gas & Mining 
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APPENDIX E-5 

OUPTUT FILES OF STATIC, PSEUDO-STATIC and RAPID DRAWDOWN 
SLOPE STAIlIUTY ANALYSES 

LINE F-F, Setllmalllllml PoIUb #1, #111, #2111UlIU 

INCORPOQATED 

OCT 1 5 2009 
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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) 

********************************************************************************* 
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: 
Time of Run: 

12/15/2008 
01:37PM 

Run By: Alan Taylor 
Input Data Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\alton line ff sp-16-13 static.in 
Output Filename: C:\Documents and Settings\Owner\My Documents\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: 

BOUNDARY COORDINATES 
4 Top Boundaries 
4 Total Boundaries 

Line FF, Soil SP-16-l3 - Static 

Boundary X-Left Y-Left X-Right 
No. (ft) (ft) (ft) 

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.DO(ft) 
Default Y-Plus Value = O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
2 Type(s) of Soil 

1 
1 
1 

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 SURFACErS) 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 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 

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 BEEN SUPPRESSED 

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 Surfacers) 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 48.00(ft) 

and X 60.00(ft) 
Unless Further Limitations Were Imposed, The Minimum Elevation 

" '-';"Z ,'\TEO 

ocr 1 :l 2009 
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At Which A Surface Extends Is Y = 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. (ft) (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 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

24.158 
25.157 
26.156 
27.156 
28.156 
29.155 
30.152 
31.147 
32. l38 
33.126 
34.109 
35.087 
36.059 
37.025 
37.983 
38.933 
39.874 
40.806 
41.728 
42.638 
43.538 
44.425 
45.300 
46.162 
47.009 
47.842 
48.659 
49.461 
50.247 
51.015 
51.766 
52.500 
53.214 
53.909 
54.585 
55.241 
55.876 
56.491 
57.083 
57.257 

Circle Center At X = 

6822.305 
6822.246 
6822.213 
6822.208 
6822.230 
6822.279 
6822.354 
6822.457 
6822.585 
6822.741 
6822.923 
6823.132 
6823.367 
6823.627 
6823.914 
6824.227 
6824.564 
6824.927 
6825.315 
6825.728 
6826.165 
6826.625 
6827 .l10 
6827.618 
6828.148 
6828.702 
6829.278 
6829.875 
6830.494 
6831.134 
6831. 794 
6832.474 
6833.l74 
6833.893 
6834.629 
6835.384 
6836.157 
6836.946 
6837.751 
6838.000 

26.846 ; Y 
Factor of Safety 

*** 2.152 
Individual data on the 48 

Water Water Tie 

6859.390 

slices 
Tie 

Force Force Force Force 

and Radius 37.182 

Earthquake 
Force Surcharge 

Slice Width Weight Top Bot Norm Tan Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 0.8 7.1 541.9 556.1 O. O. 0.0 0.0 
2 0.2 4.9 146.6 136.3 O. O. 0.0 0.0 

OCT 1 ~ 2009 
3 1.0 70.7 733.3 703.5 O. o. 

Hor 
(lbs) 

0.0 
0.0 
0.0 0.0 0.0 M" " 

Div. of Oii, Gas & Inmg 
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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 1.0 287.4 637.4 727.1 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 1.0 763.6 322.8 707.4 O. o. 0.0 0.0 0.0 
16 1.0 797.1 287.5 696.9 O. o. 0.0 0.0 0.0 
17 1.0 826.4 252.5 684.7 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 1.0 888.5 150.3 638.3 O. O. 0.0 0.0 0.0 
21 0.9 900.6 117.4 619.7 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. 0 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 
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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) 

********************************************************************************* 
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 AFplied Forces. 

********************************************************************************* 
Analysis Run Date: 12/15/2008 
Time of Run: 01:40PM 
Run By: Alan Taylor 
Input Data Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\alton line ff sp-16-13 static.in 
Output Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\alton line ff sp-16-13 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-16-13 static.PLT 
PROBLEM DESCRIPTION: Alton Coal Hollow Sedimentation Pond 4: 

BOUNDARY COORDINATES 
4 Top Boundaries 
4 Total Boundaries 

Line FF, Soil SP-16-13 - Seismic 

Boundary X-Left Y-Left X-Right 
No. (ft) (ft) (ft) 

1 0.00 6823.00 20.00 

Y-Right 
(ft) 

6823.00 

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 

6838.00 
6838.00 
6828.00 

1 
1 
1 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

Friction 
Angle 
(deg) 
29.6 
29.0 

Pore Pressure piez. 
Pressure Constant Surface 

No. (pef) (pef) (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 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 

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 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) 
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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 = 9.224 FS Min = 1.309 FS Ave 2.052 
Standard Deviation = 0.881 Coefficient of Variation 42.94 % 

Failure Surface Specified By 45 Coordinate Points 
Point 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
l7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

X-Surf 
(ft) 
19.211 
20.192 
21.178 
22.168 
23.162 
24.158 
25.157 
26.156 
2/.156 
28.156 
29.155 
30.152 
31.147 
32.138 
33.126 
34.109 
35.087 
36.059 
37.025 
37.983 
38.933 
39.874 
40.806 
41. 728 
42.638 
43.538 
44.425 
45.300 
46.162 
47.009 
47.842 
48.659 
49.461 
50.247 
51.015 
51.766 
52.500 
53.214 
53.909 
54.585 
55.241 
55.876 
56.491 
57.083 
57.257 

Circle Center At X = 

Y-Surf 
(ft) 

6823.000 
6822.808 
6822.642 
6822.503 
6822.391 
6822.305 
6822.246 
6822.213 
6822.208 
6822.230 
6822.279 
6822.354 
6822.457 
6822.585 
6822.741 
6822.923 
6823.132 
6823.367 
6823.627 
6823.914 
6824.227 
6824.564 
6824.927 
6825.315 
6825.728 
6826.165 
6826.625 
6827.110 
6827.618 
6828.148 
6828.702 
6829.278 
6829.875 
6830.494 
6831.134 
6831.794 
6832.474 
6833.174 
6833.893 
6834.629 
6835.384 
6836.157 
6836.946 
6837.751 
6838.000 

26.846 ; Y 
Factor of Safety 

*** 1.309 *** 
Individual data on the 48 

Water Water Tie 

6859.390 

slices 
Tie 

Force Force Force Force 

and Radius 

Earthquake 
Force 

37.182 

Slice Width Weight Top Bot Norm Tan Hor 
(lbs) 

1.0 
0.7 

10.3 

Surcharge 
Load Ver 

(lbs) 
0.0 
0.0 
0.0 
0.0 

No. (ft) (lbs) 
1 0.8 7.1 
2 0.2 4.9 
3 1.0 70.7 
4 1.0 145.4 

(lbs) (lbs) (lbs) 
541. 9 556.1 
146.6 136.3 
733.3 703.5 
702.2 713 .1 

(lbs) 
o. 
o. 
O. 
o. 

O. 
o. 
o. 
O. 21.1 

(lbs) 
0.0 
0.0 
0.0 
0.0 OCT 1 5 2009 
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5 1.0 217.7 670.2 720.9 o. O. 31. 6 0.0 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 
8 1.0 417.9 569.8 734.5 o. O. 60.6 0.0 0.0 
9 1.0 478.4 535.2 735.6 o. O. 69.4 0.0 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 0.0 
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 0.9 911.7 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 O. 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 o. O. 20.4 0.0 0.0 
46 0.6 88.5 0.0 0.0 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 O. a 0.0 O . O. 0.3 0.0 0.0 
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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) 

********************************************************************************* 
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: 
Time of Run: 

12/15/2008 
01:31PM 

RUn By: Alan Taylor 
Input Data Filename: C:\Documents and Settings\Owner\My Documents\Taylor Geo-Engi 

neering\Alton Revised\alton line ff sp-16-l3 rapid drawdown stage l.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) (ft) 

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 1 
3 50.00 6838.00 62.00 1 
4 62.00 6838.00 82.00 I 

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) 
16.0 
29.0 

Pore Pressure piez. 
Pressure Constant Surface 

No. (pcf) (pcf) (psf) 
1 99.4 116.2 84.0 
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 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 BEEN SUPPRESSED 

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 48.00(ft) 
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and X = 60.00(ft) 
Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 6700.00(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 = 10.260 FS Min = 1.245 FS Ave 2.090 
Standard Deviation = 1.077 Coefficient of Variation 51.53 % 

Failure Surface Specified By 45 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (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 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 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 

*** 1. 245 *** 
Individual data on the 46 slices 

Water Water Tie Tie Earthquake 
Force Force Force Surcharge 

Weight Bot Ver Load 

Page 2 

Slice 
No. 

1 

Width 
(ft) 
0.8 

(lbs) 
6.1 

Top 
(lbs) (lbs) 

0.0 0.0 

Force 
Norm 
(lbs) 

o. 

Force 
Tan 

(lbs) 
o. 

Hor 
(lbs) 

D.D 
(Ibs) (Ibs) OCT 1 5 2009 
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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 1 24 . 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 5 03 . 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 62 1. 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 68 1. 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 75 8 . 2 0 . 0 0 . 0 O. O. 0 . 0 0.0 0 . 0 
2 8 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 66 1. 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 54 9 .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 42 7.4 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. O.D 0 . 0 0 . 0 
44 0.6 88 . 5 0.0 0.0 O. O. O. J 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 • D. 0.0 0 . 0 0.0 

• OCT 1 ~ 2009 
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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) 

********************************************************************************* 
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: 
Time of Run: 

12/15/2008 
01:45PM 

Run By: Alan Taylor 
Input Data Filename: f:\alton line ee gt-5.in 
Output Filename: f:\alton line ee gt-5.0UT 
Unit System: English 
Plotted Output Filename: f:\alton line ee gt-S.PLT 
PROBLEM DESCRIPTION: Alton Coal Hollow Sedimentation Pond 3: 

BOUNDARY COORDINATES 
5 Top Boundaries 
5 Total Boundaries 

Line E-E, Soil GT-5 - Static 

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-Plus Value = O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
1 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit wt. Intercept 

No. (pcf) (pcf) (psf) 
1 100.0 120.0 700.0 

Friction 
Angle 
(deg) 
10.0 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water = 62.40 (pcf) 

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 
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 
EARTHQUAKE DATA HAS BEEN SUPPRESSED 

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. 
20 Surface(s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 5.00(ft) 
and X 25.00(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 Each Trial Failure Surface. 
Following Are Displayed The Ten Most Critical Of The Trial 

OCT 1 ~ 2009 
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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 

f:\alton line ee gt-5.0UT Page 2 

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 = 19.860 FS Min = 5.298 FS Ave 6.609 
Standard Deviation = 1.849 Coefficient of Variation 27.98 % 

Failure Surface Specified By 28 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 17.632 6800.000 
2 19.292 6798.885 
3 21.030 6797.895 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

Circle 

22.834 6797.033 
24.697 6796.304 
26.608 6795.713 
28.556 6795.263 
30.533 6794.956 
32.526 6794.792 
34.526 6794.775 
36.522 6794.903 
38.503 6795.176 
40.459 6795.592 
42.380 6796.149 
44.255 6796.845 
46.075 6797.675 
47.829 
49.509 
51.105 
52.610 
54.015 
55.312 
56.496 
57.559 
58.496 
59.301 
59.972 
59.978 

6798.636 
6799.721 
6800.926 
6802.244 
6803.667 
6805.189 
6806.801 
6808.496 
6810.263 
6812.093 
6813.978 
6814.000 

Center At X = 33.766; Y 
Factor of Safety 

*** 5.298 *** 

6822.242 

Individual data on the 32 slices 
Water Water Tie Tie 
Force Force Force Force 

Width Weight Top Bot Norm Tan 
(ft) (lbs) (lbs) (lb:;) (lbs) (lbs) 
1.7 111.1 1036.2 13l7.7 O. o. 
0.7 111. 8 441. 7 575.4 o. o. 
1.0 252.2 686.9 873.5 O. o. 
1.8 735.2 1126.6 1564.5 O. o. 
1.9 1118.8 1059.0 1663.8 O. O. 
1.9 1491. 1 977.0 l746.1 O. o. 
1.9 1842.9 882.3 1811. a o. o. 
0.4 461. 8 184.8 413.9 O. O. 
1.5 1715.6 604.8 1444.5 O. O. 
2.0 2501.4 656.3 1887.7 O. O. 
2.0 2783.4 510.3 1899.0 O. O. 
2.0 3016.5 361. 2 1892.1 O. O. 
2.0 3195.7 212.4 1867.1 O. O. 
2.0 3317 . 6 66.7 1824.1 O. O. 
1.5 2689.9 0.0 1420.1 O. O. 
0.4 668.2 0.0 337.9 O. O. 
1.9 3311.3 0.0 1635.4 O • O. 
1.8 3212.8 0.0 1503.5 O. O. 
1.8 3064.3 o. a 1356.7 O. o. 
0.2 295.9 0.0 129.4 O. O. 

and Radius 27.477 

Earthquake 
Force Surcharge 

Hor Ver Load 
(lbs) (lbs) (lbs) 

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 
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 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 o. 
0.0 0.0 O. 
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 Rl\TED 

OCT 1 J 2009 
1.5 2514.9 0.0 1066.0 O. o. o. a 0.0 ~ :~hi. of Oil, Gas ~k Mining 1.6 2444.6 0.0 1020.8 O. o. 0.0 0.0 
1.5 2069.0 0.0 833.8 O. o. 0.0 0.0 0.0 
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24 1.4 1694.6 0.0 635.2 O. O. 0.0 0.0 0.0 
25 1.3 l330.6 0.0 426.2 O. O. 0.0 0.0 0.0 
26 1.2 986.7 0.0 207.7 O. O. 0.0 0.0 0.0 
27 0.4 307.7 0.0 20.1 O. O. 0.0 0.0 0.0 
28 0.6 370.8 0.0 0.0 O. O. 0.0 0.0 0.0 
29 0.9 432.9 0.0 0.0 O. O. 0.0 0.0 0.0 
30 0.8 227.5 0.0 0.0 O. O. 0.0 0.0 0.0 
31 0.7 64.7 0.0 0.0 O. O. 0.0 0.0 0.0 
32 0.0 0.0 0.0 0.0 O. O. 0.0 0.0 0.0 

Failure Surface Specified By 27 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 
1 17.632 6800.000 
2 19.320 6798.928 
3 21.080 6797.979 
4 22.904 6797.157 
5 24.781 6796.468 
6 26.703 6795.915 
7 28.660 6795.500 
8 30.641 6795.227 
9 32.637 6795.095 

10 34.637 6795.105 
11 36.631 6795.259 
12 38.609 6795.554 
l3 40.561 6795.990 
14 42.477 6796.563 
15 44.347 6797.272 
16 46.162 6798.113 
17 47.912 6799.081 
18 49.589 6800.171 

• 19 51.183 6801.378 
20 52.688 6802.696 
21 54.094 6804.118 
22 55.396 6805.636 
23 56.586 6807.244 
24 57.658 6808.932 
25 58.607 6810.692 
26 59.428 6812.516 
27 59.973 6814.000 

Circle Center At X ~ 33.487 ; Y 6823.099 and Radius 28.017 
Factor of Safety 

5.302 *** 

• DCI ) j 2009 
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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) 

********************************************************************************* 
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: 
Time of Run: 

12/15/2008 
01:50PM 

Run By: Alan Taylor 
Input Data Filename: f:\alton line ee gt-5.in 
Output Filename: f:\alton line ee gt-5.0UT 
Unit System: English 
Plotted Output Filename: f:\alton line ee gt-5.PLT 
PROBLEM DESCRIPTION: Alton Coal Hollow Sedimentation Pond 3: 

BOUNDARY COORDINATES 
5 Top Boundaries 
5 Total Boundaries 

Line E-E, Soil GT-5 - Seismic 

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 

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 ~ O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
1 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 
1 100.0 120.0 700.0 

Yriction 
Angle 
(deg) 
10.0 

1 PIEZOMETRIC SURFACE(S) SPECIFIED 
Unit Weight of Water ~ 62.40 (pcf) 

6814.00 
6804.00 

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 
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) 
specitied 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. 
20 ~urface(s) Initiate(s) From Each Of 20 Points Equally Spaced 

Along The Ground Surface Between X 15.00(ft) 
and X 25.00(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 Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Evaluated. They Are 

OCT 1 j 2009 
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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 
SLdtistical Data On All Valid FS Values: 

FS Max = 13.678 FS Min = 3.252 FS Ave 4.176 
Standard Deviation = 1.334 Coefficient of Variation 31.95 % 

Failure Surface Specified By 30 Coordinate Points 
Point X-Surf Y-Surf 

Nu. (ft) (ft) 
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 
l7 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 
78 59.030 6810.332 
29 59.600 6812.249 
30 59.981 6814.000 

Circle Center At X = 33.795 ; Y 6818.872 and Radius 26.635 
Factor of Safety 

3.252 *** 
Individual data on the 34 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice WiclLh Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 1.5 119.7 916.8 1332.7 o. o. 17.4 0.0 0.0 
2 1.6 372.0 977.7 1495.0 O. O. 53.9 0.0 0.0 
3 1.7 628.1 1033.2 1642.6 O. O. 91.1 0.0 0.0 
4 0.3 140.9 192.3 306.1 O. O. 20.4 0.0 0.0 
5 1.4 791. 9 943.6 1468.5 o. O. 114.8 0.0 0.0 
6 1.8 1339.1 1104.9 1890.3 O. O. 194.2 0.0 0.0 
7 1.9 1713.0 1037.6 1989.3 o. O. 252.7 0.0 0.0 
8 1.9 2131.5 955.1 2070.6 O. O. 309.1 0.0 0.0 
9 2.0 2494.6 859.7 2134.3 O. O. 361.7 0.0 0.0 

10 0.0 52.0 15.7 41. 8 O. O. 7.5 0.0 0.0 
11 1.9 2789.5 751.2 2137.8 O. O. 404.5 0.0 0.0 
12 2.0 3166.3 626.6 2206.3 o. O. 459.1 0.0 0.0 
13 2.0 3441.8 479.8 2214.3 O. O. 499.1 0.0 0.0 
14 2.0 3661.8 330.5 2203.7 O. O. 531. 0 0.0 0.0 INCORPOFlATED 15 2.0 3821.3 182.1 2174.4 O. O. 554.1 0.0 0.0 
16 1.9 3917.2 37.7 2126.6 o. O. 568.0 0.0 0.0 

1 ~ 2009 • 17 1.1 2352.1 0.0 1248.7 o. O. 341.1 0.0 0.0 OCT 
18 0.8 1563.6 0.0 797.7 O. o. 226.7 0.0 0.0 
19 1.9 3832.1 0.0 1915.2 O. O. 555.7 0.0 0.0 
20 1.8 3693.5 0.0 1777.8 O. O. 535.6 0.0 0.0 Div. of Oil, Gas & Minir 
21 1.6 3225.3 0.0 1501. 8 O. O. 467.7 0.0 0.0 
22 0.1 275.9 0.0 123.5 o. o. 40.0 0.0 0.0 
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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 1084.8 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 1181.7 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. 4.8 0.0 0.0 

Failure Surface Specified By 29 Coordinate Points 
Point X-Surf Y-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 
11 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 • l7 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 6819.504 and Radius 26.452 
Factor of Safety 

3.264 

• OCT 1 5 2009 
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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) 

******k*********************************************** *************************** 
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: 
Time of Run: 

12/15/2008 
02:01PM 

Run By: Alan Taylor 
Input Data Filename:f:\line ee rapid drawdown.in 
Output Filename: t:\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: 

BOUNDARY COORDINATES 
5 Top Boundaries 
5 Total Boundaries 

Line E-E, Soil GT-5 - Rapid Drawdown 

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 

SoL 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 = O.OO(ft) 

ISOTROPIC SOIL PARAMETERS 
1 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit wt. Intercept 

No. (pcf) (pcf) (psf) 
1 100.0 120.0 300.0 

Friction 
Angle 
(deg) 
B.O 

1 PIEZOMETRIC SURFACErS) SPECIFIED 
Unit Weight of Water = 62.40 (pcf) 

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 
Pore 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 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 BEEN SUPPRESSED 

0.29~(g) 

O.145(g) 
O.OOO(g) 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specif~ed. 

400 Trial Surfaces Have Been Generated. 
20 Surfacers) Initiate(s) From Each Of 20 Points Equal~y Spaced 

Along The Ground Surface Between X 5.00(ft) 
and X 35.00(ft) 

Each Surface Terminates Between X 48.00(ft) 
!\TED 

and X 60.00(ft) 
Unless Further Limitations Were Imposed, The Minimum Elevat~on 
At Which A Surface Extends Is Y = 6700.00(ft) 

OCT 1 3 2009 
2.00(ft) Line Segments Define Each Trial Failure Surface. 
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Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Evaluated. They Are 

Slice 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

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 Var~ation 35.22 % 

Failure Surface Specified By 28 Coordinate Points 
Point 

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 
25 
26 
27 
28 

Circle 

X-Surf Y-Surf 
(ft) (ft) 
16.053 6800.000 
17.769 6798.973 
19.550 6798.063 
21.388 6797.275 
23.275 6796.611 
25.201 6796.075 
27.160 6795.668 
29.141 6795.394 
31.136 6795.253 
33.136 6795.246 
35.132 6795.372 
37.115 6795.631 
39.076 
41.007 
42.898 
44.742 
46.530 
48.254 
49.906 
51. 480 
52.967 
54.361 
55.656 
56.847 
57.927 
58.892 
59.739 
59.975 

Center At X = 
Factor of Safety 

6796.023 
6796.545 
6797.195 
6797.970 
6798.866 
6799.880 
6801.007 
6802.242 
6803.580 
6805.014 
6806.538 
6808.145 
6809.828 
6811.579 
6813.391 
6814.000 

32.244 ; Y 

*** 1.916 *** 

6825.100 

Individual data on the 30 slices 

Width Weight 
(ft) (lbs) 
1.7 88.2 
1.8 264.0 
0.4 91. 5 
1.4 379.8 
1.9 772.2 
1.9 1067.6 
2.0 1346.4 
1.8 1481.3 
0.1 121.6 
2.0 1850.5 
2.0 2080.3 
2.0 2274.1 
2.0 2428.7 
2.0 2541.8 
1.9 2611.8 
1.9 2638.1 
1.8 2621.6 
1.8 2563.4 
1.5 2104.0 
0.3 360.7 
1.7 2239.8 
1.6 1946.8 

Water 
Force 

Top 
(lbs) 

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 
0.0 
0.0 
0.0 
0.0 

Water 
Force 

Bot 
(lbs) 

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 
0.0 
0.0 
0.0 
0.0 

Tie 
Force 
Norm 
(lbs) 

O. 
O. 
o. 
O. 
O. 
O. 
O. 

O. 
O. 

O. 
O. 
O. 
O. 
O. 
O. 
O . 
O. 
o. 
O. 
O. 
o. 
O. 

Tie 
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. 

and Radius 29.869 

Earthquake 
Force Surcharge 

Hor Ver Load 
(lbs) (lbs) (lbs) 

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 
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 
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 
0.0 

0.0 
0.0 
0.0 
0.0 

~:!~;CCqPD;qATED 
0.0 

O. 0 OCT 1 ~ 2009 
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23 1.5 1649.0 0.0 0.0 o. o. 0.0 0.0 0.0 
24 1.4 1352.9 0.0 0.0 o. o. 0.0 0.0 0.0 
25 1.3 1065.3 0.0 0.0 o. o. 0.0 0.0 0.0 
26 1.2 792.8 0.0 0.0 o. O. 0.0 0.0 0.0 
27 1.1 541.7 0.0 0.0 o. o. 0.0 0.0 0.0 
28 1.0 318.2 0.0 0.0 O. O. 0.0 0.0 0.0 
29 0.8 128.2 0.0 0.0 O. O. 0.0 0.0 0.0 
30 0.2 7.2 0.0 0.0 o. o. 0.0 0.0 o. a 

Failure Surface Specified By 30 Coordinate Points 
Point X-Surf' Y-Surf' 

No. (tt) (tt) 
1 12.895 6800.000 
2 14.529 6798.846 
3 16.234 6797.802 
4 18.005 6796.873 
5 19.833 6796.061 
6 21.710 6795.371 
7 23.628 6794.806 
8 25.580 6794.367 
9 27 .556 6794.058 

10 29.548 6793.878 
11 31.547 6793.830 
12 33.545 6793.913 
13 35.534 6794.126 
14 37.504 6794.470 
15 39.448 6794.942 
16 41. 356 6795.541 
17 43.221 6796.263 
18 45.035 6797.106 
19 46.789 6798.066 

• 20 48.477 6799.139 
21 50.091 6800.321 
22 51.623 6801. 605 
23 53.069 6802.988 
24 54.420 6804.462 
25 55.672 6806.021 
26 56.819 6807.660 
27 57.856 6809.370 
28 58.779 6811.145 
29 59.583 6812.976 
30 59.955 6814.000 

Circle Center At X = 31. 280 ; Y 6824.292 and Radius 30.465 
FClctor of Safety 

1. 919 
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December 15, 2008 Taylor Geo-Engineering Project No. 307001 

1. 

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 filllbackfill 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 firm under the direction of TGE, 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 until 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 until field inspections indicate that the moisture content and density of the fill 
are as previously specified . 

OCT , ~ 2009 
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December 15,2008 Taylor Oeo-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 . 
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Sediment Impoundment and 
Diversion Structure Analysis 
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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 of five 
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. Infonnation 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 100-year 
frequency, 24-hour duration stonn event. Using the Carlson rainfall map (assembled 
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 
sedimentation structure: 

Sedimentation Impoundment Capacities 
Structure Storage Required Design Storage* Percent of Additional 

(ac/ft) (ac/ft) requirement Storage (ae/ft) 
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 
1B 0.5 0.8 160 0.3 

*Design capacities include a minimum of2 feet free board (spillway to top of embankment) 
INCOPPOOI\TI::D 

oel 1 J 2009 

Alton Coal Development - Sedimentation Structure Sizing Div. ot all, Gas & Mining 



• 

• 

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 
Determining 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) Descril::t::i.:::.o::n ______ ,..--_--I 

1 27 North end of project area where facilities are roposed. 
2 74 Borders south edge of Lower Robinson Creek. 
3 285 Main watershed through the center of permit area 
4 256 Southern most watershed bordered by Sink Valley Wash 
*5 28 Isolated area between watershe::::d:.:s::....:3::....::an::d=--:4,..--____ :------1 
*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 
precipitation associated with a 100 year frequency, 24 hour duration storm event. 
The runoff curve number classification is a classification of the soil and 
vegetation cover conditions for the watersheds. 

INCopnnrlJTED 

• 
In order to estimate runoff from 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. 

2. Hydrologic Soil Group: This classification was estimated to be 
Group C for the five watersheds evaluated, as outlined in 
Appendix A in TR-55. This classification is for soils having low 
infiltration rates thus producing high amounts of runoff. The soils 
in this classification typically have infiltration rates of 0.05 to 0.15 
inches per hour. 

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 
conservative estimates (producing higher than expected runoff) to ensure that the 
sedimentation structures have more than sufficient storage capacity. 

These classifications are used in the next step for determining the time of 
concentration. 

Alton Coal Development - Sedimentation Structure Sizing 
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• Time of Concentration (T c) 
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 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 

'thth I' WI e resu tlllg outputs: 

Time of Concentration (Tc) 
Watershed Curve Number Flow Length (ft) Average Slope (%) Te (hrs) 

1 
2 
3 
4 
7 

89 1,087 6.8 0.16 

63 5,670 3.8 1.7 

63 7,095 3.5 2.2 

63 6,831 2.9 2.3 

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 Discharge (*Inflow) 
Watershed CN Tc (hr) Rainfall (in) Drainage Area (ac) Peak Discharge (cfs) 

I 
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 sedimentation 
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 
calculation are the following : drainage area, peak inflow, desired outflow, and 
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 structures are 
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: INCORPORtHED 
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Sedimentation Impoundment Sizing 
Structure Drainage Area (ac) Inflow (cfs) Q (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 100 year, 24 hour storm event. This peak flow was then input into the ME to 
determine an appropriate open channel design for minimizing the effects of erosion 
during peak flows. Similar to the impoundment sizing, the Carlson Software Hydrology 
module was utilized to perform these calculations. The ditch locations, designs and cross 
sections can be viewed on Drawings 5-33 and 5-34. 

The following table summarizes the inputs and results for each diversion based on flows 
during a 100 year, 24 hour storm event: 

INCORPOR!\TED 
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Diversion Ditch Summary 
Ditch *Base Manning's Average Peak Flow Flow Velocity Freeboard 

(ft) n Slope (%) (cfs) Depth (ft) (fps) (ft) 
1 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 determining 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 along 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 (Te) 
Tc 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 the 
diversion ditch. The SCS method for calculating Tc is used in this analysis. The 
following table summarizes the inputs for calculating the Tc along with the 
resulting outputs: 

INcor; pno ATED 
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Time of Concentration (Tc) 
Ditch Curve Number Flow Length (ft) Average Slope (%) Tc (hrs) 

1 
2 
3 
4 

63 8,487 2.9 2.9 

63 4,187 3.6 1.4 

63 3,742 13.7 0.7 

63 5,868 3.9 1.8 

The T c 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: Tc, 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 CN 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 
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 
Ditch **8ase * Manning Average Peak Flow Flow Velocity Freeboard 

I 
2 
3 
4 

(ft) n Slope (%) (cfs) 
3.0 0.020 2.8 14.8 
2.5 0.020 3.5 6.9 
4.5 0.020 2.4 16.7 
5.0 0.020 1.8 19.8 

*Mannmg n of 0.020 is for ordinary firm loam 
* * All side slopes are 2h: 1 v 

Conclusions 

Depth (ft) (fps) 
0.5 6.8 
0.4 6.0 
0.5 6.3 
0.6 5.4 

These diversions have been sized in manner that will transport the necessary flows and 

(ft) 
0.3 
0.3 
0.3 
0.3 

• 

minimize erosion d~ring a 100 year, 24 hour s~orm event: The~e. diversions will'preven~ ~np OP l\TED 
runoff from up gradient watersheds from enterIng the active mmmg areas and Will als~f'.·C" ,P . . 
assist in directing water from disturbed areas to the sediment impoundments. OCT 1 ~ 2009 
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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 (RCTrib) near 
Alton Utah. 

Figure I shows the watersheds above the proposed culvert crossings on the map. The 
larger drainage RCreek has an area of3.55 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 data calculated from the digital elevation 
model (DEM) of the Alton quadrangle. 

~, 1, I 
I! > . ,' rj _ '~P' ~ '!" r--:--... ' ~ ....,1. . 

Figure 1 - Delineated Basins for Lower Robinson Creek and a Small Tributary. 

The culverts need to be designed such that they can pass a peak flow resulting from the 
100-year six hour storm, In order to compute this peak flow the HEC-I program was 
used with the 100-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 runoffhydrograph using 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. 
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Figure 2 - Digital Land Use and Soils Data Overlaid with Robinson Creek Watersheds. 

A CN was computed by averaging the individual CN's determined 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 CND 
-1, "Average Forested Values", 40, 60, 70, 78 
11, "Residential", 60, 74, 82, 87 
12, "Corrunercial Services", 89, 92, 94, 95 
13, "Industrial", 81, 88, 91, 93 
14, "Transportation and Corrununication", 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 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, 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 Exposed Rock.", 98, 98, 98, 98 
75, "Strip Mines", 71, 80, 85, 88 
76, "Transitional Areas", 69, 78, 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 
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The RCreek watershed has a compute average CN of 73, whereas the computed average 
CN for RCTrib is 61, though in order to be conservative 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. 

Digital rainfall data from NOAA for Utah was downloaded from NOAA and overlaid 
with the basin in order to determine 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 for the tOO-Year Six 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 information 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 Table 
2. 

Table 2 - Parameter Summaries for HEC-l Model 
Basin Area Precip eN Lag Time 

(SQ. miles) (inches) (hrs) 
RCreek 3.55 2.35 73 .95 
RCTrib .09 2.27 73 .42 



HEC-1 is a computer program developed by the US Army Corps of Engineers to develop 
rainfall runoff peak flows and hydrographs. The data summarized in Table 2 was 
formatted by WMS into an input file as shown in Table 3. 

Table 3 - HEC-l Input File 
IOHEC-1 Analysis using WMS 
10 
10 
'O:AGRAM 
IT 01JAN94 200 
10 
RRRCreek 
RO 0 0.0 22 
BA3.5506 
PB 2.348 
IN 7 01JAN94 . SCS-StdEmerge~cySpillway 
PC 0.0 o.ooe 0.0162 0.024E 0.0333 0.0425 0.0524 0.063 0.0743 0.0863 

PC 0.099 0.1124 o . 1265 0.142 0.1595 0.18 0.205 0.255 0.345 0.437 

PC 0.53 0.603 0.633 O.EE 0.684 0.705 0.724 0.742 0.759 0.775 

PC 0.79 0.8043 o . 818 0.8312 0.8439 0.85El 0.8678 0.879 0.8898 0.9002 

PCO.9103 0.9201 0.9297 0.9351 0.9483 0.9573 0.9661 0.9747 0.9832 0.9916 

PC 1.0 
LS 0.0 73.08 0.0 
UOO.9461 
KK 4R CNAME 4C 
KO 0 0 O. a 22 
RN 4R 
KKRCTrib 
KO 0 0.0 22 
BAO.0935 
PB 2.274 
IN 7 01JAN94 
* SCS-StdErnergencySpi11way 
PC 0.0 0.008 0.0162 0.0246 0.0333 0.0425 0.0524 0.C63 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 0.775 

PC 0.79 0.8043 0.818 0.8312 0.8439 0.8561 0.8678 0.679 0.8898 0.9002 

?CD.9103 0.920: 0.9297 0.9391 0.9483 0.9573 0.9661 0.9747 0.9832 0.9916 

?C 1.0 
;,s 0.0 73.0 0.0 
U)0.4207 
K:< 3R CNAME 3C 
KO a 0 0.0 22 
Cl.N 3R 
ZZ 

The results of the HEC-1 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 
cis and 117 cfs respectively. It should be noted though that the NFF equations are for a 
IOO-year event, but no durations (i.e. six hour) are specified. The larger basin compared 
quite well (336 to 408) even considering the differences. However the HEC-1 computed 
value of 11 cfs would seem low compared to the NFF computed value of 117 cfs. On the 
other hand the NFF equations were not developed for computing runoff from such small 
basins and therefore the computed value of 1 L 7 (besides not being developed from a six 
hour storm) is suspect and greater confidence can be given to the HEC-L computed peak 
flow. 
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Figure 4 - Computed Runoff Hydrograph for RCreek 
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Figure 5 - Computed Runoff Hydrograph for RCTrib 

Culvert Analysis 
The FHWA HY-8 program for culvert analysis was used with the peak flows of336 cfs 
and II cfs computed using the HEC-l analysis described above. Because of the large 
watershed above RCreek the eu Ivert was analyzed for two different conditions: 1) 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 100-year six hour event, and 2) a larger barrel that carries 
the design flow with surcharging the culvert. 

Culvert Data Summary - 5.5 foot Circular for RCreek 

Barrel Shape: Circular 

Barrel Diameter: 5.50 ft 

Barrel Material: Corrugated Steel 



T bl 5 S a e - ummarv 0 fC I u vert FI ows at C rossmg: RC k t: 5 5 t: t lvert ree or . 00 cu 

Headwater Total Circular Roadway 

Elevation (ft) Discharge Discharge Discharge Iterations 
(cfs) (cfs) (cfs) 

100.00 0.00 0.00 0.00 1 

102.77 40.00 40.00 0.00 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 

11422 320.00 320.00 0.00 1 

115.35 336.00 336.00 0.00 1 

118.23 400.00 370.29 29.56 7 

Crossing - RCreek Design Disch,uge - 336.0 efs 
C111nl1 • Circular. Cut-.. elt Discharge. 336.0 cf.~ 

! 
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Figure 6 - Profile through RCreek culvert for 5.5 foot barrel size. 

Culvert Data Summary - 8.0 foot Circular for RCreek Crossing 

Barrel Shape: Circular 

Barrel Diameter: 8.00 ft 

Barrel Material: Corrugated Steel 
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'fable S - Summ In' of Culvert Flows at Crossin!!: RCreek for 8.0 foot cuI 

Headwater 
Total Circular Roadway 

Elevation (tt) 
Discharge Discharge Discharge Iterations 

(crs) (cis) (cis) 

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 

10443 120.00 120.00 0.00 1 

105.19 160.00 160.00 0.00 1 

105.88 I 200.00 200.00 0.00 1 

10652 240.00 240.00 0.00 1 

107.13 280.00 280.00 0.00 1 

107.73 320.00 320.00 0.00 1 

107.96 336.00 336.00 0.00 1 
108.91 400.00 400.00 I 0.00 3 

Crossing - RCreek Design DIscharge - 3360 d's 
Culvcli· Cimdal". Cunei Dischargt ·336.0 cfs 

1 
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Figure 7 - Profile through RCreek culvert for 8.0 foot barrel size 

Culvert Data Summary - 2.5 foot Circular for RCTrib 

Barrel Shape: Circular 

Barrel Diameter: 2.50 ft 

Barrel Material: Corrugated Steel 

vert 



Table 6 Summary of Culvert Flows at CrossIn!!:' RCTrib for 2 5 foot culvert -
Headwater 

Total Circular Roadway 
Discharge Discharge Discharge Iterations 

Elevation (ft) (cfs) (cfs) (cfs) 

.2 

100.00 000 0.00 0.00 1 

10M2 2.50 2.50 I 0.00 1 

101.19 5.00 5.00 0.00 1 

101.49 I 7.50 7.50 0.00 I 
1 

101.75 10.00 10.00 0.00 I 1 

101.85 11.00 11.00 0.00 1 

102.23 15.00 15.00 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 Discharge - 11.0 cis 
Cuh'clt • CU:CII!a..\ Culvelt Discharge - 11.0 cfs 
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Figure 8 - Profile through RCTrib culvert for2.S foot barrel size 



Diversion Ditch Analysis for Drainages near Lower Robinson Creek 

In a previous study we sized culverts for a 1 OO-year six hour storm. A diversion ditch 
was also analyzed for a 1 OO-year event, but without lining the ditch in concrete it would 
be impossible to protect it from the highly erosive super critical flows 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 stonns . 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 IO-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. 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 data calculated from the digital elevation 
model (DEM) of the Alton quadrangle. 

l .. I' II ·) 



Figure 1 - Delineated Basins for 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 hydro graph method. 
Land use and hydrologic soil types are required to compute a composite eN. 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. 

Figure 2 - Digital Land Use and Soils Data Overlaid with Robinson Creek Watersheds. 

A CN was computed by averaging the individual CN's determined from the unique land 
use and soil combinations in conjunction with the table of values prepared for use by the 
Utah Department of Transportation (VDOT) as shown in Table 1. 

Table 1 - CN values Cor typical USGS land use classifications 
IO Description CNA CNB CNC CND 
-1, "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, 82 
33, "Mixed Ra:1geland", 46, 66, 77, 83 
41, "Oecideous Forest Land", 31, 58, 68, 75 
42, "Evergree:1 Forest Land", 35, 59, 73, 79 
43, "Mixed Forest Land", 39, 61, 74, 80 
52, "Lakes", J, 0, 0, 0 
53, "Reservoirs", 0, 0, 0, 0 
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61, "Forested Wetlands", 44, 58, 68, 75 
62, "Nonforested Wetlands", 32, 55, 68, 75 
74, "Bare Exposed Rock", 98, 98, 98, 98 
75, "Strip Mines", 71, 80, 85, 88 
76, "Transitio:1al Areas", 69, 78, 84, 88 
81, "Shrub and Shrub Tundra", 60, 74, 83, 87 
82, "Herbaceous Tundra", 66, 76, 83, 87 
83, "Bare Grou:1d", 74, 83, 87, 90 
85, "Mixed Tundra", 50, 65, 74, 80 

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 of73 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 of the United States" NOAA Atlas ]4, Volume], Version 4 
G M Bonnin, D. Martin, B Lin, T Parzybok, M.Yekta, and D. Riley 
NOAA, National Weather Service, Silver Spring, Maryland, 2006 

Precipitation Frequency Estimates (inches) 
ARI* 5 10 15 30 60 120 3 6 12 24 48 4 7 10 20 

(years) min min min min min min hr hr hr hr hr day day day day 
30 45 
day day 

60 
day 

0.15 0.24 0.29 0.39 0.49 0.56 0.65 0.82 1.14 lAO 1.66 1.992.39 2.73 3.61 4.41 5.24 6.23 

2 0.20 0.30 0.37 0.50 0.62 0.71 0.81 1.01 1.42 1.74 2.08 2.49 3.00 3.44 4.52 5.53 6.60 7.86 

5 0.28 0.42 0.52 0.70 0.86 0.94 1.05 1.27 1.742.182.61 3.14 3.82 4.41 5.65 6.89 8.32 9.95 

10 0.34 0.52 0.65 0.87 1.08 1.16 1.27 1.49.2.02 2.54 3.05 3.68 4.48 5.19 6.56 7.95 9.68 11.58 

25 0.460.69 0.86 1.16 1.43 1.50 1.60,1.81 2.41 3.04 3.66 4.43 5.40 6.29 7.79 9.36 11.52 13.80 

50 0.560.85 1.05 1.41 1.75 1.82 1.892.08 2.72 3.43 4.14 5.04 6.13 7.16 8.74 10.44 12.96 15.53 

100 0.68 1.03 1.28 1.72 2.13 2.21 2.282.39 3.04 3.84 4.66 5.68 6.90 8.09 9.72 11.52 14.44 17.31 

200 0.82 1.25 1.55 2.082.582.672.752.843.404.26 5.206.367.709.06 10.71 12.61 15.96 19.15 

500 1.05 1.60 1.98 2.67 3.30 3.42 3.50 3.59 3.93 4.85 5.94 7.30 8.81 10.43 12.07 14.05 18.05 21.65 

1000 1.27 1.93 2.393.22 3.984.124.194.284.65 5.31 6.548.069.69 11.52 13.12 15.15 19.6823.61 

Table 2 - NOAA Rainfall Data for the Robinson Creek location. 

The rainfall depth for the Robinson Creek location for a lO-year six hour storm is 1.49 
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. 

The information 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 Table 
2. 

Table 3 - Parameter Summaries for HEC-l Model 

I Basin I Area I Precip I eN Lag Time I \NCOHPOR,t\lED 
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(sq. miles) (inches) (hrs) 
RCreek 3.55 1.49 73 .95 
RCTrib .09 1.49 73 .42 

HEC-I is a computer program developed by the US Army Corps of Engineers to develop 
rainfall runoff peak flows and hydrographs. The data summarized in Table 2 was 
formatted by WMS into an input file as shown in Table 3. 

Table 4 - HEC-l Input File 
1DHEC-1 Analysis using WMS 
ID 
1D 
*DIAGRAM 
IT 7 01JAN94 0 200 
IO 0 
KKRCreek 
KO 0 0 0.0 0 22 
BA3.5506 
PB 2.348 
IN 7 01JAN94 0 

* SCS-StdEmergencySpillway 
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 o . 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 0.742 0.759 0.775 

PC 0.79 0.8043 0.818 0.8312 0.8439 0.8561 0.8678 0.879 0.8898 0.9002 

PCO.91G3 0.9201 0.9297 0.9391 0.9483 0.9573 0.9661 0.9747 0.9832 0.9916 

PC 1.0 
LS 0.0 73.08 0.0 
UDO.9461 
KK 4R CNAME 4C 
KO 0 0 0.0 0 22 
RN 4R 
KKRCTrib 
KO 0 0 0.0 0 22 
BAO.0935 
PB 2.274 
IN 7 01JAN94 0 
* SCS-StdEmergencySpillway 
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 0.742 0.759 0.775 

PC 0.79 0.8043 0.818 0.8312 0.8439 0.8561 0.8678 0.879 0.8898 0.9002 

PCO.9103 0.9201 0.9297 0.9391 0.9483 0.9573 0.9661 0.9747 0.9832 0.9916 

PC 1.0 
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 (see 
Figure 4) and for RCTrib the peak flow was computed to be 2.25 cfs (see Figure 5). A 
value of 83.5 cfs will be used for the stabilization of the diversion ditch. 



80 

70 

60 

~50 

~ 40 

30 

20 

10 

Flow VS. Time 
PEAK 81.22 cfs; TIME OF PEAK: 294min.: VOLUME: 1054903.50 ItA 3 

.. ' ,'" 

250 500 750 1000 1250 
Time (minj , .... 

Tndex l.RCreek Ratio 1.P:81.22.T:294V:1054903.5 

Figure 4 - Computed Runoff Hydrograpb for RCreek 
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Figure 5 - Computed Runoff Hydrograph for RCTrib 

Diversion Ditch Design 
In performing 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 10-year 
flow) but that we will look at protection against the 10 year flow. 

2. Are the in situ soils capable of withstanding the shear stresses induced by the 
flows corresponding to the 10-year flow. 

3. What level of riprap, if any is needed in the channel to protect against bed shear 
stresses. 

4. What level of rip rap protection is required at the bends of the diversion ditch, 
including ~he point of div~rsio~, th~ 90° turn in the middle of the diversion ditch -reO 
and the pomt where the dIversIOn ditch returns flows to the natural channel. COPPOR!" ',' ,-
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In reviewing the channel design I am primarily following the guidelines of the Federal 
Highways Administration (FHW A) 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: 

Hydraulic Properties and Calculations: 
Based on the drawings provided and included with this report I detennined 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+50 10 feet in 1000 or .01 
Manning's rougness of .025 as determined for bare soil from Table 2.1 ofHEC 15 

T~bl@ 2.1. Typical Roughness Coefficie·nts for Selected Unings 

Mannina's n 
L ining 

C.leaory Lining Type Maximum Tvpical 
Ccncr.te. C. Ol~ v.on 
Gro1Jt.d Rio, ,". 0.04': C 030 

Rigid S!on. "b'~onr'f O .. J42 G.O·32 
Soil: ,....m.r'lt i'\ '5 C'.O":''' 
Asohoilt 0.018 0.010\ 

Unl"'''d 
care SoH- G.D'5 OnD 
Rack CUT (smooth. uniform ~ OA145 OG35 
OPe-n--We.ll(! ;Ii'xtii.e 0.028 0.025 

REep EfC'Sion oCO;ntrOi CU.:'1k'e1S O.i)4~ C.035 
T tJ rf ~nforc~",lmt mat o .. no ().O30 

Minimum 
OCII 
0026 
a.OM 
0020 
0016 
Dl~ 

il 025 
()1)22 

0 .028 
'J .024 

S .. w-o en ':-iit3 trom KCQwton. el al. f19S0.t_ Cox.. el at (1~7Q). McWhcrtef. e-~ a!. (1~8} MId 
Thibco.3"X (1Q%;" 
\+inimuM value a«0!J11t5 tor tJf3in roughnes.s. Typic.)1 and mJximuro 1I·;alues j nco(""'~rate 
varying dl!?fees of tom, roughn .. ss. 

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 of Flow 9.438 sq ft 
Wetted Perimeter 11.306 ft 
Average Velocity 8.847 fps 
Top Width (T) 10.829 ft 
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 (12-inch boulders) 
Stability Factor 1.556 
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For stations II +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 
Proude Number 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/ftl\2 
Permissible Shear Stress 4.000 Ib/ftl\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 10-year design flows the channel should be 
stable with a heavy riprap 0 50=1.0 ft in order to protect the steeper sloped section and a 
0 50=.5 ft for the more shallow sloped segment (see Table 2-3 below). 

Tab'" 2.3, Typ ic>1 P.rminibl" She"r St", .. u for Sare Soil and StOM Unings 

B'3fe S01 1 ~ 
Cone-si'''!! (PI ::= 10 :i 

8.11. Soi lf 
Cot>esi-.r .. i PI ~ 2G'I 

Sare Self 
NOI'I...::on esi'le· ~: P I < 10} 

Clay"y sands 

Silty sands 
C laylOY S3nd. 

Silty ... nds 

=--:n-e! than c03rse sand 
0-...:< 1.3 mm (O.l)S In ) 

O":'l:==7.!;' mm t'O. 3 in l 
Gra'IJe1 
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o!!C-=25 mm {t jr"l-I 

Vf!'ry cc-arsl' gravel 
Des:::, = 50 mm!2 i,." 

D-. = CL 15 m "0.5 fn 
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40 0 .063 
3.5 0 .072 

i C OC2 

11 ()24 

1'. 04 

3; 08 

11 .; 2 .4 
Ds:: - 0 .30 m n.D ft ~, 227 

... =a.s.~a on ;:c·uaticn ':'.e assurTlng.J SOI~ VOId r..y.1Q orO .. ! i.U=·D~,. 1~S7~. 
'"Sasec; en ;O;:lJiliicl't " .5 dM iv_.@>d from USC,:', pgS7j 

sa3Hd on E~1J3!ion 13 .: with Shi . .. .:'s p.ram@-~r eo:ual to J..1)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 determined from the radius of 
curvature to top width. I estimated the radius of curvature of the middle bend to be 
approximately ISO feet. R/ T for both segments is approximately equal to 7. From 
equation 3.7 in HEC 15 the coefficient for the bend (Kb) would be 1.3 . 

where, 

Kb = 2.00 

Kb - 238 - 0206(~ 1 + 00073(~ r 
Kb = 1 ,05 

Re/T:S 2 

2<Re/T<10 

10:S ReIT 

Rc = 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 of 2.57 Ib/ft" 2 in the section containing this bend the 
resulting shear stress on the sides of the channel would be on the order of 3 .34 Ib/ft" 2. 
12-mch 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 channel 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. 

QCl \ 5 1009 
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1. 

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 R645-301-524 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 
individual(s) as needed for conducting blasting. 

l.B. Storage of Explosives 

Storage of explosives is not expected to occur at the Coal Hollow Mine. All 
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 itNCORPORATED 
removal of all explosives and blasting related products from the premise 
following each individual blast operation. OCT 1 5 2009 
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1.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 andlor 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 andlor the blasting foreman. This blaster 
andlor 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. 

1.0.1 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. 

Loading and blasting will be conducted in a manner designed to facilitate 
a continuous process, with the blast fired as soon as possible following 
completion of loading. 

1.0.2 Firing and Inspection 

Prior to blasting, all persons will be evacuated from the blastingz~~fl:POP,l\TED 
guards will be posted at the entrance of the blasting area. A typ\ca'f£1ast 
sequence will be the following: { OCT 1 5 2009 
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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 storms, 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 permitted 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 Yz 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 1. An Alton Coal Development, LLC representative will meet with the 
owners of these properties and conduct an inspection of each structure in cooperation 
with the owners. The conditions of each structure will be documented in a report both 
written and photographically. This report will be provided immediately to the 
Division following completion. 

There are no other known structures or dwellings within a Yz mile of the planned 
operations. 

Alton Coal Development, LLC - 4 -



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 peak dBC 

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 (Ds) (2) 

inches/second (I) 

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

5,001 and beyond 0.75 65 
\ I) urouno VJOrallon Will be measured as the particle velOCity. Particle velOCity Will be recorded 10 TI1ree mutually 

perpendicular directions. The maximum allowable peak velocity will apply to each of the three measurements. 

(2) Applicable in the scaled-diatance equation of Utah Code R645-301.524.65I 

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 
software and reports can then be generated documenting the readings taken during 
the blast event. 

This instrument will be setup on the ground near the foundation of the occupied 
dwellings on the side facing the blast operations. The resulting readings will be provided 
to the Division following each blast that is monitored. 

l p, tr~ ()nDnp l\TED 
, ~'1d \.J - -Y - ': .... . ..- ,-~ > . 

l OCT 152009 

Alton Coal Development, LLC - 5-



;. 

-e 

4. Records of Blasting Operations 

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 

Alton Coal Development, LLC - 6 -
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DISCLAIMER 

Neither Ben L. Seegmiller nor Seegmiller International ("Consultant") 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 

harmless, indemnify and defend Consultant as to all such claims. 

OCT I J 2009 
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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 permitted by the 

State of Utah, Department of Oil, Gas and Mining (UDOGM). A portion of the 

permit application reviewed by UDOGM has resulted in the following replyl 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 saJety Jactor oj 

1. 3 or greater and that the slope angles are less than the angle oj repose. The 

Applicant includes saJety Jactor calculations Jar the excess spoil areas but did not 

mention the saJety Jactors in other areas. One way to address the issue is to 

identify the slopes that would have the lowest saJety Jactors (longest slope and 

steepest slope) and show that they meet the minimum saJety Jactor 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 CHARACTERItS~lI()&ED ., 
OCT 1 5 2009 
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The reclaimed slopes are planned2 to have maximum slope angles of 3: 1 

(18.4 0). The highest of these slopes, with the exception of the excess spoil slope, 

is planned2 to be approximately 20 feet in vertical extent. 



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 24° 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°+ 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. 
INCORPORATED 
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SLOPE STABILITY ANALYSIS 

Methodology 

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 [SF d] and 

2 



uses a Monte Carlo technique to estimate the probabilistic factor of safety [SF p] 

and a probability of slope failure [PIF). 

Stability Criteria. The magnitude of the selected safety criteria depends 

on many factors including the risk of failure, 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. Analysis 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 a/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. 

REFERENCES 

1. Department of Oil, Gas and Mining, State of Utah. 

. 2. McCourt, Chris R., 2008, Personal Communication. 
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3. Taylor, A. 0., 2007, Slope Stability Analysis, Aiton, Utah, TGE Project No. 

307001, April 23. 

4. Carpenter, J. R., 1985, ST ABL5 ... The Spencer Method of Slices. .. Final 

Report, Purdue University. 
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e July 27,2009 

Chris McCourt 
Alton Coal Development 
463 N 100 W, Suite I 
Cedar City, DT 84721 

1909 West State Road, Suite 200, Pleasant Grove, UT 84D62 
Office: 801.763.8467 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: 

1. 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 293721671556). 

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 5-22D. 

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. 

Sincerely, 

INCORPORATED 
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150 200 

STABL6H1 FSmin=2.22 
Safety Factors Are Calcu lated By The Modified Janbu Method 

250 

-t 

300 
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** STABL6H ** 
Dy 

Purdue University 
--Slope Stability Analysis-

S.implified Janbu, Si.mplified Bishop 
or Spencer"s Method of Slices 

Run Date: 10/14/2015 
Time of I'-(uo: 05:14PM 
Run By: Joel Myers 
Input Data Filename: C:alto coal slope stability. in 
Ou~put Filename: C:alto coal slope stability. OUT 
Plotted Output Filename: C:alto coal slope stability.PLT 
PROBLEM DESCRIPTION Alton Coal Mine - Nort:.h Area St.ock Pile 

Stat.ic Analysis - Satrurated - Alluvium 
BOUNDARY COORDINATES 

6 Top Boundaries 
6 Total Boundaries 

Boundary X-Left 
No. (ft) 

1 0.00 

Y-Left 
(ft) 

60.00 

X-Right 
(ft) 

100.00 

Y-Right 
(ft) 
60.00 
74.00 
74.00 
60.00 
59.00 
59.00 

Soil Type 
Below Bnd 

1 
2 100.00 60.00 

135.00 74.00 
162.00 74.00 

5 207.00 60.00 
6 230.00 59.00 

ISOTROPIC SOIL PARAMETERS 
1 Type(s) of Soil 

Soil Tota} Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No, (pcf) (pcf) (psf) 
1 110.0 119.0 0.0 

135.00 
162.00 
207.00 
230.00 
300.00 

Friction 
Angle 
(deg) 
35.0 

Pore 
Pressure 

Param, 
0.00 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 
Unit Weight of Water = 112.30 

Pressure 
Constant 

(psfl 
0.0 

Pi,ezometric Surface No, .1. Specified by 2 Coordinate Points 
Point X-Water Y-Water 

No. (ft) (ft) 

1 168.25 71.50 
300.00 71.50 

vlATEH. SUl\FJ-\.CE DATA HAS BEEN SUPPRESSED 

Piez. 
Surface 

No. 

A Crit:.ical Failure Surface Searching Method, t.Jslng J\ Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

J.O Trial Surfaces Have Been Generated. 
1 Surfaces Initiate From Each Of 10 Points Equally Spaced 

Along The Ground Surface Bet,,'een X 50.00 ft. 
and X 120.00 ft. 

Each Surface Terminates Between X 120.00 ft:.. 
and X 175.00 ft. 

Unless Further Limit.ations 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 'ren 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 -, Coordinate Points 

Point X-Surf Y-Surf 
No_ (ft) (ft) 

81.11 60.00 
2 90.97 58.31 

5 
6 

100.97 58.32 
110.82 60.06 
120.22 
128.91 
135.67 

.224 

63.45 
68.11 
74.00 

Failure Surface Specified By Coordinate Points 
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Point 
No. 

1 
2 
3 

6 

failure 
Po i nt 
No. 

2 
3 

6 

9 

X-Sur f 
1ft) 

104 .44 
113.7J 
123 .7 1 
1 33 . 11 
140 . 67 
143 . 99 

2 . 576 

Y-Surf 
1ft) 
61 . 78 
58 . 02 
57 . 83 
61. 24 
67 . 78 
71; . 00 

Surface Specified By 9 
X-Surf Y-Surf 

(ft) ( ft l 
73 .33 60 .00 
82.85 56 . 91 
92 .7 2 

102 . 72 
112 . 61 
122 . 17 
131.16 
139.38 
143.90 

2 .73 0 

55 . 32 
55 . 24 
56 . 70 
59 . 65 
64 . 02 
69.71 
74 . 00 

Coordina te Points 

Fa ilure Surface Speci fied By 8 Coord.inate Points 
Point X-Surf Y- Surf 

No . (ft) (ft) 

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 

Fa ilure 
Point 
No . 

2 
3 

7 

8 
9 

10 
11 
12 
13 
14 
15 

Failu re 
Po .int 

No. 
1 
2 
3 

5 
6 
7 

137.78 65 . 71 
13 9.39 74 .00 

3.008 
Surface Specif ied By 15 

X-Surf Y- Su rf 
(ft ) (ftl 
50 . 00 60 . 00 
57.33 53 . 19 
65 . 53 
74 . 46 
83.93 
93.76 

103.75 
113 .70 
1 23 .4 3 
132.73 
141 . 43 
149 .3 6 
156 . 35 
162 . 28 
163.80 

4.977 

47 . 48 
42 . 97 
39 .76 
37 .90 
37 .4 Ii 
38 . 38 
40 . 70 
44 . 36 
49 . 29 
55.39 
62 . 54 
70 . 60 
73 .4 4 

Surface Specif i ed By 7 
X-Surf Y-Surf 

I ft) 1ft) 
112 . 22 64 . 89 
119 . 86 58 . 44 
129 . 33 55 . 22 
139 . 32 55 . 67 
148 . 46 59 . 74 
15 5.48 66 . 86 
158 .55 74 .00 

5.057 

Coordinate Po ints 

Coordinat e Point s 

Fa ilure Surface Spec ified By 14 Coordina te Points 
Point X- Surf Y- Surf 



No. 

6 
7 
8 
9 

10 
11 
12 
13 
14 
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(ft) Iftl 
65 . 56 60 . 00 
72.80 53 . 10 
80 .98 47 . 36 
89 .93 42 . 90 
99.45 39 . 83 

109.32 38 . 20 
119 . 32 38 . 07 
129.22 39 . 43 
138 . 82 42 . 25 
147 . 88 46 . 47 
156 .2 2 52 . 00 
163 .64 58 .70 
16 9.98 66 .44 
172 .53 70 . 72 

5 . 140 
Failure Surface Spec ified By 11 Coordinate Points 

Point X- Surf Y- Surf 
No. Iftl Ift l 

96 . 67 60 . 00 
2 104 . 01 53 . 22 

112 . 62 48.12 
12 2.10 44.93 
132.03 43 . 80 
14 1 . 98 44 . 78 

7 151.51 47.81 
8 160 .20 52.77 
9 167.65 59 . 44 

10 173 .54 67 . 52 
11 174 . 67 70 . 06 

5 .773 
Fa ilure Su rface Specified By 10 Coordinate Points 

Po i nt X- Surf Y- Surf 
No. (ft) (ft) 

57.78 60.0 0 
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 li 2 . 32 54 . 39 
8 119.58 61.2 7 
9 12 4.94 69 . 71 

10 12 5.04 70 . 02 
6 .497 

Fa ilure Surface Speci fied By 8 Coordinate Points 
Point X-Surf Y- Surf 
No. (ft ) {tt l 

120 . 00 68 . 00 
2 127 . 89 61.85 

137 .1 4 58 . 06 
147 . 08 56 .91 

5 15 6.95 58 .48 
6 166 .04 62. 65 
7 17 3.66 69 .1 2 
8 17 4.36 70.16 

24 .8 "78 



200 

150 

100 

50 

o 

~ 

o 

# FS 
a 5 .21 
b 5.23 
c 6 .29 
d 6.33 
e G , ·~i8 
f 7.35 
g 8.22 
h 9.53 
i 11 .56. 

Alton Coal Mine - North Area Stock Pile Static Analysis - Satrurated - Clay 
c:\program files (x86)\stedwin\allo coal slope stability - staruated clay.pl2 Run By: Joel Myers 10/1412015 05:20PM 

Soil Soil Total Saturated Cohesion Friction Piez. 
Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 

No. (peD (peD (psD (deg) No. 
CH 1 85.0 102.0 500.0 28.0 W1 

'1""<> 

a 

5 9 
C df 

50 100 150 

STABL6H FSmin=5,21 

'.~. 1 

200 

Safety Factors Are Calculated By The Modified Janbu Method 

"-,----

250 

.) 

300 
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** STABL6H ** 
by 

Purdue University 
--Slope Stability Analysis-

Simplified Janbu, Simplified Bishop 
or Spencer s Method of Slices 

Run Date: 10/14/2015 
Time of Run: 05:20PM 
Run By: ,Joe l Myers 
Input Data Filename: C:alto coal slope stability - staruated C ay.ln 
Output Filename: C:alto coal slope stability - staruated C ay.OUT 
Plotted Output Filename: C:alto coal slope stability - staruated C ay.PLT 
PROBLEM DESCRIPTION Alton Coal Mine - Noeth Area Stock Pile 

Static Analysis - Satrurated - Clay 
BOUNDARY COORDINATES 

6 Top Boundaries 
Boundaries 6 Total 

Boundary 
No. 

X- Left Y-Left X-Right Y-Right Soil Type 

3 
4 
5 
6 

(ft) 
0.00 

100.00 
135.00 
J.62.00 
207.00 
230.00 

ISOTROPIC SOIL PARAMETERS 
1 Type(s) of Soil 

(ft) 
60,00 
60.00 
74.00 
74.00 
60.00 
59.00 

(ft) (ft) Below Bnd 
100.00 60.00 
135.00 74.00 
162.00 74.00 
207.00 60.00 
230.00 59.00 
300.00 59.00 

Pore Pressure Piez. Soil Total Saturated Cohesion 
Type Unit Wt" On.i t Wt. InterCept 

Frict i on 
Ang l e 
(deg) 
28 . 0 

Pressure Constant Surface 
No. (pcf) (pcf) (psf) 

85.0 102.0 500.0 
1 PIEZOMETRIC SORFACE{S) HAVE BEEN 
On i t Weight of Water = 112 . 30 

Paramo (psf) 
0.00 0.0 

SPECIFIED 

Piezometr i c Surface No. 
Point X-Water 

1 Specified by 2 Coordinate Points 
Y-Water 

No. (ft) 

168.25 
300.00 

(ft) 

71.50 
71.50 

WATER SURFACE OAT.'-\. HAS BEEN SOPPRESSED 

No. 

A Crit i cal Fa i lure Surface Searching Hethod, Osing A Random 
Techni,que For Generating Circular Sur f aces, Has Been Specified , 

10 Trial Surfaces Have Been Generated. 
1 Surfaces Initiate from Each Of 10 Po i nts Equally Spaced 

Along The Ground Surface Between X 50.00 ft. 
and X - 120.00 ft. 

Each Surface Terminates BeHJeen X 120.00 ft. 
and X 175.00 ft. 

Unless Further Limitations Were 
At Which A Surface Extends Is 

Imposed, The Minimum Elevat i on 
Y "" 0.00 ft. 

10.00 ft . Line Segments Define Each Trial Failure Surface. 
Following Are Displ ayed The Ten Most Critical Of The Trial 

Failure Surfaces Examined. They Are Ordered - Most Critical 
First . 
.;, ." Safety Factors Are Calcu l ated By The Modified Janbu Method 
Failure Surface Specif i ed By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

4 
S 

88.89 60.00 
95.96 52.93 

105.07 48.81 
115.05 
124.61 
1 32 . 53 
137 . 78 
139.39 

5.2 1 4 

48.17 
51.09 
57 . 20 
65.71 
74.00 
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Failure Surface Specifi.ed By Coord.inat:e Points 
Poin:: X-Surf Y-Surf 

No. (f t ) (ftl 
104 . 44 61.78 
113 . 71 58.02 

3 123.71 57 .83 
4 133.11 61. 24 
5 140 . 67 67 . 78 
6 143.99 74 . 00 

5 . 226 
Failure Surface Specified Bv 15 Coordinat:e Points 

Point X-Surf Y- Surf 
No. (ft) (f t: ) 

1 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 .7 0 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 .4 4 

6.207 
Fai lure Surface Specified By 14 Coordinate Points 

Point X-Surf Y- Surf 
No. (f t ) (f t ) 

65 . 56 60 . 00 
2 72 .80 53 . 10 
3 80.98 47.36 
4 89.93 42 . 90 
'0 99 .4 5 39.83 
6 109 .32 38 . 20 
7 il9.32 38 . 07 
8 129 . 22 39 .4 3 
9 138.82 42 . 25 

In i 47.88 4 6 .47 
]1 156.22 52 .00 
17 163.64 58.70 
::'3 169.98 66 , 44 
14 17 2 .53 70 7" 

6 . 334 
Fa ilure Surface Specified By 9 Coordi na te Points 

Point X-Surf Y- Surf 
No. 1ft} ( ft) 

73.33 60.00 
2 82.85 56 .91 
3 92.12 55 . 32 

102.72 55 . 24 
5 112 .6 1 56 . 70 
6 122 . 17 59 . 65 

131.16 64 . 02 
8 139.38 59 . 71 
9 143.90 74 . 00 

6 .4 00 
Fail u r e Surface Specified By l "1 Coordina"C e ?oim:s 

Poi,n t. X- Surf Y- Surf 
No. 1ft} If tl 

96 . 67 60 .0 0 
104 . 01 53.22 

3 112 . 62 48 . 12 
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5 
6 ., 
8 
9 

10 
11 

122.10 
132 . 03 
141.98 
151 .51 
J.60.20 
16'7.65 
173 . 54 
174 . 67 

7 . 347 

44.93 
43.80 
44.78 
47.81 
52,77 
59.44 
67 ,52 
70 .06 

Fai l ure Surface Speci f i ed By 7 Coordinate Points 
Point X-Surf Y-Surf 

No . 

3 
4 
5 

7 

Failure 
Point 

No. 

5 

(ft) (ft) 
112,22 64.89 
119.86 58.44 
129 . 33 55.22 
139.32 55.67 
148.46 59.74. 
155 . 48 66.86 
158.55 ",4.IlO 
8.22J 

Surface Specified By Coordinate Poim:s 
X-Surf Y- Sur f 

(ft) (ft) 
81 . 11 60.00 
90 . 97 58.31 

100 . 97 58 . 32 
110.82 60.06 
120.22 63.45 
128.91 68.41 
135.67 74.00 

9.530 
Failure Surface Specified By 10 Coordinate Po i nts 

Point X-Surf Y-Surf 
No. (ft) (ft) 

57.78 60.00 
65.3 1 53.42 

3 74.22 48.88 
83.97 46.64 

5 93.96 46.85 

., 
8 
9 

JO 

103.61 49.48 
112 . 32 
119.58 
124.94 
125 . 0 4 
1 1.558 

54.39 
61.27 
69.71 
70,02 

Failure Surface Specif i ed By 8 Coordinate Points 
Point X-Surf Y-Surf 

No. (ft) (ft) 

2 
3 

s 
6 
7 
8 

120.00 68 . 00 
L:7.89 
137.14 
147.08 
156.95 
166.04 
1.73.66 
174.36 
38 . 396 

61. 85 
58.06 
56.91 
58.48 
62,65 
69 . 12 
70,16 
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REVISIONS
DATE: BY:

Cedar City, Utah  84721
Phone  (435)867-5331
Fax  (435)867-1192

463 North 100 West, Suite 1ALTON, UTAH
PROJECT

COAL HOLLOW

DRAWING:   2-4

NORTH

HANDLING PLAN
TOPSOIL

Top/Subsoil placed in Stockpile
Top/Subsoil Direct Placed for Reclaim

NORTH HAUL ROAD
(BUILT OVER BACKFILL)

SOUTH HAUL ROAD (RECLAIMED)

PRIME FARMLAND TOPSOIL TO STOCKPILES
POLYGONS SEPARATED BY SOIL TYPE

AND OWNERSHIP

ROUTE 136 (K3900) BYPASS NORTH HAUL ROAD

PRIME FARMLAND TOPSOIL TO STOCKPILES:
STOCKPILES SEPARATED BY OWNERSHIP

AND SOIL HORIZON. ALL STOCKPILES TO BE
PLACED WITH 3:1 SIDE SLOPES, SMOOTH
GRADED AND SEEDED. STOCKPILES TO BE

IN PLACE FOR AT LEAST ONE YEAR.

SITE ACCESS

Permit Area 1 Disturbance     =   69.8 Acres
Permit Area 2 Disturbance     = 112.0 Acres
Permit Area 3 Disturbance     =   57.2 Acres
Total Disturbance     = 239.0 Acres
Undisturbed Area     =   56.6 Acres
Total Lease Area     = 295.6 Acres

Final Reclaim & Stockpiles Contour Interval = 2'

AREA 1 TEMPORARY TOPSOIL AND
SUBSOIL STOCKPILE LOCATIONS WILL

BEGIN TO TRANSITION TO LONG TERM
STORAGE PILES AFTER MINING OF PITS 3 -
5 AND REPLACEMENT OF BACKFILL. PILES

WILL RECEIVE EXCESS SOILS AND PROVIDE
MAKEUP SOILS AS DIRECT PLACEMENT

AND RECLAMATION PROGRESSES. PILES
WILL BE SEGREGATED BETWEEN HEATON

BROS. LLC LAND AND ALL OTHERS SO THAT
SOILS TAKEN FROM HEATON BROS. LLC

LAND WILL BE PLACED BACK ON HEATON
BROS. LLC. LAND. UPON DISTURBANCE OF

AREA 3, ONE ADDITIONAL SEGREGATION
WILL BE MADE FOR SOIL TYPE 'C' WHICH

WILL COMBINE TOPSOIL AND SUBSOIL IN A
SINGLE PILE FOR LATER PLACEMENT ON

THE FINAL 3:1 SLOPE ON THE EASTERN
PROPERTY BOUNDARY. EXPECTED

STORAGE IN PILES AFTER BACKFILL WILL
VARY OVER TIME BUT MAXIMUM

REQUIRED CAPACITIES ARE
APPROXIMATELY:

SUBSOIL = 125,000 CY
TOPSOIL = 125,000 CY

PILES WILL BE PLACED WITH 3:1 SIDE
SLOPES, AND TREATED WITH QUICK

GUARD IF NECESSARY FOR STABILIZATION.

12/14/16 AC

2/2/17 AC

5/4/17 AC

6/19/17 AC

4/6/18 AC

REBUILT ROUTE 136 (K3900)

5/10/18 AC

APPROXIMATE HAULAGE
PATHS FOR PRIME

FARMLAND STOCKPILES

NW TEMPORARY SPOIL STOCKPILE:
TO BE PLACED ONLY AFTER REMOVAL OF
SOILS AND USED AS PIT BACKFILL
FOLLOWING THE COMPLETION OF PIT 21

10/4/18 AC
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REVISIONS
DATE: BY:

Cedar City, Utah  84721
Phone  (435)867-5331
Fax  (435)867-1192

463 North 100 West, Suite 1ALTON, UTAH
PROJECT

COAL HOLLOW

DRAWING:   5-47

NORTH

AND STRUCTURES
LAYOUT

FACILITIES

Pond 8

Pond 9

Pond 7

Pond 5

Pond 6

ROUTE 136 (K3900)
 - POSTMINING

NORTH HAUL ROAD (BUILT OVER BACKFILL)

SOUTH HAUL ROAD
(MINED OUT &

RECLAIMED)
PROPOSED CULVERT C-3

ASCA - 1

ALTON COAL MINE ROAD
(K3100) - POSTMINING

PRIME FARMLAND TOPSOIL STOCKPILES

CULVERT C-2
(SEE APDX 5-14
FOR DETAILS)

ROUTE 136 (K3900)
BYPASS

SOUTH HAUL ROAD - EASTERN SEGMENT
AND KANAB CREEK CROSSING

Contour Interval = 2'

TEMPORARY SUBSOIL STOCKPILE
TEMPORARY TOPSOIL STOCKPILE

CULVERT C-4

NORTH PRIVATE LEASE
SITE ACCESS

Permit Area 1 Disturbance     =   69.8 Acres
Permit Area 2 Disturbance      = 112.0 Acres
Permit Area 3 Disturbance      =   57.2 Acres
Total Disturbance      = 239.0 Acres
Undisturbed Area      =   56.6 Acres
Total Lease Area      = 295.6 Acres

POND T1, CULVERT
UC-T1-01, DD-T1-01 &
DD-T1-02
(Mined Out)

10/3/16 ARC

12/14/16 ARC

2/2/17 ARC

5/4/17 ARC

PRIME FARMLAND TOPSOIL STOCKPILES

4/6/18 ARC

CULVERT C-1
(Mined Out)

5/22/18 ARC

DD-11
(MINED OUT &

RECLAIMED)

NW TEMPORARY SPOIL STOCKPILE

10/4/18 ARC
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REVISIONS
DATE: BY:

Cedar City, Utah  84721
Phone  (435)867-5331
Fax  (435)867-1192

463 North 100 West, Suite 1ALTON, UTAH
PROJECT

COAL HOLLOW

DRAWING:   5-49

NORTH

AND STRUCTURES
CONSTRUCTION

FACILITIES

Pond 7

DD-13 TO BE CONSTRUCTED PRIOR TO INITIAL
SURFACE DISTURBANCE OF AREA 2.

PRIME FARMLAND AND SOILS
OF STATEWIDE IMPORTANCE

STOCKPILES. CONSTRUCTED
FROM DELINEATED POLYGONS

FOLLOWING BACKFILL AND
REGRADING OF PIT MATERIAL

AS SUBGRADE

NORTH HAUL ROAD

SEQUENCE - AREA 2

Contour Interval = 4'

FOLLOWING CONSTRUCTION OF POND 7 IN AREA 2,
WESTERN DOWNHILL SLOPE OF SOUTH HAUL ROAD

WILL BE REGRADED & CROWNED SO NORTHERN HALF
OF ROAD REPORTS TO DD-11

PONDS 5 AND 6 TO REMAIN
UNTIL FINAL PHASE III
RECLAMATION

8/15/16 AC

9/7/16 AC

POND T1  AND AREA 1 EXTENSION DITCHES AND
SEDIMENT CONTROLS TO BE MINED OUT
AFTER CONSTRUCTION OF AREA 2 STRUCTURES
AND AS MINING CONTINUES INTO AREA 2

Pond T1

10/3/16 AC

2/2/17 AC

DURING TRANSITION FROM SOUTH HAUL ROAD
TO NORTH HAUL ROAD, SOUTH HAUL ROAD

TO BE RECLAIMED. MAINTAIN LIGHT VEHICLE
ACCESS TO PONDS.

PROPOSED CULVERT C-4
TO BE CONSTRUCTED

DURING TRANSITION FROM
SOUTH HAUL ROAD

TO NORTH HAUL ROAD

5/4/17 AC

4/6/18 AC

NW TEMPORARY SPOIL STOCKPILE:
TO BE PLACED ONLY AFTER

REMOVAL OF SOILS AND USED AS
PIT BACKFILL FOLLOWING THE

COMPLETION OF PIT 21

10/4/18 AC
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NORTH HAUL ROAD
(BUILT OVER BACKFILL)

Contour Interval = 2'

UD-14 (aligned along permit boundary)

All soils removed within
footprint of stockpile

All soils removed within
footprint of stockpile
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