
 
 
 

Midnite Mine Superfund Site 
100 Percent Design 
 
Appendix E – Water Management Ponds 
 
 
 
 
June 2015 
 
 
Prepared for: 
 
Dawn Mining Company 
PO Box 250 
Ford, Washington 990413 
 
and 
 
Newmont USA Limited 
6363 South Fiddler’s Green Circle 
Greenwood Village, Colorado 80111 
 
 
Prepared By: 
 
MWH Americas, Inc. 
2890 E. Cottonwood Parkway, Suite 300 
Salt Lake City, UT  84121 
 
 
 
 



 
 
 

Appendix E – Water Management Ponds  June 2015 
100 Percent Design i  

TABLE OF CONTENTS 
E.1.0 INTRODUCTION ............................................................................................................... 1 

E1.1 BACKGROUND ..................................................................................................... 1 

E2.0 PERFORMANCE STANDARDS ...................................................................................... 3 

E3.0 DESIGN CRITERIA .......................................................................................................... 7 

E3.1 STORAGE CAPACITY CRITERIA ........................................................................ 7 
E3.2 SLOPE STABILITY CRITERIA .............................................................................. 8 
E3.3 ADDITIONAL DESIGN CRITERIA ........................................................................ 9 

E4.0 ENGINEERING DESIGN DRAWINGS ........................................................................... 10 

E5.0 STORAGE POND DESIGN CRITERIA AND FINDINGS ............................................... 11 

E5.1 SOUTH POND .................................................................................................... 11 
E5.1.1 South Pond Storage Requirements ..................................................................... 12 
E5.1.2 South Pond Configuration and Capacity .............................................................. 12 
E5.1.3 South Pond Stability ............................................................................................. 13 
E5.1.4 South Pond Construction Details ......................................................................... 14 
E5.1.5 South Pond Operational Considerations ............................................................. 15 

E5.2 WEST POND ....................................................................................................... 16 
E5.2.1 West Pond Storage Requirements ...................................................................... 17 
E5.2.2 West Pond Configuration and Capacity ............................................................... 18 
E5.2.3 West Pond Preliminary Stability ........................................................................... 19 
E5.2.4 West Pond Construction Details .......................................................................... 19 
E5.2.5 West Pond Operational Considerations ............................................................... 20 

E6.0 GREEN AND SUSTAINABLE REMEDIATION CONSIDERATIONS ............................ 21 

E6.1 CONSTRUCTION MATERIAL CONSIDERATIONS ........................................... 21 
E6.2 CONSTRUCTION METHODS ............................................................................. 22 
E6.3 LOW IMPACT DEVELOPMENT/SUSTAINABILITY ............................................ 23 

E.7.0 REFERENCES ................................................................................................................ 23 

 

LIST OF TABLES 
Table E-1 – Performance Standards Applicable to Temporary Storage Ponds 

Table E-2 – Design Criteria – Minimum Required Factors of Safety for Stability Analyses 

Table E-3 –Design Drawings – Section 5, Water Management Ponds 

Table E-4 – South Pond Factors of Safety for Against Deep-Seated Slope Failures 

Table E-5 – West Pond Factors of Safety for Against Deep-Seated Slope Failures 

  



 
 
 

Appendix E – Water Management Ponds  June 2015 
100 Percent Design ii  

LIST OF FIGURES 
Figure E-1  Water Balance Schematic Flow Diagram for Current Conditions 

Figure E-2  Water Balance Schematic Flow Diagram for Phase 1 

Figure E-3  Water Balance Schematic Flow Diagram for Phase 2 

Figure E-4  Water Balance Schematic Flow Diagram for Phase 3 

Figure E-5  Water Balance Schematic Flow Diagram for Future Conditions 

Figure E-6  South Pond Stage-Storage Curve 

Figure E-7  West Pond Stage-Storage Curve 

 

LIST OF ATTACHMENTS 
Attachment E-1 Storage Pond Water Balance  

Attachment E-2 South Pond Global Stability Analysis 

Attachment E-3 South Storage Pond Liquefaction/Cyclic Softening Analysis 

Attachment E-4 West Pond Global Stability Analysis 

Attachment E-5 Liner System Anchor Trench Analysis 

Attachment E-6 Liner System Wind Uplift Analysis 

Attachment E-7 South and West Pond Dead Storage Evaporation Loss Analysis 

Attachment E-8 Design Step Summary for the Midnite Water Management Ponds 

Attachment E-9 Design Flow Estimates for Spillway Design 

Attachment E-10 Spillway Designs 

Attachment E-11 Water Management Ponds Freeboard Calculations 

 

 
 
 
  



 
 
 

Appendix E – Water Management Ponds  June 2015 
100 Percent Design iii  

LIST OF ACRONYMS 
BMP Best Management Practice 
BODR Basis of Design Report 
 
CD  Consent Decree 
 
EPA U.S. Environmental Protection Agency 
 
FOS  Factor of Safety 
 
gpad gallons per acre per day 
gpm gallons per minute 
GSR  Green and Sustainable Remediation 
 
HDPE  high density polyethylene 
 
MA Mine Area 
Mgal million gallons 
 
NPDES National Pollutant Discharge Elimination System 
 
PCP  Pollution Control Pond 
 
RA Remedial Action  
RAO Remedial Action Objective 
RD Remedial Design 
 
SOW Statement of Work 
SWMP  Stormwater Management Plan 
SWRP South Waste Rock Pile 
 
WMS  Water Management System 
WSDE  Washington State Department of Ecology 
WTP  Water Treatment Plant 
 
 
 
 



 
 
 

Appendix E – Water Management Ponds  June 2015 
100 Percent Design E-1  

E.1.0 INTRODUCTION 

This appendix to the Midnite Mine Superfund Site Basis of Design Report (BODR) presents the 

design information for the temporary water management ponds.  The Midnite Mine Superfund 

Site (Site) remedial action (RA) requires consolidation of the mine wastes into Pit 3 and Pit 4 

and isolation of the wastes from groundwater and surface water infiltration.  Under the current 

water management system (WMS), Pit 3, Pit 4, and the Pollution Control Pond (PCP) are used 

to store mine-impacted surface and groundwater prior to water treatment and discharge from 

the Site (see Figure E-1).  Temporary water management ponds (aka, storage ponds) will be 

needed during RA construction to control and store the impacted water when the pits and PCP 

are no longer available for water storage.   

Proposed locations for these temporary storage ponds have been discussed with the Spokane 

Tribe and the EPA.  During those discussions, the Tribe expressed its desire that the storage 

ponds be constructed within the existing fenced mine area (MA) boundary.  This limits the 

number of suitable locations for these temporary water management ponds.  This appendix 

describes the proposed sequence for construction, location, sizing, stability, and other 

considerations for the temporary water management ponds. 

E1.1 BACKGROUND   

The RA will be performed in three main phases as described in Appendix D, during which time 

mine impacted surface water and groundwater will be captured and stored pending treatment at 

the operating WTP.  Estimates of the water storage requirements during each RA phase are 

presented in Attachment E-1 (Storage Pond Water Balance).  As proposed, water storage will 

occur at five different locations during the phased RA construction.  These phases and locations 

are shown schematically on Figures E-2 through E-5, and include the existing Pit 3, the existing 

PCP, the new South Pond, the new West Pond, and the new Water Treatment Plant (WTP) 

Ponds.     

During Phase 1 construction, mine wastes will be consolidated in Pit 4 and impacted water from 

the Site will be collected and stored in the PCP and Pit 3 as shown on Figure E-2.  The major 

change to the current WMS during and upon completion of Phase 1 construction is that Pit 4 will 

no longer be used as a storage pond so that it can be backfilled with mine waste.  The South 

Pond will be constructed during Phase 1 so that it is available to store water during Phase 2 as 

described below. 
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Phase 2 will commence with the backfilling of Pit 3, at which time Pit 3 will not be available for 

water storage.  During Phase 2, impacted water will be stored in the PCP and in a new lined, 

temporary storage pond to be built immediately south of Pit 3 on the South Waste Rock Pile 

(i.e., the South Pond; see Figure E-3 and Drawing 5-1).  Upon completion of Phase 2 the only 

significant volume of mine waste requiring excavation and consolidation will be that located in 

the Central Drainage portion of the South Waste Rock Pile in the vicinity of the South Pond and 

the PCP.  As a result, necessary water-storage volumes at the end of Phase 2 will be 

significantly reduced because much of the Site surface water runoff can be shed from the 

remediated areas as clean water and discharged via local drainages to Blue Creek.  The West 

Pond will be constructed during Phase 2 after completion of cleanup of the upper and central 

portions the Western Drainage so that it is available to store water during Phase 3 as described 

below. 

The South Pond will be removed at the start of Phase 3 so that the underlying and adjacent 

wastes can be excavated and backfilled in Pit 3, and mine-impacted water will be stored in the 

PCP and in a new smaller West Pond (see Figure E-4 and Drawing 5-1).  The PCP and 

associated mine wastes underlying and in the vicinity will be removed near the end of Phase 3 

and consolidated in Pit 3.  At the end of Phase 3, all the mine-impacted water will be stored in 

the West Pond.  .     

Upon completion of Phase 3, all stormwater will be shed from the remediated areas as clean 

water, and the only mine-impacted water requiring storage prior to treatment will be from the 

Alluvial Groundwater Controls and from the dewatering wells installed in the consolidated 

wastes in Pit 3, Pit 4, and the Backfilled Pits Area (BPA).  It is anticipated that these flows will 

gradually decrease as steady-state base flow (groundwater inflow) levels are reached in the pit 

dewatering systems.  The West Pond will remain operational until the volumes of mine impacted 

water have reduced to the point where the equalization ponds at the new WTP are sufficient for 

temporary water storage prior to treatment.  Once flows have decreased to where the West 

Pond is no longer necessary, it will be decommissioned and any impacted sediments that may 

have accumulated within the West Pond and its liner system will be disposed of in a separate 

cell on top of the Pit 3 waste containment area as described in Appendix D.   

The designs for the South Pond and West Pond are shown in Section 5 of the drawings 

contained in Volume II of this report, and are summarized in this appendix.  Designs for the 

WTP equalization ponds are shown in Section 9 of the 60% design drawings.  Section 9 
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drawings have not been progressed past the 60% level as the WTP design is on hold until the 

National Pollutant Discharge Elimination System (NPDES) permit is reissued.     

The remainder of this appendix contains the following information: 

• Demonstration that the design will attain the Performance Standards identified in the 

Consent Decree (CD) that are relevant to the storage ponds. 

• Design calculations, assumptions, and parameters including: 

• Water balance calculations, estimates of required storage capacities, and 

analysis of storage of construction water  

• Embankment stability analyses 

• Pond configurations and capacities 

• Calculation of pond liner anchorage requirements 

• Emergency overflow spillway requirements  

• Green and Sustainable Remediation (GSR) considerations 

E2.0 PERFORMANCE STANDARDS 

The Performance Standards presented herein are defined in the Consent Decree Statement of 

Work (CD SOW; EPA, 2011), and were developed to define attainment of the Remedial Action 

Objectives (RAOs) of the Selected Remedy.  The performance standards include both general 

and specific standards applicable to the Selected Remedy work elements and associated work 

components.  All of the Performance Standards for the Midnite Mine RA, as well as a summary 

of where or how they are addressed in the RD, are summarized on Table 4-6 of the BODR.  The 

general and specific Performance Standards related to the Storage Ponds are listed below.   
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Table E-1 – Performance Standards Applicable to Temporary Storage Ponds 
Page 1 of 4 

Performance 
Standard 
No. in CD 

SOW 
Performance Standard Comments 

2.3  General Standards Applicable to All Work Elements and Components of Work  

2.3.15. E Removals and other 
excavations conducted as 
part of the construction 
activities shall be performed 
in a manner that allows for 
proper drainage from the 
excavated area. Drainage 
from Work Areas that may 
have come into contact with 
contaminants shall be 
captured and conveyed to 
the WTP for treatment. No 
drainage from Work Areas 
that may have come into 
contact with contaminants 
shall be allowed to infiltrate 
or discharge to natural 
drainages where water 
treatment collection and 
conveyance controls are not 
in place and operating. 

The RA will be performed such that all water that 
potentially contacts mining wastes is captured and 
treated. To the extent practical, mine waste excavations 
will be completed beginning at the upstream (northern) 
end of the Western, Central, and Far Eastern Drainages 
and continued in a downstream direction.  Excavation 
areas will be graded in a manner that contains surface 
water runoff from excavation areas wholly within the 
excavation areas, from where it will either drain by 
gravity, or be pumped initially into Pit 3, and as 
construction progresses, into various storage ponds 
(described in this Appendix E) that will be constructed 
and ultimately to the WTP for treatment. 
Topography will be maintained throughout the RA 
construction activities such that clean water sheds away 
from the work areas, and mine-affected water is captured 
before it can discharge to the downstream drainages.  
These details are described in the following design 
appendices: 
Appendix D – Mine Waste Excavation and Containment 
describes how excavations will be performed in a manner 
to capture and contain potentially mine-affected surface 
water. 
Appendix E – Water Management Ponds describes how 
the pits and temporary surface water impoundments will 
be used to capture and store mine-affected water. 
Appendix F – Surface Water and Sediment Controls – 
provides the analysis and design of the surface water  
(SW) and sediment controls for post-closure conditions 
and for temporary channels installed during the RA 
construction phases. 
Appendix I – Water Treatment Plant describes how the 
mine-affected water will be treated and discharged. 
Appendix J – Influent and Effluent Pipelines describes 
how the mine affected water will be conveyed to the WTP 
and how the treated water will be conveyed to the 
discharge location. 

2.3.18 B.iv Any dewatering or diversion 
of surface water and 
groundwater shall be 
performed in a manner that 
minimizes the release of 
sediments to the extent 
practicable beyond the Work 
Area and limits harm to  

The majority of excavation activities are expected to 
occur above the water table.  If groundwater is 
encountered or if stormwater accumulates in the 
excavations, the water will be contained and transferred 
to temporary surface water impoundments (as described 
in this Appendix E) and ultimately treated at the WTP.  All 
sediments potentially contaminated by Site COCs will be 
captured and consolidated in the pits with the mining  
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Table E-1 – Performance Standards Applicable to Temporary Storage Ponds 
Page 2 of 4 

Performance 
Standard 
No. in CD 

SOW 
Performance Standard Comments 

 wetlands and surface water. wastes. The surface water and sediment control 
structures to be constructed in the excavation areas are 
described in Appendix F.  Sediment migration in the 
remediated areas will be managed in accordance with the 
Master SWMP (Appendix O). 

2.3.24 All water requiring treatment 
shall be conveyed to and 
treated at the water 
treatment plant operating at 
the time of conveyance. 

Surface Water – During the RA, surface water that 
contacts mine wastes will drain to the mine pits or 
temporary surface water impoundments (described in this 
Appendix E) that will store the mine-impacted water.  The 
water in the impoundments will be conveyed to the 
operating WTP via conveyance channels and pipelines.  
The topography of the reclaimed areas will shed clean 
water away from any wastes that are pending excavation 
(i.e., during the phased RA construction activities), and 
away from the consolidated wastes (upon remedy 
complete). 
Groundwater – During the RA, groundwater discharging 
from seeps in the mine wastes will be captured and 
conveyed the temporary surface water impoundments 
(described in this Appendix E), and ultimately treated by 
the operating WTP.  Groundwater that accumulates in the 
consolidated wastes in the pits and BPA will be captured 
by groundwater extraction wells, and treated at the WTP. 
These details are described in the following design 
appendices: 
Appendix D – Mine Waste Excavation and Containment 
describes how excavation of mine waste will occur such 
that potentially mine-impacted surface water is contained 
within the excavations and transferred to the 
impoundments. 
Appendix E – Water Management Ponds describes how 
the mine pits and temporary impoundments will be used 
to capture and store potentially mine-impacted water. 
Appendix F – Surface Water and Sediment Controls 
describes the temporary and permanent structures that 
will convey surface water and control sediments. 
Appendix J - Influent and Effluent Pipelines describes how 
mine-affected water will be conveyed to the storage ponds, 
to the operating WTP, and discharged from the WTP 
through the effluent pipeline to Lake Roosevelt. 

2.4.2.3 B. Surface Water and Stormwater Management and Controls During Excavation 

2.4.2.3.2 B.v. The Settling Defendants 
shall develop a monitoring 
program to ensure that the 
concentrations of 

To the extent practicable, all surface water that contacts 
mining wastes within the MA will continue to be captured 
during the RA activities and conveyed to the operating 
WTP.  These details are described in Appendix D – Mine 
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Table E-1 – Performance Standards Applicable to Temporary Storage Ponds 
Page 3 of 4 

Performance 
Standard 
No. in CD 

SOW 
Performance Standard Comments 

 contaminants in surface 
water leaving the MA are 
below those listed in Table 
4-3. If concentrations are 
greater than those listed in 
Table 4-3, the water shall be 
collected and conveyed to 
the water treatment plant for 
treatment. 

Waste Excavation and Containment, in this Appendix E – 
Water Management Ponds, Appendix F – Surface Water 
and Sediment Controls. and Appendix J – Influent and 
Effluent Pipelines, However, as noted in the ROD, 
achievement of the surface water cleanup levels down 
gradient of the MA will require a period for natural 
attenuation to occur after the remedy is completed. 
Therefore, the design does not include provisions to 
capture and treat surface water down gradient of the MA. 
 
The Site-Wide Monitoring Plan (SMP) in Appendix Q 
defines the monitoring program that will be implemented 
both during and following the RA to evaluate contaminant 
concentrations in surface water down gradient of the MA. 
The SMP defines the action levels that will be used 
during the RA to evaluate if mine-related contaminants 
are being released to surface water as a result of the RA 
activities.  The SMP also describes how surface water 
will be monitored following the RA for comparison with 
the cleanup levels listed on Table 4-3. 

2.4.2.4 A. Temporary Facilities during Construction Activities 

2.4.2.4.2 A. During performance of the 
Pits 3 and 4 Component of 
Work, temporary facilities, 
such as covers, runoff 
controls, temporary sumps, 
and water capture and 
removal systems, shall be 
provided, as determined in 
the SWMP and RD. Water 
requiring treatment shall be 
conveyed as soon as  
practicable to the WTP for 
storage and treatment. 

Design sections contained in this Appendix E (Water 
Management Ponds), Appendix F (Surface Water and 
Sediment Controls), Appendix J (Influent and Effluent 
Pipelines); and the associated design drawings in 
sections 5, 6, and 10 of Volume II describe/illustrate how 
surface water and impacted site water will be managed 
upon completion of each major phase of construction. 
Water will be transferred to the WTP as soon as 
practicable in order to maintain capacity in the 
impoundments for future storm events.  In addition, the 
Master SWMP included in Appendix O describes the  
over-arching framework for how stormwater and surface 
water will be managed to limit the release of sediment, 
pollutants, and deleterious debris to downstream areas 
during RAs. 

2.4.2.4.2 C.iv. Contaminated surface water 
shall be captured and 
treated in the WTP. 

Excavation activities will be performed such that drainage 
patterns are maintained to shed potentially contaminated 
surface water to diversion channels and temporary 
impoundments (described in this Appendix E), and 
ultimately to the operating WTP.  Appendix D (Mine 
Waste Excavation and Containment) describes the 
excavation activities.  Appendix F - Surface Water and 
Sediment Controls contains text, calculations, and 
references drawings in Volume II that show the 
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Table E-1 – Performance Standards Applicable to Temporary Storage Ponds 
Page 4 of 4 

Performance 
Standard 
No. in CD 

SOW 
Performance Standard Comments 

.  temporary engineering controls (e.g., temporary drainage 
channels) that will be constructed to capture and convey 
contaminated water to the Water Management Ponds 
described in this Appendix E.  Water from these ponds 
will be conveyed to the WTP for treatment. 

2.4.3.3 Water Collection and Conveyance Work Component 

2.4.3.3.2 A. All water requiring treatment, 
as described both above in 
this table and in this 
Component of Work, shall 
be collected and then 
conveyed to and treated at 
the WTP operating at the 
time of conveyance. 

The temporary water management ponds described in 
this appendix will be used to store potentially mine-
impacted water.  This water will be conveyed to these 
impoundments and then to/from the operating WTP as 
described in Appendix J – Influent and Effluent Pipelines.  
 

2.4.3.4 Water Storage and Treatment Work Component 

2.4.3.4.2 B. Water treatment shall 
minimize the need for water 
storage, as determined 
during RD. 

Water storage ponds for attenuation of peak flows will be 
required during RA construction and for some period of 
time after construction while the hydrologic system 
equilibrates to the remediated configuration.  Sizing of 
these temporary storage ponds are discussed in 
Attachment E-1 to this Appendix.  The impacts of WTP 
flow capacity on the required water storage during 
construction are also discussed in Attachment E-1. 

 

E3.0 DESIGN CRITERIA 

E3.1 STORAGE CAPACITY CRITERIA 

As part of the RA, a new WTP has been proposed with the ability to operate year-round at a 

maximum average daily rate of 500 gallons per minute (gpm).  Prior to the start of Phase 2 

construction when mine-impacted water will be stored in the South Pond, either the new WTP 

will be operating, or the existing WTP will be winterized so that storage of water during a winter 

shutdown period will not be necessary.  This will significantly reduce the peak volume of water 

stored at the Site from the levels currently reporting to the WMS.  However, even with 

continuous operation of either the existing or the new WTP, some storage capacity will be 

required for Site water during RA construction when inflows temporarily exceed WTP capacity.  
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In addition, it is necessary to provide storage for impacted waters collected during maintenance 

or unscheduled WTP shutdowns.   

In order to provide a high degree of confidence that sufficient storage capacity exists to 

accommodate mine-impacted waters during RA construction activities, the water management 

ponds have been sized to accommodate: 

1) The 100-year peak storage event.  Based upon analysis of historical records, these peak 

storage events are associated with wet periods during winter and early springtime. 

2) Storage that would be required if the WTP experienced a complete shutdown and was 

inoperable for six weeks during the peak storage event (Item #1 above). 

The water balance calculations presented in Attachment E-1 discuss these design criteria and 

their implications for water storage requirements.  The assumption of a catastrophic six-week 

shutdown period is considered to be an extreme event scenario.  Although it is highly unlikely 

that this would occur during the 100-year peak storage period, this level of conservatism 

provides a high degree of confidence in the estimated storage volumes presented in this 

appendix. 

E3.2 SLOPE STABILITY CRITERIA 

In addition to meeting the performance standards listed in Section E.2, the South Pond will be 

designed in substantive compliance with criteria from the Washington State Department of 

Ecology (WSDE) Dam Safety Program to the extent that they are applicable to a synthetically-

lined storage pond, which intermittently impounds water.  Regulations governing jurisdictional 

dams are provided at: http://www.ecy.wa.gov/programs/wr/dams/Regulations.html.  Engineering 

guidance for design and construction are outlined in guidance documents which are available 

for download at: http://www.ecy.wa.gov/programs/wr/dams/GuidanceDocs.html.   

Under the WSDE Dam Safety Program rules, both the proposed South and West Ponds will be 

considered large, high-hazard structures.  Both ponds, as currently designed, will have 

maximum embankment heights of 50 feet or more.  Although no permanently inhabited 

structures exist downstream, a release of the impounded water to downstream areas could 

result in significant economic and environmental damage.  In addition, the CD SOW presents 

guidance on factors of safety for geotechnical stability.   
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Specifically, the required minimum factors of safety against slope failure presented in Table E-2 

were used in the evaluation of slope stability analysis results discussed in Attachment E-2 and 

E-4. 

Table E-2 – Design Criteria – Minimum Required Factors of Safety for Stability Analyses 

Condition 
Minimum Factor of 

Safety from Consent 
Decree 

Minimum Factor of 
Safety based upon 

Dam Safety 
Guidelines 

Minimum Factor of 
Safety Selected for 

Design 

Static 1.3 1.5 1.5 

Pseudostatic 1.0 1.0 to 1.1 1.1 

Post-seismic Stability N/A 1.0 to 1.1 1.1 

 

E3.3 ADDITIONAL DESIGN CRITERIA  

Additional design criteria needed to substantially comply with requirements of the WSDE Dam 

Safety Program, including emergency overflow spillway capacity and freeboard requirements for 

flood routing during extreme precipitation events have been considered in design of the pond 

configurations and accounted for when making capacity calculations.  In accordance with 

WSDE requirements, an emergency overflow spillway capable of passing water flows 

associated with the 10,000 year storm was considered in the design of the South and West 

Ponds.  The intent is to provide assurance, in the extremely unlikely precipitation scenario which 

results in the ponds being overtopped, that the overflows occur in controlled locations such that 

a breach of the ponds within the impoundment will not occur and release stored water. 

The emergency overflow spillway configurations shown for the South Pond and West Pond 

design drawings are open-channel-type spillways with 5-foot-deep trapezoidal sections and a 

10-foot bottom width.  The South Pond is an off-channel impoundment and will have a relatively 

small contributing area reporting to it during most of Phase 2 construction. Although the West 

Pond is situated in-channel in the Western Drainage, clean runoff from the Pit 4 cover and other 

upland areas will be diverted around the West Pond via the West Pond Diversion Channel and 

the West Pond Diversion Berm as shown on Drawing 6-4 and described in Appendix F.  These 

upland diversions have been designed in accordance with criteria specified in the CD SOW 

such that they can convey storm flows associated with the 100-year storm event without 

suffering damage, and have the capacity to convey the 500-year storm event without 
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overtopping.  As a result, although the West Pond will be an in-channel impoundment, it also will 

have a relatively small contributing area under all but the most extreme storm events.   

Since the West Pond emergency overflow spillway is designed for an extremely large storm 

event (approximately the 10,000 year storm), it was conservatively assumed that the clean 

water diversion channel and berm will not be functional and all upland water will report to the 

West Pond.  Although the designed spillway dimensions are not needed to satisfy hydraulic 

requirements to pass design flows, WSDE also requires a minimum spillway depth of 5 feet to 

provide a minimum embankment freeboard of 5 feet above the spillway invert for a high-hazard 

dam.  Likewise, a spillway bottom width of 10 feet is not required to pass design flows, but was 

selected based upon constructability considerations assuming the spillway excavation will be 

performed using a medium-sized (e.g. Caterpillar D-8 or D-9) dozer.  

E4.0 ENGINEERING DESIGN DRAWINGS 

The engineering design drawings are contained in Volume II of the BODR.  The drawings 

related to Storage Ponds include: 
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Table E-3 –Design Drawings – Section 5, Water Management Ponds 

Sheet 
Number 

Description 

5-1 Storage Ponds General Layout 
5-2 South Pond Grading Plan  
5-3 South Pond Sump Plan 
5-4 South Pond Sections 
5-5 South Pond Emergency Spillway Grading Plan 
5-6 South Pond Emergency Spillway Profile 
5-7 West Pond Grading Plan 
5-8 West Pond Sump Plan 
5-9 West Pond Sections  
5-10 West Pond Emergency Spillway Grading Plan 
5-11 West Pond Emergency Spillway Profile 
5-12 Typical Detail and Section (1 of 4) 
5-13 Typical Detail and Section (2 of 4) 
5-14 Typical Detail and Section (3 of 4) 
5-15 Typical Detail and Section (4 of 4) 
5-16 South Pond Details (1 of 4) 
5-17 South Pond Details (2 of 4) 
5-18 South Pond Details (3 of 4) 
5-19 South Pond Details (4 of 4) 
5-20 West Pond Details (1 of 3) 
5-21 West Pond Details (2 of 3) 
5-22 West Pond Details (3 of 3) 

E5.0 STORAGE POND DESIGN CRITERIA AND FINDINGS 

Below design criteria and findings for each of the proposed water management ponds are 

discussed.  These discussions include the following elements: 

• Pond Location 

• Pond Storage Requirements 

• Pond Configuration and Capacity 

• Stability 

• Construction Details 

• Operational Considerations 

E5.1 SOUTH POND 

The proposed location of the temporary South Pond is shown on Drawing 5-1 and Drawing 5-2. 

The South Pond will be used for water storage during the Phase 2 construction (possibly 5 
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years).  The configuration of the South Pond is shown in plan view on Drawing 5-2 and sections 

are included on Drawing 5-4.  Although seepage from this area is currently being collected in 

the Pollution Control Pond (PCP) (where it is collected, transferred to Pit 3, then pumped to the 

WTP for treatment), the South Pond will be constructed as a synthetically lined pond with 

double containment and leak detection.  The liner system will significantly reduce the potential 

for increasing the saturation levels of the waste rock and foundation soils that could result in 

reduced embankment stability. 

E5.1.1 South Pond Storage Requirements 

The results of water balance analyses performed to estimate the storage required during the 5 

years of Phase 2 of construction when the South Pond will be operational are included in 

Attachment E-1.  A schematic of the WMS, showing flow components considered in the Phase 2 

water balance analyses is included as Figure E-3.  With the exception that Pit 3 will no longer be 

available for water storage, the flow components are very similar to those shown on Figure E-2 

for Phase 1.  These flow components and the water balance analyses are discussed in greater 

detail in Attachment E-1. The water balance analyses indicate that approximately 59,100,000 

gallons of pond volume is needed to provide storage during the 100-year wet period, assuming 

that the WTP is inoperable for six weeks during the peak pond inflow period.  The water balance 

analyses also indicate that under normal operating conditions, the pond will contain very small 

volumes of water.  If the plant is operational during the 100-year wet period, less than half of the 

South Pond capacity (23,400,000 gallons) would be utilized. 

E5.1.2 South Pond Configuration and Capacity 

The South Pond is shown on Drawings 5-1 through 5-6.  The pond will be constructed by 

excavating waste rock from the SWRP to a crest elevation of 2,683 ft.  The South Pond 

configuration includes an emergency overflow spillway on the east side of the pond as shown 

on Drawing 5-2. Assessment of the design storm used and estimation of design flows for the 

emergency overflow spillway design followed WSDE Dam Safety guidelines and are provided in 

Attachments E-8 and E9, respectively.  The design calculations for the spillway are provided in 

Attachment E-10.  The emergency overflow spillway is an open-channel-type spillway with an 

invert elevation at elevation 2,678 ft and a trapezoidal cross-section with a depth of 5 ft (as 

required by WSDE) and a bottom width of 10 ft as shown on Drawing 5-15. 

The pond will include a divider berm in the pond bottom at elevation 2,636 ft that effectively 

forms two cells at low-water levels, allowing for maintenance of the pond while still maintaining 
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the ability to operate in the other cell.  The pond bottom in each cell will be sloped toward sumps 

areas, with sump bottoms located at elevation 2,619 ft and 2,620 ft for the east and west sumps, 

respectively.  Figure E-6 depicts the stage-storage curve for the South Pond (shown on 

Drawings 5-1 thru 5-4) and illustrates that:   

• The “maximum capacity” (defined by WSDE as the storage capacity at the embankment 

crest) for the configuration of the South Pond as designed is 80.3 million gallons (Mgal).   

• The available capacity at the spillway inlet level located 5 feet below the crest is 66.9 

Mgal.   

• The effective storage volume of the South Pond is 63.8 Mgal assuming that 3.1 Mgal of 

dead storage (corresponding to a pond elevation of 2,633 ft or a minimum pool depth of 

14 feet) will be maintained in the pond bottom to accommodate variations in operational 

flows and to provide ballast to prevent liner lift-out during high wind events. Calculations 

were performed to estimate makeup water quantities needed to offset evaporation 

losses and maintain dead storage.  These calculations indicate that estimated low flows 

from the WMS during Phase 2 of construction will be sufficient to maintain the water 

levels needed for dead storage in the South Pond.  These calculations were submitted 

as an interim submittal to EPA on April 30, 2014 and are included as Attachment E-7.   

Thus, the capacity of the current South Pond configuration shown in the figure is greater than 

needed to achieve the design criteria of 59.1 Mgal. 

E5.1.3 South Pond Stability 

The input parameters and procedures used for, and results of slope stability analyses are 

presented in detail in Attachment E-2.  Safety-factor calculations against slope failure were 

made for deeper-seated failures that had the potential to break back to within 20 feet of the 

pond crest.  Potential shallow failure surfaces, especially in the steeper portion of the lower 

SWRP slope would have lower factors of safety, but would not impact the South Pond at the 

proposed setback from the SWRP crest shown on Drawing 5-2.  Post-earthquake analyses 

using post-seismic strength parameters to represent loose, saturated materials were performed 

for Cross Section 1 in Attachment E-2 as this was the only location where a significant amount 

of this type of material exists at the waste rock foundation contact.  The results of the stability 

analyses are summarized in Table E-4.  These results show that the minimum factor-of-safety 
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design criteria for slope stability presented in Table E-2 are met in all cases for the proposed 

South Pond configuration. 

Table E-4 – South Pond Factors of Safety for Against Deep-Seated Slope Failures 

 
Factor of Safety (FOS) 

Static 
1.5 Minimum FOS 

Pseudo-Static 
1.1 Minimum FOS 

Post-Earthquake 
1.1 Minimum FOS 

Failure Surface Circular Wedge Circular Wedge Circular Wedge 

Cross-Section 1 1.6 1.8 1.1 1.1 1.2 1.2 

Cross-Section 2 1.5 1.8 1.2 1.4 n/a n/a 

Cross-Section 3 2.0 2.3 1.5 1.6 n/a n/a 

 

E5.1.4 South Pond Construction Details 

Design details for the South Pond are included on Drawings 5-3 to 5-6 and 5-12 to 5-19.  It is 

proposed that the South Pond be constructed immediately upslope from the PCP by excavating 

into the SWRP waste.  Prior to excavation of the South Pond, existing Ore and Protore Piles 5 

and 8 will be removed from the SWRP surface in the South Pond area and placed in Pit 4 as 

part of Phase 1 construction.  After removal of the Protore in this area, additional excavation of 

SWRP material to depths of up to 70 feet will occur to create the pond.  This will result in 

significant unloading of the waste rock and foundation soils in the South Pond area.   

The South Pond will be a double-lined with leak detection between the primary and secondary 

geomembranes.  The primary liner will consist of a textured 60-mil high density polyethylene 

(HDPE) geomembrane overlying a synthetic geonet leak detection layer.  The leak detection 

layer will overlie a secondary liner constructed of a second HDPE geomembrane liner.  Drawing 

5-12 depicts typical construction details for this liner system. In order to comply with WSDE 

Dam Safety guidelines, the South Pond will include and emergency overflow spillway configured 

as shown on Drawing 5-2.  Calculations associated with the spillway design are included as 

Attachments E-9, E-10, and E-11. 

As discussed in Sections E5.1.1 and E5.1.2, the South Pond will contain very little water beyond 

the 14 feet of water maintained for liner ballast in each cell for most years when the WTP is 

operating normally.  Under these low-water operating conditions, wind uplift and anchor trench 

capacity can become a concern.  In order to address this concern, evaluations were conducted 
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of the anchor trench capacity for the anchor trench configuration shown on Drawing 5-12, and of 

potential wind uplift for both construction and low-water (dead-storage pool) conditions.  The 

analysis of anchor trench capacity is summarized in Attachment E-5 and the wind uplift analysis 

is summarized in Attachment E-6.  

These analyses indicate the proposed anchor trench design is more than adequate, and the 

proposed 60-mil HDPE primary (upper) geomembrane has adequate strength to withstand 

stresses induced by wind uplift. Although not accounted for in the design calculations, suction 

vents are included in the design as shown on Drawing 5-14 to reduce uplift stresses on the 

primary geomembrane liner due to wind-induced suction and/or high air temperatures 

developing in the leak detection layer.  In addition, ballast in the form of sand-filled HDPE piping 

placed in the corners of the ponds is included in the design details to reduce the potential for 

uplift, curve reversal, and excessive flexure at these critical locations.  Details for the in-pond 

ballasts are provided on Drawing 5-14.  Due to the relatively short anticipated life of the South 

Pond (approximately 5 years), additional protection for the HDPE geomembrane systems is not 

warranted. 

E5.1.5 South Pond Operational Considerations 

The South Pond will be used for water storage during the 5-year Phase 2 construction period.  

During Phase 2, water from the South Pond will be transferred to the WTP, treated, and either 

discharged to Lake Roosevelt via the Blue Creek pipeline, or used for construction water as 

needed for construction as described in the Water Source Identification and Development Plan 

(Appendix T).  Analyses were performed of potential scenarios for storing some portion of 

impacted water during the spring inflow season for later use as on-Site construction water 

during drier parts of the year.  These analyses and their results are provided in Attachment E-1.  

The results indicate that on-Site construction water during Phase 2 can be supplied by WTP 

effluent if sufficient impacted water from the spring meltoff is stored in the South Pond prior to 

beginning of the dry-season.  Storage of impacted water for later treatment and use during the 

dry-season construction will not affect the required active storage capacity of the ponds since the 

water levels within the pond will be reduced to dead storage levels prior to the onset of the next 

late winter/early spring high flow period.   

Action leakage rates through the primary liner for the South Pond during operation were 

proposed in an interim submittal to the EPA (MWH, 2014).   A four-level system for action 
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leakage rates and appropriate responses were proposed based upon a review of standards of 

practice as defined by existing state regulations across the United States regarding action 

leakage rates from surface impoundments, with particular emphasis placed on impoundments 

containing mine-impacted waters or constructed for groundwater protection.  The four levels, 

based upon leakage rates measured in individual leak detection sumps, are: 

• Level 1  Operating Leakage Rate (OLR) : <20 gallons per acre per day (gpad) 

• Level 2  Increased Leakage Monitoring and Reporting (MR): >20 gpad, but <200 gpad 

• Level 3 Leak Investigation and Action Plan (LIAP): >200 gpad, but <500 gpad and 

enhanced inspection of downstream slopes of embankments for signs of saturations or 

seepage. 

• Level 4 Immediate Response Level (IRL): >500 gpad.  Immediately implement enhanced 

inspection of downstream slopes of embankments for signs of saturation or seepage, 

determine the source of leakage, and prepare work plans and repair the pond, as 

needed.   

Additional discussion and information regarding the operation, maintenance, and monitoring of 

the West Pond is provided in Appendix P.     

E5.2 WEST POND 

The location proposed West Pond is shown on Drawing 5-1 and Drawing 5-7.  The West Pond 

will be used for water storage beginning in Phase 3 of the RA and remain operational until post-

RA water management flows subside to the point where the equalization ponds adjacent to the 

new WTP provide sufficient storage for the overall WMS. The configuration of the West Pond is 

shown in plan view on Drawing 5-7 and sections are shown on Drawing 5-9.  The West Pond 

will be a double-lined pond with leak detection as discussed above for the South Pond in 

Section E5.1.4. The West Pond will include and emergency overflow spillway configured as 

shown on Drawing 5-7 and designed in accordance with WSDE Dam Safety guidelines.  

Calculations associated with the spillway design are included as Attachments E-9, E-10, and E-

11. 

The West Pond Diversion Channel will be constructed to route clean surface water flow from 

upstream areas in the Western Drainage around the east side of the West Pond and route it to 

the West Pond emergency spillway, as shown on Drawing 5-7.  This diversion channel  has 
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been designed and sized to convey flows up to, and including those associated with the 500-

year, 24-hour storm event and is described in Appendix F.  The West Pond Diversion Berm also 

will be constructed uphill and to the north and west of the West Pond.  This diversion berm will 

divert clean surface water flows to the south of the West Pond and into the lower Western 

Drainage.  This berm is shown on Drawing 6-4 and described in Appendix F.   

An emergency overflow spillway is included in the West Pond embankment at the left abutment 

(i.e. the contact of the embankment crest with the east slope of the Western Drainage). 

E5.2.1 West Pond Storage Requirements 

Water balance analyses were performed to estimate the storage required during the years when 

the West Pond is operational (assumed to be 10 to 15 years) and are described in detail in 

Attachment E-1.  A schematic of the WMS at the start of Phase 3 construction, which represents 

the period of maximum flow to the West Pond, is shown on Figure E-4.  A schematic of the 

WMS upon decommissioning of the West Pond is shown on Figure E-5.  The flow components 

at these two stages are described in detail in Attachment E-1. 

Operation of the West Pond is expected to be approximately 10 to 15 years.  However, there is 

a potential that the West Pond or some other water storage mechanism will be needed more 

than 15 years after completion of RA construction.  The West Pond is designed to be in 

substantive compliance with WSDE Dam Safety Guidelines which were been developed for 

permanent water retention structures.  As such, there is nothing inherent in the design that 

would limit the life span of the West Pond to 15 years if it is necessary to keep it in service for a 

longer period of time.  Regardless, if it appears that flows are stabilizing at a rate greater than 

50 gpm and the WTP equalization ponds will not be able to provide sufficient contingency 

storage, other longer-term storage measures will have to be considered.   

The water balance analyses for the West Pond indicate that approximately 22,100,000 gallons 

of storage volume will be needed at the start of Phase 3 when the West Pond is needed and 

becomes operational.  This volume includes storage of inflow from the 100-year wet period 

assuming that the WTP is inoperable for six weeks during the peak pond inflow period.  After 

the first few years of operation, when the remaining mine waste in the Central Drainage has 

been removed, all soil cleanup is completed, and additional stormwater can be shed clean from 

those remediated areas, the storage volume requirement of the West Pond will decrease.  

Under typical climate conditions and normal WTP operations, the West Pond will contain very 

small volumes of water. 
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E5.2.2 West Pond Configuration and Capacity 

The West Pond is shown on Drawings 5-1, and 5-7 through 5-9.  The pond will be constructed 

using an embankment of compacted fill consisting of native soils excavated from the 

impoundment footprint. The West Pond’s embankment crest elevation is 2,660 ft.  The design 

includes an emergency overflow spillway at the left abutment of the embankment as shown on 

Drawing 5-7.  Assessment of the design storm used and estimation of flows for the emergency 

spillway design followed WSDE Dam Safety guidelines and are provided in Attachments E-8 

and E9, respectively.   The design calculations for the spillway are provided in Attachment E-10.  

The emergency overflow spillway will be an open-channel-type spillway, with an invert elevation 

at elevation 2,655 feet, and a trapezoidal cross-section with a depth of 5 feet (as required by 

WSDE) and a bottom width of 10 feet as shown on drawing 5-15. 

The pond bottom will be sloped toward a sump area, with sump bottom located at elevation 

2,605 ft. Figure E-7 depicts the stage-storage curve for the West Pond (shown on Drawings 5-7 

through 5-9) and illustrates that:   

• The “maximum impoundment capacity” (defined by WSDE as the storage capacity at the 

embankment crest level) is 32.5 Mgal.   

• The available capacity at the spillway inlet level located 5 feet below the crest is 25.4 

Mgal. 

• The effective storage volume of the West Pond is 24 MGal assuming that 1.4 MGal of 

dead storage (corresponding to a pond elevation of 2,619 ft, of a minimum pool depth of 

14 feet) will be maintained in the pond to accommodate variations in operational flows 

and provide ballast against liner liftout during high-wind events.  Calculations were 

performed to estimate makeup water quantities needed to offset evaporation losses and 

maintain dead storage.  These calculations indicate that estimated low flows from the 

WMS during Phase 3 of construction will be sufficient to maintain the water levels 

needed for dead storage in the West Pond.  These calculations were submitted as an 

interim submittal to EPA on April 30, 2014 and are included as Attachment E-7.   

Thus, as depicted in Figure E-7 and the drawings referenced above, the capacity of the West 

Pond as designed is greater than needed to meet the design criteria of 22.1 MGal. 
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E5.2.3 West Pond Preliminary Stability 

The input parameters and procedures used for, and results of slope stability analyses for the 

West Pond are presented in Attachment E-4.  These analyses were based upon borehole 

information in the vicinity of the proposed West Pond site (which is currently buried under waste 

rock of the SWRP), and pre-mine topographic mapping.  Safety-factor calculations against slope 

failure were made for deeper-seated failures that included the pond crest.  Post-earthquake 

analyses using post-seismic strength parameters to represent loose, saturated materials were 

not performed for the West Pond.  This is because any loose, saturated material that might exist 

within the embankment footprint will be removed and replaced with suitably moisture-

conditioned compacted fill during construction.   

The results of the stability analyses are summarized in Table E-5.  These results show that the 

minimum factor-of-safety design criteria for slope stability presented in Table E-2 are met in all 

cases for the proposed West Pond configuration.  It is recommended that the assumptions 

made regarding foundation conditions and embankment and impoundment geometry be 

reevaluated as waste rock removal exposes the native ground surface during Phase 1 and the 

early stages of Phase 2 construction. 

Table E-5 – West Pond Factors of Safety for Against Deep-Seated Slope Failures 

 
Factor of Safety (FOS) 

Static Pseudostatic 
(1.5 Minimum FOS) (1.1 Minimum FOS) 

Cross-Section 1 1.8 1.4 
Cross Section 2 1.8 1.4 

 

E5.2.4 West Pond Construction Details 

Design details for the West Pond are included on Drawings 5-8 to 5-15, and 5-20 to 5-22.  The 

West Pond will be constructed by excavating soils from the impoundment area immediately 

upstream of the West Pond and using them for construction of the West Pond embankment 

across the Western Drainage.  Use of material from the upstream impoundment area as a 

borrow source will increase the West Pond capacity and reduce the required embankment 

height and volume.   

The West Pond will be synthetically lined with two geomembranes and a leak-detection layer 

located between the primary and secondary geomembranes.  The primary liner will consist of a 

60-mil high density polyethylene (HDPE) geomembrane overlying a synthetic geonet leak 
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detection layer.  The leak detection layer will overlie a secondary 60-mil HDPE geomembrane 

liner.  Drawing 5-12 depicts typical construction details for this liner system. 

As discussed in Sections E5.2.1 and E5.2.2, the West Pond will contain very little water, beyond 

the minimum 14 feet of dead storage needed for liner ballast, when the WTP is operating 

normally.  As with the South Pond, wind uplift and anchor trench capacity can become a 

concern under these low-water conditions.  In order to address this concern, evaluations were 

made of anchor trench capacity for the anchor trench design shown on Drawing 5-12, and of 

potential wind uplift for both construction and low-water (dead-storage pool) conditions.  These 

anchor trench analyses are summarized in Attachment E-5 and the wind uplift analyses 

summarized in Attachment E-6.   

These analyses indicate the proposed anchor trench design is more than adequate, and the 

proposed 60-mil HDPE primary (upper) geomembrane has adequate strength to withstand 

stresses induced by wind uplift.  Although not accounted for in the design calculations, suction 

vents have been included in the design as shown on Drawing 5-14 to reduce uplift stresses on 

the primary geomembrane liner due to high air temperatures developing in the leak detection 

layer.  In addition, ballast tubes in the form of sand-filled HDPE piping placed in the corners of 

the ponds is included in the design details to reduce the potential for wind uplift, curve reversal, 

and excessive flexure at these critical locations.   Details of the in-pond ballast tubes are 

provided on Drawing 5-14.  Due to the relatively short anticipated life of the West Pond 

(approximately 10 to 15 years), additional protection for the HDPE geomembrane systems is not 

warranted. If the West Pond is required to remain operational significantly longer than 

anticipated, replacement of the HDPE geomembrane liner system, or possibly even redesign 

and replacement of the entire West Pond may become necessary.  

E5.2.5 West Pond Operational Considerations 

The West Pond will be used for water storage during the Phase 3 construction and following the 

RA while the inflows of mine-affected water stabilize.  The period of operation for the West Pond 

is assumed to be approximately 10 to 15 years.  During Phase 3, water from the West Pond will 

be transferred to the WTP, treated, and either discharged to Lake Roosevelt via the Blue Creek 

pipeline, or used as needed for construction as described in Appendix T.  Analyses were 

performed of potential scenarios for storing some portion of impacted water during the spring 

inflow season for later use as on-site construction water during drier parts of the year.  These 

analyses and their results are provided in Attachment E-1.  
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The results indicate water captured by the WMS during the Phase 3 dry-season construction 

period will be sufficient to meet construction water needs, and additional storage prior to the onset 

of the dry season will not be needed during Phase 3.   

Action leakage rates through the primary liner for the West Pond during operation were 

proposed in an interim submittal to the EPA (MWH, 2014).   A four-level system for action 

leakage rates and appropriate responses were proposed based upon a review of standards of 

practice as defined by existing state regulations regarding allowable leakage rates from surface 

impoundments, with particular emphasis placed on impoundments containing mine-impacted 

waters or constructed for groundwater protection.  The four levels, based upon leakage rates 

measured in individual leak detection sumps, are: 

• Level 1  Operating Leakage Rate (OLR) : <20 gpad 

• Level 2  Increased Leakage Monitoring and Reporting (MR): >20 gpad, but <200 gpad 

• Level 3 Leak Investigation and Action Plan (LIAP): >200 gpad, but <500 gpad and 

enhanced inspection of downstream slopes of embankments for signs of saturations or 

seepage. 

• Level 4 Immediate Response Level (IRL): >500 gpad.  Immediately implement enhanced 

inspection of downstream slopes of embankments for signs of saturations or seepage, 

determine the source of leakage, and prepare work plans and repair the pond, as 

needed.   

Additional discussion and information regarding the operation, maintenance, and monitoring of 

the West Pond is provided in Appendix P.         

E6.0 GREEN AND SUSTAINABLE REMEDIATION CONSIDERATIONS 

Below are green and sustainable remediation (GSR) considerations for Appendix E – Water 

Management Pond.  GSR considerations were evaluated for: 1) Construction Materials 

(characteristics and manufacturing considerations), 2) Construction Methods, and 3) Low 

Impact/Sustainability measures undertaken during construction. 

E6.1 CONSTRUCTION MATERIAL CONSIDERATIONS  

The ponds will be double-lined with a leak detection system.  The primary liner material is a 60-

mil HDPE geomembrane which is chemically compatible with the pond water and resistant to 
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punctures and stress/strain conditions.  These characteristics and the double-lined design will 

help ensure the liners viability and protect the environment from release of impacted mine 

water. 

Site grading for these temporary storage ponds will be minimized to the extent possible to 

reduce the required construction equipment operating time, greenhouse gas emissions, and fill 

material.   

E6.2 CONSTRUCTION METHODS  

The construction equipment used for the storage ponds will be appropriately sized to reduce 

fuel consumption and greenhouse gas emissions, and to minimize stormwater erosion during 

these activities.  Dust suppression also will be conducted in the work areas and on the access 

roads to decrease visible dust related emissions. 

The Stormwater Management Plan (SWMP; included in Appendix O) identifies Best 

Management Practices (BMPs) and specific sediment control measures that will be employed 

before, during, and after construction for both sediment and stormwater control.  Aspects of 

these BMPs support the green and sustainable features of the RA by effectively: 

• Minimizing the transport of potentially contaminated surface water and sediments from 

the MA  

• Limiting damage to existing vegetation, wetlands, and surface water 

• Diverting clean water around and away from the temporary storage ponds and 

remediation activities (by regrading and contouring the surface, using stormwater control 

BMPs, and temporary channels) thus preventing its potential contamination 

• Segregating contaminated water from clean water to minimize the volume of stormwater 

requiring treatment at the WTP 

All of these activities decrease the impacts of the RA construction on the surrounding 

environment and serve to limit short-term treatment of potentially contaminated stormwater.   

The South Pond will be excavated into the mine wastes of the SWRP, and these materials are 

scheduled for backfilling into Pit 4.  Because this material has to be moved for the RA, the only 

extra expenditure of resources is in placing and removing the liner when the pond is dismantled 

at the end of Phase 2 operations.  This will save significant fuel and labor expenditures over 

excavation at an alternative unimpacted location where there would be environmental impacts. 
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The West Pond will replace the South Pond and clean waters running off remediated areas 

(e.g., the Pit 4 cover), will be channeled around this pond so that the new WTP only has to treat 

impacted waters.  Construction of the South and West Ponds reduce greenhouse gas emissions 

by placing these storage areas within the mine area close to the sources of water, and by 

segregating clean from dirty water so the WTP operations can be reduced.   

E6.3 LOW IMPACT DEVELOPMENT/SUSTAINABILITY 

A thoughtful approach was taken to determine the volume required for each temporary pond.  

The storage ponds are a key component to the RA because they have the capacity to store 

fluctuations in flow from maximum precipitation events, electrical disruptions and/or major 

equipment malfunctions at the WTP inoperable.  Grading will be conducted and channels 

constructed to divert clean stormwater from entering the ponds and subsequently being treated 

at the WTP.  The SWMP (included in Appendix O) identifies BMPs and specific sediment control 

measures that will be employed before, during, and after construction for both sediment and 

storm water control so that contaminated media do not leave the Site during construction. The 

Surface Water and Sediment Controls described in Appendix F will be used to shed clean water 

away from contaminated areas thereby reducing the volume of mine-impacted water requiring 

treatment.  In addition, contaminated water will be retained in these double-lined temporary 

ponds within the contaminated areas, thereby preventing recontamination of remediated areas.  

E.7.0 REFERENCES 

U.S. Environmental Protection Agency (EPA), 2011. Consent Decree Statement of Work for the 
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Rpt\Appendix E - Water Management Ponds\90% Submittal\Att E-1 Water Balance 
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1.0 INTRODUCTION 
This calculation brief presents the water balance analysis that has been prepared for the Midnite 
Mine Superfund Site (Site) Remedial Design (RD). The purpose of the water balance analysis is 
to provide estimates of water storage requirements during various phases of the Remedial 
Action (RA) so that storage needed during the RA construction can be evaluated and designed 
early in the Site RD effort. 
 

1.1 BACKGROUND 
This water balance was prepared using historical climate data and historical records from the 
existing water management system (WMS). The water balance model was developed using the 
commercially available dynamic systems simulation software, GoldSim 10.5 by the GoldSim 
Technology Group (2011).   The site-wide water balance model was developed to assess the 
WMS for existing site conditions and determine storage capacity requirements at key phases of 
RA construction activities. 
 
 Climate data are available from the Midnite Mine climate station (NWS Station No. 452913).  
This station is a Remote Automated Weather Station (RAWS) that was installed by the U.S. 
Department of Interior, Bureau of Land Management in approximately 1990.  The period of 
record for the Midnite Mine climate station is 1991 through 2013 (23 years).  Climate data used 
in the analyses included daily precipitation and daily evaporation from the Midnite Mine RAWS 
climate station and was obtained from the Western Regional Climate Center (WRCC, 2012).  
The WRCC manages data for RAWS climate stations for the western United States.  Historical 
records for the WMS operations were obtained from the Dawn Mining Company. 
 
A schematic of the existing WMS at the site is shown on Figure 1.  This schematic shows the 
major sources of impacted water that are collected and transmitted to the existing Water 
Treatment Plant (WTP).  The existing WMS is discussed in more detail below.  
 

1.1.1 Current Water Management and Flow Measurement Systems 
In addition to showing the major sources of impacted water at the Site, the Figure 1 schematic 
also indicates which flows are currently measured, and which flows are being collected, but are 
not directly measured.  The locations of flow meters are shown on Figure 1 and flow meter 
information is provided in Table 1.  Minimum, average, and maximum flow volumes over the 
peak 6-week time period for key flow components are also shown on Figure 1.  Generally, the 
unmeasured flows at the Site are minor components in terms of their effect on total water 
storage volumes. 
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Table 1.  List of Flow Meters for Existing WMS 

Flow Meter 
Designation 
on Figure 1 

Flow Meter Name Comments 

1 
Western Drainage Seep 
(WD)   

2 
Western Drainage Junior 
Seep (WDJ)   

3 Pump Green 
Totalizing flow meter for flow from Western Drainage 
Pump Back to PCP  

4 Pump Yellow 
Totalizing flow meter for flow from Western Drainage 
Pump Back to PCP  

5 Pump Red 
Totalizing flow meter for flow from Western Drainage 
Pump Back to PCP  

6 GW-53 
Pit 2 BPA pumping well flow meter, intermittent flow 
measured 1999 - 2000, well abandoned in 2000 

7 GW-54 
Boyd Pit BPA pumping well flow meter, intermittent flow 
measured 1999 – 2001 and 2013 - 2014 

8 GW-58 
Pit 2 BPA replacement pumping well flow meter, 
intermittent flow measured 2000 - 2001, and 2014 

9 Pump House Seep (PHS) Not measured after 2004 

10 Dam Toe Seep (RS) 
Flow from Central (Restroom) Drainage Pump Back to 
PCP 

11 PCP-1 (East) Totalizing flow meter for flow from PCP to Pit 3 
12 PCP-2 (West) Totalizing flow meter for flow from PCP to Pit 3 
13 Pit 4 to Pit 3 Intermittent flow 
14 Pit 4 to WTP  Totalizing flow meter 
15 Pit 3 to WTP Totalizing flow meter 

16 Blood Pool Pump Back 
Totalizing flow meter for flow from Blood Pool to Pit 3, 
not measured prior to 2010 

17 East Seep (ES)   
18 WTP Discharge (Effluent)  Totalizing Flow Meter 

19 Far East Seep (FES) 

Flows greater than 12 gpm are pumped to the Blood 
Pool Pump Back and flows less than 12 gpm are 
pumped to the Eastern Drainage Pump Back 

 
The majority of the flow meters at the site are totalizing meters which report the volume of water 
that has reported through the meter at any given point in time.  For the purposes of the water 
balance analyses, the total volume that has reported through the meters since the previous 
measurement was is assumed to report on the day of the measurement, rather than assuming 
the flow is distributed uniformly over the time interval between measurements.  Although this 
treatment of totalizing meter data causes some spikes in estimated storage volume and can 
result in overestimation of daily flow rates, especially when a large increment of time has 
elapsed between measurements, it can generally be expected to be slightly conservative as 
loss terms (e.g. evaporation) from the storage ponds tend to be underestimated. 
 
The components of the existing WMS at the Site include: 
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1. The Pollution Control Pond (PCP).  The PCP is a relatively small (5.9 Mgal), unlined 
storage pond located below (south) of the toe of the South Waste Rock Pile (SWRP) in 
the Central Drainage.  Impacted water that is intercepted in the Western and Central 
Drainages is routed to the PCP, from where it is pumped to Pit 3 for storage prior to 
being transferred to the existing WTP for treatment.  The volume of water transferred 
from the PCP to Pit 3 has been measured on an intermittent (approximately weekly) 
basis since April 1999 using totalizing flow meters. Water levels in the PCP are not 
measured and recorded. 

2. The Western Drainage, including the Western Drainage (WD) and Western Drainage 
Junior (WDJ) seeps.  These seep flow rates have been monitored on an intermittent 
(approximately weekly) basis since April 1992.  These seeps are collected and pumped 
to the PCP in the Central Drainage. 

3. The Dam Toe Seep.  This seep emerges from the toe of the unlined PCP in the Central 
Drainage, where it is collected and pumped back to the PCP.  As such, it is a closed 
system within the PCP and is not included in the water balance.  The pumpback flow 
rate has been monitored on an intermittent (approximately weekly) basis since April 
1992. 

4. The Submerged Seep.  The pre-mine topography indicates the Central Drainage 
channel originally bifurcated in the vicinity of the PCP, with the westerly fork extending 
up into the Backfilled Pit Area (BPA) and the easterly fork extending to the Pit 3 area.  
This Submerged Seep appears to emanate from the westerly fork of the Central 
Drainage.  Under normal operating water levels, the Submerged Seep emerges below 
the PCP water surface (in this unlined pond) and the flow rate of this seep is not 
monitored.  However, this flow is indirectly accounted for in that it is a portion of the PCP 
water that is pumped to Pit 3. 

5. The Pumphouse Seep appears to emanate from the easterly fork of the Central 
Drainage that extends toward the Pit 3 area.  The flow rate of this seep is not monitored 
on a regular basis. 

6. Other miscellaneous flows associated with the PCP include precipitation, evaporation, 
and a surface water runoff collection.  These flows are not measured. 

7. The East, Far East, and Blood Pool Seeps emerge in the East and Far East Drainages 
and are pumped directly to Pit 3.  The flow rates of the Far East and East Seep are 
monitored on an irregular basis.  The flow rate of the Blood Pool Seep is not monitored. 

8. Three wells in the BPA (GW-53, GW-54, and GW-58) were pumped as part of a 
hydrologic investigation of the BPA in 1999 and 2000.  Well GW-53 was abandoned in 
2000 and replaced with GW-58.  Water extracted from these wells was routed to Pit 3.  
Although flow rate records were not available for the transfer of water to Pit 3, the total 
volume of water pumped over the dewatering period is available and was included in the 
water balance model.  BPA dewatering of the Boyd Pit in the BPA (by pumping from well 
GW-54) was restarted during the summer of 2013 and dewatering of the Pit 2 in the BPA 
(by pumping from GW-58) was restarted in the spring of 2014 as part of design 
investigations for the BPA dewatering system and will be continued in the future.  Flows 
measured in 2013 from GW-54 were incorporated into the water balance since these 
flows were measured during the time period covered by these analyses. Flows 
measured after 2013 from GW-54 and GW-58 will be incorporated into subsequent 
updates to the water balance analyses.  

9. Pit 3 is the primary water storage unit for the Site.  The primary outflow from Pit 3 is due 
to pumping to the existing WTP.  The volume of water in Pit 3 has been recorded by a 
variety of means.  
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• The volume of water pumped from Pit 3 to the existing WTP is measured on a daily 
basis when the WTP is in operation with a totalizing flow meter.  The existing WTP 
typically operates four days per week, between early April and the end of October on 
any given year, although this schedule varies greatly depending on the volume of 
water requiring treatment. 

• Historically, the water surface elevation in Pit 3 was measured on a daily basis when 
the existing WTP was in operation using a series of staff gages.  However, the rate 
of water level rise is not available during the winter and early spring period when the 
WTP is not operating.   

• In 2010, a pressure transducer and data recorder were installed to provide water-
level data on a more continuous basis.  These measured water levels were used in 
conjunction with LIDAR and bathymetric topographic data obtained as part of the 
Survey Design Investigation Report (Tetra Tech, 2010) to calculate the water storage 
volumes associated with the pit water level measurements. 

10. Other miscellaneous flows contributing to the volume of water in Pit 3 include: direct 
precipitation, evaporation, surface water run-on, groundwater, and intermittent return 
water from the existing WTP during startup of operations and plant upset conditions.  
These flows are not measured. 

11. Unlike Pit 3, Pit 4 has not been used to store impacted water collected at other areas on 
site.  Contributions of water to Pit 4 include groundwater flow, surface water run-on, and 
direct precipitation.  These sources are not measured directly.  Outflows from Pit 4 
include evaporation and pumping to the existing WTP.  The volume of water transferred 
to the existing WTP is measured on a daily basis when the WTP is in operation with a 
totalizing flow meter.  Water from Pit 4 also was pumped intermittently to Pit 3, primarily 
in 1999, and also in 2010 as part of pit dewatering for hydrologic and pit-bottom 
sediment investigations. 

12. Historically, the water surface elevation in Pit 4 was measured on a daily basis at times 
when the existing WTP was in operation using a series of staff gages.  As with Pit 3, this 
manual system of water level monitoring was replaced in 2010 with a pressure 
transducer and data recorder to provide water-level data on a more continuous basis.  
These measured water levels were used in conjunction with bathymetric data to 
calculate the water storage volumes associated with the pit water level measurements. 

13. The existing WTP receives water from Pit 3 and Pit 4 for treatment and following 
treatment this water is released into the Eastern Drainage.  The plant influent and the 
effluent to the Eastern Drainage are measured on a daily basis using totalizing flow 
meters.  During startup and during upset periods of plant operation, water is returned to 
Pit 3 from the existing WTP.  The return water flow rate is not measured. 

 

1.1.2 Existing Water Treatment Plant Operating Schedule 
The existing WTP typically operates from early April through the end of October each year.  
During operations, the WTP typically is run for 24-hours/day, four days per week at a maximum 
average daily flow rate of approximately 500 gpm. The WTP is not operated for the remaining 
three days per week.  The annual WTP shutdown date can vary considerably depending on the 
volume of water to be treated each year, with final water surface elevations at the end of the 
treatment season ranging from 2,530 ft. to 2,566 ft. in Pit 3 and from 3,001 ft. to 3,007 ft. in Pit 
4.  During the winter shutdown period, water inflow to the pits is stored as described in the 
preceding section until the following spring, when water treatment resumes. 
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1.1.3 Proposed New Water Treatment Plant 
The proposed new WTP will operate year-round and will be capable of treating water 24 hours 
per day, 7 days per week.  The capability of year-round water treatment will significantly reduce 
the need for storage of impacted Site waters.  Although it is assumed in the water balance 
calculations presented in this appendix that the new WTP will have a capability to treat water at 
an average daily rate of 500 gpm and operate on a seven-day-per week basis, there will not be 
sufficient water available to treat at these rates for many parts of the year under typical 
hydrologic conditions.  In addition, as RA construction progresses and sources of impacted 
water are remediated the total amount of water to be treated will be reduced from currently 
existing conditions.  Thus, WTP operations at 500 gpm under a 24 hour-per-day, 7-day-per-
week schedule will not be needed year-round for either currently existing or future conditions.  
The necessary treatment capacity and storage requirements, once the new WTP is in operation, 
are discussed in detail in the Section 2.0. 
 

1.1.4 Water Storage Pond Volume Design Criteria 
Even with continuous operation of either the existing or the new WTP at an average daily flow 
rate of 500 gpm, some storage capacity will be required for Site water under existing hydrologic 
conditions and during RA construction when inflows may temporarily exceed WTP capacity.  In 
addition, it is necessary to provide storage for impacted waters collected during maintenance or 
unscheduled plant shutdowns.   
 
In order to provide a high degree of confidence that sufficient storage capacity exists to 
accommodate impacted Site waters during RA construction activities, the water management 
ponds (also known as the storage ponds) have been sized to accommodate: 
 

1. The 100-year peak storage event.  Based upon analysis of historical records, these peak 
storage events are associated with wet periods during winter and early springtime. 

2. Additional storage that would be required if the WTP experienced a complete shutdown 
and was inoperable for six weeks during the peak storage period. 

 
The assumption of a catastrophic six-week shutdown period is considered to be a worst-case 
scenario.  Although it is highly unlikely that this would occur during the 100-year peak storage 
period, this level of conservatism provides a high degree of confidence that the calculated 
storage volume presented in this appendix will provide sufficient storage capacity for impacted 
waters. 
 

1.1.5 Proposed Phasing of RA Construction 
The phasing of waste excavation and consolidation activities at the Site are discussed in detail 
in Appendix D.  The following discussion of construction phasing is in the context of its effect on 
water management at the Site as RA construction progresses. Schematics showing the WMS 
during the early stages of the various phases of RA construction and upon completion of RA 
construction are presented in Figure 2 to Figure 5.  Minimum, average, and maximum flow 
volumes over the peak 6-week period for key flow component are also presented in Figure 2 to 
Figure 5.   
 
Mine waste excavation and placement within the waste containment areas are divided into three 
phases: 
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• Phase 1 – Work will include excavation and placement of mine wastes in Pit 4.  Primary 
objectives for this phase of work include: 
  
(1) Preparation and construction of the site access road and construction support 

facilities, including the WTP site.  The construction support zone and WTP footprints 
will require soil cleanup prior to construction of these facilities. 

(2) Initial processing of drain materials from the HSWRP  
(3) Consolidation of Ore/Protore Piles within Pit 4  
(4) Excavation of the South Pond and parts of the SWRP, with consolidation of 

excavated materials in Pit 4.  
 
Impacted water from the Site will be collected and stored in Pit 3 during this phase. 
There will be little change in the current WMS during and upon completion of Phase 1 
construction except for the addition of groundwater collection from alluvial groundwater 
collection systems, pumping of water directly from the BPA to Pit 3, and transfer of water 
from Pit 3 to the WTP for treatment and use as construction water as needed for Phase 
1 construction.  Alluvial groundwater will be collected from the Western, Central, and 
Eastern Drainage groundwater control systems that will be constructed at the start of 
Phase 1, and will be stored in the PCP until the PCP is decommissioned at the end of 
Phase 3.  These alluvial controls systems are described in Appendix G.  Historically, 
water from the BPA overflowed the limits of the pits and is thought to flow at the waste 
rock – native soil contact and contribute to flow in the submerged Seep, and possibly the 
Western Drainage and Pump House Seeps (WME, 2013).  With the onset of dewatering 
in the BPA, water from the BPA will now report directly to Pit 3, rather than to Pit 3 by 
way of seepage into the PCP.  As such, BPA pumping is not expected to affect the 
volume of water requiring storage, but rather the pathway it takes to get to the storage 
pond.  Water in Pit 4 will continue to be removed during Phase 1 via the underdrain 
dewatering system and a waste dewatering system described in Appendix D.  Water 
removed from Pit 4 during this phase will be transferred to Pit 3 or will be intermittently 
transferred directly to the WTP, treated, then discharged.  Upon completion of Phase 1, 
Pit 4 will be completely covered and revegetated. 
 
Although it is likely that the surface water runoff from the completed Pit 4 surface cover 
will be routed around the waste areas and released to surface water drainages down 
gradient of the Site, this potential reduction to the impacted water storage requirement at 
the completion of Phase 1 has been neglected in water balance calculations of Phase 2 
storage requirements.  For water balance modeling purposes, this reduction in flow is 
conservatively assumed to not occur until the beginning of Phase 3. 
 

• Phase 2 –Work includes regrading the Backfilled Pits Area (BPA) and Area 5 (located 
between Pit 3 and Pit 4), and excavation and placement of mine wastes in Pit 3.  Pit 3 
will be dewatered at the start of Phase 2 and will no longer be available for water 
storage.  Impacted water from the Site will then be stored in a lined, temporary storage 
pond located immediately south of Pit 3 on the South Waste Rock Pile (i.e., the South 
Pond).  During Phase 2, water from the South Pond will be transferred to the WTP, 
treated, and either discharged to Lake Roosevelt via the Blue Creek pipeline, or used for 
construction water as needed for construction as described in the Water Source 
Identification and Development Plan (Appendix T).  A primary objective of the Phase 2 
work is to remove all waste from, and meet soil and sediment cleanup standards in the 
Western and Eastern Drainages so that surface water runoff in these drainage basins 
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can be released to Blue Creek without retention and treatment at the new WTP, which 
will replace the existing WTP at the start of Phase 2.  This timing for the new WTP 
assumes that the NPDES permitting will occur in a timely manner to allow for the 
construction of the new WTP during Phase 1.  If that is not the case, the existing WTP 
will be winterized so it can operate year around.  In addition, the final surface cover will 
be completed over portions of the BPA, Area 5, part of the Pit 3 catchment area, and 
other portions of the Central Drainage catchment area. 
 
Upon completion of Phase 2, the only significant volume of mine waste requiring 
excavation and consolidation will be that located in the Central Drainage portion of the 
South Waste Rock Pile in the vicinity of the South Pond and Pollution Control Pond 
(PCP).  At that point, the South Pond can be decommissioned and replaced with a 
smaller, temporary, lined retention pond in the Western Drainage (the West Pond) while 
Phase 3 of the remedial construction proceeds in the remaining areas in the Central 
Drainage. 
 

• Phase 3 – Work will include excavation and relocation of remaining mine wastes in the 
Central Drainage to the upper portion of the Pit 3 waste containment area.  Demolition 
and removal of temporary support facilities in the construction support zone (CSZ) and 
other areas of the Site will occur near the end of Phase 3.   
 
During Phase 3, impacted water collected at the Site will be stored in the West Pond. 
Water stored in the West Pond during Phase 3 will be transferred to the WTP, treated, 
and either discharged to Lake Roosevelt via the Blue Creek pipeline, or used for 
construction water as needed for construction as described in Appendix T.   
 

It is possible that shallow groundwater may interact with surface water within the 
drainages after removal of mine waste and contaminated surface material in some 
areas. Prior to completion of a remediation area, shallow groundwater will be evaluated 
by excavating a series of shallow test pits in areas where there appears to be potential 
for near-surface groundwater or seeps.  If groundwater is observed in a  trench, samples 
will be collected and assessed relative to cleanup levels as discussed in Appendix O.  If 
shallow groundwater is identified that does not meet cleanup standards, it will be 
collected and conveyed for treatment to minimize the co‐mingling of contaminated water 
with clean water to the extent practicable.  Although the extent of shallow groundwater 
needing collection and treatment cannot be known with certainty until waste removal 
operations have removed mine waste from the surface, flow components for residual 
seeps from the Eastern and Western Drainage have been added to the water balance 
for Phase 3, as shown on Figure 4, to account for potential seep flows from these areas 
after mine wastes have been removed.  Residual seeps from the Eastern and Western 
Drainage will be collected and stored in the PCP and West Pond respectively. 
 
Upon completion of Phase 3, it is anticipated that flows to the water management 
system will gradually decrease as steady-state base flow (groundwater inflow) levels are 
reached, at which point the PCP and West Pond will be decommissioned and only the 
equalization ponds at the WTP plant site will be needed for storage of impacted water.  
In the long term, it is possible that flushing of the alluvial aquifer will improve water 
quality in the Western Drainage, Central Drainage, and Far East Seep Drainage to the 
point where collection and treatment of this water will no longer be necessary.  Residual 
seeps that may require long-term collection and treatment in the Eastern, Central, and 
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Western Drainage have been included in the water balance for future conditions (i.e. 
after completion of Phase 3) to account for potential future seep flows from these areas.  
The West Pond will remain in operation until flows in the water management system 
have reduced to the point where there is no longer a need for this storage facility.  Once 
flows have decreased to where the West Pond is no longer needed, it will be 
decommissioned. Contaminated material from the West Pond, including any impacted 
sediment that may have accumulated within the West Pond and the West Pond liner 
system will be disposed of in a separate cell on top of the Pit 3 waste containment area. 
 

2.0 DESCRIPTION OF ANALYSES 
The inflow hydrograph of impacted Site waters to Pits 3 and 4 is a key component for 
calculating the required storage capacity.  As discussed in Section 1.1.1, pit water level 
measurements have historically been made while the WTP is in operation, but not during the 
shut-down period which typically lasts 5 months or more.  As a result, although it is possible to 
calculate the amount of water that has accumulated during the shutdown (using existing 
bathymetric and LIDAR topographic data of the pits), it is not possible to calculate inflow rates 
based upon water level measurements.  Therefore, a water balance model was prepared for the 
Site that uses, to the extent possible, measured flow rates from major water sources.  Other key 
water sources are estimated from site-specific meteorological data and from groundwater inflow 
estimates that were made as part of previous investigations (URS, 2002, MGC, 2011).  Specific 
design scenarios analyzed as part of storage pond water balance modeling include: 
 

1. An analysis of variations in water storage under historic operating conditions. 
2. Analyses of storage requirements using the proposed capacity and operating schedule 

for the new WTP. 
3. An analysis of the sensitivity of water storage requirements for alternate WTP operating 

schedules and plant capacities. 
4. An analysis of the effect of key impacted water sources on water storage volume 

requirements.  The results of this analysis were used to evaluate the change in storage 
requirements at the end of each phase of RA construction as the source areas are 
remediated.  At that point the impacted water sources from the remediated areas are 
assumed to be clean and no longer contribute to the impacted water stream requiring 
storage, except for potential future residual seeps. 

 
5. Analyses of potential scenarios for storing some portion impacted water during the 

spring inflow season for subsequent treatment and use as construction water during 
drier parts of the year.  

2.1 ANALYSIS OF HISTORICAL CONDITIONS - WATER INPUTS AND 
WITHDRAWALS 

An analysis of estimated and measured inflow rates, and the effects on the temporal variation in 
calculated water storage in Pits 3 and  4 was made using historical WMS operating records 
including pumping records to and from the pits, and climatic records.  The results of the analysis 
were compared to actual storage volumes (as calculated from water surface level 
measurements) to evaluate the ability of the water balance model to simulate inflows to the 
water storage components of the WMS (i.e. Pits 3 and 4) under existing conditions.  This 
analysis was performed to “calibrate” the model to existing site conditions prior to using it to 
estimate the effects of modifications that will occur during the RA, on the required storage 
capacity.  
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The analysis of historical operations was performed on an “operating year” basis, which 
corresponds to the period beginning at shutdown in operations of the WTP in one year, and 
extending to shutdown of the WTP the following year.  The period of analysis includes operating 
years 1997 through 2013.  Prior to 1999, the record of flow rates in the WMS is less complete 
and water balance calculations are considered less reliable.  However, due to the historic high 
flows that occurred in the WMS in 1997, flows during this time period were estimated based 
upon assumption discussed below, and this time period (1997-1998) was added to the analysis 
of historical operating conditions. 
 
The individual flow components included in the analysis of historical operating conditions are: 
 
Measured Water Contribution Sources: 

1. PCP pumping - Records of water volume pumped from the PCP to Pit 3 were used in 
the water balance analyses.  Use of the PCP pumping record avoided the need to 
estimate unmeasured flow components to the PCP (discussed in Section 1.1.1 above), 
as well as the need to account for varying storage levels in the PCP, which also are not 
part of the record.  As discussed in Section 1.1.1, pumping records from the PCP to Pit 3 
were not available prior to the spring of 1999.  Pumping records from the Western 
Drainage to the PCP were available back to 1992.  For analyses prior to the spring of 
1999, PCP pumping rates were estimated by multiplying the Western Drainage pumping 
rates by a scale factor of 1.5, which represents the historical average ratio of total PCP 
pumping rate to Pit 3 to total pumping rate from the Western Drainage to the PCP. 

2. BPA pumping - As discussed in Section 1.1, BPA pumping to Pit 3 occurred during 
1999, 2000, and restarted again in 2013.  Although no records for pumping rates are 
available for 1999 - 2000, the total volume pumped during this period is available.  The 
pumping rate was estimated assuming a uniform flow rate during this period.  Pumping 
records for 2013 were used in the updated water balance analysis that included this 
year. 

3. East Seep and Far East Seep pumping records were used in the water balance 
calculations. 

4. Pit 4 to Pit 3 pumping occurs intermittently as described in Section 1.1.  Records of 
pumping rates are not available, however the total volume pumped during periods of 
operation are available.  The pumping rates were estimated assuming a uniform flow 
rate during the periods of operation. 

5. Precipitation inflows were estimated using daily precipitation data from the Midnite Mine 
RAWS meteorological station.  Precipitation inflows to Pit 3 and Pit 4 were estimated 
assuming the entire precipitation volume falling inside the pit crests reported 
instantaneously to the ponds in Pit 3 and Pit 4. 

6. Groundwater Inflow - Groundwater inflows to Pit 3 and Pit 4 were assumed to be at a 
uniform rate corresponding to the average of the estimates presented in previous 
groundwater investigation reports (URS, 2002 and MGC, 2011). 

 
Measured Water Outflow or Withdrawal Components: 

1. Pit 3 and Pit 4 Pumping to WTP - Pumping records were used in the water balance 
calculations. 

2. Evaporation - These water losses were estimated using daily evaporation data from the 
Midnite Mine RAWS meteorological station and the pit water surface areas calculated 
based upon the estimated storage volume and site topographic data. 
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The results of the water balance analysis for combined storage on Pit 3 and Pit 4 under existing 
conditions are presented in Supplement E-1.1 and are summarized in Table 2.  In addition, the 
minimum, average, and maximum flow volumes over the peak 6-week time period for key flow 
components for the existing WMS are shown on Figure 1.  The results indicate that prior to 2001 
the storage volumes predicted by the water balance model typically are less than that estimated 
from the recorded water surface elevation measurements.  In the years after 2001, the results 
from the water balance model typically are greater than those estimated from the water surface 
elevation measurements, but the differences between calculated and estimated storage 
volumes were consistently less than in prior years.  The average difference over the entire 
period modeled was relatively minor (3.3 Mgal) and suggests that a systematic bias does not 
exist in the water balance results. 
 
The results in Table 1 show higher maximum combined storage prior to 2000 than in years after 
2000.  Prior to 1996 water levels in Pit 3 and Pit 4 were allowed accumulate to the point where 
maximum water surface water elevations at the start of the winter shutdown ranged from 2650 
to 2670 in Pit 3 and from approximately 3025 to 3030 in Pit 4.  Subsequent to that time, annual 
flow through the WTP was increased to draw down the pit water levels and provide better 
hydraulic control at the site.  Recently, water levels at the start of the winter plant shutdown 
have ranged from approximately 2550 to 2555 in Pit 3 and from approximately 2999 to 3007 in 
Pit 4.  
 

Table 2.  Comparison of Measured vs. Modeled Maximum Storage by Year 

Note:  Combined Storage includes storage occurring in Pit 3 and Pit 4. 
 

Operating 
Year 

Maximum Combined Storage- 
Calculated using Measured 

Water Elevations (Mgal) 

Maximum Combined 
Storage- Calculated 
using Water Balance 

Model (Mgal) 

Difference in 
Calculated Maximum 
Combined Storage 

Volumes (Mgal) 
1997 355 339 -16 
1998 246 251 5 
1999 190 168 -22 
2000 137 127 -10 
2001 54 59 5 
2002 75 84 9 
2003 79 90 11 
2004 61 74 12 
2005 47 62 15 
2006 108 114 6 
2007 98 97 -1 
2008 77 77 0 
2009 81 78 -3 
2010 43 57 14 
2011 86 95 9 
2012 59 73 14 
2013 67 75 8 
Average 
Difference   3.3 
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2.2 PHASE 2 OPERATIONS - ANALYSIS OF STORAGE REQUIREMENTS  
In order to estimate storage requirements for the Phase 2 South Pond, a water balance analysis 
was performed assuming that, with the exception that a WTP will be operating on a year-round 
basis and the addition of collection of alluvial groundwater flows from the Western, Central, and 
Eastern Drainage, there will be little change in the existing WMS and no significant flow 
diversions will be in place at the time the South Pond is brought into service (i.e., shedding of 
precipitation off of the Pit 4 cover as clean water was neglected).  The analysis was performed 
using the existing inputs described in the previous section to estimate inflows and outflows, 
except for the WTP outflow from the system and estimates of the alluvial groundwater flows.  
The minimum, average and maximum flow volumes over the peak 6-week period used for water 
balance analysis for key flow components are shown on Figure 3.  The WTP outflow was 
modeled at a continuous, 500-gpm flow rate.  At times when there was no water accumulated 
storage in the pond and inflows were less than 500 gpm, the pumping rate from the storage 
pond to the WTP was assumed to equal the storage pond inflow. Flows collected by the 
Groundwater Controls in the Western Drainage, Central Drainage, and Far East Seep Drainage 
were assumed to range from a continuous 1-gpm to 15-gpm flow rate based on estimates of 
flows presented in Appendix G.  
 
The results of the water balance analysis for Phase 2 storage with continuous WTP operation at 
500 gpm is presented in Supplement E-1.2 and summarized in Table 3.  Analyses were 
performed using the historical records discussed in the previous section and alluvial 
groundwater inflows assuming continuous WTP operations.  Analyses were performed of 
storage requirements assuming both 1) continuous WTP operation assuming average (7.5-gpm) 
inflows for the alluvial groundwater inflows, and 2) that the WTP was shut down with no storage 
pond outflow to the WTP during the six weeks immediately prior to the date of maximum storage 
accumulation identified in the analysis of continuous WTP operations. Sensitivity of the alluvial 
groundwater inflows to storage requirements of the South Pond during the 6-week shutdown 
were evaluated by calculating storage requirements for an upper bound (15-gpm flow rate), 
average (7.5-gpm flow rate), and lower bound (1-gpm) flow rate for the alluvial groundwater 
collection of each drainage area.  
 
The results for maximum necessary storage capacity were evaluated using a Gumbel-Type 
probability distribution for analysis of extreme-value to provide an estimate of the 100-year 
storage requirements under both continuous WTP operations at 500 gpm and the six-week 
shutdown scenarios, and the anticipated range of flows from alluvial groundwater collection 
systems (AGCS).  These results are presented in Supplement E-1.2 and summarized in Table 
3. 
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Table 3.  Phase 2 - Storage Requirement by Year for a 500 gpm WTP 

Operating Year 

Storage Requirement (Mgal) 
Average AGCS 

flow 
(24-7 Plant 
Operation) 

Lower Bound 
AGCS flow 

(6-Week Plant 
Shutdown) 

Average AGCS 
flow 

(6-Week Plant 
Shutdown) 

Upper Bound 
AGCS flow 

(6-Week Plant 
Shutdown) 

1997 22.8 48.4 52.8 55.0 
1998 1.6 9.3 10.5 11.9 
1999 4.1 25.1 26.4 27.7 
2000 8.1 31.0 35.6 40.5 
2001 1.0 10.5 11.7 13.1 
2002 3.5 13.4 14.6 16.1 
2003 2.5 14.2 15.4 16.8 
2004 1.7 11.6 12.8 14.2 
2005 1.8 8.1 9.3 10.7 
2006 12.5 39.8 42.2 43.8 
2007 12.7 17.7 18.9 20.3 
2008 4.7 15.3 16.5 17.9 
2009 2.7 21.5 22.7 24.1 
2010 7.2 15.1 16.3 17.7 
2011 3.5 23.8 25.0 26.4 
2012 18.3 22.4 23.6 25.0 
2013 11.8 13.4 14.6 16.0 

100-year Peak 
Storage 

Requirement 23.4 54.7 59.1 62.2 

 

2.3 ANALYSIS OF SENSITIVITY TO PLANT OPERATING SCHEDULE AND 
CAPACITY 

Two additional analyses were conducted of alternative WTP capacities and/or operating 
schedules to evaluate the sensitivity of water storage requirements to the proposed WTP 
operations.  In the first scenario, a plant with a continuous operation at 286 gpm was evaluated.  
This flow rate also is representative of a WTP that runs intermittently much like the current WTP 
(i.e., a 500 gpm capacity operating on a 24-hour-per-day, 4-day-per-week schedule throughout 
the year). 
 
The results are presented in Supplement E-1.3 and summarized in Table 4.  The estimates of 
the 100-year storage requirements under both continuous operations and for the six-week 
shutdown conditions are also presented in Table 4.  The results indicate that a significantly 
larger volume of water will accumulate (18.4 Mgal) in the Phase 2 storage pond under a 
reduced operating capacity.   
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Table 4.  Phase 2 - Storage Requirement by Year using a 286 gpm WTP 

Operating Year 

Storage Requirement (Mgal) 
Average 

AGCS flow 
(24-7 Plant 
Operation) 

Lower Bound 
AGCS flow  

(6-Week Plant 
Shutdown) 

Average AGCS flow 
(6-Week Plant 

Shutdown) 

Upper Bound 
AGCS flow 

(6-Week Plant 
Shutdown) 

1997 47.9 62.4 65.6 70.3 
1998 13.0 21.1 30.7 41.8 
1999 8.6 25.1 26.4 28.1 
2000 29.6 42.8 47.3 53.9 
2001 1.3 10.6 11.8 27.5 
2002 6.0 20.4 21.6 23.0 
2003 7.1 21.4 24.8 29.0 
2004 2.4 11.8 13.1 14.6 
2005 2.6 9.0 10.2 18.6 
2006 34.6 49.1 52.3 56.1 
2007 13.0 17.7 18.9 35.4 
2008 7.0 19.9 21.1 22.5 
2009 5.6 22.0 23.3 24.8 
2010 8.1 15.1 16.4 17.8 
2011 16.4 31.3 34.1 37.3 
2012 6.2 22.7 23.9 25.4 
2013 4.5 15.9 17.1 18.5 

100-year Peak 
Storage 

Requirement 53.0 69.6 74.6 80.6 
 
The second alternative operating scenario evaluated was for a plant with a continuous operation 
at 750 gpm.  A summary of the results for this scenario are presented in Supplement E-1.3 and 
in Table 5.  The estimated 100-year storage requirements under both continuous operations 
and for the six-week shutdown conditions are also presented in Table 5.  The results indicate 
that a moderate (6.5 Mgal) reduction in the necessary storage pond volume will occur using the 
750 gpm when compared to the 500 gpm treatment rate (refer to Table 3). 
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Table 5.  Phase 2 - Storage Requirement by Year using a 750 gpm WTP 

Operating Year 

Storage Requirement (Mgal) 
Average AGCS 

flow 
(24-7 Plant 
Operation) 

Lower Bound 
AGCS flow 

(6-Week Plant 
Shutdown) 

Average AGCS 
flow 

(6-Week Plant 
Shutdown) 

Upper Bound 
AGCS flow 

(6-Week Plant 
Shutdown) 

1997 16.0 48.4 49.6 51.0 
1998 1.2 9.3 10.5 11.9 
1999 3.1 25.1 26.4 27.7 
2000 5.1 36.1 37.3 38.7 
2001 0.6 10.5 11.7 13.1 
2002 3.1 13.4 14.6 16.0 
2003 2.1 14.2 15.4 16.8 
2004 1.4 11.6 12.8 14.2 
2005 1.3 8.8 10.1 11.4 
2006 7.4 32.7 33.9 35.3 
2007 12.3 17.7 18.9 20.3 
2008 4.4 15.3 16.5 17.9 
2009 1.6 20.1 22.7 24.1 
2010 6.4 14.7 15.9 17.3 
2011 2.6 20.9 22.8 24.2 
2012 2.1 14.8 16.0 17.4 
2013 2.7 13.4 14.6 16.0 

100-year Peak 
Storage 

Requirement 17.5 52.9 54.3 55.7 
 

2.4 PHASE 3 OPERATIONS - EVALUATION OF WMS FLOWS COMPONENTS 
AND STORAGE REQUIREMENTS 

An evaluation of the storage requirements necessary during Phase 3 was conducted by 
performing a water balance analysis in conjunction with an evaluation of contributions from 
individual flow components upon the completion of Phase 2 (and beginning of Phase 3) 
construction.  
 
The average relative contributions of each flow component were calculated and effects of RA 
construction and assumed clean water diversions on flow were used to estimate the maximum 
required storage capacity required during Phase 3 of the RA construction.  The estimates of 
reductions in flow contributions due to RA construction assume that once waste cleanup and 
soil covering is completed in an area, that surface water can then be released from these areas 
without storage or treatment.  The estimated reductions in inflows are based upon the 
anticipated reductions in contributing areas for each flow component and are presented in Table 
6 below.   
 
Estimated reductions were then incorporated into the water balance model to determine the 
contributing inflows at the beginning of Phase 3 activities, which represents the maximum 
disturbed area that will exist while the West Pond will be in operation.  All inflows, with the 
exception of precipitation inflow and reductions placed on these inflows were assumed constant 
during Phase 3 operations. The six-weeks of highest historical precipitation for each operation 
year for the time period of 1997-2013 were evaluated.  A sensitivity analysis was conducted to 
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evaluate storage requirements based on bounding estimates for alluvial groundwater collection 
flows and residual seeps. 
 
The results for maximum required storage capacity were evaluated using a Gumbel-Type 
probability distribution for analysis of extreme-value to provide an estimate of the 100-year 
storage requirements under a WTP operation of 500 gpm and a six-week shutdown scenario.  
These results are presented in Supplement E-1.2 and summarized in Table 7. 
 
Specific flow components and the flow reductions at the completion of Phase 2 were estimated 
based on the reduction of contributing areas due to RA construction.   These flow components 
and reductions were used in estimation of storage requirements upon the completion of Phase 2 
as follows: 
 

1. Blood Pool Seep - It is assumed that upon removal of all waste and contaminated soil 
from the East Waste Rock Pile that this flow component will become insignificant.  

2. Western Drainage Seeps - It is assumed that upon removal of all waste and 
contaminated soil from the Western Drainage that water currently reporting as seepage 
will report as surface water runoff in the Western Drainage and that this water can be 
released without treatment. 

3. Submerged Seep - In addition to the Western Drainage Seep, the Submerged Seep, 
Pump House Seep, and the Runoff Collection Pipe are three major sources contributing 
to the total PCP flow.  The flow associated with each of these additional sources has not 
historically been monitored, and because little is known about their individual 
contributions, each source was assumed to make an equal contribution to PCP flow.  It 
is assumed that, upon completion of Phase 2 construction, the Submerged Seep flow 
will be reduced by 50 percent due to regrading and capping that will occur in the west 
fork (BPA) area of the Central Drainage. 

4. Pump House Seep - It is assumed that, the Submerged Seep flow will be reduced by 20 
percent due to regrading and capping that will occur in the east fork (Pit 3 area) portion 
of the Central Drainage upon completion of Phase 2 construction. 

5. Runoff Collection Pipe -   It is assumed that approximately half of the flow reporting to 
the runoff collection pipe is the result of runoff from areas in the Western Drainage, with 
the remainder from the Central Drainage.  It is assumed cleanup of the Western 
Drainage during Phase 2 construction will result in a 70 percent reduction in this flow 
component. 

6. Pit 3 Groundwater - It is assumed that the Pit 3 Groundwater flow component will remain 
unchanged after Phase 2 construction. 

7. East and Far East Seeps - As with the Blood Pool Seep, the East and Far East Seeps 
are assumed to become insignificant upon removal of all waste and contaminated soil 
from the East Waste Rock Pile during Phase 2. 

8. Precipitation to Pit 3 - This estimated component is assumed to be reduced by 20 
percent due to grading and capping of portions of Pit 3 during Phase 2. 

9. BPA pumping -  Flow from the BPA wells is assumed to be directly linked with the 
submerged seep, with water extracted from the BPA wells resulting in a 1 to 1 reduction 
in submerged seep flow.  Since the effect of BPA pumping on the submerged seep is not 
accounted for in the WB, this flow component is neglected in the storage requirement 
calculation at the end of Phase 2. 

10. Pit 4 Groundwater - As with Pit 3, the groundwater flow component to Pit 4 is assumed 
to be unaffected by RA construction. 

11. Pit 4 Precipitation - This component is assumed to be completely eliminated due to 
capping and covering of Pit 4 during Phase 1 construction. 
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12. Alluvial GW Collection – Flows collected from each of the Western Drainage, Central 
Drainage, and Far East Seep Drainage alluvial groundwater collection systems are 
assumed to range from 1 to 15 gpm based on estimates of groundwater flow rates to the 
alluvial groundwater collection trenches provided in Attachment G-1 of Appendix G.  

13. Residual Seep(s) – After the completion of waste cleanup in the Eastern and Western 
Drainage during Phase 2 construction, it is possible that there will be residual seeps 
from these areas which will require collection and treatment.  It is assumed flows from 
the Eastern Drainage could range between 1 to 5 gpm and flows from the Western 
Drainage could range from 1 to 15 gpm. 

 
The estimated contribution of each of these flow components to the total storage requirement, 
and the effects of RA construction at the start of Phase 3 are summarized in Table 6.  The 
minimum, average and maximum flow volumes over the peak 6-week period used for water 
balance analysis for key flow components are shown on Figure 4.  The results indicate the 
estimated water storage requirement during wetter years, and during a 6-week WTP shutdown, 
will be reduced by approximately 70 percent upon completion of Phase 2 RA construction, and 
that the required West Pond storage capacity is approximately 22 million gallons. 
 

Table 6.  Flow Components and Estimated Phase 3 Storage Requirement 

Component 
Reduction of Components 

Contributing to Storage 
Requirements at End of Phase 2 

(%) 
Blood Pool 0 
Western Drainage 0 
Submerged Seeps 35.9 
Pump House Seep 78.4 
Surface Water Pipe 32.4 
Pit 3 Groundwater n/a 
East Seep 0 
Far East Seep 0 
Precipitation to Pit 3 80.7 
BPA Pumping 0 
Pit 4 Groundwater n/a 
Pit 4 Precipitation 0 
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Table 7.  Phase 3 - Storage Requirement by Year using a 500 gpm WTP 

Operating Year 
Storage Requirement (Mgal) 

Lower Bound Average  Upper Bound  
1997 9.5 10.8 12.3 
1998 7.2 8.5 10.0 
1999 7.0 8.3 9.8 
2000 9.5 10.8 12.3 
2001 5.0 6.2 7.7 
2002 10.5 11.8 13.2 
2003 10.2 11.5 13.0 
2004 8.1 9.3 10.8 
2005 5.5 6.8 8.2 
2006 19.0 20.3 21.8 
2007 4.6 5.9 7.3 
2008 6.0 7.2 8.7 
2009 5.9 7.2 8.7 
2010 6.6 7.8 9.3 
2011 9.6 10.9 12.4 
2012 10.0 11.4 12.7 
2013 4.9 6.3 7.7 

100-year Peak Storage 
Requirement 19.5 20.6 22.1 

 

2.5 ANALYSIS OF STORAGE OF CONSTRUCTION WATER 
Construction water will be required during RA in the following areas: 
 

1. For construction within the area of mine disturbance (on-site) 
2. For construction in off-site areas including during access road construction and Rhoads 

Property Borrow Area operations 
3. Potable water usage within the construction support zone.  

 
Of these water uses, the on-site construction will require the largest volumes of water, and 
methods for providing storage to meet the on-site water needs is the focus of this evaluation.  
On-site construction water usage for on-site construction will includes dust suppression during 
crushing and screening of drain materials, dust suppression during mine waste excavation, 
haulage, and placement, and vehicle decontamination. For this analysis it is assumed that ware 
to meet on-site construction needs will be treated water from the WTP. 
 
During most of the year, flows to the WMS will be more than sufficient to meet the on-site 
construction water needs.  However, during drier parts of the year (primarily during the third 
quarter of each year), when WMS inflow rates will be low and dust suppression water 
requirements will be at their highest, additional construction water will be required.  Rather than 
constructing an additional large water storage facility to store treated on-site construction water, 
it is proposed that some portion of untreated water from the spring runoff period be retained in 
the Water Management Ponds (Pit 3, South Pond and the West Pond, depending on 
construction phase) and treated on an as-needed to meet construction-water demands.  At the 
end of the high-water-demand construction season, the treatment plant would then be operated 
on a continuous basis to draw the water management pond down to its dead-storage level to 
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ensure the full contingency storage is available before the onset of the next spring meltoff 
season. 
 
Details of the estimated quantities of construction water needed during RA construction are 
provided in the Water Source Identification and Development Plan presented in Appendix T.  
During Phase 1, the WMS will be operated in a similar manner as has occurred historically and 
a sufficient volume of water will have accumulated in Pit 3 over the winter shutdown to meet 
anticipated construction-water requirements for this phase.  For Phase 2, the maximum 
quarterly volume of water that will be needed for dry-season on-site construction water is 
estimated to be approximately 13.8 Mgal.  This water will need to be stored in the South Pond 
prior to being transferred to the WTP for treatment and use during the dry season.  It is 
anticipated that a maximum quarterly volume of approximately 7.4 Mgal of water will be required 
for Phase 3 construction for dry-season on-site construction water needs. This volume of water 
will need to be stored in the West Pond prior to treatment and use during dry-season 
construction.  An analysis was conducted to evaluate the amount of water that would be stored 
in the South and West Ponds for use during dry-season construction.     
 

2.5.1 Phase 2 – Analysis of Construction Water Availability 
The potential volume of water that is expected to accumulate in the South Pond was calculated 
for varying dates when water withdrawals from the pond is halted and the WTP is shut down in 
order to store water for use as dry-season construction water.  The water-availability analysis 
assumed the WTP is shut down for durations ranging from 1 day to 56 days (8 weeks) prior to 
the date.  For the purposes of this analysis, it was (somewhat conservatively) assumed that dry-
season construction water from will be required starting June 1 and hence water withdrawals 
from the South Pond will begin on this date.  The analysis was performed using the existing 
historical inputs to the WMS described in the previous section to estimate inflows and outflows 
for each operating year (1997 – 2013), with the exception that estimated inflows from the alluvial 
groundwater collection system.  As with the analyses described previously, flows collected by 
the Groundwater Controls in the Western Drainage, Central Drainage, and Far East Seep 
Drainage were assumed to range from a continuous 1-gpm to 15-gpm flow rate.  The minimum, 
average and maximum accumulated volumes for varying WTP shutdown dates for the operating 
year between 1997 and 2013 are provided in Supplement E-1.4.  
 
The results indicate that a minimum accumulated volume of 10 Mgal will be available for 
construction water purposes by June 1st if the WTP is shutdown on April 20th  (i.e. the plant is 
shut down for six weeks prior to June 1st) to allow water to accumulate in the South Pond. In 
addition, an average inflow of 200,000 gal/day (including average estimates for Alluvial 
Groundwater Control inflows) is expected to report to the South Pond based on historical flows 
during an assumed dry-season construction period extending from the first of June to the end of 
August.  This additional inflow would result in an additional 18 Mgal of water being available 
during the assumed dry-season construction period.  The inflows calculated for the South Pond 
for each operating year for the time period of the beginning of June through the end of August 
are provided in Supplement E-1.5. 
 

2.5.2 Phase 3 – Analysis of Construction Water Availability 
The potential volume of water that is expected to accumulate in the West Pond for use as 
construction water during Phase 3 construction also was evaluated. The analysis was 
performed assuming inflows from Pit 3 groundwater, Pit 4 groundwater, and groundwater from 
the Central, Eastern, and Western Drainage Alluvial Groundwater Collections systems would 
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still report to the WMS. Additional West Pond inflows which will be reduced due to RA 
construction were neglected in this analysis, due to the uncertainty in the magnitude of flows, in 
order to provide a conservative estimate on the total amount of water available during 
construction.  
 
The results of the analysis indicate that the WTP will need to shut down during the last week of 
February if the entire volume of water needed to meet the construction water needs during the 
peak Phase 3 construction year (i.e., approximately 14 weeks prior June 1st) is to be available at 
the start of the assumed dry-season construction period.  As described in the preceding 
paragraph, this estimate is based upon conservative assumptions that only groundwater inflows 
from Pit 3, Pit 4, and average flow estimates for the Alluvial Groundwater Collection Systems 
will be available at that time. However, it appears that approximately 109,000 gal/day is 
expected to report to the West Pond during the assumed dry-season construction period, which 
equates to 9.8 Mgal during the assumed dry-season construction period between the beginning 
of June and end of August. As a result, it does not appear that a WTP shutdown period will be 
needed to accumulate additional water prior to the peak Phase 3 dry-season construction period 
in order to meet the peak Phase 3 construction water requirement of 7.4 Mgal. 

3.0 CONCLUSIONS 
For the proposed WTP operating conditions which include the capability to treat water 24 hours 
per day, 7 days per week, and year-round operations at up to 500 gpm, the recommended 
storage pond capacities are as shown in Table 9. 
 

Table 9.  Required Storage Pond Capacities 

 
These storage capacities are based upon the assumption that the WTP will not be able to 
operate for 6 weeks during the time period that 100-year storage volume is accumulating.   
 
On-site construction water during Phase 2 can be supplied by WTP effluent if impacted water is 
stored in the South Pond prior to start of the dry-season construction period as well as from 
water that will report to the WMS during the dry-season construction period.  It appears the 
water captured by the WMS during the Phase 3 dry-season construction period will be sufficient 
to meet construction water needs and additional storage prior to the onset of the dry season will 
not be needed during Phase 3. Table 10 summarizes the estimated volumes of water that could 
be available from the South Pond for Phase 2 for dry-season construction water.  The 
accumulated volume prior to the construction was estimated assuming a start date of dry-
season construction of June 1 and assuming the WTP is shut down for six weeks (beginning 
April 20th) prior to the start of dry-season construction.  The estimated volume of water volume 
that would accumulate during the assumed dry-season construction period extending from June 
1st through August 31st during both Phase 2 and Phase 3 construction also is summarized in 
Table 10.   
 
  

Pond RA Construction Phase Required Capacity (Mgal) 
South Pond Phase 2 59.1 
West Pond Phase 3  22.1 



 
   
 

Table 10. Construction Water Availability 

The assumptions regarding the effects of RA construction on the required storage pond 
capacities and accumulated volumes available for construction water demands should continue 
to be evaluated as the project design is finalized and during RA construction.  This water 
balance should be updated to account for additional information as it becomes available.   
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Pond 
RA 

Construction 
Phase 

Average Accumulated 
Water Volume Prior to Start 
Date of Construction (Mgal) 

Average Accumulated Water 
Volume During Construction - 
June to End of August (Mgal) 

South Pond Phase 2 Minimum 10 Mgal (6 week 
shutdown) 

18 Mgal 

West Pond Phase 3 Not needed 9.8 Mgal 
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Supplement E-1.1  

Analysis of Storage Under Existing Conditions, 
1997 through 2013 
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MIDNITE MINE REMEDIAL DESIGN - SOUTH POND 
GLOBAL STABILITY ANALYSIS 

 
 
 
 

Revisioning 
Rev. Date Description By Checked Date Reviewed 

0 07-Dec-12 30% Design 
J.B. Varnier and  

S. McManus 
Tom Kelley 07-Dec-12 Vance Drain 

1 19-Nov-13 60% Design 
J.B. Varnier and S. 

McManus 
Melanie Davis 06-Dec-13 Tom Kelley 

2 19-Jun-14 90% Design 
J.B. Varnier and S. 

McManus 
Melanie Davis 10-Jul-2014 Clint Strachan 

2 
14-May-

15 
100% Design – 
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Location and Format 

 
Electronic copies of these calculations are located in the project files system at: 
 
\\\usslc1s01\IFO\Industrial Projects\MIDNITE MINE\Deliverables_Working Documents\Basis of 
Design Rpt\Appendix E - Water Management Ponds\90% Submittal\Att E-2 South Pond 
Stability 
 
The following calculations were generated using the following software:   
 
Geo-Slope International, Ltd., 2012 (Slope/W) 
 
AutoCAD Civil3D 2011 (Autodesk, 2010) 
 
 

 
Supplements 

 
Supplement E-2.1 - Midnite Mine Central Drainage Drill Logs Used for South Pond Slope 
Stability Analyses  
Supplement E-2.2 – Midnite Mine Remedial Design South Pond Global Stability Analysis 
Supplement to Post-Earthquake Analyses 
 

 
  



1.0 OBJECTIVE 

The objective of these analyses was to evaluate the slope stability of the proposed South Pond 
on top of the South Waste Rock Pile (SWRP) at the Midnite Mine Superfund Site (the Site) for 
the 90% design.  No specific performance standards for storage pond stability are defined in the 
scope of work (SOW) to the Remedial Design/Remedial Action (RD/RA) Consent Decree (CD; 
EPA, 2011) however, overall stability requirements are specified.  In addition, the storage ponds 
will be designed in substantial compliance with Washington State dam safety criteria 
(Washington Department of Ecology, Dam Safety Section, 2005) to the extent these criteria are 
applicable to the South Pond.   
 
2.0 BACKGROUND 

The proposed South Pond will be a synthetically-lined water management pond constructed 
during RA construction at the Site.  The South Pond will provide temporary storage for mine-
impacted water during the RA.  The pond will be constructed by excavating into waste rock in 
the SWRP and no additional fill will be placed in the South Pond area as part of the 
construction.  This pond will be removed before completion of the RA.  The proposed location 
for this pond is on top of the South Waste Rock Pile as depicted on Figures 1 and 5.  The 
proposed grading for the South Pond has been slightly revised from the 60% to 90% design. 
The contours within the pond at the interior corners have been smoothed to eliminate sharp 
breaks.  Figures 1 through 5 have been updated to reflect this revision.  This revision does not 
impact the slope stability analysis; therefore the results presented in this attachment are 
consistent with the results presented in the 60% design (MWH, 2013).    
 
The South Pond will meet the stability performance standards listed in the CD (EPA, 2011) and 
will be designed in substantial compliance with criteria from the Washington State Department 
of Ecology (WSDOE) Dam Safety Program.  These WSDOE criteria will be applied to a 
synthetically-lined storage pond, with intermittent operation.   
 

1) Regulations governing jurisdictional dams are provided at: 
http://www.ecy.wa.gov/programs/wr/dams/Regulations.html. 

2) Engineering guidance for design and construction are outlined in guidance documents 
that are available for download at: 
http://www.ecy.wa.gov/programs/wr/dams/GuidanceDocs.html. 

 
3.0 METHODS AND ASSUMPTIONS 

3.1 METHODS 

The geotechnical slope stability analysis was performed using the SLOPE/W computer software 
(Geo-Slope International, Ltd., 2012) to analyze slope stability sections (models) of the facility 
using limit-equilibrium methods.  The stability sections of the facility were developed based on 
ground surface topography and subsurface stratigraphy in the vicinity of the South Waste Rock 
Pile, specifically in the Central Drainage.  The methods of analysis for the computer models and 
how those models were developed are discussed in detail in the following subsections.  This 
analysis resulted in factors of safety against shear failure for the deeper failure surfaces that 
could impact the South Pond.  Shallow failure surfaces involving the outslope of the SWRP that 
would not involve loss of freeboard in the South Pond were not considered, as discussed below. 
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The calculated factors of safety from this analysis were compared to performance criteria set 
forth in the CD (EPA, 2011) as well as typical dam safety criteria.  Although the safety factor 
criteria in the CD do not specifically apply to storage pond design, they were compared to the 
dam criteria and the more stringent of the two criteria were applied. In addition to the analyses 
specified in the CD, which consisted of analysis of static and pseudo-static earthquake 
conditions, analyses were performed of post-earthquake stability assuming cyclical softening 
and/or liquefaction will occur in saturated alluvial soils in the valley bottoms near the toe of the 
SWRP.  The post-earthquake analyses are presented in Supplement E-2.2.  Design criteria 
selected for the evaluation of the South Pond stability are summarized in Table 1. 
 

Table 1. Design Criteria – Minimum Required Factors of Safety for Stability Analyses 

Condition 
Minimum Factor of 

Safety from Consent 
Decree 

Minimum Factor of 
Safety based upon 

Dam Safety Guidelines 

Minimum Factor of 
Safety Selected for 

Design 
Static 1.3 1.5 1.5 
Pseudo-static 1.0 1.0 to 1.1 1.1 
Post-seismic Stabilitya N/A 1.0 to 1.1 1.1 

Notes: (a) Post-seismic analyses included as Supplement E-2.2 

3.2 DEVELOPMENT OF THE STABILITY SECTIONS 

Two sections were selected to represent the most critical conditions for the slope stability 
analysis (depicted on Figure 1).  These sections are located such that they pass through the 
proposed South Pond where the waste rock fill is the highest and the foundation conditions are 
the least favorable for slope stability.  The sections are oriented parallel to the existing fill slope 
of the South Waste Rock Pile and extend downslope of the toe of the fill.  Per discussion at the 
Response to Comments on 30% Design Meeting in Salt Lake City, Utah on August 6th and 7th, 
2013, analysis of an additional slope section (Section 3) has been included to satisfy EPA 
concerns regarding slope stability of the west-facing slope.  Sections were developed using 
existing ground surface (Spatial Intel, 2010) and pre-mining ground surface (USBM, 1995) 
surveys in conjunction with the proposed South Pond grading surfaces.  Information from 
subsurface investigations in the vicinity of the proposed South Pond and Central Drainage were 
used to develop the estimated subsurface stratigraphy.  Drill logs from the subsurface 
investigations are attached to this calculation summary as Supplement E-2.1.  The subsurface 
stratigraphy beneath the proposed South Pond footprint was modeled using information from 
boreholes drilled and logged in the vicinity of the pond.  The following primary material 
designations are used in this effort: 
 

1. Mine Waste 
2. Colluvium 
3. Bedrock 

 
The definitions of these materials are as follows: 
 
Mine Waste is the byproduct of mining activities at the site and is generally coarse-grained, free-
draining material.  According to the United Soil Classification System (USCS), it is generally 
classified as gravel or sand with clay and silt, and contains broken rock of cobble and boulder 
size. 
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Colluvium is used to describe transported soil of varying origins and characteristics.  In this 
analysis it refers to all soils overlying the weathered and unweathered bedrock.  The colluvium 
near the South Pond contains low-strength clays, clays consolidated due to mine waste 
overburden, and other depositional soils classified as silts or sands according to the USCS.  
Although there is evidence that soil stripping occurred in some portions of the SWRP footprint 
during mine development (Peters, 1999), which would have resulted in the removal of the 
colluvium layer in some areas, a review of historic aerial photographs indicates that soil 
stripping did not occur in the vicinity of the current toe.  
 
Bedrock refers to weathered bedrock and unweathered bedrock, and residuum (highly 
weathered bedrock at the contact with the colluvium).  The residuum is a soil-like product of in-
place weathering of the underlying rock mass.  This material has a lower void ratio than 
transported soils, exhibits very high blow counts during SPT testing, and typically exhibits highly 
dilatant behavior during shearing.  This results in a material that has a shear strength similar to 
that of a very weak rock mass or heavily over-consolidated soil (i.e., a curved failure envelope 
with no cohesion, but a very high initial tangent friction angle) as opposed to a typical normally-
consolidated soil. 
 
Engineering properties and input parameters of these three materials are discussed below in 
the Material Properties section. 
 
To develop the subsurface stratigraphy for the stability sections, a corridor of interest 250 feet 
wide, 2,000 feet long, and containing stability sections 1 and 2 was identified and visually 
assessed to delineate the native terrain into three categories: Ridges, Drainage Valley Bottoms, 
and Drainage Valley Walls (see Figure 2).  An additional corridor of interest approximately 70 
feet wide, 1,700 feet long, and enveloping stability section 3 was also developed.  Each stability 
section then was divided into segments corresponding to one of the three terrain types and the 
depth to bedrock for each segment was estimated using information from nearby boreholes 
located in the same terrain type.  The terrain type associated with each borehole is presented in 
Table 2.  Table 3 presents the percentage of the corridor of interest’s area corresponding to 
each terrain type. 
 
For each terrain type, an estimate of the proportion of clay (low-strength clay and consolidated 
clay) in the colluvium was made.  This estimate was based on materials encountered during 
subsurface investigations and is expressed as a percentage of the total colluvium in Table 3. 
 
The stability sections developed for use in this analysis are presented in Figures 3 and 4. 
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Table 2.  Terrain Type Associated with Boreholes 

Borehole ID 
Drainage Valley 
Bottom,  Wall, or 

Ridge 
Borehole ID 

Drainage Valley 
Bottom,  Wall, or 

Ridge 
PBC-01 Bottom B-07 Wall 
PBC-02 Bottom B-08 Ridge 
PBC-03 Bottom MWCD-01 Bottom 
CD-B1 Ridge MWCD-02a Bottom 
CD-B2 Bottom MWCD-02b Bottom 
CD-B3 Wall THSS-01 Ridge 
CD-B4 Wall THSS-02 Ridge 
B-04 Wall GW-42 Bottom 
B-05 Bottom GW-51 Bottom 
B-06 Wall   

 

Table 3.  Colluvium Characteristics 

 
Percentage 
of Area of 
Interest 

Avg. 
Colluvium 

Thickness (ft) 

Avg. Thickness of 
Clay (Consolidated 
and Low-Strength) 

(ft) 

Percentage of 
Low-Strength Clay 

Drainage Valley Bottom 23% 18.3 11.4 62% 
Drainage Valley Wall 51% 4.2 2.5 58% 
Ridge 26% 0.8 0.2 27% 
 

3.3 GROUNDWATER CONDITIONS 

The stability analyses for the South Pond assume that groundwater levels are at the waste 
rock/native soil contact, or at the ground surface in the toe area where waste rock does not 
overlie the ground surface.  This assumption is considered conservative, especially since 
shallow (alluvial) groundwater typically only occurs in the very narrow bands (in plan view) in the 
bottoms of the buried alluvial channels under the waste rock.   
 
Beyond using this assumption regarding the extent of groundwater at the native soil contact, no 
explicit accounting for pond leakage has been included in the South Pond Stability analyses. It 
should be kept in mind that the South Pond is designed as a double-lined pond with a leak 
detection layer between the two liners to detect leakage through the primary liner if it should 
occur.  Since downgradient collection and control of impacted water is provided by the existing 
PCP at the toe of the SWRP, the primary purpose for the leak detection monitoring is provide an 
indication if leakage is occurring, and to provide a means to measure the rate of leakage.  A 
low-height divider berm is included in the design of the South Pond so that if excessive leakage 
does develop, repairs can be made to the liner system while allowing for pond operation (at a 
restricted water level). 
 
Given that the South Pond is underlain by high-permeability waste rock, it is highly unlikely that 
leakage from the double-lined impoundment would occur at a rate that would significantly 
elevate the groundwater levels at the waste rock/native soil contact, Any leakage that does 
occur would be concentrated within the narrow band in the bottoms of the two buried alluvial 

Page 5 



channels and express themselves as increased flow in the Submerged Seep and the 
Pumphouse Seep.   

3.4 SLOPE STABILITY MODELING  

Slope stability analyses were performed using two-dimensional limit equilibrium methods with 
the aid of the program SLOPE/W (GEO-SLOPE, 2012).  The Morgenstern-Price method 
(Morgenstern and Price, 1965) with a half-sine function for inter-slice forces was used for the 
analysis.  This method evaluates both circular and non-circular slip surfaces, and satisfies both 
force and moment equilibrium in the factor of safety calculation (GEO-SLOPE, 2012).   
 
The analyses were performed by calculating the factors of safety along circular and block 
specified wedge failure surfaces.  The failure surfaces analyzed by the model were restricted to 
only those deeper failure surfaces which could potentially affect the South Pond.  This was 
achieved by excluding from the analysis any failure surface daylighting on the uphill end at a 
distance farther than 10-20 feet from the South Pond crest. 
 
The global slope stability analyses under seismic loading conditions were conducted using a 
pseudo-static approach, where a constant horizontal acceleration is applied to the numerical 
models.  This horizontal acceleration simulates an inertial force due to a seismic event.  The 
peak ground acceleration (PGA) for a probability of exceedance of 10 percent in 250 years at 
the Site for site Class B (rock) is 0.131g (MGC, 2010), where g is the acceleration of gravity.  
The PGA at the Site was adjusted to site Class C (very dense soil and soft rock) to represent 
waste rock for the slope stability analyses.  The recommendations presented in USGS (2013) 
were used to calculate the adjusted PGA.  The Class C PGA at the Site is 0.157g.  The strategy 
of representing the seismic coefficient as a function of the PGA has been adopted in review of 
uranium facility design and documented by the U.S. Department of Energy (DOE, 1989).  DOE 
(1989) recommends the use of a horizontal seismic coefficient of 2

3g�  of the PGA for pseudo-
static stability analyses for post-reclamation conditions.  The U.S. Nuclear Regulatory 
Commission (NRC, 2003) recommends the seismic coefficient be either 67 percent of the PGA 
or 0.1, whichever is greater.  The horizontal seismic coefficient used for the pseudo-static 
stability analyses is 0.105. 
 
Analyses presented in Attachment E-3 indicate that some of the colluvium may be susceptible 
to a shear strength reduction as a result of dynamic loading.  Therefore, under post-earthquake 
conditions these materials may exhibit reduced shear strength.  The reduction to shear strength 
under post-earthquake conditions is discussed in detail in Supplement E-2.2.   

3.5 ASSUMPTIONS 

Assumptions regarding interpretation of drilling logs are summarized in the following 
paragraphs, grouped by investigation.  Borehole locations and general notes regarding 
interpretation of the drilling logs are presented on Figure 5.  The following material 
classifications were used to interpret the drilling logs of the following investigations of the Site.  
These data were reclassified and combined into the three primary material designations 
identified below and described above: 
 

1. Waste Rock (in logs) = Mine Waste (in this evaluation) 
2. Low-Strength Clay =Colluvium 
3. Consolidated Clay = Colluvium 
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4. Other Colluvium = Colluvium 
5. Residuum/Weathered Bedrock = Bedrock 
6. Competent Bedrock = Bedrock 

3.6 INVESTIGATIONS AND BORINGS USED FOR DEVELOPMENT OF 
STRATIGRAPHY 

Investigations used to develop the stratigraphy for slope stability modeling are listed 
chronologically  in the following sections. 
 
Hydrogeology of the Midnite Mine: Borings BOM-3 and BOM-4 (Riley, et al, 1991) 
The drilling logs associated with these borings were not presented in a way that allowed 
detailed interpretation of the materials encountered during drilling.  However, it was evident from 
the logs that mud and clay were encountered when BOM-89-4 was drilled.  There was no 
mention of mud or clay in the drilling log for BOM-89-3; therefore it was assumed that the 
foundation material in this area does not include significant amounts of these materials. 
 
Monitoring Well Installation: Borings GW-42, GW-43, GW-51 (SMI, 1999) 
Materials described as “abundant clay/fines” and located under 75 feet of waste rock (or more) 
were assumed to be Consolidated Clays.  Materials described as “porphyritic quartz-monzonite” 
or containing “coarse lag phyllite-schist, calc-silicate” were assumed to be Residuum.  Materials 
described as predominately sandy with gravel, silt, and clay were assumed to be Other 
Colluvium.  Materials described as “very competent” or lacking iron staining on the drill cuttings 
were assumed to be Bedrock. 
 
Phase 1A RI/FS: Borings MWCD-01, MWCD-02a, and MWCD-03 (URS, 2005) 
These holes were drilled using air rotary methods and samples were collected using a cyclone.  
No SPT, or other quantitative measurement of material density/consistency/strength, were 
performed.  Lacking these estimates, it was conservatively assumed that all materials described 
as CL on the drill logs are Low-Strength Clays.  Materials composed primarily of sand (SM, SC) 
were assumed to be Other Colluvium, as were non-plastic fine-grained materials (ML).  Due to 
the finer-grained nature of the colluvium at this site, it is likely that materials with sand and 
gravel contents greater than 50 percent are products of the bedrock weathering process and 
were assumed to be Residuum (GM).  Contact with the Bedrock was assumed to occur where 
indicated on the drill logs (either as “bedrock” or “quartz monzonite”). 
 
Phase 2A/1B RI/FS: Borings THSS-01 and THSS-02 (URS, 2005) 
In THSS-01, the material immediately under the waste was described as “clayey bedrock,” 
“weathered bedrock,” and “gravelly sandy clay.”  Seven feet of this material was found clogged 
in the drilling barrel.  This material was assumed to be Residuum.  No Low-Strength Clay, 
Consolidated Clay, or Other Colluvium was identified in this borehole.  No Bedrock contact was 
identified. 
 
In THSS-02, a split spoon sample obtained at the base of the waste rock collected “stiff clay” 
above “decomposed rock.”  The stiff clay was assumed to be Consolidated Clay and the 
decomposed rock was assumed to be Residuum.  No Bedrock contact was identified. 
 
Interim Mechanisms: Borings PBC-01 through PBC-03 (Tetra Tech, 2010) 
Clay or silt materials with trace, or less, amounts of sand and gravel were assumed to be low-
strength clays.  Materials with more than trace amounts of sand and/or gravel were as assumed 
to be Other Colluvium, unless the material was described as “soft” in the drilling log, in which 
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case it was conservatively assumed to be Low-Strength Clay.  Materials described as “low 
plasticity” were assumed to be Other Colluvium.  Due to the finer-grained nature of the 
colluvium in this area of the Site, it is likely that materials described as “gravel/sand/clay” are 
products of the bedrock weathering process and were therefore assumed to be Residuum.  
Auger refusal (where noted in the drill logs) was assumed to correspond with very hard Bedrock 
(unrippable). 
 
Interim Mechanisms: Boring MWCD-02b (Tetra Tech, 2010) 
Material with medium or high plasticity and trace or no sand/gravel was assumed to be Low-
Strength Clay.  Materials with more than trace amounts of sand and/or gravel and low plasticity 
were assumed to be Other Colluvium.  Due to the finer-grained nature of the colluvium at this 
site, it is likely that the gravelly materials identified in this borehole are products of the bedrock 
weathering process and were assumed to be Residuum.  Material identified as “bedrock” but 
exhibiting a blow count significantly lower than 50 (N=29) was assumed to be Residuum. 
Bedrock was not encountered in this borehole. 
 
Mine Waste Investigations: Borings B-04 Through B-08 (MGC, 2011) 
Native materials are located under waste rock overburden.  As such, all clay materials have 
been consolidated and do not exhibit the low SPT blow counts that are characteristic of the 
Low-Strength Clays located downstream of the waste rock pile.  Due to the relatively fine-
grained nature of the colluvium at this site, it is likely that materials with sand and gravel 
contents greater than 50 percent are products of the bedrock weathering process and were 
assumed to be Residuum.  Descriptions of material consistency presented on the drill logs were 
not consistent with the SPT blow counts and were disregarded in favor of consistency 
correlations based on the SPT blow counts (Terzaghi and Peck, 1948). 
 
Storage Ponds Investigation: Borings CD-B1 Through CD-B4 (MWH, 2012) 
Clays with soft and very soft consistencies were assumed to be Low-Strength Clays.  
Consistencies were determined based on Standard Penetration Test (SPT) blow counts and the 
correlations presented in Sowers (1979).  Also, material visually identified as “clayey sands” 
were conservatively assumed to be sandy clays and assumed to be Low-Strength Clays if the 
blow counts correlated to a soft or very soft consistency.  If the SPT blow counts exceeded 5 
blows for 12 inches of sampler progression, then the material consistency was firmer than “soft” 
or “very soft” and the material assumed to be Other Colluvium.  Materials which had SPT blow 
counts greater than 50 were assumed to be Residuum.  Auger refusal (where noted in the drill 
logs) was assumed to correspond with very hard Bedrock (unrippable). 
 
4.0 MATERIAL PROPERTY ASSUMPTIONS IN MODEL 

The stability sections were developed using the three primary material types: mine waste, 
colluvium, and bedrock.  The material properties for each material are discussed below and 
summarized in Table 4. 

4.1 MINE WASTE 

The density and effective strength parameters of the mine waste used in the analyses were 
based on subsurface information provided in URS (2001) and material parameters used for 
stability analyses presented in URS (2002).  Effective strength parameters were used to 
represent the mine strengths due to the relatively coarse, free-draining nature of the mine 
waste. 
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4.2 COLLUVIUM 

The Colluvium is transported soil containing varying amounts of clay, silt, and sand the term as 
used in this calculation brief is inclusive of colluvial sediments in the valley bottom.  The density 
of the colluvium was calculated from the measured in-place dry density and the natural water 
content for a sample representative of the colluvium in the area, sample CD-B4 at 6 to 7.5 feet, 
presented MWH (2012).   
 
Under static conditions the Colluvium has no excess pore pressure and was therefore modeled 
using effective shear strength parameters.  The effective friction angle used for the colluvium 
was estimated based on the average measured plasticity index (PI) of colluvium samples 
located above weathered bedrock or bedrock from MWH (2012) and using the relationship 
between PI and the effective angle of internal friction angle presented in Duncan and Wright 
(2005).  The effective cohesion value was assumed to be zero.  This estimated effective friction 
angle is very similar to that obtained from triaxial testing performed as part of the previous 
storage pond investigation (MWH, 2012).  A consolidated-undrained triaxial test, with pore 
pressure measurements was performed on specimens of low-strength colluvium (colluvial clay) 
from Test Pit CDTP2 (7 to 14 foot depth), located adjacent to CD-B2.  Although the triaxial tests 
were run on remoulded specimens compacted to 98 percent of the standard Proctor maximum 
dry density at 1 percent above the optimum moisture content, the post-peak results at large 
strain (15 percent) for the specimen tested at the highest effective consolidation pressure (8,640 
psf) can reasonably be expected to represent the normally-consolidated, constant-volume shear 
strength of the low-strength colluvium.  Analysis of the result from this test specimen indicates a 
constant-volume effective stress friction angle slightly higher (32.4 degrees) than the estimated 
value of 30.8 degrees.  The lower estimated value of 30.8  degrees was used as a conservative 
estimate of effective stress friction angle.  Under earthquake (pseudo-static), the colluvium 
shear strength was modeled using the total shear strength parameters to account for rapid 
loading conditions during the design seismic event.  Undrained shear strengths recommended 
in Attachment E-3 were used in the analysis for colluvium.  The undrained shear strengths are 
based upon the interpretations of piezocone (CPT) investigations along the toe of the SWRP 
and summarized in Attachment E-3 in the alluvial clays.  The undrained shear strengths based 
upon estimated c/p’ ratios recommended in Attachment E-3 are used for pseudo-static 
conditions.  The normally-consolidated c/p’ ratio are used, in conjunction with the SHANSEP 
parameters recommended in Attachment E-3, to calculate the shear strengths at various waste 
rock burial depths in the model.   
 
It should be noted that the recommended normally-consolidated c/p’ ratio (0.4) presented in 
Attachment E-3 is somewhat lower (i.e., more conservative) than indicated by the undrained 
triaxial test from material from CDTP2 discussed in the previous paragraph.  Back calculation of 
the c/p’ ratio from the large strain (15 percent) undrained shear strength of the highest stress 
specimen suggests a c/p’ ratio of 0.47.  This may be the result of the apparent overestimation of 
overconsolidation ratios in the CPT interpretation, as discussed in Attachment E-3.  Regardless, 
the use of the normally consolidated c/p’ ratio and SHANSEP parameters from the CPT 
interpretations, which were run on alluvial clays in the valley bottoms to represent all of the 
colluvium in the SWRP foundation, is considered very conservative. 
 
The 30’, 65’, and 120’ waste rock fill cases indicate that 30’, 65’ and 120’ of waste rock fill is 
located above the colluvium at various locations in the stability section.  The pond case 
indicates that the colluvium is located below the south pond.  The numerical model was 
discretized based on these five cases: (e.g., the 30’ field dam was assigned when between 15’ 
and 47.5’ of waste rock is located above the colluvium) and the undrained shear strength 
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estimated based upon calculated overconsolidation ratios using the free-field (no fill) case as for 
the initial stress state.   
 
As shown in Table 4, the estimated c/p’ ratio decreases with increasing waste rock overburden, 
and approaches the estimated normally-consolidated c/p’ ratio once the colluvium is overlain by 
120 feet of waste rock. 
 
Analyses were also performed under post-earthquake conditions.  These additional analyses 
are presented in Supplement E-2.2. 

4.3 BEDROCK 

The bedrock was modeled as an impenetrable surface and it is anticipated that the critical slip 
surfaces will not intercept this stronger material underlying a much weaker colluvium, but rather 
slide along the weaker colluvium at the bedrock contact. 
 

Table 4.  Material Properties Used in Stability Analysis 

Material Type 
Total 

Density 
(pcf) 

Effective Friction 
Angle, φ’ 

(deg) 

Effective 
Cohesion, c’ 

(psf) 

Undrained shear 
strength ratio, su/σv' 

 

Mine Waste 135 38.0 0 - 

Colluvium 122 30.8(a) 0(a) 

2.10 (b) (Free Field) 
0.56  (b) (30’ Dam Fill) 
0.46  (b) (65’ Dam Fill) 
0.41  (b) (120’ Dam Fill) 
0.50  (b) (Pond) 

Bedrock Impenetrable - 

Notes: (a) Static conditions 
(b) Pseudo-static conditions 

 
5.0 RESULTS 

The factors of safety against slope stability failure that were calculated in this analysis are 
provided in Table 5 and in Figures 6 to 20.  The required minimum factors of safety are 1.5 
under static conditions and 1.1 under pseudo-static conditions as discussed in Section 2.1. 
 
The factors of safety under static and pseudo-static conditions for all cases exceed the 
minimum required factors of safety.  The results of post-earthquake analyses are provided in 
Supplement E-2.2.   
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Table 5.  Factors of Safety for Against Deep-Seated Slope Failures 

Failure Surface 

Factor of Safety (FOS) 
Static 

1.5 Minimum FOS 
Pseudo-Static 

1.1 Minimum FOS 
Circular Wedge Circular Wedge 

Cross-Section 1 1.6 1.8 1.1 1.1 
Cross-Section 2 1.5 1.8 1.2 1.4 
Cross-Section 3 2.0 2.3 1.5 1.6 
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F2_TERRAINS

FIGURE 2 - SOUTH POND STRATIGRAPHY
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FIGURE 3 - SOUTH POND STABILITY
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FIGURE 4 - SOUTH POND STABILITY

SECTIONS (2 OF 2)
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F5_BOREHOLES

LEGEND:

FIGURE 5 - BOREHOLE NOTES FOR SOUTH

POND STRATIGRAPHY

CONTOUR INTERVAL = 5 FT
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Supplement E-2.1 

Midnite Mine Central Drainage Drill Logs Used for 
South Pond Slope Stability Analyses 
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Figure 1 
Well Completion Diagram PBC-01 
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MIDNITE MINE REMEDIAL DESIGN 

SOUTH POND GLOBAL STABILITY ANALYSIS 


SUPPLEMENT TO POST-EARTHQUAKE CONDITION 

ANALYSES 


Revisioning 
Rev. Date Description By Checked Reviewed 

A April 19, 2013 Initial Review J.B. Varnier T. Kelley T. Kelley 

B 

C 

D 

Location and Format 

Electronic copies of these calculations are located in the project files system at: 

\\usftc2s01\Projects\Newmont\Midnite Mine_2011\6.0 Studies & Reports\6.2 Technical\Remedial Action Cover 
Design\Global Stability\ 

The following calculations were generated using the following software:   

Microsoft Excel 

Geo-Slope International, Ltd., 2012 (Slope/W) 

AutoCAD Civil3D 2011 (Autodesk, 2010) 
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Objective 

This calculation brief summarizes the results of supplemental stability analyses for the proposed South Pond at 
the Midnite Mine (Site) near Wellpinit, WA.  During the March 2013 technical meeting held in Spokane, WA the 
U.S. Environmental Protection Agency (EPA) and CH2M Hill (the EPA’s technical consultant for the project) 
provided verbal comments on the South Pond stability analyses that were included as Appendix E (Attachment 3) 
of the 30% Basis of Design Report (30% BODR)(MWH, 2012b).  The analyses presented in this calculation brief 
are intended to supplement the slope stability analyses presented 30% BODR in order to address those 
comments. 

Background 

The proposed South Pond will be a synthetically-lined water management pond constructed during remedial 
action (RA) construction at the Site and will provide temporary storage for mine-impacted water during the RA. 
The pond will be constructed by excavating into waste rock in the South Waste Rock Pile (SWRP) and no 
additional fill will be placed in the South Pond area as part of the construction.  The South Pond will be removed 
prior to completion of the RA.  The proposed location for this pond is on top of the SWRP as depicted in Figure 1. 
The South Pond will be designed to meet stability performance standards listed in the CD as well as in 
substantive compliance with Washington State Department of Ecology (WSDE) Dam Safety Program criteria. 
These WSDE criteria will be applied to a synthetically-lined storage pond, with intermittent operation. 

Stability analyses for the South Pond were presented in the 30% BODR.  In addition to evaluating stability under 
static and pseudostatic earthquake loadings, these analyses also included an evaluation of the potential for 
liquefaction or seismic softening of foundation materials underlying the SWRP (as Attachment 2 of Appendix E) 
during earthquake events.  The evaluation of the potential for liquefaction/seismic softening in the 30% BODR 
was based upon previous drilling, sampling, and laboratory testing in SWRP and toe area as well as Cone 
Penetration testing(CPT) along the toe of the SWRP.  The evaluation in the 30% BODR found that much of the 
foundation area of the SWRP is underlain by either a very thin (or non-existent) layer of unsaturated colluvium 
over residual soil that is the product of in-place weathering of bedrock and would not be susceptible to significant 
strength loss during seismic shaking.  However portions of the SWRP are underlain by alluvial channels 
containing thicker layers of alluvial soils that may be susceptible to strength loss during seismic shaking.  The 
location of these alluvial channels are shown on Figure 2. 

The evaluation of liquefaction/seismic softening potential performed for the 30% BODR found that CPT-based 
soil behavior index (Ic) parameters calculated from generalized empirical correlations indicated the alluvial 
materials consisted predominantly of sands and silty sands, which are prone to liquefaction during large 
earthquakes.  However side-by-side comparison of CPT soundings with boreholes and laboratory testing at two 
of the CPT locations indicated that although CPT-based Ic results indicated sands and silty sands, the actual 
samples retrieved from the boreholes consisted predominantly of clays and sandy clays.  Further evaluation 
indicated that, based upon the plasticity and moisture content of sampled materials, ten samples classified as 
being “not susceptible”, and two samples classified as “moderately susceptible” to liquefaction.  No samples 
tested were classified as being “susceptible” to liquefaction.  Thus, during the analyses for the 30% BODR the 
alluvial materials were evaluated assuming they behaved as clay materials which could be subject to cyclical 
softening and reduced strengths, as opposed to behaving as a sand material, which could experience true 
liquefaction and an almost complete strength loss, during seismic events. 

Verbal comments from EPA based upon their initial review of the BODR expressed some concern over the 
potential that liquefaction-susceptible materials (materials that exhibit sand behavior) could exist within the 
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alluvium in the SWRP foundation.  EPA suggested that a drilling and sampling program with a more continuous 
sampling interval could be used to evaluate this potential.  Alternately, it was suggested that stability analyses be 
performed assuming sand behavior in order to evaluate the potential effects of liquefaction on the South Pond if 
potentially liquefiable materials do exist within the SWRP foundation.  The supplemental stability analyses 
presented in this calculation brief were performed to specifically evaluate the potential effects of liquefaction in 
alluvial SWRP soils on South Pond stability. 

Methodology & Assumptions 

Methodology and assumptions used to estimate subsurface stratigraphy and groundwater levels were discussed 
in 30% BODR and have not changed.  Two sections were selected for the 30% BODR analyses to represent the 
most critical conditions for the slope stability analysis (depicted in Figures 1 through 3).  Of the two sections, the 
waste rock in Cross-section 1 is almost continuously underlain by alluvium and was selected for reevaluation of 
post-earthquake conditions assuming sand-like behavior.  Cross-section 2 is less critical under post-earthquake 
conditions due to the minor amounts of saturated alluvium that could be susceptible to liquefaction at this section 
location.  As a result, Cross-section 2 was not reevaluated under post-earthquake conditions. 

As discussed in the 30% BODR, four CPT soundings were performed along the toe of the SWRP at locations 
shown on Figure 1, and alluvium was encountered at two of the four locations.  Liquefaction triggering analyses 
were performed for the CPT soundings at the two locations where alluvium was encountered during CPT 
soundings, and the potential for liquefaction was identified at only one of these locations (CPT-12-03).  The 
results of the liquefaction triggering analyses at CPT-12-03 were conservatively used to represent post- seismic 
conditions of all alluvium during subsequent slope stability analyses.  The triggering analyses assumed that all 
alluvium contained 20 percent fines and would exhibit sand-like behavior during seismic shaking. The results of 
the seismic triggering analyses for varying thickness of overlying waste rock are shown on Figures 4 through 8. 
The results indicated that although significant thicknesses (greater than 1 foot thick) of potentially liquefiable 
material (indicated by a factor of safety against liquefaction less than one) were encountered under free field-
conditions (i.e. no overlying waste rock).  The thickness of liquefiable layers becomes insignificant once 10 feet of 
waste rock overlies the alluvial layer and no liquefiable layers were seen at waste rock burial depths greater than 
30 feet. Thus, for the purposes of the updated stability analyses, it was assumed that liquefaction would occur in 
alluvium that was covered by less than 15 feet of waste rock, and would not liquefy in areas of greater amounts of 
waste rock cover. 

Slope stability analyses were performed using the Slope/W (GeoSlope, 2012) two-dimensional, limit-equilibrium 
slope stability analysis software.  The use of two-dimensional slope stability analyses are considered to be very 
conservative in this particular application as they do not account for the limited width of weaker alluvium/colluvium 
in the waste rock foundation, and the reinforcing effects of the adjacent stronger materials. 

Material Properties 

The stability sections were developed using the three primary material types: mine waste, colluvium, and bedrock. 
The material properties for each material are discussed below and summarized in Table 1. 

Mine Waste 
The density and effective strength parameters of the mine waste used in the analyses have not changed from the 
analyses in the 30% BODR.  These parameters were based on subsurface information provided in the 
Geotechnical Investigations for Midnite Mine RI/FS Technical Memorandum (URS, 2001) and material parameters 
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used for stability analyses presented in the Midnite Mine Geotechnical Investigations and Existing Waste Rock 
Piles and Open Pit Highwalls Stability Evaluations Technical Memorandum (URS, 2002).  Effective strength 
parameters were used to represent the waste rock strengths due to the relatively coarse, free-draining nature of 
the mine waste. 

Alluvium/Colluvium 
The alluvium/colluvium is transported soil containing varying amounts of clay, silt, and sand.  The density of the 
alluvium/colluvium has not changed from the 30% BODR.  The density was calculated from the measured in-place 
dry density and the natural water content for a sample representative of the colluvium in the Central Drainage, 
sample CD-B4 at 6 to 7.5 feet, presented in the Storage Ponds Investigation Report (MWH, 2012a). 

Under post-earthquake conditions, the alluvium/colluvium was modeled in these supplemental stability analyses 
assuming (1) clay behavior (the case analyzed in the 30% BODR analyses), (2) sand behavior and (3) a 
conservative combination of sand-clay behavior.  The three behaviors used in these supplemental stability 
analyses are described in the following subsections. 

1 - Clay Behavior 
The analyses of post-earthquake stability assuming clay behavior was made as part of the stability analyses 
presented on the 30% BODR. For the clay behavior analysis under post-earthquake conditions, the 
alluvium/colluvium shear strength was modeled assuming the residual shear strength parameters described in 
Attachment 2 to Appendix E of the 30% BODR.  The residual shear strengths were calculated from two CPT 
soundings (CD-12-02A and CD-12-03) for five overburden stress levels: free field, 30’ waste rock fill, 65’ waste 
rock fill, 120’ waste rock will and for the pond area.  The residual shear strength values used in the analysis are an 
average of the shear strength estimated from the two CPT tests for the five cases.  The free field case indicates 
that no overburden pressure is applied to the colluvium.  The 30’, 60’ and 120’ waste rock fill cases indicate that 
the 30’, 60’ and 120’ of waste rock fill is located above the colluvium.  The pond case indicates that the colluvium 
is located below the south pond.  The numerical model was discretized based on these five cases (e.g., the 30’ 
field dam was assigned when between 15’ and 47.5’ of waste rock is located above the colluvium). 

2 - Sand Behavior 
In the supplemental sand behavior stability analysis under post-earthquake conditions, the colluvium was 
assumed to liquefy when less than 15’ of the waste rock fill overlies the alluvium/colluvium.  The liquefied residual 
strength used in the analyses was based upon the average liquefied strength in the liquefiable zones under free-
field stress conditions, as calculated from CPT sounding results at CPT-12-03.  The strength of the un-liquefied 
alluvium/colluvium assumed a Mohr-Coulomb (internal friction angle only) failure envelop when more than 15’ of 
rock fill exists above the colluvium.  The angle of internal friction used to represent the un-liquefied colluvium (28 
degrees) was selected as a conservative representation of internal friction angle calculated from CPT sounding 
results at CPT-12-03 (ranging from 30 to 44 degrees with an average of 34.4 degrees) to accounts for potential 
cyclic softening of un-liquefied alluvial/colluvial materials.  It should be noted that the assumption of sand behavior 
results in lower post-earthquake strengths in areas of low stress (i.e. free field areas with less than 15 feet of 
overlying waste rock), and results higher post-earthquake shear strengths in more highly confined areas with more 
15 feet of overlying waste rock relatively to the clay behavior case. 

3 – Sand-Clay Behavior 
The sand-slay behavior analysis under post-earthquake conditions is a hybrid model that assumes sand behavior 
(i.e. liquefied residual strengths) when less than 15’ of the waste rock fill is located above the alluvium/colluvium 
and clay behavior (i.e. residual clay strengths) when more than 15 feet of waste rock overlies the 
alluvium/colluvium.  This assumed behavior is assumed to be very conservative, but could be representative of a 
condition where interbedded sand and clay layers exist, and parallel the underlying weathered bedrock contact, 
thus allowing slippage along the weakest parallel layers within the alluvium/colluvium at varying overburden stress 
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Bedrock 
The bedrock was modeled as an impenetrable surface where the slip surfaces being analyzed were not allowed to 
cut into this stronger material.  Instead, slip surfaces were truncated at the bedrock contact and assumed to slide 
within the overlying a weaker alluvium/colluvium. 

Table 1. Material Properties Used in Stability Analysis under Post-Earthquake Conditions 

Material Type 
Total 

 Density 
(pcf) 

Effective 
Friction Angle, 

’ 
(deg) 

Effective 
Cohesion, c’ 

(psf) 

Undrained shear 
strength ratio, 

su/σv' 

Mine Waste 135 38.0 0 -
-

Colluvium, Clay behavior 
 122 - -

1.55 (Free Field) 
0.42 (30’ Dam Fill) 
 
0.34 (65’ Dam Fill)  

0.31 (120’ Dam Fill) 
 0.35 (Pond) 

Colluvium, Sand behavior 122 

-
28 (Unliquefied 

 areas containing 
more than 15 feet of 

water rock fill) 

-
0

0.08 (Free Field – 0 to 
15 feet of overlying 

waste rock fill)  
-

Colluvium, Sand-Clay behavior 
 122 - -

0.08 (Free Field) 
0.42 (30’ Dam Fill) 
 
0.34 (65’ Dam Fill)  

0.31 (120’ Dam Fill) 
 0.35 (Pond) 

Bedrock Impenetrable -
-

 

 

 

 
 

 

 

 
  

 

Results 

The factors of safety against slope stability failure calculated in this analysis are summarized in Table 2 and 
shown on Figures 9 to 14. 

Table 2. Factors of Safety for Global Stability under Post-Earthquake Conditions 
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Colluvium Behaviour 
 Factor of Safety

 Truncated Circular Wedge 

Clay Behavior 1.2 1.2 

Sand Behavior 1.3 1.6 

Sand-Clay Behavior 1.1 1.1 
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Conclusions 

As discussed in the 30% BODR, a minimum required factor of safety of 1.0 is being used as the slope stability 
design criterion for post-earthquake conditions.  The minimum calculated factors of safety for all three assumed 
post-earthquake conditions, shown on Figures 9 through 14 and summarized in Table 2, indicate that this 
criterion is met for all three assumed post-earthquake behavior conditions.  The results indicate that, even for the 
conservative conditions assumed in these analyses, that the South Pond will remain stable under reduced-
strength, post-earthquake conditions for the design earthquake. 

The assumption of sand behavior in the alluvium/colluvium layer resulted in the highest minimum calculated 
factors of safety of the three cases analyzed.  This is due to liquefaction potential occurring only in the toe area 
where less than 15-feet of waste rock fill overlies this layer.  In their unliquefied state, sand-like alluvial/colluvial 
materials will exhibit post-earthquake strengths exceeding those of clay-like materials.  The conservative 
assumption of hybrid sand-clay behavior, where fully-liquefied strengths were assumed for alluvium/colluvium 
located in the toe area (areas with less than 15 feet of waste rock cover), and cyclically softened clay-like 
strengths were assumed in other higher-stress areas, resulted in the lowest factors of safety.  This hybrid sand-
clay behavior assumption is considered conservative in that assigns the weakest potential material-behavior-type 
to the entire extent (depth-wise and horizontal extent) of the alluvium/colluvium layer at each level of overburden 
stress.  Even under the conservative assumption of hybrid sand-clay behavior, the minimum calculated factors of 
safety (1.1) exceeded the post-earthquake design criterion of 1.0. 

The analyses presented in this calculation brief are based upon two-dimensional, limit-equilibrium analyses, 
where the weak alluvium/colluvium is assumed to be infinitely wide in the cross-slope direction.  The assumption 
of two-dimensional conditions in these slope stability analyses are considered to be very conservative for the 
subsurface geometry at the South Pond it does not account for the limited width of weaker alluvium/colluvium in 
the waste rock foundation, and the reinforcing effects of the adjacent stronger materials. 

O:\Newmont\Midnite Mine_2011\6.0 Studies & Reports\6.1 Reports\MWH Reports\South Dump Storage Pond Geotech 
Investigation\Stability Update - April 2013\South Pond Supplemental Stabilty Calc Brief (tek4-23-2013).docx 



 

  
  

 
  

  

 

 

CALCULATIONS 


Client: Newmont USA Ltd Sheet: 7 of 10 
Project: Midnite Mine 

Description: 
Supplemental Slope Stability Analysis for South Pond 

 By:

Date: 
Job No: 

J.B. Varnier 

April 16, 2013 
1011322

Chkd By: T. Kelley 

 
 

 

 

 
  

 
 

  
 

 

 

 
 

 
 
 

 

 

References 

Autodesk, 2010.  AutoCAD Civil3D 2011.  Version: E.208.N.0, Version 3. 

GEO-SLOPE International, Ltd., 2012.  SLOPE/W Software Package, Version 8.0.7.6129. Calgary, Alberta, 
Canada.  

MWH, Americas, Inc. (MWH), 2012a.  Midnite Mine Superfund Site – Storage Ponds Investigation Report. 
Revision 0.  March 2012. 

MWH, Americas, Inc. (MWH), 2012b.  Midnite Mine Superfund Site Preliminary (30 Percent) Design. December 
19, 2012. 

URS, 2001.  Geotechnical Investigations for Midnite Mine RI/FS, Technical Memorandum prepared for U.S. 
Environmental Protection Agency, Region 10, Seattle, Washington. 

URS, 2002.  Midnite Mine Geotechnical Investigations and Existing Waste Rock Piles and Open Pit Highwalls 
Stability Evaluations, Technical Memorandum prepared for U.S. Environmental Protection Agency, Region 10, 
Seattle, Washington. May 2002. 

O:\Newmont\Midnite Mine_2011\6.0 Studies & Reports\6.1 Reports\MWH Reports\South Dump Storage Pond Geotech 
Investigation\Stability Update - April 2013\South Pond Supplemental Stabilty Calc Brief (tek4-23-2013).docx 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
FIGURES 


O:\Newmont\Midnite Mine_2011\6.0 Studies & Reports\6.1 Reports\MWH Reports\South Dump Storage Pond Geotech 
Investigation\Stability Update - April 2013\South Pond Supplemental Stabilty Calc Brief (tek4-23-2013).docx 









 

 

 

      
  

     

 

  

  

  

    

CPT 12-03 Free-field
�
D

e
p

th
 (

fe
e

t)

�

0 

5 

10 

15 

20 

25 

30 

C

Factor of Safety = 1.0 

PT 12-03 Free-Field 

0.60 0.80 1.00 1.20 1.40 1.60 1.80 

FOS Against Liquefaction 

PROJECT 

TITLE 

DATE 

FILENAME 

FIGURE 4 

MIDNITE MINE 

April 2013 

Factor of Safety Against Liquefaction vs. 
Depth – Free Field 

South Pond Slope Stabilty Clac Brief – April 2013.pptx 



 

 

 

      
   

     

 

  

  

     

    

CPT 12-03 10-foot-fill
�
D

e
p

th
 (

fe
e

t)

�

0 

5 

10 

15 

20 

25 

30 

CPT 12-03, 10-foot Waste Rock Fill 

Factor of Safety = 1.0 

0.80 1.00 1.20 1.40 1.60 1.80 2.00 

FOS Against Liquefaction 

PROJECT 

TITLE 

DATE 

FILENAME 

FIGURE 5 

MIDNITE MINE 

April 2013 

Factor of Safety Against Liquefaction vs. 
Depth – 10-ft Waste Rock 

South Pond Slope Stabilty Clac Brief – April 2013.pptx 



 

 

 

      
   

     

 

  

  

     

    

CPT 12-03 30-foot-fill
�
D

e
p

th
 (

fe
e

t)

�

0 

5 

10 

15 

20 

25 

30 

CPT 12-03, 30-foot Waste Rock Fill 

Factor of Safety = 1.0 

0.80 1.00 1.20 1.40 1.60 1.80 2.00 

FOS Against Liquefaction 

PR

TIT

OJECT 

LE 

DATE 

FILENAME 

FIGURE 6 

MIDNITE MINE 

April 2013 

Factor of Safety Against Liquefaction vs. 
Depth – 30-ft Waste Rock 

South Pond Slope Stabilty Clac Brief – April 2013.pptx 



 

 

 

      
   

     

 

  

  

     

    

CPT 12-03 120-foot-fill
�
D

e
p

th
 (

fe
e

t)

�

0 

5 

10 

15 

20 

25 

30 

CPT 12-03, 120-foot Waste Rock Fill 

Factor of Safety = 1.0 

1 1.5 2 2.5 3 3.5 4 4.5 5 

FOS Against Liquefaction 

PROJECT 

TITLE 

DATE 

FILENAME 

FIGURE 7 

MIDNITE MINE 

April 2013 

Factor of Safety Against Liquefaction vs. 
Depth – 120-ft Waste Rock 

South Pond Slope Stabilty Clac Brief – April 2013.pptx 



  

     

DATE 

FILENAME 

FIGURE 8 April 2013 
 

South Pond Slope Stabilty Clac Brief – April 2013.pptx 

 

    

   

 Waste Rock 

Bedrock 

Colluvium 

  

   

Midnite Mine 

Slope Stability Analysis 

South Pond - Cross-Section 1 

Geometry 

PROJECT 

TITLE 

MIDNITE MINE 

Slope Stability Analysis - Post-Earthquake Conditions

South Pond - Cross-Section 1 



 

     

 
DATE 

FILENAME 

FIGURE 9 

South Pond Slope Stabilty Clac Brief – April 2013.pptx 

April 2013 

 

    

 

      

  

   

 

 

 

     

 
     

 

  

   

   

   

 

Midnite Mine 

Slope Stability Analysis 

South Pond - Cross-Section 1 

Post-Earthquake Conditions 

Circular Failure Surface 

Waste Rock 

Bedrock 

Colluvium 

Material Parameters Used in Stability Analyses 

Material Type 
Total Unit Weight 

(pcf) 

Friction Angle, φ’ 

(deg) 

Cohesion, c’ 

(psf) 
su/σv ' 

Waste Rock 135 38.0 0 -

Colluvium 122 - -

1.55 (Free Field) 

0.42 (30’ Dam Fill) 

0.34 (65’ Dam Fill) 

0.31 (120’ Dam Fill) 

0.35 (Pond) 

Bedrock Impenetrable -

PROJECT 

TITLE 

MIDNITE MINE 

Slope Stability Analysis - Post-Earthquake Conditions 

Clay Behavior 

South Pond - Cross-Section 1 - Circular Failure Surface 



 
 

     

 
DATE 

FILENAME 

FIGURE 10 
 

 South Pond Slope Stabilty Clac Brief – April 2013.pptx 

April 2013 

 

    

 

      

  

   

 

   

 

     

 
     

 

  

   

   

   

 

Midnite Mine 

Slope Stability Analysis 

South Pond - Cross-Section 1 

Post-Earthquake Conditions 

Block Specified Wedge Failure Surface 

Waste Rock 

Bedrock 

Colluvium 

Material Parameters Used in Stability Analyses 

Material Type 
Total Unit Weight 

(pcf) 

Friction Angle, φ’ 

(deg) 

Cohesion, c’ 

(psf) 
su/σv ' 

Waste Rock 135 38.0 0 -

Colluvium 122 - -

1.55 (Free Field) 

0.42 (30’ Dam Fill) 

0.34 (65’ Dam Fill) 

0.31 (120’ Dam Fill) 

0.35 (Pond) 

Bedrock Impenetrable -

PROJECT 

TITLE 

MIDNITE MINE 

Slope Stability Analysis - Post-Earthquake Conditions

Cay Behavior 

South Pond - Cross-Section 1 - Wedge Failure Surface



 

     

 
DATE 

FILENAME 

FIGURE 11 
 

 South Pond Slope Stabilty Clac Brief – April 2013.pptx 

April 2013 

 

    

 

      

  

   

 

 

 

     

 
     

 

  

Midnite Mine 

Slope Stability Analysis 

South Pond - Cross-Section 1 

Post-Earthquake Conditions 

Circular Failure Surface 

Waste Rock 

Bedrock 

Colluvium 

Material Parameters Used in Stability Analyses 

Material Type 
Total Unit Weight 

(pcf) 

Friction Angle, φ’ 

(deg) 

Cohesion, c’ 

(psf) 
su/σv ' 

Waste Rock 135 38.0 0 -

Colluvium 122 
-

28 

-

0 

0.08 (Free Field) 

-

Bedrock Impenetrable -

PROJECT 

TITLE 

MIDNITE MINE 

Slope Stability Analysis - Post-Earthquake Conditions

Sand Behavior 

South Pond - Cross-Section 1 - Circular Failure Surface



 

     

 
DATE 

FILENAME 

FIGURE 12 

South Pond Slope Stabilty Clac Brief – April 2013.pptx 

April 2013 

 

     

 

      

  

   

 

   

 

     

 
     

 

  

Midnite Mine 

Slope Stability Analysis 

South Pond - Cross-Section 1 

Post-Earthquake Conditions 

Block Specified Wedge Failure Surface 

Waste Rock 

Bedrock 

Colluvium 

Material Parameters Used in Stability Analyses 

Material Type 
Total Unit Weight 

(pcf) 

Friction Angle, φ’ 

(deg) 

Cohesion, c’ 

(psf) 
su/σv ' 

Waste Rock 135 38.0 0 -

Colluvium 122 
-

28 

-

0 

0.08 (Free Field) 

-

Bedrock Impenetrable -

PROJECT 

TITLE 

MIDNITE MINE 

Slope Stability Analysis - Post-Earthquake Conditions 

Sand Behavior 

South Pond - Cross-Section 1 - Wedge Failure Surface 



 

     

 
ATE 

ILENAME 

FIGURE 13 

South Pond Slope Stabilty Clac Brief – April 2013.pptx 

April 2013 

 

    

 

      

  

   

 

 

 

     

 
     

 

  

   

   

   

 

Midnite Mine 

Slope Stability Analysis 

South Pond - Cross-Section 1 

Post-Earthquake Conditions 

Circular Failure Surface 

Waste Rock 

Bedrock 

Colluvium 

Material Parameters Used in Stability Analyses 

Material Type 
Total Unit Weight 

(pcf) 

Friction Angle, φ’ 

(deg) 

Cohesion, c’ 

(psf) 
su/σv ' 

Waste Rock 135 38.0 0 -

Colluvium 122 - -

0.08 (Free Field) 

0.42 (30’ Dam Fill) 

0.34 (65’ Dam Fill) 

0.31 (120’ Dam Fill) 

0.35 (Pond) 

Bedrock Impenetrable -

PROJECT 

TITLE 

D

F

MIDNITE MINE 

Slope Stability Analysis - Post-Earthquake Conditions 

Sand-Clay Behavior 

South Pond - Cross-Section 1 - Circular Failure Surface 



 

     

 
DATE 

FILENAME 

FIGURE 14 

South Pond Slope Stabilty Clac Brief – April 2013.pptx 

April 2013 

 

     

 

      

  

   

 

   

 

     

 
     

 

  

   

   

   

 

Midnite Mine 

Slope Stability Analysis 

South Pond - Cross-Section 1 

Post-Earthquake Conditions 

Block Specified Wedge Failure Surface 

Waste Rock 

Bedrock 

Colluvium 

Material Parameters Used in Stability Analyses 

Material Type 
Total Unit Weight 

(pcf) 

Friction Angle, φ’ 

(deg) 

Cohesion, c’ 

(psf) 
su/σv ' 

Waste Rock 135 38.0 0 -

Colluvium 122 - -

0.08 (Free Field) 

0.42 (30’ Dam Fill) 

0.34 (65’ Dam Fill) 

0.31 (120’ Dam Fill) 

0.35 (Pond) 

Bedrock Impenetrable -

PROJECT 

TITLE 

MIDNITE MINE 

Slope Stability Analysis - Post-Earthquake Conditions 

Sand-Clay Behavior 

South Pond - Cross-Section 1 - Wedge Failure Surface 



 
 
 

 

Attachment E-3 

South Storage Pond Liquefaction/Cyclic 
Softening Analysis 
  



ATTACHMENT E-3 
 
 

MIDNIGHT MINE 
SOUTH STORAGE POND  

LIQUEFACTION/CYCLIC SOFTENING ANALYSIS 
 
 

Revisioning 
Rev. Date Description By Checked Reviewed

0 12/03/2012 First Issue Wonnie Kim John Worthen 
Tom 

Kelley 

0 5/14/2015 
No changes – 60%, 90% or 
100% Design stages 

   

      

      
 

Location and Format 
 
Electronic copies of these calculations are located in the project files system at: 
 
\\USFTC2S01\Projects\Newmont\Midnite Mine_2011\6.0 Studies & Reports\6.2 Technical\South Dump 
Pond\Liquefaction  
The following calculations were generated using the following software:   
 
 Excel 
 
 

 
Supplements 

 
Supplement E3.1 – CPTu Results 
 
Supplement E3.2 – Liquefaction & Cyclic Softening Evaluation Calculations 
 
 

 
  



Page 2 

1.0 OBJECTIVE 

The potential for liquefaction and cyclic softening in the saturated foundation layers for the 
South Storage Pond (South Pond) was evaluated based upon previous investigations 
performed as part of the Storage Ponds Investigation Report (MWH, 2012) and recent 

piezocone (CPTu) soundings along the toe of the South Waste Rock Pile (SWRP).  The 
proposed South pond will be excavated in the top surface of the SWRP at a setback distance of 
approximately 100 feet from the crest.  The purpose of this analysis was to evaluate whether 
liquefaction or cyclic softening within the foundation soils may occur due to the design seismic 
event, and what impacts this might have on the undrained strengths of the foundation soils, and 
ultimately to the pond stability after the seismic event.   
 
The foundation soils were screened for liquefaction susceptibility based on laboratory and field 
data obtained during the previous Storage Pond Investigation downstream of the current toe of 
the SWRP (MWW, 2012), and is summarized in this calculation.  Both liquefaction triggering 
and cyclic softening evaluations were performed on the soils that were identified to be 
susceptible to liquefaction.  Two simplified liquefaction triggering methods (Idriss and 
Boulanger, 2008; Youd et al., 2001) were used to evaluate low-plasticity soils and one simplified 
cyclic softening method (Idriss and Boulanger, 2008) was used to evaluate higher-plasticity fine-
grained soils.  Lastly, the post-earthquake strengths were estimated for zones that could be 
susceptible to liquefaction or cyclical softening during the design seismic event.  

2.0 BACKGROUND 

The proposed South Storage Pond will be constructed within the existing waste rock pile as 
shown on Figure 1.  During investigations for the Storage Ponds Design Investigation Report 

(MWH 2012), drilling, SPT testing, sampling and laboratory testing was performed below the toe 
of the SWRP.  The original proposed storage pond locations being considered during that 
investigation were located downstream of the toe of the SWRP, and the test hole locations were 
located approximately 300 feet downstream from the SWRP toe.  Soft, fine-grained alluvial 
sediments were encountered in some borings located along the valley bottoms in the Central 
and Western Drainages during that investigation.  Although very low SPT blow counts were 
obtained in some of these materials, there was concern that the drilling method (i.e. Hollow-
stem auger drilling below the water table) may have resulted in borehole heave and influenced 
these initial geotechnical results. 
 
The stratigraphy at the site generally consists of colluvium and/or alluvium over extremely 
weathered quartz-monzonite bedrock, which gradually transitions to less weathered bedrock.  
The extremely weathered bedrock typically has a soil-like texture (residuum), and would 
typically classify as a clayey sand to silty sand and gravel.  Although it typically has a soil-like 
texture, the residuum is typically very dense to extremely dense with high SPT blow counts 
being measured.  Above the valley floor, the thickness of colluvium has a typical thickness of 
three to five feet.  In the valley bottoms, saturated alluvium, typically consisting of medium 
plasticity sandy clays and clayey sands are encountered, with occasional lower plasticity layers.  
A preliminary evaluation of results presented in the Storage Ponds Design Investigation Report 
from the four borings where soft alluvial sediments were encountered indicate the presence of a 
low-strength, low-plasticity clay that had moderate liquefaction potential.  The potential for 
liquefaction for these clays was evaluated using criteria from Bray and Sancio, 2006, which is 
shown in Figure 3.  The laboratory test results indicate that the majority of the samples were not 
susceptible to liquefaction, but two samples were moderately susceptible to liquefaction.  The 
majority of the alluvial material is anticipated to be susceptible to cyclic softening (partial 
strength loss during seismic shaking), which is typical for materials with fines contents higher 
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than 50 percent and PI greater than 10-20 rather than liquefaction (where almost all strength 
may be lost due to shaking).  However it is possible that some of the lower plasticity and lower 
fine content layers within the alluvium may be liquefiable.  Thus, as a conservative approach, 
the liquefaction triggering evaluation was performed on the clay layer within the foundation.  
This evaluation resulted in factors of safety less than 1 in one boring (CD-B2).   
 
Due to the distance of the previous data from the toe of the SWRP, and the concern over the 
potential effect of drilling methods on previous  test results, CPTu soundings were proposed 
along the toe of the SWRP to measure the extent and in-situ undrained strength properties of 
the soft alluvial sediments in the valley bottom.  Figure 1 shows the project area, boring 
locations, and CPTu sounding locations. , A typical section is included as Figure 2.   
The additional CPTs were performed closer to the waste rock embankment to evaluate this clay 
layer.  Two CPTs boring (i.e., CD-12-04 and CD-12-05)  were pushed near previous borings 
from earlier investigations.   CPT CD-12-04 was located next to borehole CD-B2, which was 
drilled as part of the previous storage pond investigation and where SPT results indicated 
factors of safety against liquefaction of less than one.  These CPTu soundings were performed 
to evaluate and correlate the CPT results with the existing borehole data.  Four CPTs were 
performed in the Central Drainage valley bottom along the toe of the SWRP at locations where 
soft alluvial sediments might be encountered: CD-12-01, CD-12-02A, CD-12-03, and CD-12-06.  
All CPTu sounding along the toe of the SWRP were predrilled through waste rock fill that had 
been placed to create a road between the toe of the SWRP and the Pollution Control Pond 
(PCP).  Two of these CPTu sounding hit refusal in very dense clayey sand (extremely 
weathered bedrock) and could not be advanced into the foundation (CD-12-01, CD-12-06). 
These soundings indicated that low-strength, low-plasticity alluvial clays do not exist in the soils 
underlying these locations.  These CPTu soundings were used to update the initial SPT-based 
evaluations of liquefaction potential, evaluate the potential for cyclical softening, and estimate 
the undrained strengths of the foundations in areas where soft, alluvial soil occur. For these 
more recent CPTu-based analyses, groundwater was generally assumed to be near contact of 
the waste rock roadway fill with the foundation soils.   

3.0 ASSUMPTIONS AND LIMITATIONS 

Site-specific correlations to provide estimates of soil classification using CPTu data are often 
used to provide rough interpretations of soil types although they are often unreliable and require 
correlation with site-specific borehole and laboratory test data in critical applications.  In the 
case of the Midnite Mine alluvial soils the generalized correlations for CPT material type 
appeared to be highly inaccurate.  As a result estimates of material type used in subsequent 
analyses were based upon a conservative interpretation borehole and laboratory testing data  
from previous investigations.   

4.0 SEISMIC DESIGN CRITERIA 

The design PGA was 0.131 g and the design magnitude was M6.5.   The design criteria for 
liquefaction evaluation provided in the Technical Memorandum “Midnite Mine – Site Seismicity 
Analysis” (MGC, 2010) was used.  The design PGA was the 10 percent exceedance in 250 

years from the USGS hazard maps.  Site specific seismicity analyses yielded lower PGAs, 
however, the site seismicity analysis report recommended to use the USGS values for random 
earthquakes.  The magnitude used for analysis was a M6.5, which was the largest random 
earthquake considered in site seismicity analysis.   
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5.0 LIQUEFACTION AND CYCLIC SOFTENING ANALYSIS 
METHODOLOGY 

5.1 GENERAL METHODOLOGY 

The foundation low-strength, low-plasticity clays are anticipated to be susceptible to cyclic 
softening rather than be susceptible to the mechanisms of liquefaction; however, the potential 
that portions of the layer may be liquefiable cannot be eliminated.  Thus, both liquefaction and 
cyclic softening potential and effects were evaluated.  A four part evaluation was performed to 
evaluate the liquefaction and cyclic softening potential.   
 

 Step 1: Validate/correlate the CPTs with the existing boring data.  The CPTs CD-12-04 

and CD-12-05 were performed in the area of the previous borings (CD-B1 through CD-
B4) and were compared, with an emphasis on CD-12-04 which was located next to CD-
B2 which was the boring which showed factors of safety against liquefaction of less than 
1.   

 Step 2: Evaluate liquefaction potential using two liquefaction triggering evaluations 

(Idriss and Boulanger, 2008; Youd et al, 2001) using the CPT data.   

 Step 3: Evaluate cyclic softening potential using Idriss and Boulanger, 2008.   

 Step 4: Estimate post-earthquake strengths based on the effects of these two 

mechanisms: liquefaction and cyclic softening.     
 
Multiple points beneath the waste rock pile were evaluated, which are described below and 
illustrated on Figure 2. 
 

 Free Field: The free field condition represents the conditions at the time the CPT was 

performed.  The effect of the waste rock on the foundation soil through which the CPT 
was advanced through were ignored.   

 30’ of Fill: The point at which the waste rock fill is 30’ thick above the low-strength, low 

plasticity clay.   

 65’ of Fill: The point at which the waste rock fill is 65’ thick above the low-strength, low 

plasticity clay.   

 Pond with 40’ of Fill, 80’ Removed: A point at the South Storage Pond in which the 

waste rock fill is 40’ high above the low-strength, low plasticity clay and 80’ of the waste 
rock pile has been removed to construct the pond.  It was assumed that there is 30’ of 
water above the bottom of the pond in this column.  This was assumed to be a typical 
high water level for the pond.   

 

5.2 LIQUEFACTION TRIGGERING EVALUATION – IDRISS AND BOULANGER 
(2008) 

The Idriss and Boulanger (2008) liquefaction triggering method estimates the cyclic stress ratio 
(CSR) based on the seismic design criteria and estimates the cyclic resistance ratio (CRR) 
based on the CPT readings and site conditions.  CSR is calculated using a simplified procedure 
to estimate earthquake induced stresses, calculated using the following relationship: 
 

                    
    

 

   

    

 

   

 

  

 

  
 

Where: 
Amax: maximum horizontal ground surface acceleration 
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σvc’: effective vertical confining stress 
σvc: total vertical confining stress 
rd: shear stress reduction coefficient 
MSF: earthquake magnitude scaling factor 
Kσ: overburden correction factor 
Kα: static shear stress correction factor 

 
The equations for the correction factors applied to the CSR for this evaluation are the following: 
 

 

 

 

 
 
Where: 

qc1N: tip resistance normalized to atmospheric pressure and overburden pressure 
 
The foundation has a slope of approximately 5H:1V; however, since the waste rock pile confines 
the foundation soils further, the effects of the sloping surface were ignored.  A static shear 
stress correction factor of Kα=1 was used for all calculations.   

 
The relationship for CRR is based on liquefaction case histories and is expressed as: 
 

 
Where: 
 

qc1Ncs: equivalent clean-sand corrected normalized tip resistance  
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FC = Fines Content in % 
 

The factor of safety against liquefaction was computed as:  
 

 
 
The correlation between CSR, CRR, and qc1N is shown in Figure 4.   

 

5.3 LIQUEFACTION TRIGGERING EVALUATION – YOUD ET AL. (2001) 

The Youd et al. (2001) liquefaction triggering method estimates the CSR based on the seismic 
design criteria and estimates the CRR based on the CPT readings and site conditions.   CSR is 
calculated using a simplified procedure to estimate earthquake induced stresses, calculated 
using the following relationship: 
 

                    
    

 

   

    

 

   

 

  

 

  
 

Where: 
Amax: maximum horizontal ground surface acceleration 
σvc’: effective vertical confining stress 
σvc: total vertical confining stress 
rd: shear stress reduction coefficient 
MSF: earthquake magnitude scaling factor 
Kσ: overburden correction factor 
Kα: static shear stress correction factor 

 
The equations for the correction factors applied to the CSR for this evaluation are the following: 
 

 

Revised Idriss Scaling Factor:  

Andrus & Stokoe (1997) Scaling Factor:  
 

 
Where: 

Pa: Atmospheric Pressure 
σvc’: effective vertical overburden pressure 
f=0.7 to 0.8 for 40% ≤ relative density, Dr ≤ 60% 
0.6 to 0.7 for 60% < relative density, Dr ≤ 80% 
 

   √
    

   
 

 
The foundation clays were evaluated assuming essentially flat ground, and ignored the effects 
of the slope at the toe of the SWRP.  Thus, a static shear stress correction factor of Kα=1 was 

used for all calculations. 
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The relationship for CRR is based on liquefaction case histories and is expressed as: 
 

 
 

 
Where: 

 qc1Ncs = Kc* qc1N 

 

 
 
The factor of safety against liquefaction was computed as:  
 

 
 
The correlation between CSR, CRR, and qc1N is shown in Figure 5.   

 

5.4 LIQUEFACTION TRIGGERING EVALUATION – CALCULATIONS 

The average factor of safety against liquefaction (FS liq) between the two methods used to 
evaluate liquefaction potential in the foundation was calculated.  In this analysis, when this 
average value for the FSliq was less than one, the material was assumed to be liquefiable. 
 

5.5 CYCLIC SOFTENING EVALUATION – IDRISS AND BOULANGER (2008) 

The Idriss and Boulanger (2008) liquefaction triggering method estimates the cyclic stress ratio 
(CSR) based on the seismic design criteria and estimates the cyclic resistance ratio (CRR) 
based on the CPT readings and site conditions.   The CSR is calculated for liquefaction 
triggering, as described above, was also used for the cyclic softening evaluation. 
 

 
 

The relationship for CRR is based on liquefaction case histories and is expressed as: 
 

 
 
A static shear stress correction factor of Kα=1 was used for all calculations, as described 
previously.   
 
An MSF applicable to clays was used (rather than the MSF used for the liquefaction triggering 
evaluation which is more applicable to sands).   
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The factor of safety against cyclic softening was computed as:  
 

 
 

5.6 POST-EARTHQUAKE STRENGTH ESTIMATES 

Post-earthquake strengths were estimated using both liquefied strength estimates and residual 
strength estimates anticipated after cyclic softening.   
 
Liquefied strengths were estimated using three methods (Robertson, 2010b; Idriss & Boulanger, 
2008; Olson & Stark, 2003), which are expressed as shown below: 
 

(Robertson, 
2010b) 

 (Idriss & Boulanger, 
2008) 

 (Olson & Stark, 2003) 
 

Cyclic softening strengths were estimated using remolded strength estimates (Robertson, 
2010a), which is expressed as: 
 

 
 

These strength estimates were used to estimate a SHANSEP model for peak strengths and 
residual, post-earthquake strengths (su/σv’ and sr/σv’).  OCR was estimated based on the CPT 
interpretation using the relationships shown below.  The SHANSEP models were used to predict 
strengths at the different points evaluated. 
 

(Robertson, 2009) 

(Kulhawy and Mayne, 1990) 
 

Where k typically ranges from 0.2 to 0.5.  In order to achieve reasonable levels for OCR, a value 
of 0.15 was used for this analysis.  The selection of this value is described further in the results 
section.   
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6.0 RESULTS 

6.1 VALIDATE/CORRELATE CPTS WITH BORINGS   

Interpretations of CPT CD-12-04 and CD-12-05 were evaluated and compared against the 
existing test hole data, particularly three CPT interpretations: soil behavior type, fines content, 
and factors of safety against liquefaction.  These three items were compared to evaluate the 
accuracy of the CPTu interpretations. 
 
Estimates of soil behavior types based upon generalized published interpretations of CPTu 
results for CD-12-04 and CD-12-05 generally ranged from cleans sands/silty sands/sandy silts 
to clayey silts/silty clays.  Borings in this area indicated this material largely consisted of silty 
clays with some to no sand (CL to SC).  CPTu sounding CD-12-05 showed a majority of soil 
behavior types of clayey silts/silty clays, which indicates reasonable agreement with the borings.  
However CPTu sounding CD-12-04 showed a significant portion of clean sands/silty 
sands/sandy silts.  This indicates poor agreement with the borings, particularly since CD-12-04 
was located in close proximity to CD-B2, which indicated silty clays (SC and CL) at the same 
intervals that clean sands to silty sands were interpreted.  Thus, it appears that CPTu 
interpretations of soil behavior types based upon generalized empirical correlations of CPTu 
soundings are not reliable for these site soils.  .  As a result estimates of material type used in 
subsequent analyses were based upon conservative interpretations of borehole and laboratory 
testing data from previous investigations.  Specifically,  the susceptibility of the clays to 
liquefaction were based index properties including Atterberg limits, and water contents from 
available borehole and laboratory test results, in conjunction with conservative estimates of 
fines content from CPTu test results based upon site-specific correlations.. 
 
Fines content correlations typically relate friction ratio, sometimes in combination with tip 
resistance, with fines content.  Site specific correlations are generally required for reliable 
estimation of fine content.  However, there is no discernible trend with fines content and 
normalized friction ratio, as shown in Figure 6.  Fines content in borings CD-B1 to CD-B4 range 
from 20 to 98 within the clay layer.  As an estimate of fines content is needed for some of the 
analyses, a fines content of 20 percent was conservatively selected for the sandier materials 
and 50 percent for the finer (silty/clayey) materials based on normalized tip resistances 
(qc1n>20 FC=20 percent, qc1n<20 FC=50 percent) as shown on Figure 7.     
 
The factors of safety against liquefaction were evaluated for CD-12-04, and was compared with 
the factors of safety against liquefaction estimated from SPT results from CD-B2, which are 
summarized in Table 1.  The factors of safety in the top 6 ft. are similar.  Tip resistances and 
sleeve friction in the top 6 ft. of CD-12-04 are higher than the rest of the CPT, and blow counts 
in the top 6 ft. of CD-B2 are also higher than the rest of the boring.  The depth interval 6-18 ft. 
shows significantly lower factors of safety in the CPT CD-12-04 than in the boring CD-B2.  The 
sleeve friction measurements in this interval are low, generally ranging from 0.1 to 0.2 tsf.   
 

Table 1 – Comparison of FSliq Between CD-B2 and CD-12-04 

Interval - 
Depth (ft.) 

Boring/CPT 
Factors of Safety 

Min Max Average 

0-6 ft. 
Boring CD-B2 0.8 1.3 1.1 

CPT CD-12-04 0.8 2.4 1.1 

6-18 ft. 
Boring CD-B2 0.8 1.2 0.9 

CPT CD-12-04 0.5 1.1 0.6 
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6.2 LIQUEFACTION POTENTIAL EVALUATION   

FSliq less than 1 was calculated CD-12-03; FSliq was calculated to be greater than 1 in CD-12-
02A. Assuming similar conditions under the toe of the SWRP, factors of safety  will increase 
with increasing waste rock fill due to the effects of confinement.  All calculated FSliq were greater 
than 1 except in the free field condition (no overlying waste rock) of CD-12-03.  A summary of 
the factors of safety is provided in Table 2.   
 

Table 2 – Summary of FSliq  

CPT Case 
FSliq Liquefaction in Layers > 0.5 ft. 

Min Average 
Start Depth 

(ft.) 
End Depth 

(ft.) 
Thickness 

(ft.) 

CD-12-02A 

Free Field 1.35 2.94 No layers with FSliq < 1 

30' Waste 
rock  

1.30 2.78 
No layers with FSliq < 1 

65' Waste 
Rock 

1.79 3.82 
No layers with FSliq < 1 

120' Waste 
Rock 

1.94 4.01 
No layers with FSliq < 1 

Pond 1.78 3.92 No layers with FSliq < 1 

CD-12-03 

Free Field 0.70 3.38 
12.27 15.94 3.67 

16.54 19.03 2.49 

30' Waste 
Rock 

1.10 6.82 
No layers with FSliq < 1 

65' Waste 
Rock 

1.52 8.77 
No layers with FSliq < 1 

120' Waste 
Rock 

1.49 8.13 
No layers with FSliq < 1 

Pond 1.54 9.00 No layers with FSliq < 1 

 

As discussed above, the CPTu-based interpretations of soil type indicate that the materials are 
coarser and sandier than the actual material sampled in the borings from previous investigation.  
Sandier materials would be more prone to liquefaction.  Thus, the calculated FSliq are 
considered to be conservative in that they are lower than would be calculated for the actual 
conditions. 
 

6.3 CYCLIC SOFTENING POTENTIAL EVALUATION     

A factor of safety against cyclic softening ,FScs, less than 1 was calculated in both CPTs. A 
summary of the factors of safety is provided in Table 3.   
 
The undrained strength for the dam fill cases was estimated based on a SHANSEP model 
estimated from CD-12-02A, which is described further in the strength estimation results.  OCRs 
were calculated and were used to estimate stress conditions for the different cases, and also to 
develop the SHANSEP model to predict strengths for the different stress states than those 
measured at the location of the CPT soundings (i.e. to correct for varying amounts of 
overburden).  The correlations for OCR used resulted in OCR generally ranging from 3 to 50.  A 
large majority of the soil was calculated to be highly overconsolidated (OCR >10, despite 
borings, particularly CD-B2, which indicated the presence of low strength clays and dynamic 
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pore pressure measurements which indicated the presence of normally to slightly 
overconsolidated clays at many locations.  Since the calculated OCRs calculated from the 
general (not site specific) CPT correlations appear unreasonably high based upon other field 
measurements and observations, the OCRs were adjusted by selecting the Kulhawy Mayne 
relationship with a slightly lower k of 0.15 (OCR=0.15*Qt).  This resulted in OCRs ranging from 
1 to 15 with an average of 5.4 in CD-12-02A and OCRs ranging from 2.2 to 27 with an average 
of 6.6 in CD-12-03, which although still considered high, appear to be reasonably conservative 
in the context that they are being used to back-calculated normally-consolidated strength 
parameters.  Using the estimated OCRs from the CPT tests in the free-field condition as the 
initial condition for clays underlying the waste rock, the calculated OCRs approach the normally 
consolidated condition in areas with greater waste rock thickness (i.e. the current state of stress 
due to burial approaches the estimated preconsolidation pressure), as shown in Table 3.  The 
average undrained strength ratio (su/σv’) reduces with increasing fill, as the material becomes 
approaches a normally consolidated.  

 
Since CRRM is a linearly related to (su/σv’) and the soils approach a normally consolidated under 
waste rock burial (su/σv’ is nearly constant), CRRM is nearly constant for the entire column as 
shown below: 
 

 
CRRM = 0.80 * ~0.40 * MSF * Kα  

CRRM ≈ constant 
 
CSR is also relatively constant for the entire column, and thus the FScs is relatively constant for 
the entire column for the dam fill cases.  This results in all cases of waste rock burial  indicating 
the potential for cyclic softening if initial conditions (prior to burial) are assumed to be similar to 
those measured at  CD-12-03.  If initial conditions are assumed to be similar to those measured 
at CD-12-02A, a relatively thin layer (approximately 3 feet thick) would exhibit potential for cyclic 
softening. 
 

Table 3 – Summary of FScs  

CPT Case 
FScs Cyclic Softening in Layers > 0.5 ft 

Min Average Start Depth (ft) End Depth (ft) Thickness (ft) 

CD-12-02A 

Free Field 0.36 2.49 
11.09 13.06 1.97 

14.76 15.81 1.05 

30' Dam Fill 0.36 0.63 
11.09 14.63 3.54 

15.22 18.18 2.96 

65' Dam Fill 0.82 0.99 11.09 14.44 3.35 

120' Dam Fill 0.94 1.14 11.09 14.44 3.35 

Pond 0.66 0.80 11.15 14.50 3.35 

CD-12-03 

Free Field 0.87 1.51 No layers with FSliq < 1 thicker than 0.5 ft 

30' Dam Fill 0.58 0.69 9.65 23.56 13.91 

65' Dam Fill 0.81 0.88 9.65 23.56 13.91 

120' Dam Fill 0.84 0.88 9.65 23.69 14.04 

Pond 0.81 0.90 9.65 23.49 13.85 
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6.4 POST-EARTHQUAKE STRENGTHS 

Peak strengths were estimated based on the CPT results.  A SHANSEP model was developed 
based on CD-12-02A interpretations.  This SHANSEP model is described below and shown in 
Figure 8: 
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This SHANSEP model was used to predict the undrained strengths underneath the waste rock 
footprint for the various waste rock fill cases evaluated. 
 
Since CD-12-02A did not have FSliq < 1, at any point in the profile, it was assumed that any 
strength loss would be a result of cyclic softening.  The potential for cyclic softening in CD-12-
02A are limited to two zones, both approximately three feet in thickness.  for the results from 
CD-12-03 indicate the potential for both liquefaction and cyclic softening, however the potential 
for liquefaction was seen only for the free field case downstream of the SWRP toe.  The 
potential for cyclic softening in the free-field case at CD-12-03 was limited to layers less than 0.5 
feet in thickness.  Thus, post-earthquake strength estimates were based on cyclic softening 
strength estimates, rather than liquefied strength estimates.   
 
The residual cyclic softening strengths were estimated based on a SHANSEP model developed 
on CD-12-02A.  This SHANSEP model is described below and shown in Figure 9.   
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A summary of the post-earthquake strength estimates is shown in Table 4.  It should be noted 
that the results summarized in Table 4 are based upon back-calculation of the normally 
consolidated shear strengths using OCR ratios estimated from the CPT soundings.  The CPT-
based OCR ratios appear to be high when considering other field behavior, and the 
overestimation of OCR will result in an underestimation of the normally consolidated su/σv’ ratio.  
Thus, all subsequently calculated values for su/σv’ ratios under various thicknesses of waste 
rock fill can be considered conservative.  Typical strength loss due to cyclic softening is 
estimated to be 20%.  There does not appear to be potential for strength loss due to liquefaction 
with the possible exception of the toe area in the vicinity of CD-12-03.  
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Table 4 – Summary of Undrained Strength Estimates 

CPT Case Average 
OCR 

su/σv' sr/σv' su,liq/σv' 

Entire 
Layer 

Average 

NC 
Soils 

Entire 
Layer 

Average 

NC 
Soils 

Entire 
Layer 

Average 

Liquefied 
Soils Only 

CD-12-02A 

Free Field 5.4 2.10 

0.40 

2.06 

0.27 

N/A N/A 

30' Dam Fill 1.6 0.65 0.48 N/A N/A 

65' Dam Fill 1.2 0.48 0.39 N/A N/A 

120' Dam Fill 1.0 0.40 0.34 N/A N/A 

Pond 1.4 0.55 0.42 N/A N/A 

CD-12-03 

Free Field 6.6 2.10 

0.40 

1.04 

0.27 

1.12 0.08 

30' Dam Fill 1.2 0.47 0.35 N/A N/A 

65' Dam Fill 1.1 0.43 0.28 N/A N/A 

120' Dam Fill 1.0 0.41 0.27 N/A N/A 

Pond 1.1 0.44 0.28 N/A N/A 

 
Calculations for each CPT are provided in Supplement E3.2. 
 

7.0 CONCLUSIONS 

Based on the results of the liquefaction and cyclic softening analysis for the conditions 
evaluated, cyclic softening is anticipated within portions of the foundation clays.  Liquefaction is 
possible; however it is anticipated to be limited to thin layers within the clay layer at the dam toe.   
Based on the liquefaction and cyclic softening triggering analyses, it is recommended that 
stability analyses be performed to evaluate the effect of the post-earthquake strengths on the 
stability of the SWRP in areas of saturated alluvial clays using the average estimated strengths 
from CD-12-02A and CD-12-03 shown in Table 4.  For the reasons discussed above, the 
estimates for normally consolidated undrained strength and undrained strength under the 
various waste rock loading conditions are considered conservative due to difficulties applying 
the general OCR correlations to the site. 
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Figure 1 – Plan View of Project Area 

 

 
Figure 2 – Typical Section 



 

 

 
Figure 3 –  Liquefaction Screening using Bray and Sancio, 2006  

 
Figure 4 – Correlation between qc1n and CRR (Idriss and Boulanger 2008) 

 

 

 
Figure 5 – Correlation between qc1n and CRR (Youd et al 2001) 



 

 

 

Figure 6 – Fines Content Comparison – Friction Ratio 

 

 
Figure 7 – Selected Fines Content Correlation – Tip Resistance 

 



 

 

 
Figure 8 – SHANSEP Model - su/σv’ 

 

 
Figure 9 – SHANSEP Model – sr/σv’



 

 

Supplement E3.1  
 
CPTu Results 

 

  



Pollution Control Pond
Midnight Mine

Results of Cone Penetration Test
CPT CD-12-02

Project No. D12421
Date: 11/5/2012

Budinger & Associates, Inc.
Geotechnical & Environmental Engineers

Construction Materials Testing & Special Inspection FIGURE 1-1

0 
0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

50 100 150 200 250 300 

D
ep

th
 (f

t)
 

Corrected cone resistance (qt) in tsf 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0 1 2 3 4 

D
ep

th
 (f

t)
 

Friction (fs) in tsf 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0% 2% 4% 6% 8% 10% 

D
ep

th
 (f

t)
 

Corrected friction ratio (FR) 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0 100 200 300 

D
ep

th
 (f

t)
 

Pore pressure (U) in feet of head 



Pollution Control Pond
Midnight Mine

Results of Cone Penetration Test
CPT CD-12-02

Project No. D12421
Date: 11/5/2012

Budinger & Associates, Inc.
Geotechnical & Environmental Engineers

Construction Materials Testing & Special Inspection FIGURE 1-1

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 

Po
re

 p
re

ss
ur

e 
(f

t) 

Time (seconds) 

Pore Pressure Dissipation at 14.4'  

0 

10 

20 

30 

40 

50 

1 10 100 1000 10000 

Po
re

 p
re

ss
ur

e 
(f

t) 

Time (seconds) 

Pore Pressure Dissipation  

0 

10 

20 

30 

40 

50 

0 20 40 60 80 

Po
re

 p
re

ss
ur

e 
(f

t) 

Time^1/2 (seconds^1/2) 

Pore Pressure Dissipation  



Pollution Control Pond
Midnight Mine

Results of Cone Penetration Test
CPT CD-12-03

Project No. D12421
Date: 11/5/2012

Budinger & Associates, Inc.
Geotechnical & Environmental Engineers

Construction Materials Testing & Special Inspection FIGURE 1-1

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0 50 100 150 200 250 300 

D
ep

th
 (f

t)
 

Corrected cone resistance (qt) in tsf 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0 1 2 3 4 

D
ep

th
 (f

t)
 

Friction (fs) in tsf 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0% 2% 4% 6% 8% 10% 

D
ep

th
 (f

t)
 

Corrected friction ratio (FR) 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

-100 0 100 200 

D
ep

th
 (f

t)
 

Pore pressure (U) in feet of head 



Pollution Control Pond
Midnight Mine

Results of Cone Penetration Test
CPT CD-12-03

Project No. D12421
Date: 11/5/2012

Budinger & Associates, Inc.
Geotechnical & Environmental Engineers

Construction Materials Testing & Special Inspection FIGURE 1-1

0 

20 

40 

60 

80 

100 

120 

140 

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 

Po
re

 p
re

ss
ur

e 
(f

t) 

Time (seconds) 

Pore Pressure Dissipation at 16.1'  

0 
20 
40 
60 
80 

100 
120 
140 

1 10 100 1000 10000 

Po
re

 p
re

ss
ur

e 
(f

t) 

Time (seconds) 

Pore Pressure Dissipation  

0 
20 
40 
60 
80 

100 
120 
140 

0 20 40 60 80 100 120 

Po
re

 p
re

ss
ur

e 
(f

t) 

Time^1/2 (seconds^1/2) 

Pore Pressure Dissipation  



Pollution Control Pond
Midnight Mine

Results of Cone Penetration Test
CPT CD-12-04

Project No. D12421
Date: 11/5/2012

Budinger & Associates, Inc.
Geotechnical & Environmental Engineers

Construction Materials Testing & Special Inspection FIGURE 1-1

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0 50 100 150 200 250 300 

D
ep

th
 (f

t)
 

Corrected cone resistance (qt) in tsf 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0 1 2 3 4 

D
ep

th
 (f

t)
 

Friction (fs) in tsf 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0% 2% 4% 6% 8% 10% 

D
ep

th
 (f

t)
 

Corrected friction ratio (FR) 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0 100 200 300 

D
ep

th
 (f

t)
 

Pore pressure (U) in feet of head 



Pollution Control Pond
Midnight Mine

Results of Cone Penetration Test
CPT CD-12-04

Project No. D12421
Date: 11/5/2012

Budinger & Associates, Inc.
Geotechnical & Environmental Engineers

Construction Materials Testing & Special Inspection FIGURE 1-1

0 

20 

40 

60 

80 

100 

120 

140 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 

Po
re

 p
re

ss
ur

e 
(f

t) 

Time (seconds) 

Pore Pressure Dissipation at 11.5'  

0 
20 
40 
60 
80 

100 
120 
140 

1 10 100 1000 10000 

Po
re

 p
re

ss
ur

e 
(f

t) 

Time (seconds) 

Pore Pressure Dissipation  

0 
20 
40 
60 
80 

100 
120 
140 

0 20 40 60 80 100 

Po
re

 p
re

ss
ur

e 
(f

t) 

Time^1/2 (seconds^1/2) 

Pore Pressure Dissipation  



Pollution Control Pond
Midnight Mine

Results of Cone Penetration Test
CPT CD-12-05

Project No. D12421
Date: 11/5/2012

Budinger & Associates, Inc.
Geotechnical & Environmental Engineers

Construction Materials Testing & Special Inspection FIGURE 1-1

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0 50 100 150 200 250 300 

D
ep

th
 (f

t)
 

Corrected cone resistance (qt) in tsf 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0 1 2 3 4 

D
ep

th
 (f

t)
 

Friction (fs) in tsf 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0% 2% 4% 6% 8% 10% 

D
ep

th
 (f

t)
 

Corrected friction ratio (FR) 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

0 100 200 300 

D
ep

th
 (f

t)
 

Pore pressure (U) in feet of head 



Pollution Control Pond
Midnight Mine

Results of Cone Penetration Test
CPT CD-12-05

Project No. D12421
Date: 11/5/2012

Budinger & Associates, Inc.
Geotechnical & Environmental Engineers

Construction Materials Testing & Special Inspection FIGURE 1-1

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 

Po
re

 p
re

ss
ur

e 
(f

t) 

Time (seconds) 

Pore Pressure Dissipation at 21.3'  

0 

10 

20 

30 

40 

50 

1 10 100 1000 10000 

Po
re

 p
re

ss
ur

e 
(f

t) 

Time (seconds) 

Pore Pressure Dissipation  

0 

10 

20 

30 

40 

50 

0 20 40 60 80 

Po
re

 p
re

ss
ur

e 
(f

t) 

Time^1/2 (seconds^1/2) 

Pore Pressure Dissipation  



 

 

Supplement E3.2  
 
Liquefaction and Cyclic Softening Calculations 



Data File: CD-12-02

Location: Midnight Mine South Storage Pond

FoS<1 FoS<1 FoS<1

FoS≥1 FoS≥1 FoS≥1

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Max. Horiz. Acceleration, Amax/g: 0.13

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.05

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Liquefaction Triggering (Sands) Cyclic Softening (Clays)

Depth

(ft)

qt

(tsf)

fs

(tsf)

Pw 

(u2)

(ft)

fs/qt

(%)

Unit 

Weight 

(tcf)

Total 

Stress

(tsf)

Equil Pore 

Pressure, 

u0

(tsf)

Effective 

Stress

(tsf)

CN qc1

TSF

qc1N

FC

%

Qt1 Fr

%

Bq Ic n

Using Qtn for 

Qtn SBTn

calculating Ic (iterations)

Soil Type

Idriss & Boulanger (2008) Youd et al. (2001)

Avg

FoS

Lique-

fiable?

1=Yes

2=No

Idriss & Boulanger (2008)

Cyclic Stress Ratio Cyclic Resistance Ratio

FoS

Cyclic Stress Ratio Cyclic Resistance Ratio

FoS

Cyclic Resistance Ratio

rd Cs Kσ Kα CSR
M=7.5, 

s'v=1atm

Δqc1n qc1n-cs
CRR

M=7.5, 

s'v=1atm

rd Dr f Kσ Kα CSR
M=7.5, 

s'v=1atm

Ic Kc qc1n-cs

CRR
M=7.5, 

s'v=1atm

Ka CSRM CRRM
FoS

10.76 27.12 0.31 -3.35 1.143 0.0600 0.582 0.000 0.582 ##### #NUM! #NUM! 20.0 45.57 1.17 0.00 2.27 0.7 40.04 5 Sand mixtures - silty sand to sandy silt 0.96 #### #### 1.0 #NUM! ##### #NUM! #NUM! ##### 0.97 ##### ##### ##### 1.0 #NUM! 2.268 1.85 #NUM! #NUM! ##### ##### #NUM! 1 0.626 2.124 3.40

10.83 27.12 1.21 -3.35 4.462 0.0600 0.650 0.000 0.650 1.32 35.69 36.94 50.0 40.74 4.57 0.00 2.66 0.9 39.09 4 Silt mixtures - clayey silt to silty clay 0.96 0.06 1.03 1.0 0.065 43.3 80.23 0.113 1.75 0.97 0.35 0.80 1.08 1.0 0.053 2.657 3.70 136.54 0.317 5.96 3.85 0 1 0.625 1.898 3.04

10.89 61.8 1.21 -3.35 1.958 0.0600 0.653 0.000 0.653 1.24 76.57 79.27 50.0 93.58 1.98 0.00 2.17 0.7 83.53 5 Sand mixtures - silty sand to sandy silt 0.96 0.09 1.04 1.0 0.065 58.1 137.40 0.224 3.44 0.97 0.51 0.74 1.11 1.0 0.052 2.167 1.59 126.02 0.266 5.11 4.27 0 1 0.625 4.361 6.98

10.96 71.06 0.96 -2.34 1.351 0.0549 0.658 0.000 0.658 1.22 86.84 89.90 20.0 107.06 1.36 0.00 2.02 0.7 93.71 6 Sands - clean sand to silty sand 0.96 0.10 1.04 1.0 0.065 49.3 139.23 0.230 3.52 0.97 0.55 0.73 1.11 1.0 0.052 2.020 1.33 119.28 0.238 4.59 4.06 0 1 0.625 4.989 7.98

11.02 78.85 0.96 -4.02 1.218 0.0549 0.661 0.000 0.661 1.21 95.34 98.70 20.0 118.25 1.23 0.00 1.96 0.6 102.81 6 Sands - clean sand to silty sand 0.96 0.11 1.04 1.0 0.065 51.8 150.50 0.274 4.18 0.97 0.57 0.71 1.11 1.0 0.052 1.959 1.25 123.42 0.255 4.94 4.56 0 1 0.625 5.511 8.82

11.09 21.91 1.37 -4.02 6.253 0.0563 0.665 0.000 0.665 1.31 28.74 29.75 50.0 31.93 6.45 -0.01 2.83 1 31.48 4 Silt mixtures - clayey silt to silty clay 0.96 0.06 1.02 1.0 0.064 40.8 70.52 0.100 1.56 0.97 0.31 0.80 1.08 1.0 0.053 2.830 5.04 150.03 0.394 7.38 4.47 0 1 0.624 1.488 2.38

11.15 21.96 1.72 -0.67 7.832 0.0572 0.669 0.000 0.669 1.31 28.70 29.71 50.0 31.83 8.08 0.00 2.90 1 31.70 4 Silt mixtures - clayey silt to silty clay 0.96 0.06 1.02 1.0 0.064 40.7 70.45 0.100 1.56 0.97 0.31 0.80 1.08 1.0 0.053 2.899 5.69 168.91 0.528 9.88 5.72 0 1 0.624 1.483 2.38

11.22 21.09 1.7 -0.67 8.061 0.0571 0.673 0.000 0.673 1.30 27.50 28.47 50.0 30.33 8.33 0.00 2.92 1 30.31 4 Silt mixtures - clayey silt to silty clay 0.96 0.06 1.02 1.0 0.064 40.3 68.78 0.098 1.53 0.97 0.31 0.80 1.07 1.0 0.054 2.922 5.91 168.34 0.524 9.79 5.66 0 1 0.624 1.413 2.26

11.29 19.15 1.57 6.02 8.198 0.0568 0.677 0.009 0.668 1.32 25.23 26.12 50.0 27.64 8.50 0.01 2.96 1 27.64 3 Clays - silty clay to clay 0.96 0.06 1.02 1.0 0.065 39.5 65.61 0.094 1.45 0.97 0.30 0.80 1.08 1.0 0.054 2.955 6.26 163.54 0.487 8.99 5.22 0 1 0.632 1.289 2.04

11.35 15.73 1.11 9.03 7.057 0.0555 0.681 0.011 0.670 1.33 20.90 21.64 50.0 22.46 7.38 0.02 2.97 1 22.46 3 Clays - silty clay to clay 0.96 0.05 1.02 1.0 0.065 37.9 59.55 0.087 1.34 0.97 0.27 0.80 1.08 1.0 0.054 2.974 6.46 139.88 0.335 6.16 3.75 0 1 0.634 1.047 1.65

11.42 16.03 0.68 10.37 4.242 0.0536 0.685 0.013 0.672 1.32 21.23 21.98 50.0 22.83 4.43 0.02 2.82 1 22.50 4 Silt mixtures - clayey silt to silty clay 0.96 0.05 1.02 1.0 0.065 38.0 60.02 0.088 1.35 0.97 0.27 0.80 1.08 1.0 0.055 2.823 4.98 109.52 0.202 3.71 2.53 0 1 0.636 1.065 1.68

11.48 14.05 0.68 13.38 4.840 0.0536 0.689 0.015 0.674 1.33 18.70 19.36 50.0 19.83 5.09 0.03 2.90 1 19.77 4 Silt mixtures - clayey silt to silty clay 0.96 0.05 1.02 1.0 0.065 37.1 56.47 0.084 1.29 0.97 0.25 0.80 1.07 1.0 0.055 2.905 5.75 111.23 0.208 3.80 2.55 0 1 0.637 0.925 1.45

11.55 13.2 0.67 14.39 5.076 0.0535 0.693 0.017 0.676 1.33 17.58 18.20 50.0 18.51 5.36 0.03 2.94 1 18.51 4 Silt mixtures - clayey silt to silty clay 0.96 0.05 1.02 1.0 0.066 36.7 54.91 0.082 1.26 0.97 0.25 0.80 1.07 1.0 0.055 2.941 6.11 111.24 0.208 3.79 2.52 0 1 0.639 0.864 1.35

11.61 12.05 0.61 15.39 5.062 0.0531 0.697 0.019 0.678 1.34 16.09 16.65 50.0 16.76 5.37 0.04 2.97 1 16.76 3 Clays - silty clay to clay 0.96 0.05 1.02 1.0 0.066 36.2 52.82 0.080 1.22 0.97 0.24 0.80 1.07 1.0 0.055 2.974 6.46 107.64 0.196 3.56 2.39 0 1 0.640 0.782 1.22

11.68 9.79 0.47 19.41 4.801 0.0521 0.701 0.021 0.680 1.34 13.16 13.63 50.0 13.37 5.17 0.06 3.04 1 13.37 3 Clays - silty clay to clay 0.96 0.05 1.02 1.0 0.066 35.1 48.73 0.076 1.16 0.97 0.21 0.80 1.07 1.0 0.055 3.038 7.18 97.85 0.167 3.03 2.09 0 1 0.642 0.625 0.97

11.75 8.35 0.41 20.08 4.910 0.0516 0.705 0.023 0.682 1.35 11.28 11.67 50.0 11.22 5.36 0.08 3.11 1 11.22 3 Clays - silty clay to clay 0.96 0.05 1.02 1.0 0.066 34.4 46.09 0.074 1.12 0.97 0.20 0.80 1.07 1.0 0.055 3.108 8.02 93.65 0.156 2.82 1.97 0 1 0.644 0.524 0.81

11.81 8.97 0.38 22.42 4.236 0.0513 0.709 0.025 0.683 1.34 12.05 12.48 50.0 12.09 4.60 0.08 3.04 1 12.09 3 Clays - silty clay to clay 0.96 0.05 1.02 1.0 0.066 34.7 47.17 0.075 1.13 0.97 0.20 0.80 1.07 1.0 0.056 3.041 7.21 89.92 0.148 2.66 1.89 0 1 0.645 0.565 0.88

11.88 6.39 0.31 24.09 4.851 0.0505 0.713 0.027 0.685 1.36 8.68 8.99 50.0 8.28 5.46 0.13 3.22 1 8.28 3 Clays - silty clay to clay 0.96 0.04 1.02 1.0 0.066 33.5 42.46 0.071 1.07 0.97 0.17 0.80 1.07 1.0 0.056 3.216 9.47 85.16 0.137 2.46 1.77 0 1 0.647 0.388 0.60

11.94 4.98 0.24 27.10 4.819 0.0495 0.716 0.029 0.687 1.37 6.82 7.06 50.0 6.21 5.63 0.19 3.32 1 6.21 3 Clays - silty clay to clay 0.96 0.04 1.01 1.0 0.066 32.8 39.85 0.068 1.03 0.97 0.15 0.80 1.07 1.0 0.056 3.324 11.09 78.26 0.125 2.23 1.63 0 1 0.648 0.291 0.45

12.01 5.85 0.24 27.44 4.103 0.0495 0.721 0.032 0.689 1.36 7.94 8.22 50.0 7.44 4.68 0.16 3.21 1 7.44 3 Clays - silty clay to clay 0.96 0.04 1.01 1.0 0.066 33.2 41.42 0.070 1.05 0.97 0.17 0.80 1.07 1.0 0.056 3.213 9.43 77.51 0.123 2.20 1.62 0 1 0.650 0.349 0.54

12.07 4.71 0.18 28.11 3.822 0.0483 0.724 0.033 0.691 1.36 6.43 6.65 50.0 5.77 4.52 0.21 3.29 1 5.77 3 Clays - silty clay to clay 0.96 0.04 1.01 1.0 0.067 32.7 39.31 0.068 1.02 0.97 0.15 0.80 1.07 1.0 0.056 3.294 10.63 70.72 0.113 2.01 1.51 0 1 0.651 0.271 0.42

12.14 7.37 0.16 33.13 2.171 0.0479 0.728 0.036 0.693 1.34 9.87 10.22 50.0 9.59 2.41 0.15 2.96 1 9.59 3 Clays - silty clay to clay 0.96 0.05 1.02 1.0 0.067 33.9 44.12 0.072 1.08 0.97 0.18 0.80 1.07 1.0 0.056 2.959 6.30 64.38 0.105 1.86 1.47 0 1 0.653 0.449 0.69

12.2 5.93 0.23 33.13 3.879 0.0493 0.732 0.037 0.695 1.35 7.99 8.27 50.0 7.48 4.42 0.19 3.20 1 7.48 3 Clays - silty clay to clay 0.96 0.04 1.01 1.0 0.067 33.2 41.49 0.070 1.04 0.97 0.17 0.80 1.07 1.0 0.057 3.197 9.21 76.13 0.121 2.14 1.59 0 1 0.654 0.351 0.54

12.27 6.26 0.27 36.47 4.313 0.0499 0.736 0.040 0.697 1.34 8.39 8.69 50.0 7.93 4.89 0.20 3.20 1 7.93 3 Clays - silty clay to clay 0.95 0.04 1.01 1.0 0.067 33.4 42.06 0.070 1.05 0.97 0.17 0.80 1.07 1.0 0.057 3.202 9.28 80.63 0.129 2.27 1.66 0 1 0.656 0.372 0.57

12.34 9.72 0.22 36.14 2.263 0.0491 0.740 0.042 0.699 1.32 12.78 13.23 50.0 12.85 2.45 0.12 2.86 1 12.75 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.02 1.0 0.067 35.0 48.20 0.076 1.13 0.97 0.21 0.80 1.07 1.0 0.057 2.860 5.32 70.37 0.112 1.97 1.55 0 1 0.657 0.602 0.92

12.4 8.92 0.22 19.07 2.466 0.0491 0.744 0.044 0.700 1.32 11.75 12.16 50.0 11.67 2.69 0.07 2.92 1 11.66 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.02 1.0 0.067 34.6 46.75 0.074 1.11 0.97 0.20 0.80 1.07 1.0 0.057 2.915 5.85 71.11 0.113 1.99 1.55 0 1 0.659 0.547 0.83

12.47 7.7 0.21 14.05 2.727 0.0489 0.748 0.046 0.702 1.32 10.17 10.53 50.0 9.90 3.02 0.06 3.00 1 9.90 3 Clays - silty clay to clay 0.95 0.05 1.01 1.0 0.067 34.0 44.55 0.072 1.07 0.97 0.19 0.80 1.07 1.0 0.057 3.002 6.77 71.30 0.114 1.98 1.53 0 1 0.660 0.464 0.70

12.53 5.68 0.16 14.72 2.817 0.0479 0.752 0.048 0.704 1.33 7.57 7.84 50.0 7.00 3.25 0.08 3.14 1 7.00 3 Clays - silty clay to clay 0.95 0.04 1.01 1.0 0.068 33.1 40.91 0.069 1.03 0.97 0.16 0.80 1.07 1.0 0.057 3.145 8.50 66.62 0.107 1.87 1.45 0 1 0.662 0.329 0.50

12.6 4.6 0.16 20.08 3.478 0.0479 0.756 0.050 0.706 1.34 6.16 6.38 50.0 5.44 4.16 0.15 3.30 1 5.44 3 Clays - silty clay to clay 0.95 0.04 1.01 1.0 0.068 32.6 38.94 0.068 1.00 0.97 0.15 0.80 1.06 1.0 0.058 3.295 10.64 67.87 0.109 1.89 1.45 0 1 0.663 0.257 0.39

12.66 4.33 0.16 21.75 3.695 0.0479 0.760 0.052 0.708 1.34 5.80 6.00 50.0 5.04 4.48 0.18 3.34 1 5.04 3 Clays - silty clay to clay 0.95 0.04 1.01 1.0 0.068 32.4 38.43 0.067 0.99 0.97 0.14 0.80 1.06 1.0 0.058 3.341 11.35 68.13 0.109 1.89 1.44 0 1 0.665 0.238 0.36

12.73 8.72 0.19 25.43 2.179 0.0486 0.764 0.054 0.710 1.30 11.37 11.77 50.0 11.21 2.39 0.09 2.90 1 11.18 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.01 1.0 0.068 34.4 46.22 0.074 1.09 0.97 0.20 0.80 1.06 1.0 0.058 2.901 5.71 67.21 0.108 1.87 1.48 0 1 0.666 0.526 0.79

12.8 5.24 0.21 25.43 4.008 0.0489 0.768 0.056 0.712 1.32 6.94 7.18 50.0 6.28 4.70 0.16 3.27 1 6.28 3 Clays - silty clay to clay 0.95 0.04 1.01 1.0 0.068 32.8 40.02 0.069 1.01 0.97 0.15 0.80 1.06 1.0 0.058 3.274 10.32 74.09 0.118 2.03 1.52 0 1 0.668 0.296 0.44

12.86 6.7 0.3 26.10 4.478 0.0503 0.772 0.058 0.714 1.31 8.78 9.09 50.0 8.31 5.06 0.13 3.19 1 8.31 3 Clays - silty clay to clay 0.95 0.04 1.01 1.0 0.068 33.5 42.60 0.071 1.04 0.97 0.17 0.80 1.06 1.0 0.058 3.195 9.18 83.41 0.134 2.30 1.67 0 1 0.669 0.391 0.58

12.93 6.16 0.32 28.44 5.195 0.0506 0.776 0.060 0.716 1.31 8.07 8.36 50.0 7.52 5.94 0.15 3.27 1 7.52 3 Clays - silty clay to clay 0.95 0.04 1.01 1.0 0.068 33.3 41.61 0.070 1.02 0.97 0.17 0.80 1.06 1.0 0.058 3.271 10.28 85.95 0.139 2.38 1.70 0 1 0.670 0.355 0.53

12.99 5.59 0.4 29.45 7.156 0.0515 0.779 0.062 0.717 1.31 7.34 7.59 50.0 6.71 8.31 0.18 3.40 1 6.71 3 Clays - silty clay to clay 0.95 0.04 1.01 1.0 0.069 33.0 40.58 0.069 1.01 0.97 0.16 0.80 1.06 1.0 0.059 3.401 12.35 93.75 0.157 2.67 1.84 0 1 0.672 0.317 0.47

13.06 8.83 0.4 11.71 4.530 0.0515 0.784 0.064 0.719 1.29 11.38 11.78 50.0 11.19 4.97 0.04 3.09 1 11.19 3 Clays - silty clay to clay 0.95 0.05 1.01 1.0 0.069 34.5 46.23 0.074 1.08 0.97 0.20 0.80 1.06 1.0 0.059 3.088 7.78 91.62 0.152 2.58 1.83 0 1 0.673 0.525 0.78

13.12 15.38 0.37 5.02 2.406 0.0512 0.787 0.066 0.721 1.26 19.37 20.05 50.0 20.24 2.54 0.01 2.71 0.9 19.78 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.02 1.0 0.069 37.4 57.41 0.085 1.23 0.97 0.26 0.80 1.06 1.0 0.059 2.714 4.10 82.12 0.131 2.23 1.73 0 1 0.674 0.947 1.41

13.19 13.87 0.29 -0.33 2.091 0.0502 0.791 0.068 0.723 1.26 17.50 18.12 50.0 18.09 2.22 -0.01 2.72 0.9 17.69 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.01 1.0 0.069 36.7 54.80 0.082 1.19 0.97 0.25 0.80 1.06 1.0 0.059 2.719 4.13 74.88 0.119 2.01 1.60 0 1 0.676 0.847 1.25

13.25 13.87 0.29 -0.33 2.091 0.0502 0.795 0.070 0.725 1.26 17.47 18.08 50.0 18.04 2.22 -0.01 2.72 0.9 17.65 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.01 1.0 0.069 36.7 54.75 0.082 1.19 0.97 0.25 0.80 1.06 1.0 0.059 2.719 4.14 74.87 0.119 2.01 1.60 0 1 0.677 0.845 1.25

13.32 12.15 0.29 1.00 2.387 0.0502 0.799 0.072 0.727 1.26 15.35 15.89 50.0 15.62 2.55 0.00 2.80 1 15.42 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.01 1.0 0.069 35.9 51.78 0.079 1.14 0.97 0.23 0.80 1.06 1.0 0.059 2.803 4.81 76.38 0.121 2.04 1.59 0 1 0.678 0.732 1.08

13.39 10.73 0.27 2.68 2.516 0.0499 0.803 0.075 0.729 1.27 13.59 14.06 50.0 13.62 2.72 0.00 2.86 1 13.54 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.01 1.0 0.069 35.3 49.32 0.077 1.11 0.97 0.22 0.80 1.06 1.0 0.060 2.865 5.36 75.37 0.120 2.01 1.56 0 1 0.680 0.639 0.94

13.45 11.6 0.25 2.68 2.155 0.0496 0.807 0.076 0.731 1.26 14.62 15.13 50.0 14.77 2.32 0.00 2.80 1 14.58 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.01 1.0 0.070 35.6 50.76 0.078 1.13 0.97 0.22 0.80 1.06 1.0 0.060 2.798 4.77 72.16 0.115 1.92 1.52 0 1 0.681 0.693 1.02

13.52 11.89 0.26 3.35 2.187 0.0498 0.811 0.079 0.733 1.26 14.94 15.46 50.0 15.12 2.35 0.00 2.79 1 14.92 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.01 1.0 0.070 35.7 51.21 0.079 1.13 0.97 0.23 0.80 1.06 1.0 0.060 2.793 4.73 73.09 0.116 1.94 1.54 0 1 0.682 0.710 1.04

13.58 11.34 0.26 5.02 2.293 0.0498 0.815 0.080 0.734 1.26 14.24 14.75 50.0 14.33 2.47 0.01 2.82 1 14.19 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.01 1.0 0.070 35.5 50.24 0.078 1.11 0.97 0.22 0.80 1.06 1.0 0.060 2.824 4.99 73.58 0.117 1.95 1.53 0 1 0.684 0.673 0.98

13.65 11.34 0.25 5.35 2.205 0.0496 0.819 0.083 0.736 1.25 14.21 14.71 50.0 14.29 2.38 0.01 2.82 1 14.14 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.01 1.0 0.070 35.5 50.20 0.078 1.11 0.97 0.22 0.80 1.06 1.0 0.060 2.816 4.92 72.36 0.115 1.91 1.51 0 1 0.685 0.671 0.98

13.71 11.64 0.19 6.02 1.632 0.0486 0.823 0.085 0.738 1.25 14.55 15.06 50.0 14.66 1.76 0.01 2.74 0.9 14.39 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.01 1.0 0.070 35.6 50.66 0.078 1.12 0.97 0.22 0.80 1.06 1.0 0.060 2.737 4.27 64.35 0.105 1.74 1.43 0 1 0.686 0.688 1.00

13.78 12.8 0.16 6.02 1.250 0.0479 0.827 0.087 0.740 1.24 15.91 16.47 20.0 16.18 1.34 0.01 2.64 0.9 15.73 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.01 1.0 0.070 28.8 45.26 0.073 1.04 0.97 0.23 0.80 1.05 1.0 0.061 2.642 3.59 59.17 0.099 1.64 1.34 0 1 0.687 0.759 1.10

13.85 14.81 0.18 5.35 1.215 0.0483 0.831 0.089 0.742 1.23 18.27 18.92 20.0 18.84 1.29 0.01 2.58 0.9 18.21 5 Sand mixtures - silty sand to sandy silt 0.95 0.05 1.01 1.0 0.070 29.5 48.39 0.076 1.08 0.97 0.25 0.80 1.05 1.0 0.061 2.579 3.20 60.55 0.101 1.66 1.37 0 1 0.689 0.883 1.28

13.91 14.27 0.18 7.70 1.261 0.0483 0.835 0.091 0.744 1.23 17.60 18.22 20.0 18.06 1.34 0.01 2.60 0.9 17.51 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.01 1.0 0.070 29.3 47.50 0.075 1.07 0.97 0.25 0.80 1.05 1.0 0.061 2.603 3.34 60.89 0.101 1.66 1.36 0 1 0.690 0.847 1.23

13.98 11.37 0.2 7.70 1.759 0.0488 0.839 0.093 0.746 1.24 14.10 14.60 50.0 14.12 1.90 0.01 2.77 0.9 13.91 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.01 1.0 0.071 35.4 50.04 0.078 1.10 0.97 0.22 0.80 1.05 1.0 0.061 2.767 4.51 65.90 0.107 1.75 1.42 0 1 0.691 0.664 0.96

14.04 12.24 0.22 8.03 1.797 0.0491 0.842 0.095 0.748 1.23 15.12 15.65 50.0 15.25 1.93 0.01 2.74 0.9 14.99 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.01 1.0 0.071 35.8 51.46 0.079 1.12 0.97 0.23 0.80 1.05 1.0 0.061 2.744 4.33 67.73 0.109 1.78 1.45 0 1 0.692 0.716 1.03

14.11 11.39 0.22 8.70 1.932 0.0491 0.847 0.097 0.750 1.24 14.07 14.57 50.0 14.07 2.09 0.02 2.79 1 13.90 4 Silt mixtures - clayey silt to silty clay 0.94 0.05 1.01 1.0 0.071 35.4 50.00 0.077 1.10 0.97 0.22 0.80 1.05 1.0 0.061 2.790 4.70 68.48 0.110 1.79 1.44 0 1 0.694 0.662 0.95

14.17 12.26 0.23 9.37 1.876 0.0493 0.850 0.099 0.751 1.23 15.08 15.61 50.0 15.19 2.02 0.02 2.76 0.9 14.95 4 Silt mixtures - clayey silt to silty clay 0.94 0.05 1.01 1.0 0.071 35.8 51.41 0.079 1.11 0.97 0.23 0.80 1.05 1.0 0.061 2.755 4.42 68.96 0.110 1.80 1.46 0 1 0.695 0.714 1.03

14.24 12.57 0.44 11.04 3.500 0.0518 0.854 0.101 0.753 1.23 15.42 15.96 50.0 15.55 3.76 0.02 2.90 1 15.53 4 Silt mixtures - clayey silt to silty clay 0.94 0.05 1.01 1.0 0.071 35.9 51.88 0.079 1.12 0.97 0.23 0.80 1.05 1.0 0.062 2.901 5.71 91.04 0.150 2.44 1.78 0 1 0.696 0.731 1.05

14.3 12.87 0.46 11.71 3.574 0.0520 0.858 0.103 0.755 1.22 15.74 16.30 50.0 15.91 3.83 0.02 2.90 1 15.88 4 Silt mixtures - clayey silt to silty clay 0.94 0.05 1.01 1.0 0.071 36.0 52.34 0.080 1.12 0.97 0.23 0.80 1.05 1.0 0.062 2.898 5.68 92.59 0.154 2.49 1.81 0 1 0.697 0.748 1.07

(Input Data)
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Data File: CD-12-02

Location: Midnight Mine South Storage Pond

FoS<1 FoS<1 FoS<1

FoS≥1 FoS≥1 FoS≥1

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Max. Horiz. Acceleration, Amax/g: 0.13

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.05

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Liquefaction Triggering (Sands) Cyclic Softening (Clays)

Depth

(ft)

qt

(tsf)

fs

(tsf)

Pw 

(u2)

(ft)

fs/qt

(%)

Unit 

Weight 

(tcf)

Total 

Stress

(tsf)

Equil Pore 

Pressure, 

u0

(tsf)

Effective 

Stress

(tsf)

CN qc1

TSF

qc1N

FC

%

Qt1 Fr

%

Bq Ic n

Using Qtn for 

Qtn SBTn

calculating Ic (iterations)

Soil Type

Idriss & Boulanger (2008) Youd et al. (2001)

Avg

FoS

Lique-

fiable?

1=Yes

2=No

Idriss & Boulanger (2008)

Cyclic Stress Ratio Cyclic Resistance Ratio

FoS

Cyclic Stress Ratio Cyclic Resistance Ratio

FoS

Cyclic Resistance Ratio

rd Cs Kσ Kα CSR
M=7.5, 

s'v=1atm

Δqc1n qc1n-cs
CRR

M=7.5, 

s'v=1atm

rd Dr f Kσ Kα CSR
M=7.5, 

s'v=1atm

Ic Kc qc1n-cs

CRR
M=7.5, 

s'v=1atm

Ka CSRM CRRM
FoS

14.37 17.22 0.47 12.38 2.729 0.0521 0.862 0.105 0.757 1.21 20.82 21.55 50.0 21.61 2.87 0.02 2.72 0.9 21.22 4 Silt mixtures - clayey silt to silty clay 0.94 0.05 1.01 1.0 0.071 37.9 59.43 0.087 1.22 0.97 0.27 0.80 1.05 1.0 0.062 2.722 4.16 89.65 0.147 2.37 1.80 0 1 0.698 1.013 1.45

14.44 21.68 0.61 22.75 2.814 0.0531 0.866 0.107 0.759 1.20 25.94 26.85 50.0 27.42 2.93 0.03 2.65 0.9 26.76 4 Silt mixtures - clayey silt to silty clay 0.94 0.06 1.01 1.0 0.071 39.7 66.60 0.095 1.34 0.97 0.30 0.80 1.05 1.0 0.062 2.649 3.64 97.78 0.167 2.69 2.01 0 1 0.700 1.284 1.84

14.5 36.15 0.94 24.09 2.600 0.0548 0.870 0.109 0.761 1.17 42.35 43.84 50.0 46.37 2.66 0.02 2.46 0.8 44.47 5 Sand mixtures - silty sand to sandy silt 0.94 0.07 1.02 1.0 0.072 45.7 89.54 0.126 1.76 0.97 0.38 0.80 1.05 1.0 0.062 2.455 2.55 111.85 0.210 3.38 2.57 0 1 0.701 2.168 3.09

14.57 44.81 1.09 23.09 2.432 0.0554 0.874 0.111 0.763 1.16 51.94 53.77 50.0 57.60 2.48 0.01 2.37 0.8 54.83 5 Sand mixtures - silty sand to sandy silt 0.94 0.07 1.02 1.0 0.072 49.2 102.95 0.147 2.05 0.97 0.42 0.79 1.05 1.0 0.062 2.367 2.18 117.38 0.230 3.70 2.88 0 1 0.702 2.691 3.83

14.63 49.12 1.42 20.75 2.891 0.0564 0.878 0.113 0.765 1.15 56.63 58.63 50.0 63.10 2.94 0.01 2.39 0.8 60.21 5 Sand mixtures - silty sand to sandy silt 0.94 0.08 1.02 1.0 0.072 50.9 109.52 0.159 2.21 0.97 0.44 0.78 1.05 1.0 0.062 2.389 2.27 133.07 0.299 4.81 3.51 0 1 0.703 2.947 4.19

14.7 59.68 1.6 11.04 2.681 0.0569 0.882 0.115 0.767 1.14 68.12 70.52 50.0 76.70 2.72 0.00 2.31 0.8 72.71 5 Sand mixtures - silty sand to sandy silt 0.94 0.08 1.02 1.0 0.072 55.1 125.59 0.192 2.66 0.97 0.48 0.76 1.06 1.0 0.062 2.308 1.97 139.17 0.331 5.33 3.99 0 1 0.704 3.582 5.09

14.76 58.99 1.92 2.34 3.255 0.0576 0.886 0.117 0.768 1.14 67.29 69.65 50.0 75.63 3.30 0.00 2.37 0.8 72.13 5 Sand mixtures - silty sand to sandy silt 0.94 0.08 1.02 1.0 0.072 54.8 124.42 0.189 2.62 0.97 0.48 0.76 1.06 1.0 0.062 2.371 2.20 153.15 0.414 6.66 4.64 0 1 0.705 3.532 5.01

14.83 58.09 2.02 0.00 3.477 0.0578 0.890 0.119 0.770 1.14 66.21 68.54 50.0 74.26 3.53 0.00 2.40 0.8 71.02 5 Sand mixtures - silty sand to sandy silt 0.94 0.08 1.02 1.0 0.072 54.4 122.91 0.186 2.56 0.97 0.48 0.76 1.06 1.0 0.062 2.397 2.30 157.65 0.444 7.12 4.84 0 1 0.707 3.468 4.91

14.9 56.05 2.16 -1.00 3.854 0.0581 0.894 0.122 0.772 1.14 63.89 66.14 50.0 71.42 3.92 0.00 2.44 0.8 68.59 5 Sand mixtures - silty sand to sandy silt 0.94 0.08 1.02 1.0 0.073 53.5 119.67 0.179 2.46 0.97 0.47 0.77 1.05 1.0 0.063 2.440 2.48 164.34 0.493 7.87 5.17 0 1 0.708 3.335 4.71

14.96 55.77 2.19 -1.00 3.927 0.0581 0.898 0.124 0.774 1.14 63.50 65.74 50.0 70.89 3.99 0.00 2.45 0.8 68.16 5 Sand mixtures - silty sand to sandy silt 0.94 0.08 1.02 1.0 0.073 53.4 119.13 0.178 2.45 0.97 0.47 0.77 1.05 1.0 0.063 2.448 2.52 165.70 0.503 8.02 5.23 0 1 0.709 3.311 4.67

15.03 57.5 2.1 -0.67 3.652 0.0580 0.902 0.126 0.776 1.14 65.29 67.59 50.0 72.93 3.71 0.00 2.42 0.8 69.98 5 Sand mixtures - silty sand to sandy silt 0.94 0.08 1.02 1.0 0.073 54.0 121.63 0.183 2.52 0.96 0.47 0.76 1.05 1.0 0.063 2.417 2.38 161.13 0.469 7.46 4.99 0 1 0.710 3.406 4.80

15.09 57.21 2.14 -1.34 3.741 0.0580 0.905 0.128 0.778 1.13 64.90 67.18 50.0 72.39 3.80 0.00 2.43 0.8 69.54 5 Sand mixtures - silty sand to sandy silt 0.94 0.08 1.02 1.0 0.073 53.9 121.08 0.182 2.50 0.96 0.47 0.76 1.05 1.0 0.063 2.427 2.42 162.91 0.482 7.65 5.07 0 1 0.711 3.381 4.76

15.16 58.36 2.07 -2.01 3.547 0.0579 0.910 0.130 0.780 1.13 66.05 68.38 50.0 73.67 3.60 0.00 2.40 0.8 70.68 5 Sand mixtures - silty sand to sandy silt 0.94 0.08 1.02 1.0 0.073 54.3 122.69 0.185 2.54 0.96 0.48 0.76 1.05 1.0 0.063 2.405 2.33 159.47 0.457 7.24 4.89 0 1 0.712 3.441 4.83

15.22 50.84 1.99 -2.34 3.914 0.0578 0.913 0.132 0.782 1.14 57.79 59.82 50.0 63.88 3.99 0.00 2.48 0.8 61.68 5 Sand mixtures - silty sand to sandy silt 0.94 0.08 1.02 1.0 0.073 51.3 111.14 0.162 2.22 0.96 0.45 0.78 1.05 1.0 0.063 2.477 2.66 158.86 0.453 7.13 4.68 0 1 0.713 2.985 4.19

15.29 45.64 1.89 -2.34 4.141 0.0576 0.917 0.134 0.784 1.14 52.02 53.85 50.0 57.08 4.23 0.00 2.53 0.9 55.35 5 Sand mixtures - silty sand to sandy silt 0.94 0.07 1.02 1.0 0.073 49.2 103.06 0.148 2.02 0.96 0.42 0.79 1.05 1.0 0.064 2.528 2.91 156.84 0.439 6.88 4.45 0 1 0.714 2.668 3.74

15.35 42.16 1.83 -2.68 4.341 0.0574 0.921 0.136 0.785 1.14 48.13 49.82 50.0 52.52 4.44 -0.01 2.57 0.9 51.11 5 Sand mixtures - silty sand to sandy silt 0.94 0.07 1.01 1.0 0.073 47.8 97.63 0.139 1.90 0.96 0.41 0.80 1.04 1.0 0.064 2.567 3.13 155.96 0.433 6.76 4.33 0 1 0.715 2.455 3.43

15.42 40.71 1.9 -2.68 4.667 0.0576 0.925 0.138 0.787 1.14 46.46 48.09 50.0 50.53 4.78 -0.01 2.60 0.9 49.32 4 Silt mixtures - clayey silt to silty clay 0.94 0.07 1.01 1.0 0.073 47.2 95.29 0.135 1.84 0.96 0.40 0.80 1.04 1.0 0.064 2.601 3.33 160.21 0.462 7.20 4.52 0 1 0.716 2.363 3.30

15.49 31.47 1.94 -2.34 6.165 0.0577 0.929 0.140 0.789 1.15 36.18 37.45 50.0 38.69 6.35 -0.01 2.77 0.9 38.26 4 Silt mixtures - clayey silt to silty clay 0.94 0.06 1.01 1.0 0.073 43.5 80.91 0.114 1.56 0.96 0.35 0.80 1.04 1.0 0.064 2.767 4.51 168.78 0.527 8.19 4.87 0 1 0.717 1.811 2.52

15.55 38.12 1.84 -2.01 4.827 0.0575 0.933 0.142 0.791 1.14 43.47 45.00 50.0 47.01 4.95 -0.01 2.63 0.9 46.02 4 Silt mixtures - clayey silt to silty clay 0.94 0.07 1.01 1.0 0.073 46.1 91.12 0.129 1.75 0.96 0.39 0.80 1.04 1.0 0.064 2.633 3.53 158.96 0.454 7.03 4.39 0 1 0.718 2.199 3.06

15.62 37.26 1.73 -2.01 4.643 0.0572 0.937 0.144 0.793 1.14 42.46 43.95 50.0 45.80 4.76 -0.01 2.63 0.9 44.84 4 Silt mixtures - clayey silt to silty clay 0.94 0.07 1.01 1.0 0.073 45.7 89.70 0.126 1.72 0.96 0.38 0.80 1.04 1.0 0.065 2.628 3.50 154.05 0.420 6.50 4.11 0 1 0.720 2.143 2.98

15.68 33.79 1.57 -1.67 4.646 0.0568 0.941 0.146 0.795 1.14 38.58 39.93 50.0 41.33 4.78 -0.01 2.66 0.9 40.57 4 Silt mixtures - clayey silt to silty clay 0.94 0.06 1.01 1.0 0.073 44.3 84.27 0.119 1.61 0.96 0.36 0.80 1.04 1.0 0.065 2.660 3.71 148.25 0.383 5.91 3.76 0 1 0.720 1.935 2.69

15.75 34.08 1.54 -1.67 4.519 0.0568 0.945 0.148 0.797 1.14 38.83 40.20 50.0 41.59 4.65 -0.01 2.65 0.9 40.80 4 Silt mixtures - clayey silt to silty clay 0.94 0.07 1.01 1.0 0.074 44.4 84.62 0.119 1.62 0.96 0.37 0.80 1.04 1.0 0.065 2.649 3.64 146.42 0.372 5.73 3.67 0 1 0.722 1.947 2.70

15.81 34.67 1.54 -1.34 4.442 0.0568 0.949 0.150 0.799 1.14 39.43 40.81 50.0 42.23 4.57 -0.01 2.64 0.9 41.41 4 Silt mixtures - clayey silt to silty clay 0.94 0.07 1.01 1.0 0.074 44.6 85.46 0.120 1.63 0.96 0.37 0.80 1.04 1.0 0.065 2.639 3.58 145.97 0.369 5.68 3.65 0 1 0.722 1.977 2.74

15.88 36.98 0.62 -1.00 1.677 0.0532 0.953 0.152 0.801 1.13 41.90 43.37 50.0 45.00 1.72 -0.01 2.34 0.8 43.21 5 Sand mixtures - silty sand to sandy silt 0.94 0.07 1.01 1.0 0.074 45.5 88.91 0.125 1.70 0.96 0.38 0.80 1.04 1.0 0.065 2.342 2.09 90.66 0.149 2.29 1.99 0 1 0.724 2.106 2.91

15.94 38.13 1.06 -1.00 2.780 0.0553 0.956 0.154 0.802 1.13 43.10 44.61 50.0 46.34 2.85 0.00 2.47 0.8 44.92 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.074 46.0 90.59 0.128 1.73 0.96 0.39 0.80 1.04 1.0 0.065 2.472 2.63 117.31 0.230 3.52 2.63 0 1 0.724 2.168 2.99

16.01 41.32 1.26 -1.00 3.049 0.0560 0.961 0.156 0.804 1.13 46.51 48.14 50.0 50.18 3.12 0.00 2.47 0.8 48.68 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.074 47.2 95.36 0.135 1.83 0.96 0.40 0.80 1.04 1.0 0.065 2.473 2.64 126.96 0.270 4.13 2.98 0 1 0.725 2.348 3.24

16.08 39.94 1.33 4.35 3.330 0.0562 0.965 0.158 0.806 1.13 44.93 46.51 50.0 48.34 3.41 0.00 2.51 0.8 47.03 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.074 46.6 93.16 0.132 1.78 0.96 0.39 0.80 1.04 1.0 0.066 2.511 2.82 131.36 0.291 4.43 3.11 0 1 0.727 2.262 3.11

16.14 39.66 1.33 5.02 3.354 0.0562 0.968 0.160 0.808 1.12 44.57 46.14 50.0 47.88 3.44 0.00 2.52 0.9 46.62 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.074 46.5 92.65 0.131 1.77 0.96 0.39 0.80 1.04 1.0 0.066 2.516 2.85 131.48 0.291 4.43 3.10 0 1 0.727 2.241 3.08

16.21 38.81 1.38 6.02 3.556 0.0563 0.973 0.163 0.810 1.12 43.57 45.11 50.0 46.71 3.65 0.00 2.54 0.9 45.57 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.074 46.1 91.25 0.129 1.73 0.96 0.39 0.80 1.04 1.0 0.066 2.541 2.98 134.59 0.307 4.66 3.20 0 1 0.728 2.186 3.00

16.27 38.53 1.37 6.69 3.556 0.0563 0.976 0.164 0.812 1.12 43.21 44.73 50.0 46.26 3.65 0.00 2.54 0.9 45.16 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.074 46.0 90.75 0.128 1.72 0.96 0.39 0.80 1.04 1.0 0.066 2.544 3.00 134.18 0.305 4.62 3.17 0 1 0.729 2.165 2.97

16.34 37.08 1.34 6.69 3.614 0.0562 0.980 0.167 0.814 1.12 41.56 43.03 50.0 44.36 3.71 0.00 2.56 0.9 43.37 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.074 45.4 88.45 0.125 1.67 0.96 0.38 0.80 1.03 1.0 0.066 2.562 3.10 133.38 0.301 4.55 3.11 0 1 0.730 2.077 2.84

16.4 37.67 1.34 7.36 3.557 0.0562 0.984 0.168 0.816 1.12 42.15 43.63 50.0 44.98 3.65 0.00 2.55 0.9 43.97 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.074 45.6 89.26 0.126 1.69 0.96 0.38 0.80 1.03 1.0 0.066 2.552 3.05 132.99 0.299 4.51 3.10 0 1 0.731 2.106 2.88

16.47 38.24 1.29 7.36 3.373 0.0561 0.988 0.171 0.818 1.12 42.70 44.20 50.0 45.57 3.46 0.00 2.53 0.9 44.49 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.075 45.8 90.03 0.127 1.70 0.96 0.38 0.80 1.03 1.0 0.066 2.533 2.94 129.91 0.284 4.28 2.99 0 1 0.732 2.133 2.91

16.54 38.25 1.2 7.70 3.137 0.0558 0.992 0.173 0.820 1.11 42.64 44.14 50.0 45.46 3.22 0.00 2.51 0.8 44.35 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.075 45.8 89.95 0.127 1.70 0.96 0.38 0.80 1.03 1.0 0.067 2.512 2.83 124.89 0.261 3.93 2.81 0 1 0.733 2.128 2.90

16.6 39.41 1.21 8.03 3.070 0.0558 0.996 0.175 0.821 1.11 43.84 45.38 50.0 46.77 3.15 0.00 2.50 0.8 45.60 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.075 46.2 91.63 0.129 1.73 0.96 0.39 0.80 1.03 1.0 0.067 2.496 2.75 124.83 0.261 3.91 2.82 0 1 0.734 2.190 2.98

16.67 37.1 1.16 8.37 3.127 0.0556 1.000 0.177 0.823 1.11 41.27 42.73 50.0 43.85 3.21 0.00 2.52 0.9 42.83 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.075 45.3 88.04 0.124 1.66 0.96 0.38 0.80 1.03 1.0 0.067 2.522 2.88 123.19 0.254 3.80 2.73 0 1 0.735 2.053 2.79

16.73 37.98 1.23 8.70 3.239 0.0559 1.004 0.179 0.825 1.11 42.17 43.65 50.0 44.82 3.33 0.00 2.53 0.9 43.80 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.075 45.6 89.29 0.126 1.68 0.96 0.38 0.80 1.03 1.0 0.067 2.525 2.90 126.61 0.269 4.02 2.85 0 1 0.736 2.099 2.85

16.8 37.98 1.23 9.03 3.239 0.0559 1.008 0.181 0.827 1.11 42.10 43.58 50.0 44.70 3.33 0.00 2.53 0.9 43.71 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.075 45.6 89.20 0.126 1.68 0.96 0.38 0.80 1.03 1.0 0.067 2.526 2.90 126.58 0.269 4.01 2.84 0 1 0.737 2.093 2.84

16.86 38.27 1.3 9.37 3.397 0.0561 1.012 0.183 0.829 1.11 42.36 43.85 50.0 44.96 3.49 0.00 2.54 0.9 44.00 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.075 45.7 89.56 0.126 1.68 0.96 0.38 0.80 1.03 1.0 0.067 2.538 2.97 130.24 0.285 4.25 2.97 0 1 0.738 2.105 2.85

16.93 39.15 1.55 9.70 3.959 0.0568 1.016 0.185 0.831 1.10 43.24 44.76 50.0 45.90 4.06 0.00 2.58 0.9 45.05 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.075 46.0 90.79 0.128 1.70 0.96 0.39 0.80 1.03 1.0 0.067 2.578 3.19 142.91 0.351 5.22 3.46 0 1 0.739 2.149 2.91

16.99 40.31 1.55 10.04 3.845 0.0568 1.019 0.187 0.833 1.10 44.43 45.99 50.0 47.20 3.94 0.00 2.56 0.9 46.28 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.075 46.5 92.45 0.131 1.74 0.96 0.39 0.80 1.03 1.0 0.067 2.560 3.09 142.19 0.347 5.15 3.44 0 1 0.739 2.210 2.99

17.06 46.09 1.73 10.04 3.754 0.0572 1.024 0.189 0.835 1.10 50.54 52.32 50.0 54.00 3.84 0.00 2.51 0.9 52.83 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.075 48.7 101.00 0.144 1.91 0.96 0.42 0.79 1.03 1.0 0.067 2.511 2.83 147.92 0.381 5.65 3.78 0 1 0.740 2.527 3.41

17.13 48.98 1.81 9.70 3.695 0.0574 1.028 0.191 0.837 1.09 53.54 55.43 50.0 57.32 3.77 0.00 2.49 0.8 56.03 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.075 49.8 105.20 0.151 2.01 0.96 0.43 0.79 1.03 1.0 0.068 2.488 2.71 150.27 0.396 5.86 3.93 0 1 0.741 2.682 3.62

17.19 49.55 1.78 9.70 3.592 0.0573 1.031 0.193 0.838 1.09 54.08 55.99 50.0 57.88 3.67 0.00 2.48 0.8 56.56 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.076 50.0 105.96 0.153 2.02 0.96 0.43 0.78 1.03 1.0 0.068 2.477 2.65 148.57 0.385 5.69 3.86 0 1 0.742 2.708 3.65

17.26 46.65 1.79 9.37 3.837 0.0573 1.036 0.195 0.840 1.09 50.92 52.72 50.0 54.28 3.92 0.00 2.52 0.9 53.18 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.076 48.8 101.54 0.145 1.92 0.96 0.42 0.79 1.03 1.0 0.068 2.516 2.85 150.38 0.396 5.84 3.88 0 1 0.743 2.541 3.42

17.32 42.61 1.71 9.37 4.013 0.0572 1.039 0.197 0.842 1.09 46.56 48.20 50.0 49.37 4.11 0.00 2.56 0.9 48.49 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.076 47.2 95.43 0.135 1.79 0.96 0.40 0.80 1.03 1.0 0.068 2.559 3.08 148.68 0.386 5.67 3.73 0 1 0.744 2.312 3.11

17.39 40.59 1.4 9.37 3.449 0.0564 1.043 0.199 0.844 1.09 44.34 45.90 50.0 46.85 3.54 0.00 2.53 0.9 45.96 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.076 46.4 92.32 0.130 1.72 0.96 0.39 0.80 1.03 1.0 0.068 2.529 2.92 134.05 0.304 4.46 3.09 0 1 0.745 2.195 2.95

17.45 34.23 1.4 9.70 4.090 0.0564 1.047 0.201 0.846 1.10 37.49 38.81 50.0 39.23 4.22 0.00 2.64 0.9 38.71 4 Silt mixtures - clayey silt to silty clay 0.93 0.06 1.01 1.0 0.076 43.9 82.75 0.116 1.54 0.96 0.36 0.80 1.03 1.0 0.068 2.636 3.55 137.89 0.324 4.74 3.14 0 1 0.745 1.839 2.47

17.52 34.82 1.19 10.71 3.418 0.0557 1.051 0.203 0.848 1.09 38.06 39.40 50.0 39.83 3.52 0.00 2.58 0.9 39.19 5 Sand mixtures - silty sand to sandy silt 0.93 0.06 1.01 1.0 0.076 44.1 83.54 0.118 1.55 0.96 0.36 0.80 1.03 1.0 0.068 2.578 3.19 125.80 0.265 3.88 2.71 0 1 0.746 1.867 2.50

17.59 36.28 1.11 11.71 3.060 0.0555 1.055 0.206 0.850 1.09 39.56 40.95 50.0 41.45 3.15 0.00 2.53 0.9 40.71 5 Sand mixtures - silty sand to sandy silt 0.93 0.07 1.01 1.0 0.076 44.7 85.64 0.121 1.59 0.96 0.37 0.80 1.03 1.0 0.069 2.533 2.94 120.33 0.242 3.53 2.56 0 1 0.747 1.943 2.60

17.65 35.41 1.11 11.71 3.135 0.0555 1.059 0.207 0.852 1.09 38.58 39.93 50.0 40.34 3.23 0.00 2.55 0.9 39.66 5 Sand mixtures - silty sand to sandy silt 0.93 0.06 1.01 1.0 0.076 44.3 84.27 0.119 1.56 0.96 0.36 0.80 1.03 1.0 0.069 2.548 3.02 120.79 0.244 3.55 2.56 0 1 0.748 1.891 2.53

17.72 36.58 1.2 12.38 3.280 0.0558 1.063 0.210 0.854 1.09 39.76 41.16 50.0 41.61 3.38 0.00 2.55 0.9 40.93 5 Sand mixtures - silty sand to sandy silt 0.92 0.07 1.01 1.0 0.076 44.8 85.92 0.121 1.59 0.96 0.37 0.80 1.03 1.0 0.069 2.552 3.04 125.24 0.263 3.82 2.70 0 1 0.749 1.951 2.61

17.78 38.03 1.4 12.72 3.681 0.0564 1.067 0.212 0.855 1.08 41.25 42.70 50.0 43.22 3.79 0.01 2.57 0.9 42.56 5 Sand mixtures - silty sand to sandy silt 0.92 0.07 1.01 1.0 0.076 45.3 88.00 0.124 1.63 0.96 0.38 0.80 1.02 1.0 0.069 2.574 3.17 135.30 0.310 4.50 3.07 0 1 0.750 2.026 2.70

17.85 38.31 1.4 12.72 3.654 0.0564 1.071 0.214 0.857 1.08 41.48 42.94 50.0 43.44 3.76 0.00 2.57 0.9 42.79 5 Sand mixtures - silty sand to sandy silt 0.92 0.07 1.01 1.0 0.076 45.4 88.33 0.124 1.63 0.96 0.38 0.80 1.02 1.0 0.069 2.570 3.15 135.10 0.309 4.48 3.06 0 1 0.750 2.036 2.71
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Data File: CD-12-02

Location: Midnight Mine South Storage Pond

FoS<1 FoS<1 FoS<1

FoS≥1 FoS≥1 FoS≥1

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Max. Horiz. Acceleration, Amax/g: 0.13

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.05

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Liquefaction Triggering (Sands) Cyclic Softening (Clays)

Depth

(ft)

qt

(tsf)

fs

(tsf)

Pw 

(u2)

(ft)

fs/qt

(%)

Unit 

Weight 

(tcf)

Total 

Stress

(tsf)

Equil Pore 

Pressure, 

u0

(tsf)

Effective 

Stress

(tsf)

CN qc1

TSF

qc1N

FC

%

Qt1 Fr

%

Bq Ic n

Using 

Qtn

Qtn for 

SBTn

calculating Ic (iterations)

Soil Type

Idriss & Boulanger (2008) Youd et al. (2001)

Avg

FoS

Lique-

fiable?

1=Yes

2=No

Idriss & Boulanger (2008)

Cyclic Stress Ratio Cyclic Resistance Ratio

FoS

Cyclic Stress Ratio Cyclic Resistance Ratio

FoS

Cyclic Resistance Ratio

rd Cs Kσ Kα CSR
M=7.5, 

s'v=1atm

Δqc1n qc1n-cs
CRR

M=7.5, 

s'v=1atm

rd Dr f Kσ Kα CSR
M=7.5, 

s'v=1atm

Ic Kc qc1n-cs

CRR
M=7.5, 

s'v=1atm

Ka CSRM CRRM
FoS

17.91

17.98

18.04

18.11

18.18

18.24

18.31

18.37

18.44

18.5

18.57

40.35

42.93

44.96

46.67

54.2

61.11

69.19

69.16

65.08

54.67

50.9

1.58

1.77

1.76

2.05

2.09

2.04

2.04

2

13.05

11.71

11.71

10.71

11.71

9.37

8.37

6.69

3.68

3.68

2.68

3.916

4.123

3.915

4.393

3.856

3.338

2.948

2.892

0.000

0.000

0.000

0.0569

0.0573

0.0573

0.0579

0.0580

0.0579

0.0579

0.0578

1.075

1.079

1.082

1.087

1.091

1.094

1.099

1.102

1.106

1.110

1.114

0.216

0.218

0.220

0.222

0.224

0.226

0.228

0.230

0.232

0.234

0.236

0.859

0.861

0.863

0.865

0.867

0.869

0.871

0.872

0.874

0.876

0.878

1.08

1.08

1.07

1.07

1.07

1.06

1.06

1.06

1.06

1.06

1.06

43.59

46.25

48.32

50.05

57.87

65.01

73.32

73.21

68.89

58.00

53.99

45.12

47.87

50.03

51.81

59.91

67.30

75.90

75.79

71.31

60.04

55.89

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

20.0

20.0

20.0

45.72

48.61

50.86

52.71

61.27

69.10

78.22

78.03

73.17

61.14

56.70

4.02

4.23

4.01

4.50

3.94

3.40

3.00

2.94

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

2.57 0.9

2.57 0.9

2.54 0.9

2.57 0.9

2.48 0.8

2.40 0.8

2.32 0.8

2.32 0.8

##### ###

##### ###

##### ###

45.06

47.91

50.08

51.97

60.22

67.71

76.45

76.28

#NUM!

#NUM!

#NUM!

5

5

5

5

5

5

5

5

####

####

####

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

mixtures 

mixtures 

mixtures 

mixtures 

mixtures 

mixtures 

mixtures 

mixtures 

- silty sand 

- silty sand 

- silty sand 

- silty sand 

- silty sand 

- silty sand 

- silty sand 

- silty sand 

#NUM!

#NUM!

#NUM!

to sandy 

to sandy 

to sandy 

to sandy 

to sandy 

to sandy 

to sandy 

to sandy 

silt

silt

silt

silt

silt

silt

silt

silt

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.07

0.07

0.07

0.07

0.08

0.08

0.09

0.09

0.08

0.08

0.07

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

0.076

0.076

0.076

0.076

0.077

0.077

0.077

0.077

0.077

0.077

0.077

46.2

47.1

47.9

48.5

51.3

53.9

57.0

56.9

44.1

41.0

39.8

91.27

94.99

97.90

100.32

111.25

121.23

132.86

132.70

115.45

101.02

95.72

0.129

0.135

0.139

0.143

0.162

0.182

0.211

0.210

0.170

0.144

0.136

1.69

1.76

1.82

1.87

2.12

2.38

2.74

2.73

2.21

1.87

1.76

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.39

0.40

0.41

0.42

0.45

0.47

0.50

0.50

0.49

0.45

0.43

0.80

0.80

0.80

0.79

0.78

0.76

0.75

0.75

0.76

0.78

0.78

1.02

1.02

1.02

1.02

1.02

1.03

1.03

1.03

1.02

1.02

1.02

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

0.069

0.069

0.069

0.069

0.069

0.069

0.070

0.070

0.070

0.070

0.070

2.574

2.571

2.541

2.566

2.480

2.399

2.323

2.317

#NUM!

#NUM!

#NUM!

3.17

3.16

2.99

3.13

2.67

2.31

2.02

2.01

####

####

####

143.20

151.05

149.40

161.96

159.96

155.32

153.64

152.01

#NUM!

#NUM!

#NUM!

0.353

0.401

0.390

0.475

0.461

0.428

0.417

0.407

#NUM!

#NUM!

#NUM!

5.11 3.40

5.78 3.77

5.63 3.72

6.84 4.36

6.63 4.37

6.17 4.27

6.00 4.37

5.84 4.29

##### #####

##### #####

##### #####

0

0

0

0

0

0

0

0

#NUM!

#NUM!

#NUM!

1

1

1

1

1

1

1

1

1

1

1

0.751

0.752

0.753

0.753

0.754

0.755

0.756

0.756

0.757

0.758

0.759

2.142

2.277

2.382

2.468

2.867

3.232

3.657

3.648

3.422

2.862

2.655

2.85

3.03

3.16

3.28

3.80

4.28

4.84

4.82

4.52

3.78

3.50

(Input Data)

CD-12-02A LIQUEFACTION POTENTIAL & SHEAR STRENGTH CALCULATION

FREE FIELD CONDITION

Averages: 0.0541
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Data File: CD-12-02

Location: Midnight Mine South Storage Pond

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Free Field Strength Estimates

Equil Pore Robertson (2010a)
Pw Unit Total Effective 

Depth qt fs fs/qt Pressure, FC Using Qtn for calculating Ic (iterations) Peak Strengths Cyclic Softening Strengths
(u2) Weight Stress Stress

u0 CN qc1 qc1N Qt1 Fr Bq Ic n Qtn SBTn Soil Type OCR OCR Average (su/σv')OC/ sr/σv'σp' su su/σv' sr/su
Robertson (2009) Kulhawy Mayne (1990) OCR (su/σv')NC FrQtn/100

(ft) (tsf) (tsf) (ft) (%) (tcf) (tsf) (tsf) (tsf) TSF % % (tsf) (psf)

10.76 27.12 0.31 -3.35 1.143 0.0600 0.582 0.000 0.582 ##### #NUM! #NUM! 20.0 45.57 1.17 0.00 2.27 0.7 40.04 5 Sand mixtures - silty sand to sandy silt 25.2 10.0 17.6 10.2 2949 2.53 4.22 0.47 0.18

10.83 27.12 1.21 -3.35 4.462 0.0600 0.650 0.000 0.650 1.32 35.69 36.94 50.0 40.74 4.57 0.00 2.66 0.9 39.09 4 Silt mixtures - clayey silt to silty clay 24.4 9.8 17.1 11.1 2941 2.26 3.77 1.79 0.79

10.89 61.8 1.21 -3.35 1.958 0.0600 0.653 0.000 0.653 1.24 76.57 79.27 50.0 93.58 1.98 0.00 2.17 0.7 83.53 5 Sand mixtures - silty sand to sandy silt 63.1 20.9 42.0 27.4 6794 5.20 8.67 1.65 0.32

10.96 71.06 0.96 -2.34 1.351 0.0549 0.658 0.000 0.658 1.22 86.84 89.90 20.0 107.06 1.36 0.00 2.02 0.7 93.71 6 Sands - clean sand to silty sand 72.9 23.4 48.2 31.7 7822 5.95 9.91 1.28 0.21

11.02 78.85 0.96 -4.02 1.218 0.0549 0.661 0.000 0.661 1.21 95.34 98.70 20.0 118.25 1.23 0.00 1.96 0.6 102.81 6 Sands - clean sand to silty sand 81.8 25.7 53.8 35.6 8688 6.57 10.95 1.26 0.19

11.09 21.91 1.37 -4.02 6.253 0.0563 0.665 0.000 0.665 1.31 28.74 29.75 50.0 31.93 6.45 -0.01 2.83 1 31.48 4 Silt mixtures - clayey silt to silty clay 18.6 7.9 13.3 8.8 2361 1.77 2.96 2.03 1.14

11.15 21.96 1.72 -0.67 7.832 0.0572 0.669 0.000 0.669 1.31 28.70 29.71 50.0 31.83 8.08 0.00 2.90 1 31.70 4 Silt mixtures - clayey silt to silty clay 18.8 7.9 13.4 8.9 2366 1.77 2.95 2.56 1.45

11.22 21.09 1.7 -0.67 8.061 0.0571 0.673 0.000 0.673 1.30 27.50 28.47 50.0 30.33 8.33 0.00 2.92 1 30.31 4 Silt mixtures - clayey silt to silty clay 17.8 7.6 12.7 8.5 2269 1.68 2.81 2.52 1.50

11.29 19.15 1.57 6.02 8.198 0.0568 0.677 0.009 0.668 1.32 25.23 26.12 50.0 27.64 8.50 0.01 2.96 1 27.64 3 Clays - silty clay to clay 15.8 6.9 11.4 7.6 2054 1.54 2.56 2.35 1.53

11.35 15.73 1.11 9.03 7.057 0.0555 0.681 0.011 0.670 1.33 20.90 21.64 50.0 22.46 7.38 0.02 2.97 1 22.46 3 Clays - silty clay to clay 12.2 5.6 8.9 6.0 1673 1.25 2.08 1.66 1.33

11.42 16.03 0.68 10.37 4.242 0.0536 0.685 0.013 0.672 1.32 21.23 21.98 50.0 22.83 4.43 0.02 2.82 1 22.50 4 Silt mixtures - clayey silt to silty clay 12.3 5.6 8.9 6.0 1706 1.27 2.12 1.00 0.79

11.48 14.05 0.68 13.38 4.840 0.0536 0.689 0.015 0.674 1.33 18.70 19.36 50.0 19.83 5.09 0.03 2.90 1 19.77 4 Silt mixtures - clayey silt to silty clay 10.4 4.9 7.7 5.2 1486 1.10 1.84 1.01 0.91

11.55 13.2 0.67 14.39 5.076 0.0535 0.693 0.017 0.676 1.33 17.58 18.20 50.0 18.51 5.36 0.03 2.94 1 18.51 4 Silt mixtures - clayey silt to silty clay 9.6 4.6 7.1 4.8 1392 1.03 1.72 0.99 0.96

11.61 12.05 0.61 15.39 5.062 0.0531 0.697 0.019 0.678 1.34 16.09 16.65 50.0 16.76 5.37 0.04 2.97 1 16.76 3 Clays - silty clay to clay 8.5 4.2 6.3 4.3 1264 0.93 1.55 0.90 0.97

11.68 9.79 0.47 19.41 4.801 0.0521 0.701 0.021 0.680 1.34 13.16 13.63 50.0 13.37 5.17 0.06 3.04 1 13.37 3 Clays - silty clay to clay 6.4 3.3 4.9 3.3 1012 0.74 1.24 0.69 0.93

11.75 8.35 0.41 20.08 4.910 0.0516 0.705 0.023 0.682 1.35 11.28 11.67 50.0 11.22 5.36 0.08 3.11 1 11.22 3 Clays - silty clay to clay 5.1 2.8 4.0 2.7 852 0.63 1.04 0.60 0.96

11.81 8.97 0.38 22.42 4.236 0.0513 0.709 0.025 0.683 1.34 12.05 12.48 50.0 12.09 4.60 0.08 3.04 1 12.09 3 Clays - silty clay to clay 5.6 3.0 4.3 3.0 921 0.67 1.12 0.56 0.83

11.88 6.39 0.31 24.09 4.851 0.0505 0.713 0.027 0.685 1.36 8.68 8.99 50.0 8.28 5.46 0.13 3.22 1 8.28 3 Clays - silty clay to clay 3.5 2.1 2.8 1.9 634 0.46 0.77 0.45 0.98

11.94 4.98 0.24 27.10 4.819 0.0495 0.716 0.029 0.687 1.37 6.82 7.06 50.0 6.21 5.63 0.19 3.32 1 6.21 3 Clays - silty clay to clay 2.4 1.6 2.0 1.4 477 0.35 0.58 0.35 1.01

12.01 5.85 0.24 27.44 4.103 0.0495 0.721 0.032 0.689 1.36 7.94 8.22 50.0 7.44 4.68 0.16 3.21 1 7.44 3 Clays - silty clay to clay 3.1 1.9 2.5 1.7 573 0.42 0.69 0.35 0.84

12.07 4.71 0.18 28.11 3.822 0.0483 0.724 0.033 0.691 1.36 6.43 6.65 50.0 5.77 4.52 0.21 3.29 1 5.77 3 Clays - silty clay to clay 2.2 1.4 1.8 1.3 447 0.32 0.54 0.26 0.81

12.14 7.37 0.16 33.13 2.171 0.0479 0.728 0.036 0.693 1.34 9.87 10.22 50.0 9.59 2.41 0.15 2.96 1 9.59 3 Clays - silty clay to clay 4.2 2.4 3.3 2.3 742 0.54 0.89 0.23 0.43

12.2 5.93 0.23 33.13 3.879 0.0493 0.732 0.037 0.695 1.35 7.99 8.27 50.0 7.48 4.42 0.19 3.20 1 7.48 3 Clays - silty clay to clay 3.1 1.9 2.5 1.7 582 0.42 0.70 0.33 0.79

12.27 6.26 0.27 36.47 4.313 0.0499 0.736 0.040 0.697 1.34 8.39 8.69 50.0 7.93 4.89 0.20 3.20 1 7.93 3 Clays - silty clay to clay 3.3 2.0 2.7 1.8 618 0.44 0.74 0.39 0.87

12.34 9.72 0.22 36.14 2.263 0.0491 0.740 0.042 0.699 1.32 12.78 13.23 50.0 12.85 2.45 0.12 2.86 1 12.75 4 Silt mixtures - clayey silt to silty clay 6.0 3.2 4.6 3.2 1002 0.72 1.20 0.31 0.44

12.4 8.92 0.22 19.07 2.466 0.0491 0.744 0.044 0.700 1.32 11.75 12.16 50.0 11.67 2.69 0.07 2.92 1 11.66 4 Silt mixtures - clayey silt to silty clay 5.4 2.9 4.2 2.9 913 0.65 1.09 0.31 0.48

12.47 7.7 0.21 14.05 2.727 0.0489 0.748 0.046 0.702 1.32 10.17 10.53 50.0 9.90 3.02 0.06 3.00 1 9.90 3 Clays - silty clay to clay 4.4 2.5 3.4 2.4 778 0.55 0.92 0.30 0.54

12.53 5.68 0.16 14.72 2.817 0.0479 0.752 0.048 0.704 1.33 7.57 7.84 50.0 7.00 3.25 0.08 3.14 1 7.00 3 Clays - silty clay to clay 2.8 1.7 2.3 1.6 553 0.39 0.65 0.23 0.58

12.6 4.6 0.16 20.08 3.478 0.0479 0.756 0.050 0.706 1.34 6.16 6.38 50.0 5.44 4.16 0.15 3.30 1 5.44 3 Clays - silty clay to clay 2.1 1.4 1.7 1.2 433 0.31 0.51 0.23 0.74

12.66 4.33 0.16 21.75 3.695 0.0479 0.760 0.052 0.708 1.34 5.80 6.00 50.0 5.04 4.48 0.18 3.34 1 5.04 3 Clays - silty clay to clay 1.9 1.3 1.6 1.1 402 0.28 0.47 0.23 0.80

12.73 8.72 0.19 25.43 2.179 0.0486 0.764 0.054 0.710 1.30 11.37 11.77 50.0 11.21 2.39 0.09 2.90 1 11.18 4 Silt mixtures - clayey silt to silty clay 5.1 2.8 4.0 2.8 890 0.63 1.04 0.27 0.43

12.8 5.24 0.21 25.43 4.008 0.0489 0.768 0.056 0.712 1.32 6.94 7.18 50.0 6.28 4.70 0.16 3.27 1 6.28 3 Clays - silty clay to clay 2.5 1.6 2.0 1.4 503 0.35 0.59 0.30 0.83

12.86 6.7 0.3 26.10 4.478 0.0503 0.772 0.058 0.714 1.31 8.78 9.09 50.0 8.31 5.06 0.13 3.19 1 8.31 3 Clays - silty clay to clay 3.5 2.1 2.8 2.0 665 0.47 0.78 0.42 0.90

12.93 6.16 0.32 28.44 5.195 0.0506 0.776 0.060 0.716 1.31 8.07 8.36 50.0 7.52 5.94 0.15 3.27 1 7.52 3 Clays - silty clay to clay 3.1 1.9 2.5 1.8 605 0.42 0.70 0.45 1.06

12.99 5.59 0.4 29.45 7.156 0.0515 0.779 0.062 0.717 1.31 7.34 7.59 50.0 6.71 8.31 0.18 3.40 1 6.71 3 Clays - silty clay to clay 2.7 1.7 2.2 1.6 541 0.38 0.63 0.56 1.48

13.06 8.83 0.4 11.71 4.530 0.0515 0.784 0.064 0.719 1.29 11.38 11.78 50.0 11.19 4.97 0.04 3.09 1 11.19 3 Clays - silty clay to clay 5.1 2.8 4.0 2.8 901 0.63 1.04 0.56 0.89

13.12 15.38 0.37 5.02 2.406 0.0512 0.787 0.066 0.721 1.26 19.37 20.05 50.0 20.24 2.54 0.01 2.71 0.9 19.78 4 Silt mixtures - clayey silt to silty clay 10.4 4.9 7.7 5.5 1629 1.13 1.88 0.50 0.44

13.19 13.87 0.29 -0.33 2.091 0.0502 0.791 0.068 0.723 1.26 17.50 18.12 50.0 18.09 2.22 -0.01 2.72 0.9 17.69 4 Silt mixtures - clayey silt to silty clay 9.1 4.4 6.7 4.9 1461 1.01 1.68 0.39 0.39

13.25 13.87 0.29 -0.33 2.091 0.0502 0.795 0.070 0.725 1.26 17.47 18.08 50.0 18.04 2.22 -0.01 2.72 0.9 17.65 4 Silt mixtures - clayey silt to silty clay 9.0 4.4 6.7 4.9 1461 1.01 1.68 0.39 0.39

13.32 12.15 0.29 1.00 2.387 0.0502 0.799 0.072 0.727 1.26 15.35 15.89 50.0 15.62 2.55 0.00 2.80 1 15.42 4 Silt mixtures - clayey silt to silty clay 7.6 3.9 5.7 4.2 1269 0.87 1.46 0.39 0.45

13.39 10.73 0.27 2.68 2.516 0.0499 0.803 0.075 0.729 1.27 13.59 14.06 50.0 13.62 2.72 0.00 2.86 1 13.54 4 Silt mixtures - clayey silt to silty clay 6.5 3.4 4.9 3.6 1111 0.76 1.27 0.37 0.48

13.45 11.6 0.25 2.68 2.155 0.0496 0.807 0.076 0.731 1.26 14.62 15.13 50.0 14.77 2.32 0.00 2.80 1 14.58 4 Silt mixtures - clayey silt to silty clay 7.1 3.6 5.4 3.9 1208 0.83 1.38 0.34 0.41

13.52 11.89 0.26 3.35 2.187 0.0498 0.811 0.079 0.733 1.26 14.94 15.46 50.0 15.12 2.35 0.00 2.79 1 14.92 4 Silt mixtures - clayey silt to silty clay 7.3 3.7 5.5 4.1 1240 0.85 1.41 0.35 0.41

13.58 11.34 0.26 5.02 2.293 0.0498 0.815 0.080 0.734 1.26 14.24 14.75 50.0 14.33 2.47 0.01 2.82 1 14.19 4 Silt mixtures - clayey silt to silty clay 6.9 3.5 5.2 3.8 1178 0.80 1.34 0.35 0.44

13.65 11.34 0.25 5.35 2.205 0.0496 0.819 0.083 0.736 1.25 14.21 14.71 50.0 14.29 2.38 0.01 2.82 1 14.14 4 Silt mixtures - clayey silt to silty clay 6.9 3.5 5.2 3.8 1178 0.80 1.33 0.34 0.42

13.71 11.64 0.19 6.02 1.632 0.0486 0.823 0.085 0.738 1.25 14.55 15.06 50.0 14.66 1.76 0.01 2.74 0.9 14.39 4 Silt mixtures - clayey silt to silty clay 7.0 3.6 5.3 3.9 1211 0.82 1.37 0.25 0.31

13.78 12.8 0.16 6.02 1.250 0.0479 0.827 0.087 0.740 1.24 15.91 16.47 20.0 16.18 1.34 0.01 2.64 0.9 15.73 4 Silt mixtures - clayey silt to silty clay 7.8 3.9 5.9 4.4 1340 0.91 1.51 0.21 0.23

13.85 14.81 0.18 5.35 1.215 0.0483 0.831 0.089 0.742 1.23 18.27 18.92 20.0 18.84 1.29 0.01 2.58 0.9 18.21 5 Sand mixtures - silty sand to sandy silt 9.4 4.6 7.0 5.2 1563 1.05 1.76 0.23 0.22

13.91 14.27 0.18 7.70 1.261 0.0483 0.835 0.091 0.744 1.23 17.60 18.22 20.0 18.06 1.34 0.01 2.60 0.9 17.51 4 Silt mixtures - clayey silt to silty clay 9.0 4.4 6.7 5.0 1503 1.01 1.68 0.23 0.23

13.98 11.37 0.2 7.70 1.759 0.0488 0.839 0.093 0.746 1.24 14.10 14.60 50.0 14.12 1.90 0.01 2.77 0.9 13.91 4 Silt mixtures - clayey silt to silty clay 6.7 3.5 5.1 3.8 1180 0.79 1.32 0.26 0.33

14.04 12.24 0.22 8.03 1.797 0.0491 0.842 0.095 0.748 1.23 15.12 15.65 50.0 15.25 1.93 0.01 2.74 0.9 14.99 4 Silt mixtures - clayey silt to silty clay 7.4 3.7 5.6 4.2 1277 0.85 1.42 0.29 0.34

14.11 11.39 0.22 8.70 1.932 0.0491 0.847 0.097 0.750 1.24 14.07 14.57 50.0 14.07 2.09 0.02 2.79 1 13.90 4 Silt mixtures - clayey silt to silty clay 6.7 3.5 5.1 3.8 1182 0.79 1.31 0.29 0.37

14.17 12.26 0.23 9.37 1.876 0.0493 0.850 0.099 0.751 1.23 15.08 15.61 50.0 15.19 2.02 0.02 2.76 0.9 14.95 4 Silt mixtures - clayey silt to silty clay 7.4 3.7 5.5 4.2 1279 0.85 1.42 0.30 0.35

14.24 12.57 0.44 11.04 3.500 0.0518 0.854 0.101 0.753 1.23 15.42 15.96 50.0 15.55 3.76 0.02 2.90 1 15.53 4 Silt mixtures - clayey silt to silty clay 7.7 3.9 5.8 4.4 1313 0.87 1.45 0.58 0.67

14.3 12.87 0.46 11.71 3.574 0.0520 0.858 0.103 0.755 1.22 15.74 16.30 50.0 15.91 3.83 0.02 2.90 1 15.88 4 Silt mixtures - clayey silt to silty clay 7.9 4.0 5.9 4.5 1346 0.89 1.49 0.61 0.68

(Input Data)

CD-12-02A LIQUEFACTION POTENTIAL & SHEAR STRENGTH CALCULATION

FREE FIELD CONDITION

su/sr < 1 (Strength Loss)
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CD-12-02A LIQUEFACTION POTENTIAL & SHEAR STRENGTH CALCULATION

FREE FIELD CONDITION

Data File: CD-12-02

Location: Midnight Mine South Storage Pond

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Free Field Strength Estimates

Equil Pore Robertson (2010a)
Pw Unit Total Effective 

Depth qt fs fs/qt Pressure, FC Using Qtn for calculating Ic (iterations) Peak Strengths Cyclic Softening Strengths
(u2) Weight Stress Stress

u0 CN qc1 qc1N Qt1 Fr Bq Ic n Qtn SBTn Soil Type OCR OCR Average (su/σv')OC/ sr/σv'σp' su su/σv' sr/su
Robertson (2009) Kulhawy Mayne (1990) OCR (su/σv')NC FrQtn/100

(ft) (tsf) (tsf) (ft) (%) (tcf) (tsf) (tsf) (tsf) TSF % % (tsf) (psf)

14.37 17.22 0.47 12.38 2.729 0.0521 0.862 0.105 0.757 1.21 20.82 21.55 50.0 21.61 2.87 0.02 2.72 0.9 21.22 4 Silt mixtures - clayey silt to silty clay 11.4 5.3 8.3 6.3 1829 1.21 2.01 0.61 0.50

14.44 21.68 0.61 22.75 2.814 0.0531 0.866 0.107 0.759 1.20 25.94 26.85 50.0 27.42 2.93 0.03 2.65 0.9 26.76 4 Silt mixtures - clayey silt to silty clay 15.2 6.7 11.0 8.3 2325 1.53 2.55 0.78 0.51

14.5 36.15 0.94 24.09 2.600 0.0548 0.870 0.109 0.761 1.17 42.35 43.84 50.0 46.37 2.66 0.02 2.46 0.8 44.47 5 Sand mixtures - silty sand to sandy silt 28.7 11.1 19.9 15.2 3932 2.58 4.31 1.18 0.46

14.57 44.81 1.09 23.09 2.432 0.0554 0.874 0.111 0.763 1.16 51.94 53.77 50.0 57.60 2.48 0.01 2.37 0.8 54.83 5 Sand mixtures - silty sand to sandy silt 37.3 13.7 25.5 19.5 4894 3.21 5.35 1.36 0.42

14.63 49.12 1.42 20.75 2.891 0.0564 0.878 0.113 0.765 1.15 56.63 58.63 50.0 63.10 2.94 0.01 2.39 0.8 60.21 5 Sand mixtures - silty sand to sandy silt 41.9 15.1 28.5 21.8 5373 3.51 5.86 1.77 0.50

14.7 59.68 1.6 11.04 2.681 0.0569 0.882 0.115 0.767 1.14 68.12 70.52 50.0 76.70 2.72 0.00 2.31 0.8 72.71 5 Sand mixtures - silty sand to sandy silt 53.1 18.2 35.6 27.3 6546 4.27 7.12 1.98 0.46

14.76 58.99 1.92 2.34 3.255 0.0576 0.886 0.117 0.768 1.14 67.29 69.65 50.0 75.63 3.30 0.00 2.37 0.8 72.13 5 Sand mixtures - silty sand to sandy silt 52.6 18.0 35.3 27.1 6469 4.21 7.02 2.38 0.57

14.83 58.09 2.02 0.00 3.477 0.0578 0.890 0.119 0.770 1.14 66.21 68.54 50.0 74.26 3.53 0.00 2.40 0.8 71.02 5 Sand mixtures - silty sand to sandy silt 51.5 17.8 34.6 26.7 6369 4.13 6.89 2.51 0.61

14.9 56.05 2.16 -1.00 3.854 0.0581 0.894 0.122 0.772 1.14 63.89 66.14 50.0 71.42 3.92 0.00 2.44 0.8 68.59 5 Sand mixtures - silty sand to sandy silt 49.4 17.1 33.2 25.7 6142 3.98 6.63 2.69 0.68

14.96 55.77 2.19 -1.00 3.927 0.0581 0.898 0.124 0.774 1.14 63.50 65.74 50.0 70.89 3.99 0.00 2.45 0.8 68.16 5 Sand mixtures - silty sand to sandy silt 49.0 17.0 33.0 25.5 6111 3.95 6.58 2.72 0.69

15.03 57.5 2.1 -0.67 3.652 0.0580 0.902 0.126 0.776 1.14 65.29 67.59 50.0 72.93 3.71 0.00 2.42 0.8 69.98 5 Sand mixtures - silty sand to sandy silt 50.6 17.5 34.0 26.4 6303 4.06 6.77 2.60 0.64

15.09 57.21 2.14 -1.34 3.741 0.0580 0.905 0.128 0.778 1.13 64.90 67.18 50.0 72.39 3.80 0.00 2.43 0.8 69.54 5 Sand mixtures - silty sand to sandy silt 50.2 17.4 33.8 26.3 6270 4.03 6.72 2.64 0.66

15.16 58.36 2.07 -2.01 3.547 0.0579 0.910 0.130 0.780 1.13 66.05 68.38 50.0 73.67 3.60 0.00 2.40 0.8 70.68 5 Sand mixtures - silty sand to sandy silt 51.2 17.7 34.5 26.9 6398 4.10 6.84 2.55 0.62

15.22 50.84 1.99 -2.34 3.914 0.0578 0.913 0.132 0.782 1.14 57.79 59.82 50.0 63.88 3.99 0.00 2.48 0.8 61.68 5 Sand mixtures - silty sand to sandy silt 43.2 15.4 29.3 22.9 5562 3.56 5.93 2.46 0.69

15.29 45.64 1.89 -2.34 4.141 0.0576 0.917 0.134 0.784 1.14 52.02 53.85 50.0 57.08 4.23 0.00 2.53 0.9 55.35 5 Sand mixtures - silty sand to sandy silt 37.7 13.8 25.8 20.2 4984 3.18 5.30 2.34 0.74

15.35 42.16 1.83 -2.68 4.341 0.0574 0.921 0.136 0.785 1.14 48.13 49.82 50.0 52.52 4.44 -0.01 2.57 0.9 51.11 5 Sand mixtures - silty sand to sandy silt 34.2 12.8 23.5 18.4 4597 2.93 4.88 2.27 0.77

15.42 40.71 1.9 -2.68 4.667 0.0576 0.925 0.138 0.787 1.14 46.46 48.09 50.0 50.53 4.78 -0.01 2.60 0.9 49.32 4 Silt mixtures - clayey silt to silty clay 32.7 12.3 22.5 17.7 4436 2.82 4.70 2.36 0.84

15.49 31.47 1.94 -2.34 6.165 0.0577 0.929 0.140 0.789 1.15 36.18 37.45 50.0 38.69 6.35 -0.01 2.77 0.9 38.26 4 Silt mixtures - clayey silt to silty clay 23.8 9.6 16.7 13.2 3409 2.16 3.60 2.43 1.13

15.55 38.12 1.84 -2.01 4.827 0.0575 0.933 0.142 0.791 1.14 43.47 45.00 50.0 47.01 4.95 -0.01 2.63 0.9 46.02 4 Silt mixtures - clayey silt to silty clay 30.0 11.5 20.7 16.4 4148 2.62 4.37 2.28 0.87

15.62 37.26 1.73 -2.01 4.643 0.0572 0.937 0.144 0.793 1.14 42.46 43.95 50.0 45.80 4.76 -0.01 2.63 0.9 44.84 4 Silt mixtures - clayey silt to silty clay 29.0 11.2 20.1 15.9 4052 2.55 4.26 2.14 0.84

15.68 33.79 1.57 -1.67 4.646 0.0568 0.941 0.146 0.795 1.14 38.58 39.93 50.0 41.33 4.78 -0.01 2.66 0.9 40.57 4 Silt mixtures - clayey silt to silty clay 25.6 10.1 17.9 14.2 3666 2.31 3.84 1.94 0.84

15.75 34.08 1.54 -1.67 4.519 0.0568 0.945 0.148 0.797 1.14 38.83 40.20 50.0 41.59 4.65 -0.01 2.65 0.9 40.80 4 Silt mixtures - clayey silt to silty clay 25.8 10.2 18.0 14.3 3698 2.32 3.87 1.90 0.82

15.81 34.67 1.54 -1.34 4.442 0.0568 0.949 0.150 0.799 1.14 39.43 40.81 50.0 42.23 4.57 -0.01 2.64 0.9 41.41 4 Silt mixtures - clayey silt to silty clay 26.3 10.4 18.3 14.6 3763 2.36 3.93 1.89 0.80

15.88 36.98 0.62 -1.00 1.677 0.0532 0.953 0.152 0.801 1.13 41.90 43.37 50.0 45.00 1.72 -0.01 2.34 0.8 43.21 5 Sand mixtures - silty sand to sandy silt 27.7 10.8 19.2 15.4 4020 2.51 4.18 0.74 0.30

15.94 38.13 1.06 -1.00 2.780 0.0553 0.956 0.154 0.802 1.13 43.10 44.61 50.0 46.34 2.85 0.00 2.47 0.8 44.92 5 Sand mixtures - silty sand to sandy silt 29.1 11.2 20.2 16.2 4148 2.58 4.31 1.28 0.50

16.01 41.32 1.26 -1.00 3.049 0.0560 0.961 0.156 0.804 1.13 46.51 48.14 50.0 50.18 3.12 0.00 2.47 0.8 48.68 5 Sand mixtures - silty sand to sandy silt 32.1 12.2 22.2 17.8 4502 2.80 4.66 1.52 0.54

16.08 39.94 1.33 4.35 3.330 0.0562 0.965 0.158 0.806 1.13 44.93 46.51 50.0 48.34 3.41 0.00 2.51 0.8 47.03 5 Sand mixtures - silty sand to sandy silt 30.8 11.8 21.3 17.2 4348 2.70 4.49 1.60 0.60

16.14 39.66 1.33 5.02 3.354 0.0562 0.968 0.160 0.808 1.12 44.57 46.14 50.0 47.88 3.44 0.00 2.52 0.9 46.62 5 Sand mixtures - silty sand to sandy silt 30.5 11.7 21.1 17.0 4317 2.67 4.45 1.60 0.60

16.21 38.81 1.38 6.02 3.556 0.0563 0.973 0.163 0.810 1.12 43.57 45.11 50.0 46.71 3.65 0.00 2.54 0.9 45.57 5 Sand mixtures - silty sand to sandy silt 29.6 11.4 20.5 16.6 4222 2.61 4.34 1.66 0.64

16.27 38.53 1.37 6.69 3.556 0.0563 0.976 0.164 0.812 1.12 43.21 44.73 50.0 46.26 3.65 0.00 2.54 0.9 45.16 5 Sand mixtures - silty sand to sandy silt 29.3 11.3 20.3 16.5 4191 2.58 4.30 1.65 0.64

16.34 37.08 1.34 6.69 3.614 0.0562 0.980 0.167 0.814 1.12 41.56 43.03 50.0 44.36 3.71 0.00 2.56 0.9 43.37 5 Sand mixtures - silty sand to sandy silt 27.8 10.8 19.3 15.7 4030 2.48 4.13 1.61 0.65

16.4 37.67 1.34 7.36 3.557 0.0562 0.984 0.168 0.816 1.12 42.15 43.63 50.0 44.98 3.65 0.00 2.55 0.9 43.97 5 Sand mixtures - silty sand to sandy silt 28.3 11.0 19.6 16.0 4095 2.51 4.18 1.61 0.64

16.47 38.24 1.29 7.36 3.373 0.0561 0.988 0.171 0.818 1.12 42.70 44.20 50.0 45.57 3.46 0.00 2.53 0.9 44.49 5 Sand mixtures - silty sand to sandy silt 28.7 11.1 19.9 16.3 4158 2.54 4.24 1.54 0.61

16.54 38.25 1.2 7.70 3.137 0.0558 0.992 0.173 0.820 1.11 42.64 44.14 50.0 45.46 3.22 0.00 2.51 0.8 44.35 5 Sand mixtures - silty sand to sandy silt 28.6 11.1 19.8 16.3 4159 2.54 4.23 1.43 0.56

16.6 39.41 1.21 8.03 3.070 0.0558 0.996 0.175 0.821 1.11 43.84 45.38 50.0 46.77 3.15 0.00 2.50 0.8 45.60 5 Sand mixtures - silty sand to sandy silt 29.6 11.4 20.5 16.8 4288 2.61 4.35 1.44 0.55

16.67 37.1 1.16 8.37 3.127 0.0556 1.000 0.177 0.823 1.11 41.27 42.73 50.0 43.85 3.21 0.00 2.52 0.9 42.83 5 Sand mixtures - silty sand to sandy silt 27.4 10.7 19.1 15.7 4031 2.45 4.08 1.38 0.56

16.73 37.98 1.23 8.70 3.239 0.0559 1.004 0.179 0.825 1.11 42.17 43.65 50.0 44.82 3.33 0.00 2.53 0.9 43.80 5 Sand mixtures - silty sand to sandy silt 28.2 11.0 19.6 16.1 4128 2.50 4.17 1.46 0.58

16.8 37.98 1.23 9.03 3.239 0.0559 1.008 0.181 0.827 1.11 42.10 43.58 50.0 44.70 3.33 0.00 2.53 0.9 43.71 5 Sand mixtures - silty sand to sandy silt 28.1 10.9 19.5 16.1 4128 2.50 4.16 1.45 0.58

16.86 38.27 1.3 9.37 3.397 0.0561 1.012 0.183 0.829 1.11 42.36 43.85 50.0 44.96 3.49 0.00 2.54 0.9 44.00 5 Sand mixtures - silty sand to sandy silt 28.3 11.0 19.7 16.3 4160 2.51 4.18 1.54 0.61

16.93 39.15 1.55 9.70 3.959 0.0568 1.016 0.185 0.831 1.10 43.24 44.76 50.0 45.90 4.06 0.00 2.58 0.9 45.05 5 Sand mixtures - silty sand to sandy silt 29.2 11.3 20.2 16.8 4258 2.56 4.27 1.83 0.71

16.99 40.31 1.55 10.04 3.845 0.0568 1.019 0.187 0.833 1.10 44.43 45.99 50.0 47.20 3.94 0.00 2.56 0.9 46.28 5 Sand mixtures - silty sand to sandy silt 30.2 11.6 20.9 17.4 4386 2.63 4.39 1.83 0.69

17.06 46.09 1.73 10.04 3.754 0.0572 1.024 0.189 0.835 1.10 50.54 52.32 50.0 54.00 3.84 0.00 2.51 0.9 52.83 5 Sand mixtures - silty sand to sandy silt 35.6 13.2 24.4 20.4 5028 3.01 5.02 2.03 0.67

17.13 48.98 1.81 9.70 3.695 0.0574 1.028 0.191 0.837 1.09 53.54 55.43 50.0 57.32 3.77 0.00 2.49 0.8 56.03 5 Sand mixtures - silty sand to sandy silt 38.3 14.0 26.2 21.9 5349 3.20 5.33 2.11 0.66

17.19 49.55 1.78 9.70 3.592 0.0573 1.031 0.193 0.838 1.09 54.08 55.99 50.0 57.88 3.67 0.00 2.48 0.8 56.56 5 Sand mixtures - silty sand to sandy silt 38.8 14.1 26.5 22.2 5412 3.23 5.38 2.07 0.64

17.26 46.65 1.79 9.37 3.837 0.0573 1.036 0.195 0.840 1.09 50.92 52.72 50.0 54.28 3.92 0.00 2.52 0.9 53.18 5 Sand mixtures - silty sand to sandy silt 35.9 13.3 24.6 20.7 5090 3.03 5.05 2.09 0.69

17.32 42.61 1.71 9.37 4.013 0.0572 1.039 0.197 0.842 1.09 46.56 48.20 50.0 49.37 4.11 0.00 2.56 0.9 48.49 5 Sand mixtures - silty sand to sandy silt 32.0 12.1 22.1 18.6 4641 2.76 4.59 1.99 0.72

17.39 40.59 1.4 9.37 3.449 0.0564 1.043 0.199 0.844 1.09 44.34 45.90 50.0 46.85 3.54 0.00 2.53 0.9 45.96 5 Sand mixtures - silty sand to sandy silt 29.9 11.5 20.7 17.5 4416 2.62 4.36 1.63 0.62

17.45 34.23 1.4 9.70 4.090 0.0564 1.047 0.201 0.846 1.10 37.49 38.81 50.0 39.23 4.22 0.00 2.64 0.9 38.71 4 Silt mixtures - clayey silt to silty clay 24.1 9.7 16.9 14.3 3709 2.19 3.65 1.63 0.74

17.52 34.82 1.19 10.71 3.418 0.0557 1.051 0.203 0.848 1.09 38.06 39.40 50.0 39.83 3.52 0.00 2.58 0.9 39.19 5 Sand mixtures - silty sand to sandy silt 24.5 9.8 17.2 14.5 3775 2.23 3.71 1.38 0.62

17.59 36.28 1.11 11.71 3.060 0.0555 1.055 0.206 0.850 1.09 39.56 40.95 50.0 41.45 3.15 0.00 2.53 0.9 40.71 5 Sand mixtures - silty sand to sandy silt 25.7 10.2 17.9 15.2 3937 2.32 3.86 1.28 0.55

17.65 35.41 1.11 11.71 3.135 0.0555 1.059 0.207 0.852 1.09 38.58 39.93 50.0 40.34 3.23 0.00 2.55 0.9 39.66 5 Sand mixtures - silty sand to sandy silt 24.9 9.9 17.4 14.8 3840 2.25 3.76 1.28 0.57

17.72 36.58 1.2 12.38 3.280 0.0558 1.063 0.210 0.854 1.09 39.76 41.16 50.0 41.61 3.38 0.00 2.55 0.9 40.93 5 Sand mixtures - silty sand to sandy silt 25.9 10.2 18.1 15.4 3970 2.33 3.88 1.38 0.59

17.78 38.03 1.4 12.72 3.681 0.0564 1.067 0.212 0.855 1.08 41.25 42.70 50.0 43.22 3.79 0.01 2.57 0.9 42.56 5 Sand mixtures - silty sand to sandy silt 27.2 10.6 18.9 16.2 4131 2.41 4.02 1.61 0.67

17.85 38.31 1.4 12.72 3.654 0.0564 1.071 0.214 0.857 1.08 41.48 42.94 50.0 43.44 3.76 0.00 2.57 0.9 42.79 5 Sand mixtures - silty sand to sandy silt 27.4 10.7 19.0 16.3 4161 2.43 4.05 1.61 0.66

10.76 27.12 0.31 -3.35 1.143 0.0600 0.582 0.000 0.582 ##### #NUM! #NUM! 20.0 45.57 1.17 0.00 2.27 0.7 40.04 5 Sand mixtures - silty sand to sandy silt

Constants

Pa 0.97 tsf

Nkt 18

(Input Data)

su/sr < 1 (Strength Loss)
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CD-12-02A LIQUEFACTION POTENTIAL & SHEAR STRENGTH CALCULATION

FREE FIELD CONDITION

Data File: CD-12-02

Location: Midnight Mine South Storage Pond

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Free Field Strength Estimates

Equil Pore Robertson (2010a)
Pw Unit Total Effective 

Depth qt fs fs/qt Pressure, FC Using Qtn for calculating Ic (iterations) Peak Strengths Cyclic Softening Strengths
(u2) Weight Stress Stress

u0 CN qc1 qc1N Qt1 Fr Bq Ic n Qtn SBTn Soil Type OCR OCR Average (su/σv')OC/ sr/σv'σp' su su/σv' sr/su
Robertson (2009) Kulhawy Mayne (1990) OCR (su/σv')NC FrQtn/100

(ft) (tsf) (tsf) (ft) (%) (tcf) (tsf) (tsf) (tsf) TSF % % (tsf) (psf)

17.91 40.35 1.58 13.05 3.916 0.0569 1.075 0.216 0.859 1.08 43.59 45.12 50.0 45.72 4.02 0.00 2.57 0.9 45.06 5 Sand mixtures - silty sand to sandy silt 29.2 11.3 20.2 17.4 4388 2.55 4.26 1.81 0.71

17.98 42.93 1.77 11.71 4.123 0.0573 1.079 0.218 0.861 1.08 46.25 47.87 50.0 48.61 4.23 0.00 2.57 0.9 47.91 5 Sand mixtures - silty sand to sandy silt 31.5 12.0 21.7 18.7 4674 2.71 4.52 2.03 0.75

18.04 44.96 1.76 11.71 3.915 0.0573 1.082 0.220 0.863 1.07 48.32 50.03 50.0 50.86 4.01 0.00 2.54 0.9 50.08 5 Sand mixtures - silty sand to sandy silt 33.3 12.5 22.9 19.8 4900 2.84 4.73 2.01 0.71

18.11 46.67 2.05 10.71 4.393 0.0579 1.087 0.222 0.865 1.07 50.05 51.81 50.0 52.71 4.50 0.00 2.57 0.9 51.97 5 Sand mixtures - silty sand to sandy silt 34.9 13.0 23.9 20.7 5089 2.94 4.90 2.34 0.79

18.18 54.2 2.09 11.71 3.856 0.0580 1.091 0.224 0.867 1.07 57.87 59.91 50.0 61.27 3.94 0.00 2.48 0.8 60.22 5 Sand mixtures - silty sand to sandy silt 41.9 15.1 28.5 24.7 5926 3.42 5.70 2.37 0.69

18.24 61.11 2.04 9.37 3.338 0.0579 1.094 0.226 0.869 1.06 65.01 67.30 50.0 69.10 3.40 0.00 2.40 0.8 67.71 5 Sand mixtures - silty sand to sandy silt 48.6 16.9 32.7 28.4 6693 3.85 6.42 2.30 0.60

18.31 69.19 2.04 8.37 2.948 0.0579 1.099 0.228 0.871 1.06 73.32 75.90 50.0 78.22 3.00 0.00 2.32 0.8 76.45 5 Sand mixtures - silty sand to sandy silt 56.5 19.1 37.8 32.9 7591 4.36 7.27 2.29 0.53

18.37 69.16 2 6.69 2.892 0.0578 1.102 0.230 0.872 1.06 73.21 75.79 50.0 78.03 2.94 0.00 2.32 0.8 76.28 5 Sand mixtures - silty sand to sandy silt 56.4 19.1 37.7 32.9 7588 4.35 7.25 2.24 0.52

18.44 65.08 3.68 0.000 1.106 0.232 0.874 1.06 68.89 71.31 20.0 73.17 0.00 0.00 ##### ### #NUM! #### #NUM! #NUM! #NUM! #NUM! ##### 7134 4.08 6.80 #NUM! #NUM!

18.5 54.67 3.68 0.000 1.110 0.234 0.876 1.06 58.00 60.04 20.0 61.14 0.00 0.00 ##### ### #NUM! #### #NUM! #NUM! #NUM! #NUM! ##### 5977 3.41 5.69 #NUM! #NUM!

18.57 50.9 2.68 0.000 1.114 0.236 0.878 1.06 53.99 55.89 20.0 56.70 0.00 0.00 ##### ### #NUM! #### #NUM! #NUM! #NUM! #NUM! ##### 5558 3.17 5.28 #NUM! #NUM!

Averages: 0.0541 0.45 0.75 1.29 0.66

10.76 27.12 0.31 -3.35 1.143 0.0600 0.582 0.000 0.582 ##### #NUM! #NUM! 20.0 45.57 1.17 0.00 2.27 0.7 40.04 5 Sand mixtures - silty sand to sandy silt

(Input Data)

su/sr < 1 (Strength Loss)
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Data File: CD-12-02

Location: Midnight Mine South Storage Pond

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Strength Estimates under Dam

Depth

(ft)

qt

(tsf)

fs

(tsf)

Pw 

(u2)

(ft)

fs/qt

(%)

Unit 

Weight 

(tcf)

Total 

Stress

(tsf)

Equil Pore 

Pressure, 

u0

(tsf)

Effective 

Stress

(tsf)

CN qc1

TSF

qc1N

FC

%

Qt1 Fr

%

Bq Ic n

Using Qtn for 

Qtn SBTn

calculating Ic (iterations)

Soil Type

10' Fill 30' Fill 65' Fill Pond - 40' Fill with 80' Removed

σv '

(tsf)

σp ' OCR su

(tsf)

sr

(tsf)

σv '

(tsf)

σp ' OCR su

(tsf)

sr

(tsf)

σv '

(tsf)

σp ' OCR su

(tsf)

sr

(tsf)

σv '

(tsf)

σp ' OCR su

(tsf)

sr

(tsf)

10.76 27.12 0.31 -3.35 1.143 0.0600 0.582 0.000 0.582 ##### #NUM! #NUM! 20.0 45.57 1.17 0.00 2.27 0.7 40.04 5 Sand mixtures - silty sand to sandy silt 1.80 10.25 5.68 3.35 2.79 2.81 10.25 3.65 3.91 3.26 4.48 10.25 2.28 4.60 3.84 4.28 10.25 2.40 4.53 3.77

10.83 27.12 1.21 -3.35 4.462 0.0600 0.650 0.000 0.650 1.32 35.69 36.94 50.0 40.74 4.57 0.00 2.66 0.9 39.09 4 Silt mixtures - clayey silt to silty clay 1.81 11.11 6.16 3.53 2.94 2.81 11.11 3.95 4.12 3.43 4.49 11.11 2.48 4.85 4.05 4.28 11.11 2.60 4.77 3.98

10.89 61.8 1.21 -3.35 1.958 0.0600 0.653 0.000 0.653 1.24 76.57 79.27 50.0 93.58 1.98 0.00 2.17 0.7 83.53 5 Sand mixtures - silty sand to sandy silt 1.81 27.45 15.19 6.35 5.30 2.81 27.45 9.76 7.42 6.18 4.49 27.45 6.12 8.74 7.28 4.28 27.45 6.41 8.59 7.16

10.96 71.06 0.96 -2.34 1.351 0.0549 0.658 0.000 0.658 1.22 86.84 89.90 20.0 107.06 1.36 0.00 2.02 0.7 93.71 6 Sands - clean sand to silty sand 1.81 31.67 17.51 6.98 5.81 2.81 31.67 11.25 8.14 6.79 4.49 31.67 7.05 9.59 7.99 4.28 31.67 7.40 9.43 7.86

11.02 78.85 0.96 -4.02 1.218 0.0549 0.661 0.000 0.661 1.21 95.34 98.70 20.0 118.25 1.23 0.00 1.96 0.6 102.81 6 Sands - clean sand to silty sand 1.81 35.55 19.64 7.52 6.27 2.82 35.55 12.62 8.78 7.32 4.49 35.55 7.91 10.34 8.62 4.28 35.55 8.30 10.17 8.48

11.09 21.91 1.37 -4.02 6.253 0.0563 0.665 0.000 0.665 1.31 28.74 29.75 50.0 31.93 6.45 -0.01 2.83 1 31.48 4 Silt mixtures - clayey silt to silty clay 1.81 8.82 4.87 3.04 #N/A 2.82 8.82 3.13 3.55 #N/A 4.49 8.82 1.96 4.18 #N/A 4.29 8.82 2.06 4.11 #N/A

11.15 21.96 1.72 -0.67 7.832 0.0572 0.669 0.000 0.669 1.31 28.70 29.71 50.0 31.83 8.08 0.00 2.90 1 31.70 4 Silt mixtures - clayey silt to silty clay 1.81 8.94 4.93 3.07 #N/A 2.82 8.94 3.17 3.58 #N/A 4.50 8.94 1.99 4.22 #N/A 4.29 8.94 2.09 4.15 #N/A

11.22 21.09 1.7 -0.67 8.061 0.0571 0.673 0.000 0.673 1.30 27.50 28.47 50.0 30.33 8.33 0.00 2.92 1 30.31 4 Silt mixtures - clayey silt to silty clay 1.82 8.53 4.70 2.98 #N/A 2.82 8.53 3.02 3.48 #N/A 4.50 8.53 1.90 4.09 #N/A 4.29 8.53 1.99 4.02 #N/A

11.29 19.15 1.57 6.02 8.198 0.0568 0.677 0.009 0.668 1.32 25.23 26.12 50.0 27.64 8.50 0.01 2.96 1 27.64 3 Clays - silty clay to clay 1.82 7.60 4.18 2.76 #N/A 2.82 7.60 2.69 3.23 #N/A 4.50 7.60 1.69 3.80 #N/A 4.29 7.60 1.77 3.73 #N/A

11.35 15.73 1.11 9.03 7.057 0.0555 0.681 0.011 0.670 1.33 20.90 21.64 50.0 22.46 7.38 0.02 2.97 1 22.46 3 Clays - silty clay to clay 1.82 5.98 3.29 2.36 #N/A 2.83 5.98 2.11 2.76 #N/A 4.50 5.98 1.33 3.25 #N/A 4.29 5.98 1.39 3.19 #N/A

11.42 16.03 0.68 10.37 4.242 0.0536 0.685 0.013 0.672 1.32 21.23 21.98 50.0 22.83 4.43 0.02 2.82 1 22.50 4 Silt mixtures - clayey silt to silty clay 1.82 6.01 3.30 2.37 1.98 2.83 6.01 2.12 2.77 2.31 4.50 6.01 1.33 3.26 2.72 4.29 6.01 1.40 3.21 2.67

11.48 14.05 0.68 13.38 4.840 0.0536 0.689 0.015 0.674 1.33 18.70 19.36 50.0 19.83 5.09 0.03 2.90 1 19.77 4 Silt mixtures - clayey silt to silty clay 1.82 5.18 2.84 2.16 1.80 2.83 5.18 1.83 2.51 2.10 4.51 5.18 1.15 2.96 2.47 4.30 5.18 1.20 2.91 2.42

11.55 13.2 0.67 14.39 5.076 0.0535 0.693 0.017 0.676 1.33 17.58 18.20 50.0 18.51 5.36 0.03 2.94 1 18.51 4 Silt mixtures - clayey silt to silty clay 1.82 4.81 2.63 2.05 1.71 2.83 4.81 1.70 2.40 2.00 4.51 4.81 1.07 2.82 2.35 4.30 4.81 1.12 2.77 2.31

11.61 12.05 0.61 15.39 5.062 0.0531 0.697 0.019 0.678 1.34 16.09 16.65 50.0 16.76 5.37 0.04 2.97 1 16.76 3 Clays - silty clay to clay 1.83 4.29 2.35 1.91 1.59 2.83 4.29 1.51 2.23 1.86 4.51 4.51 1.00 2.71 2.25 4.30 4.30 1.00 2.58 2.15

11.68 9.79 0.47 19.41 4.801 0.0521 0.701 0.021 0.680 1.34 13.16 13.63 50.0 13.37 5.17 0.06 3.04 1 13.37 3 Clays - silty clay to clay 1.83 3.31 1.81 1.61 1.34 2.84 3.31 1.17 1.88 1.57 4.51 4.51 1.00 2.71 2.26 4.30 4.30 1.00 2.58 2.15

11.75 8.35 0.41 20.08 4.910 0.0516 0.705 0.023 0.682 1.35 11.28 11.67 50.0 11.22 5.36 0.08 3.11 1 11.22 3 Clays - silty clay to clay 1.83 2.70 1.48 1.42 1.18 2.84 2.84 1.00 1.70 1.42 4.51 4.51 1.00 2.71 2.26 4.30 4.30 1.00 2.58 2.15

11.81 8.97 0.38 22.42 4.236 0.0513 0.709 0.025 0.683 1.34 12.05 12.48 50.0 12.09 4.60 0.08 3.04 1 12.09 3 Clays - silty clay to clay 1.83 2.96 1.62 1.50 1.25 2.84 2.96 1.04 1.75 1.46 4.52 4.52 1.00 2.71 2.26 4.31 4.31 1.00 2.58 2.15

11.88 6.39 0.31 24.09 4.851 0.0505 0.713 0.027 0.685 1.36 8.68 8.99 50.0 8.28 5.46 0.13 3.22 1 8.28 3 Clays - silty clay to clay 1.83 1.91 1.04 1.13 0.94 2.84 2.84 1.00 1.70 1.42 4.52 4.52 1.00 2.71 2.26 4.31 4.31 1.00 2.58 2.15

11.94 4.98 0.24 27.10 4.819 0.0495 0.716 0.029 0.687 1.37 6.82 7.06 50.0 6.21 5.63 0.19 3.32 1 6.21 3 Clays - silty clay to clay 1.84 1.84 1.00 1.10 #N/A 2.84 2.84 1.00 1.71 #N/A 4.52 4.52 1.00 2.71 #N/A 4.31 4.31 1.00 2.59 #N/A

12.01 5.85 0.24 27.44 4.103 0.0495 0.721 0.032 0.689 1.36 7.94 8.22 50.0 7.44 4.68 0.16 3.21 1 7.44 3 Clays - silty clay to clay 1.84 1.84 1.00 1.10 0.92 2.85 2.85 1.00 1.71 1.42 4.52 4.52 1.00 2.71 2.26 4.31 4.31 1.00 2.59 2.16

12.07 4.71 0.18 28.11 3.822 0.0483 0.724 0.033 0.691 1.36 6.43 6.65 50.0 5.77 4.52 0.21 3.29 1 5.77 3 Clays - silty clay to clay 1.84 1.84 1.00 1.10 0.92 2.85 2.85 1.00 1.71 1.42 4.52 4.52 1.00 2.71 2.26 4.31 4.31 1.00 2.59 2.16

12.14 7.37 0.16 33.13 2.171 0.0479 0.728 0.036 0.693 1.34 9.87 10.22 50.0 9.59 2.41 0.15 2.96 1 9.59 3 Clays - silty clay to clay 1.84 2.29 1.24 1.27 1.06 2.85 2.85 1.00 1.71 1.42 4.53 4.53 1.00 2.72 2.26 4.31 4.31 1.00 2.59 2.16

12.2 5.93 0.23 33.13 3.879 0.0493 0.732 0.037 0.695 1.35 7.99 8.27 50.0 7.48 4.42 0.19 3.20 1 7.48 3 Clays - silty clay to clay 1.84 1.84 1.00 1.11 0.92 2.85 2.85 1.00 1.71 1.43 4.53 4.53 1.00 2.72 2.26 4.32 4.32 1.00 2.59 2.16

12.27 6.26 0.27 36.47 4.313 0.0499 0.736 0.040 0.697 1.34 8.39 8.69 50.0 7.93 4.89 0.20 3.20 1 7.93 3 Clays - silty clay to clay 1.84 1.85 1.00 1.11 0.92 2.85 2.85 1.00 1.71 1.43 4.53 4.53 1.00 2.72 2.26 4.32 4.32 1.00 2.59 2.16

12.34 9.72 0.22 36.14 2.263 0.0491 0.740 0.042 0.699 1.32 12.78 13.23 50.0 12.85 2.45 0.12 2.86 1 12.75 4 Silt mixtures - clayey silt to silty clay 1.85 3.22 1.74 1.59 1.32 2.85 3.22 1.13 1.85 1.54 4.53 4.53 1.00 2.72 2.27 4.32 4.32 1.00 2.59 2.16

12.4 8.92 0.22 19.07 2.466 0.0491 0.744 0.044 0.700 1.32 11.75 12.16 50.0 11.67 2.69 0.07 2.92 1 11.66 4 Silt mixtures - clayey silt to silty clay 1.85 2.91 1.57 1.49 1.24 2.86 2.91 1.02 1.73 1.44 4.53 4.53 1.00 2.72 2.27 4.32 4.32 1.00 2.59 2.16

12.47 7.7 0.21 14.05 2.727 0.0489 0.748 0.046 0.702 1.32 10.17 10.53 50.0 9.90 3.02 0.06 3.00 1 9.90 3 Clays - silty clay to clay 1.85 2.41 1.30 1.32 1.10 2.86 2.86 1.00 1.72 1.43 4.54 4.54 1.00 2.72 2.27 4.32 4.32 1.00 2.59 2.16

12.53 5.68 0.16 14.72 2.817 0.0479 0.752 0.048 0.704 1.33 7.57 7.84 50.0 7.00 3.25 0.08 3.14 1 7.00 3 Clays - silty clay to clay 1.85 1.85 1.00 1.11 0.93 2.86 2.86 1.00 1.72 1.43 4.54 4.54 1.00 2.72 2.27 4.32 4.32 1.00 2.59 2.16

12.6 4.6 0.16 20.08 3.478 0.0479 0.756 0.050 0.706 1.34 6.16 6.38 50.0 5.44 4.16 0.15 3.30 1 5.44 3 Clays - silty clay to clay 1.85 1.85 1.00 1.11 0.93 2.86 2.86 1.00 1.72 1.43 4.54 4.54 1.00 2.72 2.27 4.33 4.33 1.00 2.60 2.16

12.66 4.33 0.16 21.75 3.695 0.0479 0.760 0.052 0.708 1.34 5.80 6.00 50.0 5.04 4.48 0.18 3.34 1 5.04 3 Clays - silty clay to clay 1.85 1.85 1.00 1.11 0.93 2.86 2.86 1.00 1.72 1.43 4.54 4.54 1.00 2.72 2.27 4.33 4.33 1.00 2.60 2.16

12.73 8.72 0.19 25.43 2.179 0.0486 0.764 0.054 0.710 1.30 11.37 11.77 50.0 11.21 2.39 0.09 2.90 1 11.18 4 Silt mixtures - clayey silt to silty clay 1.86 2.81 1.51 1.46 1.21 2.87 2.87 1.00 1.72 1.43 4.54 4.54 1.00 2.73 2.27 4.33 4.33 1.00 2.60 2.17

12.8 5.24 0.21 25.43 4.008 0.0489 0.768 0.056 0.712 1.32 6.94 7.18 50.0 6.28 4.70 0.16 3.27 1 6.28 3 Clays - silty clay to clay 1.86 1.86 1.00 1.12 0.93 2.87 2.87 1.00 1.72 1.43 4.55 4.55 1.00 2.73 2.27 4.33 4.33 1.00 2.60 2.17

12.86 6.7 0.3 26.10 4.478 0.0503 0.772 0.058 0.714 1.31 8.78 9.09 50.0 8.31 5.06 0.13 3.19 1 8.31 3 Clays - silty clay to clay 1.86 2.00 1.07 1.17 0.97 2.87 2.87 1.00 1.72 1.43 4.55 4.55 1.00 2.73 2.27 4.33 4.33 1.00 2.60 2.17

12.93 6.16 0.32 28.44 5.195 0.0506 0.776 0.060 0.716 1.31 8.07 8.36 50.0 7.52 5.94 0.15 3.27 1 7.52 3 Clays - silty clay to clay 1.86 1.86 1.00 1.12 #N/A 2.87 2.87 1.00 1.72 #N/A 4.55 4.55 1.00 2.73 #N/A 4.34 4.34 1.00 2.60 #N/A

12.99 5.59 0.4 29.45 7.156 0.0515 0.779 0.062 0.717 1.31 7.34 7.59 50.0 6.71 8.31 0.18 3.40 1 6.71 3 Clays - silty clay to clay 1.86 1.86 1.00 1.12 #N/A 2.87 2.87 1.00 1.72 #N/A 4.55 4.55 1.00 2.73 #N/A 4.34 4.34 1.00 2.60 #N/A

13.06 8.83 0.4 11.71 4.530 0.0515 0.784 0.064 0.719 1.29 11.38 11.78 50.0 11.19 4.97 0.04 3.09 1 11.19 3 Clays - silty clay to clay 1.87 2.85 1.53 1.47 1.23 2.88 2.88 1.00 1.73 1.44 4.55 4.55 1.00 2.73 2.28 4.34 4.34 1.00 2.60 2.17

13.12 15.38 0.37 5.02 2.406 0.0512 0.787 0.066 0.721 1.26 19.37 20.05 50.0 20.24 2.54 0.01 2.71 0.9 19.78 4 Silt mixtures - clayey silt to silty clay 1.87 5.54 2.97 2.27 1.89 2.88 5.54 1.93 2.64 2.20 4.56 5.54 1.22 3.10 2.59 4.34 5.54 1.28 3.05 2.54

13.19 13.87 0.29 -0.33 2.091 0.0502 0.791 0.068 0.723 1.26 17.50 18.12 50.0 18.09 2.22 -0.01 2.72 0.9 17.69 4 Silt mixtures - clayey silt to silty clay 1.87 4.88 2.61 2.09 1.74 2.88 4.88 1.69 2.43 2.03 4.56 4.88 1.07 2.86 2.38 4.34 4.88 1.12 2.81 2.34

13.25 13.87 0.29 -0.33 2.091 0.0502 0.795 0.070 0.725 1.26 17.47 18.08 50.0 18.04 2.22 -0.01 2.72 0.9 17.65 4 Silt mixtures - clayey silt to silty clay 1.87 4.88 2.61 2.09 1.74 2.88 4.88 1.69 2.43 2.03 4.56 4.88 1.07 2.86 2.38 4.34 4.88 1.12 2.81 2.34

13.32 12.15 0.29 1.00 2.387 0.0502 0.799 0.072 0.727 1.26 15.35 15.89 50.0 15.62 2.55 0.00 2.80 1 15.42 4 Silt mixtures - clayey silt to silty clay 1.87 4.18 2.23 1.89 1.58 2.88 4.18 1.45 2.20 1.83 4.56 4.56 1.00 2.74 2.28 4.35 4.35 1.00 2.61 2.17

13.39 10.73 0.27 2.68 2.516 0.0499 0.803 0.075 0.729 1.27 13.59 14.06 50.0 13.62 2.72 0.00 2.86 1 13.54 4 Silt mixtures - clayey silt to silty clay 1.87 3.60 1.92 1.72 1.43 2.89 3.60 1.25 2.00 1.67 4.56 4.56 1.00 2.74 2.28 4.35 4.35 1.00 2.61 2.17

13.45 11.6 0.25 2.68 2.155 0.0496 0.807 0.076 0.731 1.26 14.62 15.13 50.0 14.77 2.32 0.00 2.80 1 14.58 4 Silt mixtures - clayey silt to silty clay 1.88 3.93 2.10 1.82 1.52 2.89 3.93 1.36 2.12 1.77 4.57 4.57 1.00 2.74 2.28 4.35 4.35 1.00 2.61 2.17

13.52 11.89 0.26 3.35 2.187 0.0498 0.811 0.079 0.733 1.26 14.94 15.46 50.0 15.12 2.35 0.00 2.79 1 14.92 4 Silt mixtures - clayey silt to silty clay 1.88 4.05 2.16 1.86 1.55 2.89 4.05 1.40 2.16 1.80 4.57 4.57 1.00 2.74 2.28 4.35 4.35 1.00 2.61 2.18

13.58 11.34 0.26 5.02 2.293 0.0498 0.815 0.080 0.734 1.26 14.24 14.75 50.0 14.33 2.47 0.01 2.82 1 14.19 4 Silt mixtures - clayey silt to silty clay 1.88 3.83 2.04 1.79 1.49 2.89 3.83 1.33 2.08 1.74 4.57 4.57 1.00 2.74 2.28 4.35 4.35 1.00 2.61 2.18

13.65 11.34 0.25 5.35 2.205 0.0496 0.819 0.083 0.736 1.25 14.21 14.71 50.0 14.29 2.38 0.01 2.82 1 14.14 4 Silt mixtures - clayey silt to silty clay 1.88 3.82 2.03 1.79 1.49 2.89 3.82 1.32 2.08 1.73 4.57 4.57 1.00 2.74 2.29 4.36 4.36 1.00 2.61 2.18

13.71 11.64 0.19 6.02 1.632 0.0486 0.823 0.085 0.738 1.25 14.55 15.06 50.0 14.66 1.76 0.01 2.74 0.9 14.39 4 Silt mixtures - clayey silt to silty clay 1.88 3.91 2.08 1.82 1.51 2.89 3.91 1.35 2.11 1.76 4.57 4.57 1.00 2.74 2.29 4.36 4.36 1.00 2.61 2.18

13.78 12.8 0.16 6.02 1.250 0.0479 0.827 0.087 0.740 1.24 15.91 16.47 20.0 16.18 1.34 0.01 2.64 0.9 15.73 4 Silt mixtures - clayey silt to silty clay 1.89 4.35 2.31 1.95 1.62 2.90 4.35 1.50 2.26 1.89 4.58 4.58 1.00 2.75 2.29 4.36 4.36 1.00 2.62 2.18

13.85 14.81 0.18 5.35 1.215 0.0483 0.831 0.089 0.742 1.23 18.27 18.92 20.0 18.84 1.29 0.01 2.58 0.9 18.21 5 Sand mixtures - silty sand to sandy silt 1.89 5.18 2.74 2.18 1.82 2.90 5.18 1.79 2.54 2.11 4.58 5.18 1.13 2.98 2.48 4.36 5.18 1.19 2.93 2.44

13.91 14.27 0.18 7.70 1.261 0.0483 0.835 0.091 0.744 1.23 17.60 18.22 20.0 18.06 1.34 0.01 2.60 0.9 17.51 4 Silt mixtures - clayey silt to silty clay 1.89 4.96 2.62 2.12 1.77 2.90 4.96 1.71 2.47 2.05 4.58 4.96 1.08 2.89 2.41 4.36 4.96 1.14 2.84 2.37

13.98 11.37 0.2 7.70 1.759 0.0488 0.839 0.093 0.746 1.24 14.10 14.60 50.0 14.12 1.90 0.01 2.77 0.9 13.91 4 Silt mixtures - clayey silt to silty clay 1.89 3.80 2.01 1.79 1.49 2.90 3.80 1.31 2.08 1.73 4.58 4.58 1.00 2.75 2.29 4.36 4.36 1.00 2.62 2.18

14.04 12.24 0.22 8.03 1.797 0.0491 0.842 0.095 0.748 1.23 15.12 15.65 50.0 15.25 1.93 0.01 2.74 0.9 14.99 4 Silt mixtures - clayey silt to silty clay 1.89 4.16 2.20 1.89 1.58 2.90 4.16 1.43 2.20 1.83 4.58 4.58 1.00 2.75 2.29 4.37 4.37 1.00 2.62 2.18

14.11 11.39 0.22 8.70 1.932 0.0491 0.847 0.097 0.750 1.24 14.07 14.57 50.0 14.07 2.09 0.02 2.79 1 13.90 4 Silt mixtures - clayey silt to silty clay 1.89 3.82 2.01 1.79 1.49 2.91 3.82 1.31 2.08 1.73 4.59 4.59 1.00 2.75 2.29 4.37 4.37 1.00 2.62 2.18

14.17 12.26 0.23 9.37 1.876 0.0493 0.850 0.099 0.751 1.23 15.08 15.61 50.0 15.19 2.02 0.02 2.76 0.9 14.95 4 Silt mixtures - clayey silt to silty clay 1.90 4.17 2.20 1.90 1.58 2.91 4.17 1.43 2.20 1.84 4.59 4.59 1.00 2.75 2.29 4.37 4.37 1.00 2.62 2.18

14.24 12.57 0.44 11.04 3.500 0.0518 0.854 0.101 0.753 1.23 15.42 15.96 50.0 15.55 3.76 0.02 2.90 1 15.53 4 Silt mixtures - clayey silt to silty clay 1.90 4.37 2.30 1.96 1.63 2.91 4.37 1.50 2.27 1.89 4.59 4.59 1.00 2.75 2.29 4.37 4.37 1.00 2.62 2.19

14.3 12.87 0.46 11.71 3.574 0.0520 0.858 0.103 0.755 1.22 15.74 16.30 50.0 15.91 3.83 0.02 2.90 1 15.88 4 Silt mixtures - clayey silt to silty clay 1.90 4.49 2.36 1.99 1.66 2.91 4.49 1.54 2.32 1.93 4.59 4.59 1.00 2.75 2.30 4.37 4.49 1.03 2.67 2.22

(Input Data)

CD-12-02A LIQUEFACTION POTENTIAL & SHEAR STRENGTH CALCULATION

FREE FIELD CONDITION

0.20

SHANSEP

su sr

su/σv' 0.60 sr/σv' 0.50

m 0.65 m 0.65
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Data File: CD-12-02

Location: Midnight Mine South Storage Pond

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Strength Estimates under Dam

Depth

(ft)

qt

(tsf)

fs

(tsf)

Pw 

(u2)

(ft)

fs/qt

(%)

Unit 

Weight 

(tcf)

Total 

Stress

(tsf)

Equil Pore 

Pressure, 

u0

(tsf)

Effective 

Stress

(tsf)

CN qc1

TSF

qc1N

FC

%

Qt1 Fr

%

Bq Ic n

Using Qtn for 

Qtn SBTn

calculating Ic (iterations)

Soil Type

10' Fill 30' Fill 65' Fill Pond - 40' Fill with 80' Removed

σv '

(tsf)

σp ' OCR su

(tsf)

sr

(tsf)

σv '

(tsf)

σp ' OCR su

(tsf)

sr

(tsf)

σv '

(tsf)

σp ' OCR su

(tsf)

sr

(tsf)

σv '

(tsf)

σp ' OCR su

(tsf)

sr

(tsf)

14.37 17.22 0.47 12.38 2.729 0.0521 0.862 0.105 0.757 1.21 20.82 21.55 50.0 21.61 2.87 0.02 2.72 0.9 21.22 4 Silt mixtures - clayey silt to silty clay 1.90 6.32 3.32 2.49 2.08 2.91 6.32 2.17 2.89 2.41 4.59 6.32 1.38 3.39 2.83 4.38 6.32 1.44 3.33 2.78

14.44 21.68 0.61 22.75 2.814 0.0531 0.866 0.107 0.759 1.20 25.94 26.85 50.0 27.42 2.93 0.03 2.65 0.9 26.76 4 Silt mixtures - clayey silt to silty clay 1.90 8.31 4.37 2.98 2.48 2.92 8.31 2.85 3.46 2.88 4.59 8.31 1.81 4.05 3.38 4.38 8.31 1.90 3.98 3.32

14.5 36.15 0.94 24.09 2.600 0.0548 0.870 0.109 0.761 1.17 42.35 43.84 50.0 46.37 2.66 0.02 2.46 0.8 44.47 5 Sand mixtures - silty sand to sandy silt 1.91 15.15 7.95 4.40 3.67 2.92 15.15 5.19 5.11 4.26 4.60 15.15 3.30 5.99 4.99 4.38 15.15 3.46 5.89 4.91

14.57 44.81 1.09 23.09 2.432 0.0554 0.874 0.111 0.763 1.16 51.94 53.77 50.0 57.60 2.48 0.01 2.37 0.8 54.83 5 Sand mixtures - silty sand to sandy silt 1.91 19.45 10.20 5.18 4.31 2.92 19.45 6.66 6.01 5.01 4.60 19.45 4.23 7.05 5.87 4.38 19.45 4.44 6.93 5.77

14.63 49.12 1.42 20.75 2.891 0.0564 0.878 0.113 0.765 1.15 56.63 58.63 50.0 63.10 2.94 0.01 2.39 0.8 60.21 5 Sand mixtures - silty sand to sandy silt 1.91 21.78 11.41 5.57 4.65 2.92 21.78 7.46 6.47 5.39 4.60 21.78 4.74 7.58 6.32 4.38 21.78 4.97 7.46 6.21

14.7 59.68 1.6 11.04 2.681 0.0569 0.882 0.115 0.767 1.14 68.12 70.52 50.0 76.70 2.72 0.00 2.31 0.8 72.71 5 Sand mixtures - silty sand to sandy silt 1.91 27.31 14.29 6.46 5.38 2.92 27.31 9.34 7.50 6.25 4.60 27.31 5.93 8.79 7.32 4.38 27.31 6.23 8.64 7.20

14.76 58.99 1.92 2.34 3.255 0.0576 0.886 0.117 0.768 1.14 67.29 69.65 50.0 75.63 3.30 0.00 2.37 0.8 72.13 5 Sand mixtures - silty sand to sandy silt 1.91 27.11 14.18 6.43 5.36 2.92 27.11 9.27 7.46 6.22 4.60 27.11 5.89 8.75 7.29 4.39 27.11 6.18 8.60 7.17

14.83 58.09 2.02 0.00 3.477 0.0578 0.890 0.119 0.770 1.14 66.21 68.54 50.0 74.26 3.53 0.00 2.40 0.8 71.02 5 Sand mixtures - silty sand to sandy silt 1.91 26.69 13.94 6.37 5.31 2.93 26.69 9.12 7.39 6.16 4.61 26.69 5.79 8.66 7.22 4.39 26.69 6.08 8.51 7.09

14.9 56.05 2.16 -1.00 3.854 0.0581 0.894 0.122 0.772 1.14 63.89 66.14 50.0 71.42 3.92 0.00 2.44 0.8 68.59 5 Sand mixtures - silty sand to sandy silt 1.92 25.68 13.40 6.21 5.18 2.93 25.68 8.77 7.21 6.01 4.61 25.68 5.57 8.45 7.04 4.39 25.68 5.85 8.30 6.92

14.96 55.77 2.19 -1.00 3.927 0.0581 0.898 0.124 0.774 1.14 63.50 65.74 50.0 70.89 3.99 0.00 2.45 0.8 68.16 5 Sand mixtures - silty sand to sandy silt 1.92 25.55 13.32 6.19 5.16 2.93 25.55 8.72 7.18 5.99 4.61 25.55 5.54 8.42 7.02 4.39 25.55 5.82 8.28 6.90

15.03 57.5 2.1 -0.67 3.652 0.0580 0.902 0.126 0.776 1.14 65.29 67.59 50.0 72.93 3.71 0.00 2.42 0.8 69.98 5 Sand mixtures - silty sand to sandy silt 1.92 26.42 13.76 6.33 5.28 2.93 26.42 9.01 7.34 6.12 4.61 26.42 5.73 8.61 7.17 4.39 26.42 6.01 8.46 7.05

15.09 57.21 2.14 -1.34 3.741 0.0580 0.905 0.128 0.778 1.13 64.90 67.18 50.0 72.39 3.80 0.00 2.43 0.8 69.54 5 Sand mixtures - silty sand to sandy silt 1.92 26.29 13.68 6.31 5.26 2.93 26.29 8.96 7.32 6.10 4.61 26.29 5.70 8.58 7.15 4.39 26.29 5.98 8.43 7.03

15.16 58.36 2.07 -2.01 3.547 0.0579 0.910 0.130 0.780 1.13 66.05 68.38 50.0 73.67 3.60 0.00 2.40 0.8 70.68 5 Sand mixtures - silty sand to sandy silt 1.92 26.87 13.97 6.41 5.34 2.94 26.87 9.15 7.43 6.19 4.62 26.87 5.82 8.70 7.25 4.40 26.87 6.11 8.56 7.13

15.22 50.84 1.99 -2.34 3.914 0.0578 0.913 0.132 0.782 1.14 57.79 59.82 50.0 63.88 3.99 0.00 2.48 0.8 61.68 5 Sand mixtures - silty sand to sandy silt 1.93 22.91 11.90 5.78 4.81 2.94 22.91 7.80 6.70 5.58 4.62 22.91 4.96 7.85 6.54 4.40 22.91 5.21 7.72 6.43

15.29 45.64 1.89 -2.34 4.141 0.0576 0.917 0.134 0.784 1.14 52.02 53.85 50.0 57.08 4.23 0.00 2.53 0.9 55.35 5 Sand mixtures - silty sand to sandy silt 1.93 20.21 10.49 5.33 4.44 2.94 20.21 6.87 6.18 5.15 4.62 20.21 4.37 7.23 6.03 4.40 20.21 4.59 7.11 5.93

15.35 42.16 1.83 -2.68 4.341 0.0574 0.921 0.136 0.785 1.14 48.13 49.82 50.0 52.52 4.44 -0.01 2.57 0.9 51.11 5 Sand mixtures - silty sand to sandy silt 1.93 18.43 9.56 5.02 4.18 2.94 18.43 6.26 5.82 4.85 4.62 18.43 3.99 6.81 5.68 4.40 18.43 4.19 6.70 5.58

15.42 40.71 1.9 -2.68 4.667 0.0576 0.925 0.138 0.787 1.14 46.46 48.09 50.0 50.53 4.78 -0.01 2.60 0.9 49.32 4 Silt mixtures - clayey silt to silty clay 1.93 17.72 9.18 4.89 4.08 2.94 17.72 6.02 5.67 4.73 4.62 17.72 3.83 6.64 5.54 4.40 17.72 4.02 6.53 5.44

15.49 31.47 1.94 -2.34 6.165 0.0577 0.929 0.140 0.789 1.15 36.18 37.45 50.0 38.69 6.35 -0.01 2.77 0.9 38.26 4 Silt mixtures - clayey silt to silty clay 1.93 13.17 6.81 4.04 #N/A 2.95 13.17 4.47 4.68 #N/A 4.63 13.17 2.85 5.48 #N/A 4.41 13.17 2.99 5.39 #N/A

15.55 38.12 1.84 -2.01 4.827 0.0575 0.933 0.142 0.791 1.14 43.47 45.00 50.0 47.01 4.95 -0.01 2.63 0.9 46.02 4 Silt mixtures - clayey silt to silty clay 1.93 16.40 8.48 4.66 3.88 2.95 16.40 5.57 5.40 4.50 4.63 16.40 3.54 6.32 5.27 4.41 16.40 3.72 6.21 5.18

15.62 37.26 1.73 -2.01 4.643 0.0572 0.937 0.144 0.793 1.14 42.46 43.95 50.0 45.80 4.76 -0.01 2.63 0.9 44.84 4 Silt mixtures - clayey silt to silty clay 1.94 15.95 8.24 4.57 3.81 2.95 15.95 5.41 5.30 4.42 4.63 15.95 3.44 6.21 5.17 4.41 15.95 3.62 6.10 5.08

15.68 33.79 1.57 -1.67 4.646 0.0568 0.941 0.146 0.795 1.14 38.58 39.93 50.0 41.33 4.78 -0.01 2.66 0.9 40.57 4 Silt mixtures - clayey silt to silty clay 1.94 14.20 7.33 4.24 3.54 2.95 14.20 4.81 4.92 4.10 4.63 14.20 3.07 5.76 4.80 4.41 14.20 3.22 5.66 4.72

15.75 34.08 1.54 -1.67 4.519 0.0568 0.945 0.148 0.797 1.14 38.83 40.20 50.0 41.59 4.65 -0.01 2.65 0.9 40.80 4 Silt mixtures - clayey silt to silty clay 1.94 14.33 7.39 4.27 3.56 2.95 14.33 4.85 4.95 4.12 4.63 14.33 3.09 5.79 4.83 4.41 14.33 3.25 5.69 4.75

15.81 34.67 1.54 -1.34 4.442 0.0568 0.949 0.150 0.799 1.14 39.43 40.81 50.0 42.23 4.57 -0.01 2.64 0.9 41.41 4 Silt mixtures - clayey silt to silty clay 1.94 14.62 7.53 4.33 3.61 2.95 14.62 4.95 5.01 4.18 4.64 14.62 3.15 5.87 4.89 4.41 14.62 3.31 5.77 4.81

15.88 36.98 0.62 -1.00 1.677 0.0532 0.953 0.152 0.801 1.13 41.90 43.37 50.0 45.00 1.72 -0.01 2.34 0.8 43.21 5 Sand mixtures - silty sand to sandy silt 1.94 15.41 7.93 4.48 3.73 2.96 15.41 5.21 5.19 4.32 4.64 15.41 3.32 6.07 5.06 4.42 15.41 3.49 5.97 4.98

15.94 38.13 1.06 -1.00 2.780 0.0553 0.956 0.154 0.802 1.13 43.10 44.61 50.0 46.34 2.85 0.00 2.47 0.8 44.92 5 Sand mixtures - silty sand to sandy silt 1.94 16.17 8.31 4.62 3.85 2.96 16.17 5.46 5.35 4.46 4.64 16.17 3.48 6.27 5.22 4.42 16.17 3.66 6.16 5.13

16.01 41.32 1.26 -1.00 3.049 0.0560 0.961 0.156 0.804 1.13 46.51 48.14 50.0 50.18 3.12 0.00 2.47 0.8 48.68 5 Sand mixtures - silty sand to sandy silt 1.95 17.82 9.15 4.93 4.11 2.96 17.82 6.02 5.70 4.75 4.64 17.82 3.84 6.68 5.56 4.42 17.82 4.03 6.56 5.47

16.08 39.94 1.33 4.35 3.330 0.0562 0.965 0.158 0.806 1.13 44.93 46.51 50.0 48.34 3.41 0.00 2.51 0.8 47.03 5 Sand mixtures - silty sand to sandy silt 1.95 17.15 8.80 4.81 4.01 2.96 17.15 5.79 5.57 4.64 4.64 17.15 3.69 6.51 5.43 4.42 17.15 3.88 6.40 5.34

16.14 39.66 1.33 5.02 3.354 0.0562 0.968 0.160 0.808 1.12 44.57 46.14 50.0 47.88 3.44 0.00 2.52 0.9 46.62 5 Sand mixtures - silty sand to sandy silt 1.95 17.01 8.72 4.78 3.99 2.96 17.01 5.74 5.54 4.61 4.65 17.01 3.66 6.48 5.40 4.42 17.01 3.85 6.37 5.31

16.21 38.81 1.38 6.02 3.556 0.0563 0.973 0.163 0.810 1.12 43.57 45.11 50.0 46.71 3.65 0.00 2.54 0.9 45.57 5 Sand mixtures - silty sand to sandy silt 1.95 16.60 8.50 4.71 3.92 2.97 16.60 5.60 5.45 4.54 4.65 16.60 3.57 6.38 5.32 4.43 16.60 3.75 6.27 5.23

16.27 38.53 1.37 6.69 3.556 0.0563 0.976 0.164 0.812 1.12 43.21 44.73 50.0 46.26 3.65 0.00 2.54 0.9 45.16 5 Sand mixtures - silty sand to sandy silt 1.95 16.46 8.42 4.68 3.90 2.97 16.46 5.55 5.42 4.52 4.65 16.46 3.54 6.34 5.29 4.43 16.46 3.72 6.24 5.20

16.34 37.08 1.34 6.69 3.614 0.0562 0.980 0.167 0.814 1.12 41.56 43.03 50.0 44.36 3.71 0.00 2.56 0.9 43.37 5 Sand mixtures - silty sand to sandy silt 1.96 15.73 8.04 4.55 3.79 2.97 15.73 5.30 5.27 4.39 4.65 15.73 3.38 6.16 5.13 4.43 15.73 3.55 6.06 5.05

16.4 37.67 1.34 7.36 3.557 0.0562 0.984 0.168 0.816 1.12 42.15 43.63 50.0 44.98 3.65 0.00 2.55 0.9 43.97 5 Sand mixtures - silty sand to sandy silt 1.96 16.02 8.18 4.61 3.84 2.97 16.02 5.39 5.33 4.44 4.65 16.02 3.44 6.24 5.20 4.43 16.02 3.62 6.13 5.11

16.47 38.24 1.29 7.36 3.373 0.0561 0.988 0.171 0.818 1.12 42.70 44.20 50.0 45.57 3.46 0.00 2.53 0.9 44.49 5 Sand mixtures - silty sand to sandy silt 1.96 16.29 8.31 4.66 3.88 2.97 16.29 5.48 5.39 4.49 4.66 16.29 3.50 6.30 5.25 4.43 16.29 3.67 6.20 5.16

16.54 38.25 1.2 7.70 3.137 0.0558 0.992 0.173 0.820 1.11 42.64 44.14 50.0 45.46 3.22 0.00 2.51 0.8 44.35 5 Sand mixtures - silty sand to sandy silt 1.96 16.27 8.29 4.66 3.88 2.98 16.27 5.47 5.39 4.49 4.66 16.27 3.49 6.30 5.25 4.43 16.27 3.67 6.19 5.16

16.6 39.41 1.21 8.03 3.070 0.0558 0.996 0.175 0.821 1.11 43.84 45.38 50.0 46.77 3.15 0.00 2.50 0.8 45.60 5 Sand mixtures - silty sand to sandy silt 1.96 16.85 8.58 4.76 3.97 2.98 16.85 5.66 5.51 4.59 4.66 16.85 3.62 6.45 5.37 4.44 16.85 3.80 6.34 5.28

16.67 37.1 1.16 8.37 3.127 0.0556 1.000 0.177 0.823 1.11 41.27 42.73 50.0 43.85 3.21 0.00 2.52 0.9 42.83 5 Sand mixtures - silty sand to sandy silt 1.97 15.69 7.98 4.55 3.79 2.98 15.69 5.26 5.26 4.39 4.66 15.69 3.37 6.15 5.13 4.44 15.69 3.53 6.05 5.04

16.73 37.98 1.23 8.70 3.239 0.0559 1.004 0.179 0.825 1.11 42.17 43.65 50.0 44.82 3.33 0.00 2.53 0.9 43.80 5 Sand mixtures - silty sand to sandy silt 1.97 16.14 8.20 4.64 3.86 2.98 16.14 5.41 5.36 4.47 4.66 16.14 3.46 6.27 5.23 4.44 16.14 3.63 6.16 5.14

16.8 37.98 1.23 9.03 3.239 0.0559 1.008 0.181 0.827 1.11 42.10 43.58 50.0 44.70 3.33 0.00 2.53 0.9 43.71 5 Sand mixtures - silty sand to sandy silt 1.97 16.14 8.20 4.64 3.86 2.98 16.14 5.41 5.36 4.47 4.66 16.14 3.46 6.27 5.23 4.44 16.14 3.63 6.16 5.14

16.86 38.27 1.3 9.37 3.397 0.0561 1.012 0.183 0.829 1.11 42.36 43.85 50.0 44.96 3.49 0.00 2.54 0.9 44.00 5 Sand mixtures - silty sand to sandy silt 1.97 16.30 8.27 4.67 3.89 2.99 16.30 5.46 5.40 4.50 4.67 16.30 3.49 6.31 5.26 4.44 16.30 3.67 6.21 5.17

16.93 39.15 1.55 9.70 3.959 0.0568 1.016 0.185 0.831 1.10 43.24 44.76 50.0 45.90 4.06 0.00 2.58 0.9 45.05 5 Sand mixtures - silty sand to sandy silt 1.97 16.80 8.52 4.76 3.97 2.99 16.80 5.62 5.51 4.59 4.67 16.80 3.60 6.44 5.37 4.45 16.80 3.78 6.33 5.27

16.99 40.31 1.55 10.04 3.845 0.0568 1.019 0.187 0.833 1.10 44.43 45.99 50.0 47.20 3.94 0.00 2.56 0.9 46.28 5 Sand mixtures - silty sand to sandy silt 1.97 17.38 8.80 4.87 4.06 2.99 17.38 5.81 5.63 4.69 4.67 17.38 3.72 6.58 5.49 4.45 17.38 3.91 6.47 5.39

17.06 46.09 1.73 10.04 3.754 0.0572 1.024 0.189 0.835 1.10 50.54 52.32 50.0 54.00 3.84 0.00 2.51 0.9 52.83 5 Sand mixtures - silty sand to sandy silt 1.98 20.37 10.31 5.40 4.50 2.99 20.37 6.81 6.24 5.20 4.67 20.37 4.36 7.30 6.08 4.45 20.37 4.58 7.18 5.98

17.13 48.98 1.81 9.70 3.695 0.0574 1.028 0.191 0.837 1.09 53.54 55.43 50.0 57.32 3.77 0.00 2.49 0.8 56.03 5 Sand mixtures - silty sand to sandy silt 1.98 21.89 11.06 5.66 4.72 2.99 21.89 7.31 6.55 5.45 4.67 21.89 4.68 7.65 6.38 4.45 21.89 4.92 7.52 6.27

17.19 49.55 1.78 9.70 3.592 0.0573 1.031 0.193 0.838 1.09 54.08 55.99 50.0 57.88 3.67 0.00 2.48 0.8 56.56 5 Sand mixtures - silty sand to sandy silt 1.98 22.18 11.20 5.71 4.76 2.99 22.18 7.41 6.60 5.50 4.68 22.18 4.74 7.72 6.43 4.45 22.18 4.98 7.59 6.32

17.26 46.65 1.79 9.37 3.837 0.0573 1.036 0.195 0.840 1.09 50.92 52.72 50.0 54.28 3.92 0.00 2.52 0.9 53.18 5 Sand mixtures - silty sand to sandy silt 1.98 20.67 10.43 5.46 4.55 3.00 20.67 6.90 6.31 5.26 4.68 20.67 4.42 7.37 6.14 4.45 20.67 4.64 7.25 6.04

17.32 42.61 1.71 9.37 4.013 0.0572 1.039 0.197 0.842 1.09 46.56 48.20 50.0 49.37 4.11 0.00 2.56 0.9 48.49 5 Sand mixtures - silty sand to sandy silt 1.98 18.57 9.36 5.09 4.24 3.00 18.57 6.19 5.89 4.90 4.68 18.57 3.97 6.88 5.73 4.46 18.57 4.17 6.76 5.63

17.39 40.59 1.4 9.37 3.449 0.0564 1.043 0.199 0.844 1.09 44.34 45.90 50.0 46.85 3.54 0.00 2.53 0.9 45.96 5 Sand mixtures - silty sand to sandy silt 1.99 17.47 8.80 4.90 4.08 3.00 17.47 5.82 5.66 4.72 4.68 17.47 3.73 6.61 5.51 4.46 17.47 3.92 6.50 5.42

17.45 34.23 1.4 9.70 4.090 0.0564 1.047 0.201 0.846 1.10 37.49 38.81 50.0 39.23 4.22 0.00 2.64 0.9 38.71 4 Silt mixtures - clayey silt to silty clay 1.99 14.30 7.20 4.30 3.58 3.00 14.30 4.76 4.97 4.14 4.68 14.30 3.05 5.81 4.84 4.46 14.30 3.21 5.71 4.76

17.52 34.82 1.19 10.71 3.418 0.0557 1.051 0.203 0.848 1.09 38.06 39.40 50.0 39.83 3.52 0.00 2.58 0.9 39.19 5 Sand mixtures - silty sand to sandy silt 1.99 14.55 7.31 4.35 3.62 3.00 14.55 4.84 5.02 4.19 4.69 14.55 3.10 5.87 4.89 4.46 14.55 3.26 5.77 4.81

17.59 36.28 1.11 11.71 3.060 0.0555 1.055 0.206 0.850 1.09 39.56 40.95 50.0 41.45 3.15 0.00 2.53 0.9 40.71 5 Sand mixtures - silty sand to sandy silt 1.99 15.25 7.66 4.49 3.74 3.01 15.25 5.07 5.18 4.32 4.69 15.25 3.25 6.05 5.05 4.46 15.25 3.42 5.95 4.96

17.65 35.41 1.11 11.71 3.135 0.0555 1.059 0.207 0.852 1.09 38.58 39.93 50.0 40.34 3.23 0.00 2.55 0.9 39.66 5 Sand mixtures - silty sand to sandy silt 1.99 14.81 7.43 4.40 3.67 3.01 14.81 4.93 5.09 4.24 4.69 14.81 3.16 5.94 4.95 4.47 14.81 3.32 5.84 4.87

17.72 36.58 1.2 12.38 3.280 0.0558 1.063 0.210 0.854 1.09 39.76 41.16 50.0 41.61 3.38 0.00 2.55 0.9 40.93 5 Sand mixtures - silty sand to sandy silt 1.99 15.41 7.73 4.52 3.77 3.01 15.41 5.12 5.22 4.35 4.69 15.41 3.28 6.10 5.08 4.47 15.41 3.45 5.99 5.00

17.78 38.03 1.4 12.72 3.681 0.0564 1.067 0.212 0.855 1.08 41.25 42.70 50.0 43.22 3.79 0.01 2.57 0.9 42.56 5 Sand mixtures - silty sand to sandy silt 2.00 16.17 8.10 4.67 3.89 3.01 16.17 5.37 5.39 4.49 4.69 16.17 3.45 6.29 5.24 4.47 16.17 3.62 6.19 5.16

17.85 38.31 1.4 12.72 3.654 0.0564 1.071 0.214 0.857 1.08 41.48 42.94 50.0 43.44 3.76 0.00 2.57 0.9 42.79 5 Sand mixtures - silty sand to sandy silt 2.00 16.31 8.16 4.69 3.91 3.01 16.31 5.41 5.42 4.52 4.70 16.31 3.47 6.33 5.27 4.47 16.31 3.65 6.22 5.18

10.76 27.12 0.31 -3.35 1.143 0.0600 0.582 0.000 0.582 ##### #NUM! #NUM! 20.0 45.57 1.17 0.00 2.27 0.7 40.04 5 Sand mixtures - silty sand to sandy silt

(Input Data)

CD-12-02A LIQUEFACTION POTENTIAL & SHEAR STRENGTH CALCULATION

FREE FIELD CONDITION

0.20

SHANSEP

su sr

su/σv' 0.60 sr/σv' 0.50

m 0.65 m 0.65
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Data File: CD-12-02

Location: Midnight Mine South Storage Pond

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Strength Estimates under Dam

Equil Pore 10' Fill 30' Fill 65' Fill Pond - 40' Fill with 80' Removed
Pw Unit Total Effective 

Depth qt fs fs/qt Pressure, FC Using Qtn for calculating Ic (iterations)
(u2) Weight Stress Stress

u0 CN qc1 qc1N Qt1 Fr Bq Ic n Qtn SBTn Soil Type σv ' σp ' OCR su sr σv ' σp ' OCR su sr σv ' σp ' OCR su sr σv ' σp ' OCR su sr

(ft) (tsf) (tsf) (ft) (%) (tcf) (tsf) (tsf) (tsf) TSF % % (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf)

17.91 40.35 1.58 13.05 3.916 0.0569 1.075 0.216 0.859 1.08 43.59 45.12 50.0 45.72 4.02 0.00 2.57 0.9 45.06 5 Sand mixtures - silty sand to sandy silt 2.00 17.37 8.69 4.89 4.08 3.02 17.37 5.76 5.65 4.71 4.70 17.37 3.70 6.60 5.50 4.47 17.37 3.88 6.48 5.40

17.98 42.93 1.77 11.71 4.123 0.0573 1.079 0.218 0.861 1.08 46.25 47.87 50.0 48.61 4.23 0.00 2.57 0.9 47.91 5 Sand mixtures - silty sand to sandy silt 2.00 18.72 9.35 5.14 4.28 3.02 18.72 6.20 5.93 4.94 4.70 18.72 3.98 6.92 5.77 4.47 18.72 4.18 6.81 5.67

18.04 44.96 1.76 11.71 3.915 0.0573 1.082 0.220 0.863 1.07 48.32 50.03 50.0 50.86 4.01 0.00 2.54 0.9 50.08 5 Sand mixtures - silty sand to sandy silt 2.00 19.77 9.86 5.32 4.44 3.02 19.77 6.55 6.14 5.12 4.70 19.77 4.20 7.17 5.98 4.48 19.77 4.42 7.05 5.88

18.11 46.67 2.05 10.71 4.393 0.0579 1.087 0.222 0.865 1.07 50.05 51.81 50.0 52.71 4.50 0.00 2.57 0.9 51.97 5 Sand mixtures - silty sand to sandy silt 2.01 20.70 10.32 5.49 4.57 3.02 20.70 6.85 6.33 5.28 4.70 20.70 4.40 7.39 6.16 4.48 20.70 4.62 7.27 6.06

18.18 54.2 2.09 11.71 3.856 0.0580 1.091 0.224 0.867 1.07 57.87 59.91 50.0 61.27 3.94 0.00 2.48 0.8 60.22 5 Sand mixtures - silty sand to sandy silt 2.01 24.70 12.30 6.16 5.13 3.02 24.70 8.17 7.10 5.92 4.71 24.70 5.25 8.29 6.91 4.48 24.70 5.51 8.15 6.79

18.24 61.11 2.04 9.37 3.338 0.0579 1.094 0.226 0.869 1.06 65.01 67.30 50.0 69.10 3.40 0.00 2.40 0.8 67.71 5 Sand mixtures - silty sand to sandy silt 2.01 28.44 14.15 6.75 5.62 3.02 28.44 9.40 7.79 6.49 4.71 28.44 6.04 9.09 7.58 4.48 28.44 6.35 8.94 7.45

18.31 69.19 2.04 8.37 2.948 0.0579 1.099 0.228 0.871 1.06 73.32 75.90 50.0 78.22 3.00 0.00 2.32 0.8 76.45 5 Sand mixtures - silty sand to sandy silt 2.01 32.92 16.37 7.42 6.19 3.03 32.92 10.87 8.57 7.14 4.71 32.92 6.99 10.00 8.33 4.48 32.92 7.34 9.83 8.19

18.37 69.16 2 6.69 2.892 0.0578 1.102 0.230 0.872 1.06 73.21 75.79 50.0 78.03 2.94 0.00 2.32 0.8 76.28 5 Sand mixtures - silty sand to sandy silt 2.01 32.89 16.34 7.42 6.19 3.03 32.89 10.86 8.56 7.14 4.71 32.89 6.98 10.00 8.33 4.49 32.89 7.33 9.83 8.19

18.44 65.08 3.68 0.000 1.106 0.232 0.874 1.06 68.89 71.31 20.0 73.17 0.00 0.00 ##### ### #NUM! #### #NUM! 2.01 #NUM! #NUM! #NUM! #NUM! 3.03 #NUM! #NUM! #NUM! #NUM! 4.71 #NUM! #NUM! #NUM! #NUM! 4.49 #NUM! #NUM! #NUM! #NUM!

18.5 54.67 3.68 0.000 1.110 0.234 0.876 1.06 58.00 60.04 20.0 61.14 0.00 0.00 ##### ### #NUM! #### #NUM! 2.02 #NUM! #NUM! #NUM! #NUM! 3.03 #NUM! #NUM! #NUM! #NUM! 4.71 #NUM! #NUM! #NUM! #NUM! 4.49 #NUM! #NUM! #NUM! #NUM!

18.57 50.9 2.68 0.000 1.114 0.236 0.878 1.06 53.99 55.89 20.0 56.70 0.00 0.00 ##### ### #NUM! #### #NUM! 2.02 #NUM! #NUM! #NUM! #NUM! 3.03 #NUM! #NUM! #NUM! #NUM! 4.72 #NUM! #NUM! #NUM! #NUM! 4.49 #NUM! #NUM! #NUM! #NUM!

Averages: 0.0541 #N/A #N/A #N/A #N/A

10.76 27.12 0.31 -3.35 1.143 0.0600 0.582 0.000 0.582 ##### #NUM! #NUM! 20.0 45.57 1.17 0.00 2.27 0.7 40.04 5 Sand mixtures - silty sand to sandy silt

(Input Data)

CD-12-02A LIQUEFACTION POTENTIAL & SHEAR STRENGTH CALCULATION

FREE FIELD CONDITION

0.20

SHANSEP

su sr

su/σv' 0.60 sr/σv' 0.50

m 0.65 m 0.65
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Data File: CD-12-02

Location:night Mine South Storage Pond

FoS<1 FoS<1 FoS<1

Mid FoS≥1 FoS≥1 FoS≥1

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Max. Horiz. Acceleration, Amax/g: 0.13

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.05

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g:

Earthquake Moment Magnitude, M:

Magnitude Scaling Factor, MSF:

0.131

6.5

1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Liquefaction Triggering (Sands) Cyclic Softening (Clays)

Depth

(ft)

qt

(tsf)

fs

(tsf)

Pw 

(u2)

(ft)

fs/qt

(%)

Unit 

Weight 

(tcf)

Total 

Stress

(tsf)

Equil Pore 

Pressure, 

u0

(tsf)

Effective 

Stress

(tsf)

CN qc1

TSF

qc1N

FC

%

Qt1 Fr

%

Bq Ic n

Using Qtn for 

Qtn SBTn

calculating Ic (iterations)

Soil Type

Idriss & Boulanger (2008) Youd et al. (2001)

Avg

FoS

Lique-

fiable?

1=Yes

2=No

Idriss & Boulanger (2008)

Cyclic Stress Ratio Cyclic Resistance Ratio

FoS

Cyclic Stress Ratio Cyclic Resistance Ratio

FoS

Cyclic Resistance Ratio

rd Cs Kσ Kα CSR
M=7.5, 

s'v=1atm

Δqc1n qc1n-cs
CRR

M=7.5, 

s'v=1atm

rd Dr f Kσ Kα CSR
M=7.5, 

s'v=1atm

Ic Kc qc1n-cs

CRR
M=7.5, 

s'v=1atm

Ka CSRM CRRM
FoS

8.7927 0.0 0.00 0.00 ###### 0.0450 0.396 0.118 0.277 1.70 0.00 0.00 #### 45.57 1.17 0.30 ##### 1 -1.43 #### #NUM! 0.97 0.03 1.03 1.0 0.088 ##### #DIV/0! #DIV/0! ##### 0.98 0.00 0.80 1.20 1.0 0.069 #NUM! #NUM! #NUM! #NUM! ##### #DIV/0! #NUM! 1 0.901 ##### #####

8.8583 0.0 0.00 0.00 ###### 0.0450 0.399 0.120 0.278 1.70 0.00 0.00 #### -1.43 0.00 0.30 ##### ### #NUM! #### #NUM! 0.97 0.03 1.03 1.0 0.088 ##### #DIV/0! #DIV/0! ##### 0.98 0.00 0.80 1.19 1.0 0.069 #NUM! #NUM! #NUM! #NUM! ##### #DIV/0! #NUM! 1 0.905 ##### #####

8.9239 0.0 0.00 0.00 ###### 0.0450 0.402 0.122 0.279 1.70 0.00 0.00 #### -1.44 0.00 0.30 ##### ### #NUM! #### #NUM! 0.97 0.03 1.03 1.0 0.089 ##### #DIV/0! #DIV/0! ##### 0.98 0.00 0.80 1.19 1.0 0.070 #NUM! #NUM! #NUM! #NUM! ##### #DIV/0! #NUM! 1 0.908 ##### #####

8.9895 0.0 0.00 0.00 ###### 0.0450 0.405 0.124 0.280 1.70 0.00 0.00 #### -1.44 0.00 0.31 ##### ### #NUM! #### #NUM! 0.97 0.03 1.03 1.0 0.089 ##### #DIV/0! #DIV/0! ##### 0.98 0.00 0.80 1.19 1.0 0.070 #NUM! #NUM! #NUM! #NUM! ##### #DIV/0! #NUM! 1 0.912 ##### #####

9.0551 0.0 0.00 0.00 ###### 0.0450 0.407 0.127 0.281 1.70 0.00 0.00 #### -1.45 0.00 0.31 ##### ### #NUM! #### #NUM! 0.97 0.03 1.03 1.0 0.089 ##### #DIV/0! #DIV/0! ##### 0.98 0.00 0.80 1.19 1.0 0.071 #NUM! #NUM! #NUM! #NUM! ##### #DIV/0! #NUM! 1 0.915 ##### #####

9.1207 0.0 0.00 0.00 ###### 0.0450 0.410 0.129 0.282 1.70 0.00 0.00 #### -1.46 0.00 0.31 ##### ### #NUM! #### #NUM! 0.97 0.03 1.03 1.0 0.090 ##### #DIV/0! #DIV/0! ##### 0.98 0.00 0.80 1.19 1.0 0.071 #NUM! #NUM! #NUM! #NUM! ##### #DIV/0! #NUM! 1 0.918 ##### #####

9.1864 0.0 0.00 0.00 ###### 0.0450 0.413 0.131 0.283 1.70 0.00 0.00 #### -1.46 0.00 0.32 ##### ### #NUM! #### #NUM! 0.97 0.03 1.03 1.0 0.090 ##### #DIV/0! #DIV/0! ##### 0.98 0.00 0.80 1.19 1.0 0.071 #NUM! #NUM! #NUM! #NUM! ##### #DIV/0! #NUM! 1 0.922 ##### #####

9.252 0.0 0.00 0.00 ###### 0.0450 0.416 0.133 0.284 1.70 0.00 0.00 #### -1.47 0.00 0.32 ##### ### #NUM! #### #NUM! 0.97 0.03 1.03 1.0 0.090 ##### #DIV/0! #DIV/0! ##### 0.98 0.00 0.80 1.18 1.0 0.072 #NUM! #NUM! #NUM! #NUM! ##### #DIV/0! #NUM! 1 0.925 ##### #####

9.3176 0.0 0.00 0.00 ###### 0.0450 0.419 0.135 0.285 1.70 0.00 0.00 #### -1.47 0.00 0.32 ##### ### #NUM! #### #NUM! 0.97 0.03 1.03 1.0 0.091 ##### #DIV/0! #DIV/0! ##### 0.98 0.00 0.80 1.18 1.0 0.072 #NUM! #NUM! #NUM! #NUM! ##### #DIV/0! #NUM! 1 0.928 ##### #####

9.3832 0.0 0.00 0.00 ###### 0.0450 0.422 0.137 0.285 1.70 0.00 0.00 #### -1.48 0.00 0.32 ##### ### #NUM! #### #NUM! 0.97 0.03 1.03 1.0 0.091 ##### #DIV/0! #DIV/0! ##### 0.98 0.00 0.80 1.18 1.0 0.072 #NUM! #NUM! #NUM! #NUM! ##### #DIV/0! #NUM! 1 0.932 ##### #####

9.4488 0.0 0.01 0.00 ###### 0.0450 0.425 0.139 0.286 1.70 0.00 0.00 #### -1.48 -2.45 0.33 ##### ### #NUM! #### #NUM! 0.97 0.03 1.03 1.0 0.091 ##### #DIV/0! #DIV/0! ##### 0.98 0.00 0.80 1.18 1.0 0.073 #NUM! #NUM! #NUM! #NUM! ##### #DIV/0! #NUM! 1 0.935 ##### #####

9.5144 0.0 0.02 0.00 ###### 0.0450 0.428 0.141 0.287 1.70 0.00 0.00 #### -1.49 -4.86 0.33 ##### ### #NUM! #### #NUM! 0.97 0.03 1.03 1.0 0.092 ##### #DIV/0! #DIV/0! ##### 0.98 0.00 0.80 1.18 1.0 0.073 #NUM! #NUM! #NUM! #NUM! ##### #DIV/0! #NUM! 1 0.938 ##### #####

9.5801 0.0 0.02 0.00 ###### 0.0450 0.431 0.143 0.288 1.70 0.00 0.00 #### -1.50 -4.82 0.33 ##### ### #NUM! #### #NUM! 0.97 0.03 1.03 1.0 0.092 ##### #DIV/0! #DIV/0! ##### 0.98 0.00 0.80 1.18 1.0 0.073 #NUM! #NUM! #NUM! #NUM! ##### #DIV/0! #NUM! 1 0.941 ##### #####

9.6457 11.0 0.03 -2.01 0.285 0.0450 0.434 0.145 0.289 1.70 18.63 19.28 20.0 36.39 0.30 -0.02 2.18 0.7 25.22 5 Sand mixtures - silty sand to sandy silt 0.97 0.05 1.06 1.0 0.090 29.6 48.86 0.076 0.85 0.98 0.25 0.80 1.17 1.0 0.074 2.181 1.62 31.26 0.076 1.03 0.94 1 1 0.944 1.509 1.60

9.7113 11.5 0.03 -1.67 0.270 0.0450 0.437 0.147 0.290 1.70 19.62 20.31 20.0 38.29 0.28 -0.02 2.16 0.7 26.27 5 Sand mixtures - silty sand to sandy silt 0.97 0.05 1.06 1.0 0.090 29.9 50.18 0.078 0.87 0.98 0.26 0.80 1.17 1.0 0.074 2.157 1.57 31.84 0.077 1.03 0.95 1 1 0.948 1.517 1.60

9.7769 12.1 0.04 -1.67 0.343 0.0450 0.440 0.149 0.291 1.70 20.60 21.32 20.0 40.13 0.36 -0.02 2.17 0.7 27.71 5 Sand mixtures - silty sand to sandy silt 0.97 0.05 1.06 1.0 0.090 30.1 51.47 0.079 0.88 0.98 0.27 0.80 1.17 1.0 0.075 2.169 1.59 34.00 0.078 1.05 0.96 1 1 0.951 1.511 1.59

9.8425 12.7 0.05 -0.33 0.409 0.0450 0.443 0.151 0.292 1.70 21.62 22.38 20.0 42.05 0.42 -0.01 2.18 0.7 29.17 5 Sand mixtures - silty sand to sandy silt 0.97 0.05 1.06 1.0 0.090 30.4 52.82 0.080 0.89 0.98 0.27 0.80 1.17 1.0 0.075 2.177 1.61 36.06 0.080 1.07 0.98 1 1 0.954 1.506 1.58

9.9081 13.3 0.05 0.00 0.391 0.0450 0.446 0.153 0.293 1.70 22.60 23.39 20.0 43.88 0.40 -0.01 2.16 0.7 30.18 5 Sand mixtures - silty sand to sandy silt 0.97 0.05 1.07 1.0 0.090 30.7 54.12 0.082 0.90 0.98 0.28 0.80 1.17 1.0 0.075 2.155 1.56 36.59 0.080 1.07 0.99 1 1 0.957 1.515 1.58

9.9738 14.2 0.05 0.67 0.367 0.0450 0.449 0.155 0.294 1.70 24.10 24.94 20.0 46.74 0.38 -0.01 2.12 0.7 31.72 5 Sand mixtures - silty sand to sandy silt 0.97 0.06 1.07 1.0 0.091 31.2 56.10 0.084 0.92 0.98 0.29 0.80 1.17 1.0 0.076 2.124 1.50 37.43 0.081 1.07 1.00 1 1 0.960 1.525 1.59

10.039 15.9 0.11 1.67 0.719 0.0450 0.452 0.157 0.295 1.70 27.05 28.00 20.0 52.49 0.74 -0.01 2.19 0.7 36.80 5 Sand mixtures - silty sand to sandy silt 0.97 0.06 1.07 1.0 0.091 32.0 60.02 0.088 0.97 0.98 0.31 0.80 1.16 1.0 0.076 2.194 1.65 46.24 0.089 1.17 1.07 0 1 0.963 1.475 1.53

10.105 16.8 0.15 2.68 0.867 0.0450 0.455 0.159 0.295 1.70 28.56 29.57 20.0 55.32 0.89 0.00 2.21 0.7 39.15 5 Sand mixtures - silty sand to sandy silt 0.97 0.06 1.07 1.0 0.091 32.5 62.02 0.090 0.99 0.98 0.31 0.80 1.16 1.0 0.076 2.212 1.70 50.16 0.092 1.20 1.10 0 1 0.966 1.457 1.51

10.171 18.0 0.19 3.35 1.042 0.0450 0.458 0.161 0.296 1.70 30.54 31.61 20.0 59.07 1.07 0.00 2.23 0.7 42.15 5 Sand mixtures - silty sand to sandy silt 0.97 0.06 1.07 1.0 0.091 33.0 64.64 0.093 1.02 0.98 0.32 0.80 1.16 1.0 0.077 2.228 1.74 54.97 0.095 1.24 1.13 0 1 0.969 1.435 1.48

10.236 18.0 0.19 3.68 1.042 0.0450 0.461 0.163 0.297 1.70 30.54 31.62 20.0 58.89 1.07 0.00 2.23 0.7 42.07 5 Sand mixtures - silty sand to sandy silt 0.96 0.06 1.07 1.0 0.091 33.0 64.65 0.093 1.02 0.98 0.32 0.80 1.16 1.0 0.077 2.229 1.74 55.04 0.096 1.24 1.13 0 1 0.972 1.441 1.48

10.302 18.6 0.28 4.35 1.513 0.0450 0.464 0.165 0.298 1.70 31.55 32.66 50.0 60.69 1.55 0.00 2.30 0.7 44.83 5 Sand mixtures - silty sand to sandy silt 0.96 0.06 1.07 1.0 0.092 41.8 74.44 0.105 1.15 0.98 0.33 0.80 1.16 1.0 0.077 2.302 1.95 63.81 0.104 1.35 1.25 0 1 0.975 1.374 1.41

10.367 20.9 0.31 5.02 1.495 0.0450 0.467 0.167 0.299 1.70 35.49 36.74 20.0 68.24 1.53 0.00 2.26 0.7 49.59 5 Sand mixtures - silty sand to sandy silt 0.96 0.06 1.07 1.0 0.092 34.5 71.20 0.101 1.10 0.98 0.35 0.80 1.16 1.0 0.078 2.263 1.84 67.44 0.109 1.40 1.25 0 1 0.978 1.383 1.41

10.433 20.9 0.35 5.35 1.693 0.0450 0.469 0.170 0.300 1.70 35.50 36.75 50.0 68.04 1.73 0.00 2.29 0.7 50.16 5 Sand mixtures - silty sand to sandy silt 0.96 0.06 1.07 1.0 0.092 43.2 79.96 0.113 1.22 0.98 0.35 0.80 1.16 1.0 0.078 2.293 1.93 70.83 0.113 1.45 1.34 0 1 0.981 1.358 1.38

10.499 20.5 0.36 0.00 1.774 0.0450 0.472 0.172 0.301 1.70 34.88 36.11 50.0 66.63 1.82 -0.01 2.31 0.7 49.54 5 Sand mixtures - silty sand to sandy silt 0.96 0.06 1.07 1.0 0.092 43.0 79.10 0.111 1.21 0.98 0.35 0.80 1.15 1.0 0.078 2.311 1.98 71.61 0.114 1.46 1.33 0 1 0.984 1.351 1.37

10.564 22.0 0.51 -0.67 2.321 0.0450 0.475 0.174 0.302 1.70 37.33 38.64 50.0 71.18 2.37 -0.01 2.36 0.8 54.09 5 Sand mixtures - silty sand to sandy silt 0.96 0.06 1.07 1.0 0.092 43.9 82.52 0.116 1.26 0.98 0.36 0.80 1.15 1.0 0.079 2.358 2.15 83.07 0.133 1.69 1.47 0 1 0.986 1.273 1.29

10.63 24.2 0.57 -3.68 2.361 0.0450 0.478 0.176 0.303 1.70 41.18 42.63 50.0 78.45 2.41 -0.01 2.33 0.8 59.05 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.08 1.0 0.092 45.3 87.91 0.124 1.34 0.98 0.38 0.80 1.15 1.0 0.079 2.335 2.07 88.06 0.144 1.81 1.58 0 1 0.989 1.273 1.29

10.696 26.0 0.68 -3.35 2.603 0.0450 0.481 0.178 0.304 1.70 44.14 45.70 50.0 83.94 2.65 -0.01 2.34 0.8 63.43 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.08 1.0 0.093 46.4 92.05 0.130 1.40 0.98 0.39 0.80 1.15 1.0 0.079 2.342 2.09 95.48 0.161 2.03 1.72 0 1 0.992 1.242 1.25

10.761 27.1 0.76 -6.36 2.803 0.0450 0.484 0.180 0.305 1.70 46.04 47.66 50.0 87.35 2.85 -0.01 2.35 0.8 66.31 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.08 1.0 0.093 47.0 94.70 0.134 1.45 0.97 0.40 0.80 1.15 1.0 0.080 2.350 2.12 101.10 0.176 2.21 1.83 0 1 0.995 1.218 1.22

10.827 28.4 0.87 -13.38 3.072 0.0450 0.487 0.182 0.305 1.70 48.34 50.04 50.0 91.51 3.13 -0.02 2.36 0.8 69.90 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.08 1.0 0.093 47.9 97.92 0.139 1.50 0.97 0.41 0.80 1.15 1.0 0.080 2.363 2.17 108.45 0.199 2.49 1.99 0 1 0.998 1.183 1.19

10.892 26.6 0.94 -18.74 3.514 0.0450 0.490 0.184 0.306 1.70 45.29 46.88 50.0 85.36 3.58 -0.03 2.42 0.8 66.88 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.08 1.0 0.093 46.8 93.65 0.132 1.42 0.97 0.40 0.80 1.15 1.0 0.080 2.419 2.39 112.12 0.211 2.62 2.02 0 1 1.000 1.123 1.12

10.958 25.5 1.03 -19.07 4.043 0.0450 0.493 0.186 0.307 1.70 43.30 44.82 50.0 81.30 4.12 -0.03 2.47 0.8 65.21 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.08 1.0 0.094 46.0 90.87 0.128 1.37 0.97 0.39 0.80 1.14 1.0 0.081 2.472 2.63 117.84 0.232 2.88 2.12 0 1 1.003 1.049 1.05

11.024 25.2 1.02 -19.41 4.047 0.0450 0.496 0.188 0.308 1.70 42.81 44.32 50.0 80.12 4.13 -0.03 2.48 0.8 64.43 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.08 1.0 0.094 45.9 90.19 0.127 1.35 0.97 0.38 0.80 1.14 1.0 0.081 2.476 2.65 117.37 0.230 2.84 2.10 0 1 1.006 1.055 1.05

11.089 27.5 1.05 -19.07 3.820 0.0450 0.499 0.190 0.309 1.70 46.75 48.39 50.0 87.36 3.89 -0.03 2.44 0.8 69.10 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.08 1.0 0.094 47.3 95.69 0.136 1.44 0.97 0.40 0.80 1.14 1.0 0.081 2.436 2.47 119.33 0.238 2.93 2.18 0 1 1.008 1.096 1.09

11.155 33.6 1.04 -19.07 3.099 0.0450 0.502 0.192 0.310 1.70 57.05 59.06 50.0 106.66 3.15 -0.02 2.32 0.8 80.40 5 Sand mixtures - silty sand to sandy silt 0.96 0.08 1.09 1.0 0.094 51.0 110.11 0.160 1.71 0.97 0.44 0.78 1.16 1.0 0.081 2.324 2.03 119.70 0.240 2.97 2.34 0 1 1.011 1.211 1.20

11.22 36.1 1.16 -20.75 3.222 0.0450 0.505 0.194 0.311 1.70 61.45 63.62 50.0 114.67 3.27 -0.02 2.32 0.7 86.20 5 Sand mixtures - silty sand to sandy silt 0.96 0.08 1.09 1.0 0.094 52.6 116.26 0.172 1.84 0.97 0.46 0.77 1.16 1.0 0.080 2.316 2.00 127.23 0.272 3.38 2.61 0 1 1.014 1.199 1.18

11.286 34.1 1.23 -22.42 3.599 0.0450 0.508 0.196 0.312 1.70 57.97 60.01 50.0 107.75 3.65 -0.03 2.36 0.8 82.76 5 Sand mixtures - silty sand to sandy silt 0.96 0.08 1.09 1.0 0.094 51.4 111.39 0.162 1.73 0.97 0.45 0.78 1.15 1.0 0.081 2.364 2.17 130.24 0.285 3.52 2.62 0 1 1.016 1.149 1.13

11.352 28.6 1.26 -24.09 4.402 0.0450 0.511 0.198 0.313 1.70 48.60 50.31 50.0 89.80 4.48 -0.03 2.47 0.8 72.23 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.08 1.0 0.095 48.0 98.28 0.140 1.47 0.97 0.41 0.80 1.14 1.0 0.082 2.470 2.62 131.76 0.293 3.55 2.51 0 1 1.019 1.036 1.02

11.417 26.6 1.34 -24.43 5.050 0.0450 0.514 0.200 0.314 1.70 45.16 46.75 50.0 83.08 5.15 -0.04 2.53 0.8 68.62 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.08 1.0 0.095 46.7 93.47 0.132 1.38 0.97 0.39 0.80 1.13 1.0 0.083 2.530 2.92 136.70 0.318 3.83 2.61 0 1 1.021 0.946 0.93

11.483 24.8 1.35 -24.09 5.445 0.0450 0.517 0.202 0.314 1.70 42.21 43.70 50.0 77.32 5.56 -0.04 2.57 0.8 65.02 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.08 1.0 0.096 45.7 89.35 0.126 1.31 0.97 0.38 0.80 1.13 1.0 0.083 2.570 3.15 137.67 0.323 3.87 2.59 0 1 1.024 0.895 0.87

11.549 24.5 1.28 -24.09 5.213 0.0450 0.520 0.204 0.315 1.70 41.72 43.19 50.0 76.17 5.33 -0.04 2.56 0.8 63.83 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.07 1.0 0.096 45.5 88.66 0.125 1.30 0.97 0.38 0.80 1.13 1.0 0.084 2.561 3.10 133.80 0.303 3.62 2.46 0 1 1.027 0.936 0.91

11.614 23.7 1.08 -20.75 4.560 0.0450 0.523 0.206 0.316 1.70 40.33 41.74 50.0 73.35 4.66 -0.04 2.53 0.8 60.74 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.07 1.0 0.097 45.0 86.71 0.122 1.26 0.97 0.37 0.80 1.13 1.0 0.084 2.532 2.94 122.55 0.251 2.99 2.13 0 1 1.029 1.039 1.01

11.68 24.3 1.04 -20.41 4.280 0.0450 0.526 0.208 0.317 1.70 41.31 42.76 50.0 74.95 4.37 -0.04 2.51 0.8 61.47 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.07 1.0 0.097 45.3 88.08 0.124 1.28 0.97 0.38 0.80 1.13 1.0 0.084 2.508 2.81 120.12 0.241 2.86 2.07 0 1 1.032 1.087 1.05

11.745 24.3 1.02 -20.41 4.195 0.0450 0.529 0.210 0.318 1.70 41.31 42.76 50.0 74.72 4.29 -0.04 2.50 0.8 61.19 5 Sand mixtures - silty sand to sandy silt 0.96 0.07 1.07 1.0 0.097 45.3 88.08 0.124 1.28 0.97 0.38 0.80 1.13 1.0 0.085 2.503 2.78 119.00 0.237 2.80 2.04 0 1 1.034 1.106 1.07

11.811 21.4 0.95 -18.74 4.417 0.0450 0.531 0.213 0.319 1.70 36.43 37.71 50.0 65.51 4.53 -0.04 2.55 0.8 54.81 5 Sand mixtures - silty sand to sandy silt 0.96 0.06 1.07 1.0 0.098 43.6 81.26 0.114 1.17 0.97 0.35 0.80 1.13 1.0 0.085 2.553 3.05 114.99 0.221 2.61 1.89 0 1 1.036 1.080 1.04

11.877 15.6 0.81 -19.74 5.189 0.0450 0.534 0.215 0.320 1.70 26.58 27.51 50.0 47.20 5.37 -0.06 2.69 0.9 41.81 4 Silt mixtures - clayey silt to silty clay 0.96 0.06 1.06 1.0 0.098 40.0 67.48 0.097 0.98 0.97 0.30 0.80 1.13 1.0 0.085 2.687 3.90 107.40 0.195 2.29 1.64 0 1 1.039 0.974 0.94

11.942 13.0 0.67 -18.74 5.102 0.0450 0.537 0.217 0.321 1.70 22.18 22.96 50.0 38.99 5.32 -0.06 2.74 0.9 35.26 4 Silt mixtures - clayey silt to silty clay 0.96 0.05 1.06 1.0 0.099 38.4 61.33 0.089 0.90 0.97 0.28 0.80 1.12 1.0 0.086 2.736 4.26 97.87 0.167 1.95 1.43 0 1 1.041 0.994 0.95

12.008 11.0 0.57 -18.74 5.187 0.0450 0.540 0.219 0.322 1.70 18.75 19.41 50.0 32.60 5.45 -0.08 2.79 0.9 30.19 4 Silt mixtures - clayey silt to silty clay 0.96 0.05 1.06 1.0 0.099 37.1 56.54 0.084 0.85 0.97 0.25 0.80 1.12 1.0 0.086 2.791 4.71 91.37 0.151 1.76 1.30 0 1 1.044 0.988 0.95

12.073 9.6 0.41 -18.74 4.233 0.0450 0.543 0.221 0.323 1.70 16.29 16.86 50.0 28.02 4.49 -0.09 2.78 0.9 25.85 4 Silt mixtures - clayey silt to silty clay 0.96 0.05 1.06 1.0 0.100 36.2 53.10 0.081 0.81 0.97 0.24 0.80 1.12 1.0 0.086 2.782 4.63 78.09 0.124 1.44 1.12 0 1 1.046 1.133 1.08

12.139 9.3 0.32 -19.07 3.472 0.0450 0.546 0.223 0.324 1.70 15.79 16.34 50.0 27.02 3.69 -0.09 2.74 0.9 24.53 4 Silt mixtures - clayey silt to silty clay 0.96 0.05 1.05 1.0 0.100 36.1 52.40 0.080 0.80 0.97 0.23 0.80 1.12 1.0 0.086 2.742 4.32 70.53 0.113 1.30 1.05 0 1 1.049 1.249 1.19

12.205 10.2 0.25 -18.74 2.458 0.0450 0.549 0.225 0.324 1.70 17.26 17.87 50.0 29.61 2.60 -0.08 2.63 0.9 25.66 4 Silt mixtures - clayey silt to silty clay 0.96 0.05 1.06 1.0 0.100 36.6 54.46 0.082 0.82 0.97 0.24 0.80 1.12 1.0 0.087 2.630 3.52 62.87 0.103 1.19 1.00 0 1 1.051 1.400 1.33

12.27 9.3 0.19 -18.74 2.015 0.0450 0.552 0.227 0.325 1.70 15.80 16.35 50.0 26.86 2.14 -0.09 2.62 0.9 23.15 4 Silt mixtures - clayey silt to silty clay 0.95 0.05 1.05 1.0 0.101 36.1 52.41 0.080 0.79 0.97 0.23 0.80 1.12 1.0 0.087 2.615 3.42 55.92 0.096 1.11 0.95 1 1 1.053 1.469 1.39

12.336 9.6 0.14 -18.74 1.411 0.0450 0.555 0.229 0.326 1.70 16.29 16.86 20.0 27.67 1.50 -0.09 2.53 0.8 23.01 5 Sand mixtures - silty sand to sandy silt 0.95 0.05 1.05 1.0 0.101 28.9 45.76 0.074 0.73 0.97 0.24 0.80 1.12 1.0 0.087 2.528 2.91 49.15 0.091 1.04 0.89 1 1 1.056 1.561 1.48

CD-12-03 LIQUEFACTION POTENTIAL CALCULATION SPREADSHEET FREE FIELD CONDITION

FREE FIELD CONDITION

(Input Data)

Page 1 of 15



Data File: CD-12-02

Location:night Mine South Storage Pond

FoS<1 FoS<1 FoS<1

Mid FoS≥1 FoS≥1 FoS≥1

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Max. Horiz. Acceleration, Amax/g: 0.13

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.05

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g:

Earthquake Moment Magnitude, M:

Magnitude Scaling Factor, MSF:

0.131

6.5

1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Liquefaction Triggering (Sands) Cyclic Softening (Clays)

Depth

12.402

12.467

12.533

12.598

12.664

12.73

12.795

12.861

12.927

12.992

13.058

13.123

13.189

13.255

13.32

13.386

13.451

13.517

13.583

13.648

13.714

13.78

13.845

13.911

13.976

14.042

14.108

14.173

14.239

14.304

14.37

14.436

14.501

14.567

14.633

14.698

14.764

14.829

14.895

14.961

15.026

15.092

15.157

15.223

15.289

15.354

15.42

15.486

15.551

15.617

15.682

15.748

15.814

15.879

15.945

16.01

16.076

qt

9.0

10.7

11.6

12.8

15.6

11.3

10.4

9.5

8.6

7.5

8.4

7.8

7.5

7.8

8.4

8.4

9.0

9.3

9.0

8.1

8.4

9.6

7.8

7.0

6.7

7.8

8.4

9.0

9.9

9.6

9.9

10.4

10.2

10.2

10.7

11.9

12.2

11.9

11.6

12.8

13.9

13.9

12.8

12.5

12.5

12.8

14.0

14.8

16.3

17.1

17.7

17.7

17.2

16.9

16.6

16.3

16.0

fs

0.16

0.10

0.14

0.21

0.25

0.23

0.25

0.24

0.20

0.15

-0.03

0.05

0.06

0.08

0.09

0.09

0.09

0.10

0.07

0.07

0.07

0.07

0.06

0.05

0.03

0.03

0.04

0.04

0.04

0.03

0.03

0.04

0.04

0.05

0.07

0.08

0.09

0.09

0.09

0.11

0.11

0.12

0.11

0.10

0.10

0.15

0.15

0.16

0.17

0.19

0.21

0.22

0.26

0.22

0.21

-0.05

0.54

Pw 

(u2)

-18.74

-18.40

-18.74

-18.40

-19.41

-23.76

-24.43

-24.76

-24.43

-24.76

-24.43

-24.76

-24.43

-20.75

-20.75

-20.75

-20.41

-20.41

-20.08

-20.08

-20.08

-20.08

-20.08

-19.74

-19.74

-19.41

-19.41

-19.41

-19.07

-19.07

-18.74

-18.74

-18.40

-18.07

-18.07

-18.07

-17.73

-17.73

-17.07

-16.73

-16.73

-16.40

-16.40

-16.06

-15.73

-15.39

-15.06

-15.06

-14.72

-14.39

-14.05

-13.72

-13.38

-13.38

-13.38

-12.72

-12.72

fs/qt

1.733

0.968

1.166

1.629

1.596

2.033

2.407

2.517

2.286

1.948

-0.373

0.670

0.834

1.064

1.114

1.114

1.043

1.122

0.810

0.897

0.866

0.761

0.797

0.746

0.467

0.398

0.494

0.463

0.422

0.326

0.316

0.398

0.409

0.512

0.677

0.699

0.767

0.786

0.805

0.894

0.820

0.895

0.894

0.831

0.831

1.137

1.042

1.052

1.022

1.092

1.173

1.231

1.515

1.294

1.254

-0.319

3.377

Unit 

Weight 

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

Total 

Stress

0.558

0.561

0.564

0.567

0.570

0.573

0.576

0.579

0.582

0.585

0.588

0.591

0.594

0.596

0.599

0.602

0.605

0.608

0.611

0.614

0.617

0.620

0.623

0.626

0.629

0.632

0.635

0.638

0.641

0.644

0.647

0.650

0.653

0.656

0.658

0.661

0.664

0.667

0.670

0.673

0.676

0.679

0.682

0.685

0.688

0.691

0.694

0.697

0.700

0.703

0.706

0.709

0.712

0.715

0.718

0.720

0.723

Equil Pore 

Pressure, 

u0

0.231

0.233

0.235

0.237

0.239

0.241

0.243

0.245

0.247

0.249

0.251

0.253

0.255

0.258

0.260

0.262

0.264

0.266

0.268

0.270

0.272

0.274

0.276

0.278

0.280

0.282

0.284

0.286

0.288

0.290

0.292

0.294

0.296

0.298

0.301

0.303

0.305

0.307

0.309

0.311

0.313

0.315

0.317

0.319

0.321

0.323

0.325

0.327

0.329

0.331

0.333

0.335

0.337

0.339

0.341

0.344

0.346

Effective 

Stress

0.327

0.328

0.329

0.330

0.331

0.332

0.333

0.333

0.334

0.335

0.336

0.337

0.338

0.339

0.340

0.341

0.342

0.343

0.343

0.344

0.345

0.346

0.347

0.348

0.349

0.350

0.351

0.352

0.352

0.353

0.354

0.355

0.356

0.357

0.358

0.359

0.360

0.361

0.362

0.362

0.363

0.364

0.365

0.366

0.367

0.368

0.369

0.370

0.371

0.372

0.372

0.373

0.374

0.375

0.376

0.377

0.378

CN

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

qc1

15.30

18.26

19.72

21.71

26.58

19.13

17.63

16.16

14.70

12.71

14.20

13.20

12.72

13.29

14.28

14.28

15.26

15.76

15.27

13.80

14.30

16.26

13.31

11.85

11.35

13.32

14.31

15.29

16.78

16.28

16.79

17.76

17.27

17.28

18.27

20.23

20.73

20.24

19.76

21.74

23.71

23.71

21.75

21.26

21.27

21.77

23.74

25.21

27.68

29.15

30.15

30.16

29.17

28.70

28.20

27.72

27.23

qc1N

15.84

18.90

20.41

22.47

27.52

19.80

18.25

16.72

15.21

13.16

14.70

13.67

13.16

13.76

14.79

14.79

15.80

16.31

15.81

14.29

14.80

16.83

13.78

12.26

11.75

13.79

14.82

15.82

17.37

16.86

17.38

18.38

17.88

17.89

18.91

20.94

21.46

20.95

20.45

22.51

24.54

24.55

22.52

22.01

22.02

22.54

24.58

26.10

28.65

30.18

31.21

31.22

30.20

29.71

29.19

28.70

28.19

FC

50.0

20.0

20.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

50.0

20.0

20.0

20.0

50.0

Qt1

25.81

31.03

33.55

36.99

45.55

32.20

29.45

26.76

24.11

20.55

23.10

21.29

20.37

21.31

22.96

22.89

24.51

25.29

24.37

21.80

22.57

25.84

20.76

18.23

17.34

20.60

22.20

23.76

26.18

25.28

26.04

27.58

26.69

26.63

28.18

31.32

32.05

31.16

30.29

33.43

36.52

36.43

33.17

32.30

32.22

32.94

35.99

38.23

42.04

44.27

45.73

45.62

43.96

43.09

42.21

41.35

40.47

Fr

1.85

1.02

1.23

1.70

1.66

2.14

2.55

2.68

2.45

2.11

-0.40

0.72

0.91

1.15

1.20

1.20

1.12

1.20

0.87

0.97

0.93

0.81

0.87

0.82

0.52

0.43

0.53

0.50

0.45

0.35

0.34

0.42

0.44

0.55

0.72

0.74

0.81

0.83

0.85

0.94

0.86

0.94

0.94

0.88

0.88

1.20

1.10

1.10

1.07

1.14

1.22

1.28

1.58

1.35

1.31

-0.33

3.54

Bq

-0.10

-0.08

-0.07

-0.07

-0.06

-0.09

-0.10

-0.11

-0.13

-0.15

-0.13

-0.14

-0.15

-0.13

-0.12

-0.12

-0.11

-0.10

-0.11

-0.12

-0.12

-0.10

-0.13

-0.14

-0.15

-0.12

-0.11

-0.11

-0.10

-0.10

-0.10

-0.09

-0.09

-0.09

-0.09

-0.08

-0.07

-0.08

-0.08

-0.07

-0.06

-0.06

-0.07

-0.07

-0.07

-0.07

-0.06

-0.06

-0.05

-0.05

-0.05

-0.04

-0.05

-0.05

-0.05

-0.05

-0.05

Ic n

2.59 0.9

2.41 0.8

2.43 0.8

2.47 0.8

2.39 0.8

2.56 0.8

2.63 0.9

2.67 0.9

2.68 0.9

2.69 0.9

##### ###

2.48 0.8

2.53 0.8

2.56 0.8

2.54 0.8

2.54 0.8

2.51 0.8

2.51 0.8

2.46 0.8

2.52 0.8

2.50 0.8

2.43 0.8

2.51 0.8

2.55 0.8

2.49 0.8

2.41 0.8

2.41 0.8

2.38 0.8

2.33 0.8

2.31 0.7

2.29 0.7

2.30 0.7

2.32 0.8

2.35 0.8

2.38 0.8

2.34 0.8

2.35 0.8

2.37 0.8

2.38 0.8

2.37 0.8

2.32 0.8

2.34 0.8

2.37 0.8

2.36 0.8

2.36 0.8

2.42 0.8

2.37 0.8

2.35 0.8

2.32 0.8

2.31 0.8

2.32 0.8

2.33 0.8

2.39 0.8

2.36 0.8

2.36 0.8

##### ###

2.61 0.9

Using Qtn for 

Qtn SBTn

22.07 5

24.65 5

26.79 5

30.04 5

35.97 5

27.20 5

25.58 4

23.64 4

21.40 4

18.36 4

#NUM! ####

17.45 5

17.06 5

18.06 5

19.34 5

19.30 5

20.38 5

21.06 5

19.93 5

18.23 5

18.75 5

20.90 5

17.36 5

15.46 5

14.40 5

16.57 5

17.89 5

18.91 5

20.46 5

19.61 5

20.10 5

21.38 5

20.83 5

21.06 5

22.52 5

24.74 5

25.42 5

24.86 5

24.31 5

26.70 5

28.68 5

28.82 5

26.56 5

25.83 5

25.79 5

26.91 5

28.91 5

30.52 5

33.13 5

34.86 5

36.09 5

36.18 5

35.63 5

34.58 5

33.89 5

#NUM! ####

35.61 4

calculating Ic (iterations)

Soil Type

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Silt mixtures - clayey silt 

Silt mixtures - clayey silt 

Silt mixtures - clayey silt 

Silt mixtures - clayey silt 

#NUM!

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

#NUM!

Silt mixtures - clayey silt 

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to silty clay

to silty clay

to silty clay

to silty clay

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt
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Data File: CD-12-02

Location:night Mine South Storage Pond

FoS<1 FoS<1 FoS<1

Mid FoS≥1 FoS≥1 FoS≥1

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5
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19.09

19.16

19.23

19.29

19.36

19.42

19.49

19.55

19.62

19.69

19.75

19.82

qt

14.0

9.3

19.5

17.5

16.9

16.1

14.9

14.4

13.8

13.8

13.2

13.5

13.8

14.1

13.8

13.5

14.4

13.8

13.8

13.3

12.4

12.1

12.4

11.6

11.6

11.6

12.2

12.7

13.0

12.8

13.1

12.8

13.4

14.2

15.1

14.5

13.4

12.8

13.1

14.6

16.3

18.1

19.3

19.9

22.5

22.8

22.5

15.6

28.3

24.0

23.1

23.1

22.8

24.6

23.4

23.2

24.1

fs

0.56

0.54

0.54

0.51

0.43

0.43

0.30

0.22

0.22

0.20

0.19

0.11

0.11

0.11

0.12

0.14

0.16

0.15

0.16

0.17

0.10

0.09

0.07

0.06

0.04

0.05

0.07

0.08

0.08

0.07

0.08

0.07

0.08

0.04

0.03

0.03

0.02

0.01

0.04

0.07

0.09

0.08

0.12

0.17

0.19

0.54

0.67

0.75

0.72

0.62

0.60

0.61

0.51

0.46

0.48

0.53

0.68

Pw 

(u2)

-12.72

5.35

-11.04

-10.37

-8.70

-8.03

-7.70

-7.03

-7.0

-6.4

-6.0

-6.0

-5.4

-4.7

-3.7

-3.7

-3.7

-3.0

-2.3

-2.3

-2.0

-1.3

-1.0

-0.3

0.3

0.7

1.3

1.3

2.0

2.7

3.3

4.0

4.7

5.4

6.4

6.4

6.7

7.7

9.0

9.7

11.0

13.1

13.7

15.4

16.7

18.4

19.4

18.4

-0.7

-2.7

-1.3

1.0

1.3

1.7

2.3

4.0

4.7

fs/qt

4.012

5.805

2.772

2.913

2.517

2.652

2.020

1.520

1.585

1.433

1.417

0.847

0.829

0.811

0.903

0.999

1.083

1.052

1.127

1.255

0.839

0.772

0.586

0.540

0.360

0.449

0.599

0.653

0.638

0.571

0.637

0.570

0.623

0.292

0.206

0.215

0.155

0.081

0.317

0.499

0.573

0.460

0.648

0.838

0.833

2.373

2.957

4.812

2.535

2.605

2.611

2.653

2.231

1.861

2.041

2.289

2.810

Unit 

Weight 

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

FALSE

FALSE

0.0450

FALSE

0.0450

FALSE

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

Total 

Stress

0.726

0.729

0.732

0.735

0.738

0.741

0.744

0.747

0.750

0.753

0.756

0.759

0.762

0.765

0.768

0.771

0.774

0.777

0.780

0.782

0.785

0.788

0.791

0.794

0.797

0.800

0.803

0.806

0.809

0.812

0.815

0.818

0.821

0.824

0.827

0.830

0.833

0.836

0.839

0.842

0.844

0.847

0.850

0.853

0.856

0.859

0.862

0.865

0.868

0.871

0.874

0.877

0.880

0.883

0.886

0.889

0.892

Equil Pore 

Pressure, 

u0

0.348

0.350

0.352

0.354

0.356

0.358

0.360

0.362

0.364

0.366

0.368

0.370

0.372

0.374

0.376

0.378

0.380

0.382

0.384

0.387

0.389

0.391

0.393

0.395

0.397

0.399

0.401

0.403

0.405

0.407

0.409

0.411

0.413

0.415

0.417

0.419

0.421

0.423

0.425

0.427

0.430

0.432

0.434

0.436

0.438

0.440

0.442

0.444

0.446

0.448

0.450

0.452

0.454

0.456

0.458

0.460

0.462

Effective 

Stress

0.379

0.380

0.381

0.381

0.382

0.383

0.384

0.385

0.386

0.387

0.388

0.389

0.390

0.391

0.391

0.392

0.393

0.394

0.395

0.396

0.397

0.398

0.399

0.400

0.400

0.401

0.402

0.403

0.404

0.405

0.406

0.407

0.408

0.409

0.410

0.410

0.411

0.412

0.413

0.414

0.415

0.416

0.417

0.418

0.419

0.420

0.420

0.421

0.422

0.423

0.424

0.425

0.426

0.427

0.428

0.429

0.429

CN qc1 qc1N

1.70 23.80 24.63

##### #NUM! #NUM!

1.70 33.17 34.34

1.70 29.74 30.78

1.70 28.80 29.82

1.70 27.33 28.29

1.70 25.38 26.27

1.70 24.42 25.28

1.70 23.43 24.25

1.70 23.44 24.27

1.70 22.46 23.25

1.70 22.96 23.76

1.70 23.47 24.29

1.70 23.98 24.82

1.70 23.50 24.33

1.70 23.01 23.82

1.70 24.49 25.36

1.70 23.52 24.35

1.70 23.53 24.36

1.70 22.54 23.34

1.70 21.08 21.82

1.70 20.60 21.33

1.70 21.11 21.85

1.70 19.65 20.34

1.70 19.67 20.36

1.70 19.68 20.37

1.70 20.66 21.39

1.70 21.65 22.41

1.70 22.16 22.94

1.70 21.68 22.45

1.70 22.19 22.97

1.70 21.71 22.48

1.70 22.70 23.50

1.70 24.20 25.05

1.70 25.69 26.59

1.70 24.72 25.59

1.70 22.74 23.54

1.70 21.79 22.56

1.70 22.32 23.10

1.70 24.79 25.66

1.70 27.76 28.73

1.70 30.75 31.84

1.70 32.73 33.88

1.70 33.76 34.95

1.70 38.21 39.55

1.70 38.74 40.10

1.70 38.27 39.61

1.70 26.45 27.38

1.70 48.06 49.75

1.70 40.73 42.16

1.70 39.27 40.66

1.70 39.33 40.71

1.70 38.84 40.20

1.70 41.80 43.27

1.70 39.85 41.25

1.70 39.39 40.78

1.70 40.89 42.33

FC

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

Qt1

35.04

22.62

49.34

43.93

42.38

40.01

36.92

35.36

33.76

33.70

32.12

32.79

33.47

34.16

33.36

32.53

34.67

33.13

33.07

31.51

29.27

28.49

29.16

26.94

26.90

26.84

28.22

29.59

30.26

29.49

30.15

29.38

30.74

32.82

34.88

33.40

30.50

29.07

29.75

33.19

37.31

41.46

44.15

45.50

51.65

52.27

51.49

34.88

65.00

54.56

52.42

52.37

51.58

55.55

52.74

52.00

53.93

Fr

4.23

6.30

2.88

3.04

2.63

2.78

2.13

1.60

1.68

1.52

1.50

0.90

0.88

0.86

0.96

1.06

1.14

1.12

1.19

1.33

0.90

0.83

0.63

0.58

0.39

0.48

0.64

0.70

0.68

0.61

0.68

0.61

0.66

0.31

0.22

0.23

0.17

0.09

0.34

0.53

0.60

0.48

0.68

0.88

0.87

2.47

3.07

5.10

2.61

2.70

2.71

2.76

2.32

1.93

2.12

2.38

2.92

Bq

-0.06

-0.02

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.03

-0.03

-0.03

-0.03

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.01

-0.01

-0.01

0.00

0.00

0.00

0.00

0.01

0.01

0.01

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.01

Ic

2.70

2.93

2.50

2.55

2.52

2.55

2.51

2.46

2.48

2.46

2.47

2.36

2.35

2.34

2.36

2.39

2.39

2.40

2.41

2.45

2.39

2.39

2.33

2.35

2.29

2.32

2.35

2.34

2.33

2.32

2.33

2.32

2.32

2.18

2.12

2.14

2.15

2.13

2.23

2.26

2.24

2.16

2.20

2.24

2.19

2.43

2.50

2.75

2.39

2.45

2.46

2.46

2.42

2.35

2.39

2.43

2.47

n

0.9

1

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.7

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.8

0.8

0.9

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

Using Qtn for 

Qtn SBTn

31.83 4

22.31 4

41.78 5

37.85 5

36.18 5

34.55 5

31.42 5

29.56 5

28.48 5

28.22 5

27.04 5

26.56 5

27.02 5

27.48 5

27.12 5

26.73 5

28.45 5

27.28 5

27.38 5

26.46 5

24.12 5

23.44 5

23.55 5

21.88 5

21.43 5

21.63 5

22.96 5

24.07 5

24.53 5

23.84 5

24.48 5

23.79 5

24.89 5

25.42 5

26.50 5

25.56 5

23.39 5

22.19 5

23.47 5

26.42 5

29.54 5

32.07 5

34.58 5

36.11 5

40.44 5

44.22 5

44.45 5

32.59 4

54.22 5

46.40 5

44.77 5

44.82 5

43.60 5

45.97 5

44.21 5

44.06 5

46.34 5

calculating Ic (iterations)

Soil Type

Silt mixtures - clayey silt 

Silt mixtures - clayey silt 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Silt mixtures - clayey silt 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

to silty clay

to silty clay

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to silty clay

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

Idriss & Boulanger (2008) Youd et al. (2001)

Avg

1.23

#NUM!

1.26

1.20

1.11

1.10

0.98

0.91

0.91

0.85

0.84

0.80

0.80

0.80

0.81

0.81

0.83

0.81

0.82

0.82

0.77

0.76

0.75

0.73

0.72

0.72

0.74

0.76

0.76

0.75

0.76

0.75

0.76

0.74

0.75

0.74

0.71

0.70

0.72

0.76

0.79

0.81

0.84

0.87

0.92

1.26

1.39

1.46

1.53

1.36

1.33

1.34

1.22

1.20

1.20

1.25

1.42

Lique-

fiable?

1=Yes
0

#NUM!

0

0

0

0

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

0

0

0

0

0

0

0

0

0

0

0

0

Idriss & Boulanger (2008)

Cyclic Stress Ratio Cyclic Resistance Ratio

FoS
0.82

#####

0.97

0.91

0.90

0.87

0.84

0.83

0.81

0.73

0.72

0.73

0.73

0.74

0.73

0.72

0.74

0.73

0.73

0.71

0.69

0.69

0.69

0.68

0.67

0.67

0.68

0.70

0.70

0.69

0.70

0.69

0.70

0.72

0.74

0.73

0.70

0.69

0.70

0.72

0.76

0.80

0.83

0.84

0.91

1.02

1.01

0.82

1.19

1.05

1.02

1.02

1.01

1.07

1.03

1.02

1.05

Cyclic Stress Ratio Cyclic Resistance Ratio

FoS
1.63

#####

1.54

1.49

1.33

1.33

1.12

1.00

1.00

0.97

0.96

0.88

0.87

0.87

0.88

0.89

0.91

0.90

0.91

0.92

0.85

0.84

0.81

0.79

0.76

0.77

0.80

0.82

0.82

0.80

0.81

0.80

0.81

0.76

0.75

0.75

0.72

0.70

0.75

0.79

0.82

0.82

0.86

0.91

0.94

1.50

1.78

2.09

1.87

1.67

1.63

1.65

1.43

1.33

1.37

1.47

1.79

Cyclic Resistance Ratio

rd

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.92

0.91

0.91

0.91

0.91

0.91

0.91

0.91

Cs

0.06

####

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.05

0.05

0.06

0.06

0.06

0.05

0.06

0.06

0.06

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.06

0.06

0.06

0.05

0.05

0.05

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.07

0.07

0.07

0.07

0.07

0.07

0.07

0.07

0.07

Kσ

1.05

####

1.06

1.06

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.06

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

Kα

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

CSR
0.111

#NUM!

0.111

0.112

0.112

0.112

0.112

0.112

0.113

0.113

0.113

0.113

0.113

0.113

0.114

0.114

0.114

0.114

0.114

0.114

0.115

0.115

0.115

0.115

0.115

0.115

0.115

0.115

0.116

0.116

0.116

0.116

0.116

0.116

0.116

0.116

0.117

0.117

0.117

0.117

0.117

0.117

0.117

0.117

0.117

0.117

0.117

0.118

0.116

0.117

0.117

0.117

0.117

0.117

0.118

0.118

0.118

Δqc1n
39.0

#####

42.4

41.1

40.8

40.2

39.5

39.2

38.8

31.0

30.7

30.8

31.0

31.1

31.0

30.8

31.3

31.0

31.0

30.7

30.3

30.1

30.3

29.9

29.9

29.9

30.2

30.5

30.6

30.5

30.6

30.5

30.8

31.2

31.6

31.3

30.8

30.5

30.6

31.4

32.2

33.1

33.7

34.0

35.3

44.4

44.2

39.9

47.8

45.1

44.6

44.6

44.4

45.5

44.8

44.6

45.2

qc1n-cs
63.60

#NUM!

76.71

71.91

70.60

68.54

65.81

64.47

63.08

55.24

53.94

54.60

55.27

55.95

55.32

54.66

56.63

55.34

55.36

54.05

52.11

51.48

52.14

50.22

50.24

50.25

51.56

52.87

53.54

52.91

53.58

52.95

54.26

56.24

58.22

56.93

54.31

53.06

53.75

57.03

60.95

64.93

67.55

68.91

74.80

84.50

83.84

67.31

97.53

87.28

85.24

85.31

84.63

88.77

86.05

85.41

87.51

CRR
0.092

#NUM!

0.108

0.102

0.100

0.098

0.095

0.093

0.091

0.083

0.081

0.082

0.083

0.083

0.083

0.082

0.084

0.083

0.083

0.082

0.080

0.079

0.080

0.078

0.078

0.078

0.079

0.080

0.081

0.080

0.081

0.080

0.082

0.084

0.086

0.085

0.082

0.081

0.081

0.085

0.089

0.093

0.097

0.098

0.106

0.119

0.118

0.096

0.139

0.123

0.120

0.120

0.119

0.125

0.121

0.120

0.123

rd

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

Dr

0.29

####

0.34

0.32

0.32

0.31

0.30

0.29

0.28

0.28

0.28

0.28

0.28

0.29

0.28

0.28

0.29

0.28

0.28

0.28

0.27

0.27

0.27

0.26

0.26

0.26

0.27

0.27

0.28

0.27

0.28

0.27

0.28

0.29

0.30

0.29

0.28

0.27

0.28

0.29

0.31

0.33

0.34

0.34

0.36

0.37

0.36

0.30

0.41

0.37

0.37

0.37

0.37

0.38

0.37

0.37

0.38

f

0.80

####

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

Kσ

1.06

####

1.06

1.06

1.06

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.05

1.04

1.04

1.04

1.04

1.04

1.04

1.04

1.04

1.04

1.04

1.04

1.04

1.04

1.03

1.03

1.03

1.03

1.03

1.03

1.03

1.03

1.03

1.03

1.03

1.03

1.03

1.03

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

Kα

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

CSR
0.103

#NUM!

0.103

0.104

0.104

0.104

0.104

0.105

0.105

0.105

0.105

0.106

0.106

0.106

0.106

0.106

0.107

0.107

0.107

0.107

0.108

0.108

0.108

0.108

0.108

0.109

0.109

0.109

0.109

0.110

0.110

0.110

0.110

0.110

0.111

0.111

0.111

0.111

0.111

0.112

0.112

0.112

0.112

0.112

0.113

0.113

0.113

0.113

0.113

0.114

0.114

0.114

0.114

0.115

0.115

0.115

0.115

Ic
2.698

2.929

2.498

2.546

2.519

2.550

2.507

2.455

2.479

2.458

2.471

2.358

2.347

2.336

2.364

2.393

2.387

2.397

2.411

2.450

2.394

2.388

2.331

2.346

2.286

2.318

2.346

2.344

2.332

2.322

2.332

2.322

2.321

2.184

2.122

2.142

2.146

2.130

2.229

2.255

2.236

2.162

2.199

2.238

2.193

2.435

2.497

2.747

2.386

2.446

2.458

2.463

2.422

2.352

2.392

2.426

2.469

Kc
3.98

5.99

2.76

3.01

2.87

3.03

2.81

2.55

2.67

2.56

2.62

2.15

2.11

2.07

2.17

2.28

2.26

2.30

2.36

2.53

2.29

2.26

2.05

2.10

1.91

2.01

2.10

2.10

2.05

2.02

2.06

2.02

2.02

1.63

1.50

1.54

1.55

1.51

1.74

1.81

1.76

1.58

1.66

1.76

1.65

2.46

2.75

4.35

2.26

2.51

2.57

2.59

2.40

2.13

2.28

2.42

2.62

qc1n-cs
98.08

#NUM!

94.68

92.65

85.42

85.77

73.72

64.51

64.68

62.20

61.03

51.09

51.21

51.33

52.84

54.35

57.32

55.96

57.45

58.97

49.94

48.29

44.86

42.81

38.79

40.92

45.02

47.00

47.12

45.33

47.24

45.45

47.42

40.79

39.78

39.29

36.38

34.10

40.24

46.53

50.59

50.24

56.37

61.67

65.30

98.62

109.14

119.06

112.31

105.76

104.32

105.29

96.62

92.11

94.02

98.67

110.70

CRR
M=7.5, 
0.168

#NUM!

0.159

0.154

0.138

0.139

0.117

0.105

0.105

0.102

0.101

0.092

0.092

0.093

0.094

0.095

0.098

0.096

0.098

0.099

0.092

0.090

0.087

0.086

0.082

0.084

0.088

0.089

0.089

0.088

0.089

0.088

0.090

0.084

0.083

0.083

0.080

0.078

0.084

0.089

0.092

0.092

0.097

0.102

0.106

0.169

0.201

0.237

0.212

0.190

0.186

0.189

0.164

0.153

0.157

0.169

0.206

Ka
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

CSRM

1.164

1.165

1.167

1.168

1.170

1.171

1.173

1.174

1.176

1.177

1.178

1.180

1.181

1.182

1.184

1.185

1.186

1.188

1.189

1.190

1.192

1.193

1.194

1.195

1.197

1.198

1.199

1.200

1.202

1.203

1.204

1.205

1.206

1.207

1.209

1.210

1.211

1.212

1.213

1.214

1.215

1.216

1.217

1.218

1.220

1.221

1.222

1.223

1.224

1.225

1.226

1.227

1.228

1.229

1.230

1.231

1.232

CRRM

1.492

1.277

1.653

1.640

1.693

1.680

1.761

1.825

1.821

1.843

1.848

1.920

1.926

1.931

1.924

1.916

1.909

1.916

1.911

1.899

1.951

1.962

1.987

1.996

2.020

2.012

1.998

1.995

2.000

2.011

2.006

2.017

2.014

2.054

2.067

2.069

2.079

2.090

2.066

2.049

2.043

2.059

2.041

2.022

2.026

1.858

1.796

1.594

1.849

1.845

1.848

1.846

1.896

1.939

1.923

1.899

1.845

1.28

1.10

1.42

1.40

1.45

1.43

1.50

1.55

1.55

1.57

1.57

1.63

1.63

1.63

1.62

1.62

1.61

1.61

1.61

1.60

1.64

1.64

1.66

1.67

1.69

1.68

1.67

1.66

1.66

1.67

1.67

1.67

1.67

1.70

1.71

1.71

1.72

1.72

1.70

1.69

1.68

1.69

1.68

1.66

1.66

1.52

1.47

1.30

1.51

1.51

1.51

1.51

1.54

1.58

1.56

1.54

1.50

FoS

CD-12-03 LIQUEFACTION POTENTIAL CALCULATION SPREADSHEET FREE FIELD CONDITION

FREE FIELD CONDITION

(Input Data)
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Data File: CD-12-02

Location:night Mine South Storage Pond

FoS<1 FoS<1 FoS<1

Mid FoS≥1 FoS≥1 FoS≥1

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Max. Horiz. Acceleration, Amax/g: 0.13

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.05

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g:

Earthquake Moment Magnitude, M:

Magnitude Scaling Factor, MSF:

0.131

6.5

1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Liquefaction Triggering (Sands)

,

Cyclic Softening (Clays)

Depth qt fs
Pw 

(u2)
fs/qt

Unit 

Weight 

Total 

Stress

Equil Pore 

Pressure, 
Effective 

Stress
FC Using Qtn for calculating Ic (iterations)

Idriss & Boulanger (2008) Youd et al. (2001)
Lique-

fiable?

Idriss & Boulanger (2008)

Cyclic Stress Ratio Cyclic Resistance Ratio Cyclic Stress Ratio Cyclic Resistance Ratio Cyclic Resistance Ratio

u0 CN qc1 qc1N Qt1 Fr Bq Ic n Qtn SBTn Soil Type rd Cs Kσ Kα CSR Δqc1n qc1n-cs
CRR FoS

rd Dr f Kσ Kα CSR Ic Kc qc1n-cs

CRR
M=7.5  FoS

Avg
1=Yes Ka CSRM CRRM

19.88 26.4 0.79 6.0 2.996 0.0450 0.895 0.464 0.430 1.70 44.72 46.29 50.0 59.22 3.10 -0.01 2.46 0.8 50.74 5 Sand mixtures - silty sand to sandy silt 0.91 0.07 1.06 1.0 0.118 46.6 92.85 0.131 1.12 0.95 0.39 0.80 1.02 1.0 0.115 2.458 2.57 118.80 0.236 2.05 1.58 0 1 1.233 1.828 1.48

19.95 28.1 0.79 6.7 2.810 0.0450 0.898 0.466 0.431 1.68 47.23 48.89 50.0 63.13 2.90 -0.01 2.42 0.8 53.51 5 Sand mixtures - silty sand to sandy silt 0.91 0.07 1.06 1.0 0.118 47.5 96.37 0.137 1.16 0.95 0.40 0.80 1.01 1.0 0.115 2.422 2.40 117.50 0.231 2.00 1.58 0 1 1.233 1.852 1.50

20.01 32.2 0.99 6.4 3.071 0.0450 0.901 0.468 0.432 1.65 53.02 54.88 50.0 72.35 3.16 -0.01 2.41 0.8 61.07 5 Sand mixtures - silty sand to sandy silt 0.91 0.07 1.06 1.0 0.117 49.6 104.46 0.150 1.28 0.95 0.43 0.79 1.02 1.0 0.116 2.407 2.34 128.48 0.277 2.40 1.84 0 1 1.234 1.827 1.48

20.08 31.3 1.00 6.7 3.190 0.0450 0.904 0.470 0.433 1.65 51.71 53.53 50.0 70.18 3.28 -0.01 2.43 0.8 59.63 5 Sand mixtures - silty sand to sandy silt 0.91 0.07 1.06 1.0 0.118 49.1 102.64 0.147 1.25 0.95 0.42 0.79 1.01 1.0 0.116 2.426 2.42 129.70 0.283 2.44 1.85 0 1 1.235 1.817 1.47

20.14 26.7 0.82 7.0 3.079 0.0450 0.906 0.473 0.434 1.68 44.95 46.53 50.0 59.40 3.19 -0.01 2.46 0.8 51.08 5 Sand mixtures - silty sand to sandy silt 0.91 0.07 1.06 1.0 0.118 46.6 93.18 0.132 1.12 0.95 0.39 0.80 1.01 1.0 0.116 2.465 2.60 120.77 0.244 2.10 1.61 0 1 1.236 1.832 1.48

20.21 25.2 0.64 6.4 2.556 0.0450 0.909 0.475 0.435 1.69 42.75 44.26 50.0 55.92 2.65 -0.01 2.43 0.8 47.63 5 Sand mixtures - silty sand to sandy silt 0.91 0.07 1.05 1.0 0.118 45.9 90.11 0.127 1.07 0.95 0.38 0.80 1.01 1.0 0.116 2.432 2.45 108.24 0.198 1.70 1.39 0 1 1.237 1.892 1.53

20.28 19.4 0.66 5.4 3.371 0.0450 0.912 0.477 0.436 1.70 33.04 34.20 50.0 42.50 3.54 -0.02 2.59 0.9 37.99 5 Sand mixtures - silty sand to sandy silt 0.91 0.06 1.05 1.0 0.119 42.3 76.52 0.108 0.91 0.95 0.34 0.80 1.01 1.0 0.116 2.589 3.26 111.45 0.209 1.79 1.35 0 1 1.238 1.808 1.46

20.34 16.0 0.67 5.0 4.171 0.0450 0.915 0.479 0.437 1.70 27.13 28.08 50.0 34.44 4.43 -0.02 2.71 0.9 31.95 4 Silt mixtures - clayey silt to silty clay 0.91 0.06 1.05 1.0 0.119 40.2 68.26 0.097 0.82 0.95 0.31 0.80 1.01 1.0 0.117 2.710 4.07 114.32 0.219 1.88 1.35 0 1 1.239 1.726 1.39

20.41 21.8 0.67 6.4 3.059 0.0450 0.918 0.481 0.438 1.70 36.99 38.29 50.0 47.62 3.19 -0.01 2.53 0.8 41.81 5 Sand mixtures - silty sand to sandy silt 0.91 0.06 1.05 1.0 0.119 43.8 82.04 0.115 0.97 0.95 0.36 0.80 1.01 1.0 0.117 2.528 2.91 111.58 0.209 1.79 1.38 0 1 1.240 1.847 1.49

20.47 25.5 0.70 7.7 2.728 0.0450 0.921 0.483 0.439 1.68 43.00 44.52 50.0 56.14 2.83 -0.01 2.45 0.8 48.13 5 Sand mixtures - silty sand to sandy silt 0.91 0.07 1.05 1.0 0.119 45.9 90.46 0.128 1.08 0.95 0.39 0.80 1.01 1.0 0.117 2.448 2.52 112.05 0.211 1.80 1.44 0 1 1.241 1.886 1.52

20.54 26.8 0.80 -6.7 2.988 0.0450 0.924 0.485 0.439 1.67 44.80 46.37 50.0 58.88 3.10 -0.03 2.46 0.8 50.67 5 Sand mixtures - silty sand to sandy silt 0.91 0.07 1.05 1.0 0.119 46.6 92.97 0.131 1.11 0.95 0.39 0.80 1.01 1.0 0.117 2.458 2.57 118.99 0.237 2.02 1.56 0 1 1.242 1.861 1.50

20.60 24.2 0.85 -6.0 3.525 0.0450 0.927 0.487 0.440 1.69 40.91 42.35 50.0 52.84 3.67 -0.03 2.54 0.8 46.56 5 Sand mixtures - silty sand to sandy silt 0.91 0.07 1.05 1.0 0.119 45.2 87.53 0.123 1.04 0.95 0.38 0.80 1.01 1.0 0.117 2.536 2.96 125.19 0.262 2.24 1.64 0 1 1.242 1.808 1.45

20.67 24.8 0.82 -5.4 3.315 0.0450 0.930 0.489 0.441 1.68 41.74 43.21 50.0 54.07 3.44 -0.03 2.51 0.8 47.32 5 Sand mixtures - silty sand to sandy silt 0.91 0.07 1.05 1.0 0.119 45.5 88.69 0.125 1.05 0.95 0.38 0.80 1.01 1.0 0.118 2.512 2.83 122.23 0.250 2.12 1.59 0 1 1.243 1.833 1.47

20.73 25.1 0.90 -4.7 3.607 0.0450 0.933 0.491 0.442 1.68 42.13 43.61 50.0 54.63 3.75 -0.03 2.53 0.8 48.12 5 Sand mixtures - silty sand to sandy silt 0.91 0.07 1.05 1.0 0.119 45.6 89.24 0.126 1.06 0.95 0.38 0.80 1.01 1.0 0.118 2.532 2.94 128.11 0.276 2.34 1.70 0 1 1.244 1.805 1.45

20.80 28.6 0.93 -4.0 3.241 0.0450 0.936 0.493 0.443 1.65 47.14 48.80 50.0 62.34 3.35 -0.02 2.46 0.8 53.83 5 Sand mixtures - silty sand to sandy silt 0.91 0.07 1.05 1.0 0.119 47.4 96.25 0.136 1.15 0.95 0.40 0.80 1.01 1.0 0.118 2.464 2.59 126.47 0.268 2.27 1.71 0 1 1.245 1.847 1.48

20.87 38.1 0.88 -3.7 2.320 0.0450 0.939 0.495 0.444 1.59 60.54 62.67 50.0 83.70 2.38 -0.02 2.28 0.7 68.56 5 Sand mixtures - silty sand to sandy silt 0.91 0.08 1.06 1.0 0.118 52.3 114.98 0.169 1.43 0.95 0.46 0.77 1.01 1.0 0.118 2.284 1.90 119.03 0.237 2.01 1.72 0 1 1.246 1.947 1.56

20.93 37.7 0.88 -10.0 2.343 0.0450 0.942 0.497 0.445 1.59 59.97 62.08 50.0 82.71 2.40 -0.02 2.29 0.7 67.90 5 Sand mixtures - silty sand to sandy silt 0.91 0.08 1.06 1.0 0.118 52.1 114.19 0.168 1.42 0.95 0.45 0.77 1.01 1.0 0.118 2.290 1.92 119.08 0.237 2.00 1.71 0 1 1.247 1.947 1.56

21.00 29.9 1.07 -11.0 3.581 0.0450 0.945 0.499 0.446 1.64 48.92 50.65 50.0 64.98 3.70 -0.03 2.48 0.8 56.45 5 Sand mixtures - silty sand to sandy silt 0.91 0.07 1.06 1.0 0.119 48.1 98.74 0.140 1.18 0.95 0.41 0.79 1.00 1.0 0.119 2.480 2.67 135.16 0.310 2.61 1.90 0 1 1.248 1.821 1.46

21.06 26.5 1.13 -10.7 4.285 0.0450 0.948 0.501 0.447 1.66 43.88 45.42 50.0 57.10 4.44 -0.03 2.57 0.9 50.93 5 Sand mixtures - silty sand to sandy silt 0.91 0.07 1.05 1.0 0.119 46.3 91.68 0.129 1.08 0.95 0.39 0.80 1.00 1.0 0.119 2.568 3.14 142.59 0.350 2.95 2.01 0 1 1.248 1.750 1.40

21.13 36.6 1.25 -10.4 3.413 0.0450 0.951 0.503 0.448 1.59 58.17 60.22 50.0 79.57 3.50 -0.02 2.41 0.8 67.74 5 Sand mixtures - silty sand to sandy silt 0.90 0.08 1.06 1.0 0.119 51.5 111.67 0.163 1.37 0.95 0.45 0.78 1.00 1.0 0.119 2.408 2.35 141.33 0.343 2.88 2.13 0 1 1.249 1.845 1.48

21.19 43.2 1.42 -11.0 3.297 0.0450 0.954 0.505 0.448 1.55 67.18 69.54 50.0 94.23 3.37 -0.02 2.35 0.8 78.93 5 Sand mixtures - silty sand to sandy silt 0.90 0.08 1.06 1.0 0.118 54.7 124.26 0.189 1.60 0.95 0.48 0.76 1.00 1.0 0.119 2.351 2.12 147.73 0.380 3.19 2.39 0 1 1.250 1.860 1.49

21.26 43.7 1.02 -15.7 2.331 0.0450 0.957 0.507 0.449 1.55 67.79 70.18 50.0 95.17 2.38 -0.02 2.25 0.7 77.38 5 Sand mixtures - silty sand to sandy silt 0.90 0.08 1.06 1.0 0.118 54.9 125.13 0.191 1.61 0.95 0.48 0.76 1.00 1.0 0.119 2.248 1.79 125.73 0.265 2.22 1.92 0 1 1.251 1.963 1.57

21.33 31.5 1.06 -20.1 3.364 0.0450 0.960 0.509 0.450 1.62 50.95 52.74 50.0 67.89 3.47 -0.04 2.45 0.8 58.56 5 Sand mixtures - silty sand to sandy silt 0.90 0.07 1.06 1.0 0.119 48.8 101.57 0.145 1.22 0.95 0.42 0.79 1.00 1.0 0.119 2.449 2.52 133.07 0.299 2.50 1.86 0 1 1.252 1.859 1.49

21.39 25.2 1.00 -20.4 3.966 0.0450 0.963 0.511 0.451 1.66 41.76 43.23 50.0 53.65 4.12 -0.05 2.56 0.9 47.87 5 Sand mixtures - silty sand to sandy silt 0.90 0.07 1.05 1.0 0.120 45.5 88.72 0.125 1.04 0.95 0.38 0.80 1.00 1.0 0.120 2.564 3.11 134.50 0.306 2.56 1.80 0 1 1.252 1.800 1.44

21.46 21.1 0.82 -19.7 3.889 0.0450 0.966 0.513 0.452 1.69 35.73 36.98 50.0 44.59 4.08 -0.06 2.61 0.9 40.36 4 Silt mixtures - clayey silt to silty clay 0.90 0.06 1.05 1.0 0.120 43.3 80.28 0.113 0.94 0.95 0.35 0.80 1.00 1.0 0.120 2.612 3.40 125.87 0.265 2.22 1.58 0 1 1.253 1.811 1.45

21.52 22.0 0.73 -19.7 3.309 0.0450 0.969 0.515 0.453 1.68 36.99 38.29 50.0 46.42 3.46 -0.05 2.56 0.8 41.35 5 Sand mixtures - silty sand to sandy silt 0.90 0.06 1.05 1.0 0.120 43.8 82.04 0.115 0.96 0.95 0.36 0.80 1.00 1.0 0.120 2.556 3.07 117.37 0.230 1.92 1.44 0 1 1.254 1.874 1.49

21.59 19.4 0.64 -19.7 3.324 0.0450 0.971 0.518 0.454 1.70 32.98 34.14 50.0 40.59 3.50 -0.06 2.60 0.9 36.61 5 Sand mixtures - silty sand to sandy silt 0.90 0.06 1.05 1.0 0.121 42.3 76.44 0.108 0.89 0.95 0.34 0.80 1.00 1.0 0.120 2.597 3.31 113.01 0.214 1.78 1.34 0 1 1.255 1.875 1.49

21.65 18.0 0.55 -19.4 3.070 0.0450 0.974 0.520 0.455 1.70 30.53 31.60 50.0 37.34 3.25 -0.07 2.60 0.9 33.72 4 Silt mixtures - clayey silt to silty clay 0.90 0.06 1.05 1.0 0.121 41.4 73.01 0.103 0.85 0.95 0.32 0.80 1.00 1.0 0.120 2.602 3.34 105.47 0.189 1.57 1.21 0 1 1.255 1.904 1.52

21.72 18.5 0.50 -19.4 2.694 0.0450 0.977 0.522 0.456 1.70 31.50 32.61 50.0 38.51 2.84 -0.06 2.56 0.8 34.36 5 Sand mixtures - silty sand to sandy silt 0.90 0.06 1.05 1.0 0.121 41.8 74.37 0.105 0.87 0.95 0.33 0.80 1.00 1.0 0.121 2.558 3.08 100.37 0.174 1.44 1.16 0 1 1.256 1.945 1.55

21.78 16.5 0.46 -19.4 2.772 0.0450 0.980 0.524 0.457 1.70 28.07 29.06 50.0 34.01 2.95 -0.07 2.60 0.9 30.76 4 Silt mixtures - clayey silt to silty clay 0.90 0.06 1.04 1.0 0.121 40.5 69.57 0.099 0.82 0.95 0.31 0.80 1.00 1.0 0.121 2.604 3.35 97.42 0.166 1.38 1.10 0 1 1.257 1.940 1.54

21.85 14.5 0.37 -19.4 2.585 0.0450 0.983 0.526 0.458 1.70 24.62 25.49 50.0 29.50 2.77 -0.08 2.63 0.9 26.90 4 Silt mixtures - clayey silt to silty clay 0.90 0.06 1.04 1.0 0.122 39.3 64.75 0.093 0.77 0.95 0.29 0.80 1.00 1.0 0.121 2.632 3.53 89.95 0.148 1.22 0.99 1 1 1.258 1.962 1.56

21.92 11.9 0.32 -19.4 2.713 0.0450 0.986 0.528 0.458 1.70 20.20 20.91 50.0 23.77 2.96 -0.10 2.71 0.9 22.19 4 Silt mixtures - clayey silt to silty clay 0.90 0.05 1.04 1.0 0.122 37.7 58.57 0.086 0.71 0.95 0.26 0.80 1.00 1.0 0.121 2.715 4.11 85.84 0.139 1.15 0.93 1 1 1.258 1.952 1.55

21.98 11.6 0.29 -19.1 2.511 0.0450 0.989 0.530 0.459 1.70 19.71 20.41 50.0 23.09 2.75 -0.11 2.71 0.9 21.51 4 Silt mixtures - clayey silt to silty clay 0.90 0.05 1.04 1.0 0.122 37.5 57.89 0.086 0.70 0.95 0.26 0.80 1.00 1.0 0.121 2.705 4.04 82.36 0.132 1.09 0.89 1 1 1.259 1.975 1.57

22.05 13.3 0.26 -19.1 1.950 0.0450 0.992 0.532 0.460 1.70 22.67 23.46 50.0 26.81 2.11 -0.09 2.59 0.9 24.21 5 Sand mixtures - silty sand to sandy silt 0.90 0.05 1.04 1.0 0.122 38.6 62.02 0.090 0.74 0.95 0.28 0.80 0.99 1.0 0.121 2.595 3.30 77.34 0.123 1.01 0.88 1 1 1.260 2.035 1.62

22.11 14.5 0.27 -19.1 1.867 0.0450 0.995 0.534 0.461 1.70 24.63 25.49 50.0 29.26 2.00 -0.08 2.56 0.8 26.14 5 Sand mixtures - silty sand to sandy silt 0.90 0.06 1.04 1.0 0.122 39.3 64.76 0.093 0.77 0.95 0.29 0.80 0.99 1.0 0.122 2.555 3.06 78.13 0.124 1.02 0.89 1 1 1.260 2.046 1.62

22.18 14.8 0.20 -18.7 1.337 0.0450 0.998 0.536 0.462 1.70 25.13 26.01 20.0 29.83 1.43 -0.08 2.47 0.8 26.05 5 Sand mixtures - silty sand to sandy silt 0.90 0.06 1.04 1.0 0.122 31.5 57.48 0.085 0.70 0.95 0.29 0.80 0.99 1.0 0.122 2.473 2.63 68.53 0.110 0.90 0.80 1 1 1.261 2.102 1.67

22.24 15.6 0.32 -18.7 2.061 0.0450 1.001 0.538 0.463 1.70 26.60 27.53 50.0 31.63 2.20 -0.08 2.55 0.8 28.26 5 Sand mixtures - silty sand to sandy silt 0.90 0.06 1.04 1.0 0.122 40.0 67.52 0.097 0.79 0.95 0.30 0.80 0.99 1.0 0.122 2.553 3.05 84.01 0.135 1.11 0.95 1 1 1.262 2.032 1.61

22.31 17.1 0.53 -18.7 3.103 0.0450 1.004 0.540 0.464 1.70 29.06 30.08 50.0 34.68 3.30 -0.07 2.63 0.9 31.64 4 Silt mixtures - clayey silt to silty clay 0.90 0.06 1.04 1.0 0.122 40.9 70.95 0.101 0.83 0.95 0.32 0.80 0.99 1.0 0.122 2.627 3.50 105.15 0.188 1.54 1.18 0 1 1.263 1.930 1.53

22.38 15.1 0.53 -18.4 3.518 0.0450 1.007 0.542 0.465 1.70 25.63 26.53 50.0 30.27 3.77 -0.08 2.70 0.9 28.22 4 Silt mixtures - clayey silt to silty clay 0.90 0.06 1.04 1.0 0.122 39.6 66.17 0.095 0.78 0.95 0.30 0.80 0.99 1.0 0.122 2.703 4.02 106.57 0.193 1.57 1.18 0 1 1.263 1.891 1.50

22.44 16.0 0.55 -14.4 3.446 0.0450 1.010 0.544 0.466 1.70 27.19 28.15 50.0 32.18 3.68 -0.07 2.68 0.9 29.79 4 Silt mixtures - clayey silt to silty clay 0.90 0.06 1.04 1.0 0.122 40.2 68.34 0.098 0.80 0.95 0.31 0.80 0.99 1.0 0.122 2.678 3.84 108.07 0.197 1.61 1.21 0 1 1.264 1.901 1.50

22.51 15.1 0.45 -13.4 2.953 0.0450 1.013 0.546 0.467 1.70 25.74 26.65 50.0 30.29 3.16 -0.07 2.66 0.9 27.88 4 Silt mixtures - clayey silt to silty clay 0.90 0.06 1.04 1.0 0.122 39.7 66.32 0.095 0.78 0.95 0.30 0.80 0.99 1.0 0.123 2.657 3.69 98.42 0.169 1.38 1.08 0 1 1.265 1.953 1.54

22.57 18.0 0.50 -13.4 2.768 0.0450 1.016 0.548 0.467 1.69 30.39 31.46 50.0 36.41 2.93 -0.06 2.58 0.9 32.83 5 Sand mixtures - silty sand to sandy silt 0.90 0.06 1.04 1.0 0.122 41.4 72.82 0.103 0.84 0.95 0.32 0.80 0.99 1.0 0.123 2.581 3.22 101.16 0.176 1.44 1.14 0 1 1.265 1.974 1.56

22.64 20.1 0.81 -13.4 4.045 0.0450 1.019 0.550 0.468 1.66 33.37 34.55 50.0 40.64 4.26 -0.05 2.65 0.9 37.36 4 Silt mixtures - clayey silt to silty clay 0.90 0.06 1.04 1.0 0.122 42.4 76.99 0.109 0.89 0.95 0.34 0.80 0.99 1.0 0.123 2.650 3.65 125.96 0.266 2.16 1.53 0 1 1.266 1.850 1.46

22.70 21.8 0.72 -13.1 3.293 0.0450 1.022 0.552 0.469 1.65 35.90 37.16 50.0 44.26 3.45 -0.05 2.57 0.9 39.79 5 Sand mixtures - silty sand to sandy silt 0.90 0.06 1.05 1.0 0.122 43.4 80.52 0.113 0.93 0.95 0.35 0.80 0.99 1.0 0.123 2.567 3.13 116.35 0.226 1.84 1.38 0 1 1.267 1.927 1.52

22.77 26.7 0.61 -13.7 2.298 0.0450 1.025 0.554 0.470 1.61 42.95 44.46 50.0 54.61 2.39 -0.04 2.41 0.8 46.98 5 Sand mixtures - silty sand to sandy silt 0.89 0.07 1.05 1.0 0.122 45.9 90.38 0.127 1.05 0.95 0.38 0.80 0.99 1.0 0.123 2.406 2.34 103.86 0.184 1.49 1.27 0 1 1.267 2.029 1.60

22.83 29.9 0.88 -13.7 2.959 0.0450 1.028 0.556 0.471 1.59 47.38 49.05 50.0 61.23 3.06 -0.03 2.44 0.8 53.20 5 Sand mixtures - silty sand to sandy silt 0.89 0.07 1.05 1.0 0.122 47.5 96.58 0.137 1.13 0.95 0.40 0.80 0.99 1.0 0.123 2.440 2.48 121.78 0.248 2.01 1.57 0 1 1.268 1.966 1.55

22.90 37.9 0.93 -15.7 2.440 0.0450 1.031 0.558 0.472 1.54 58.42 60.47 50.0 78.20 2.51 -0.03 2.31 0.8 65.66 5 Sand mixtures - silty sand to sandy silt 0.89 0.08 1.06 1.0 0.121 51.5 112.01 0.164 1.35 0.95 0.45 0.78 0.99 1.0 0.124 2.314 1.99 120.56 0.243 1.96 1.66 0 1 1.268 2.020 1.59

22.97 37.0 1.03 -21.1 2.782 0.0450 1.033 0.561 0.473 1.54 57.09 59.10 50.0 76.07 2.86 -0.03 2.36 0.8 64.69 5 Sand mixtures - silty sand to sandy silt 0.89 0.08 1.05 1.0 0.121 51.1 110.16 0.160 1.32 0.95 0.44 0.78 0.99 1.0 0.124 2.359 2.15 127.19 0.271 2.19 1.76 0 1 1.269 1.989 1.57

23.03 35.0 1.00 -16.1 2.849 0.0450 1.036 0.563 0.474 1.55 54.37 56.28 50.0 71.77 2.94 -0.03 2.38 0.8 61.46 5 Sand mixtures - silty sand to sandy silt 0.89 0.07 1.05 1.0 0.121 50.1 106.35 0.153 1.26 0.95 0.43 0.78 0.98 1.0 0.124 2.382 2.24 126.16 0.267 2.15 1.71 0 1 1.270 1.985 1.56

23.10 28.4 1.01 -19.7 3.558 0.0450 1.039 0.565 0.475 1.59 45.04 46.62 50.0 57.53 3.69 -0.04 2.51 0.8 51.02 5 Sand mixtures - silty sand to sandy silt 0.89 0.07 1.05 1.0 0.122 46.7 93.30 0.132 1.08 0.95 0.39 0.80 0.99 1.0 0.124 2.510 2.82 131.47 0.291 2.35 1.71 0 1 1.270 1.918 1.51

23.16 20.8 1.08 -19.4 5.188 0.0450 1.042 0.567 0.476 1.64 34.22 35.42 50.0 41.64 5.46 -0.06 2.71 0.9 39.02 4 Silt mixtures - clayey silt to silty clay 0.89 0.06 1.04 1.0 0.123 42.8 78.17 0.110 0.90 0.95 0.34 0.80 0.98 1.0 0.124 2.713 4.09 144.95 0.363 2.92 1.91 0 1 1.271 1.761 1.39

23.23 28.1 1.21 -19.4 4.299 0.0450 1.045 0.569 0.477 1.59 44.53 46.10 50.0 56.70 4.46 -0.04 2.57 0.9 51.12 5 Sand mixtures - silty sand to sandy silt 0.89 0.07 1.05 1.0 0.122 46.5 92.60 0.131 1.07 0.95 0.39 0.80 0.98 1.0 0.124 2.569 3.14 144.81 0.362 2.91 1.99 0 1 1.271 1.851 1.46

23.29 32.1 0.98 -19.4 3.044 0.0450 1.048 0.571 0.477 1.56 50.13 51.90 50.0 65.08 3.15 -0.04 2.43 0.8 56.53 5 Sand mixtures - silty sand to sandy silt 0.89 0.07 1.05 1.0 0.122 48.5 100.43 0.143 1.17 0.95 0.42 0.79 0.98 1.0 0.125 2.429 2.44 126.40 0.268 2.15 1.66 0 1 1.272 1.977 1.55

23.36 33.0 0.79 -19.4 2.396 0.0450 1.051 0.573 0.478 1.55 51.27 53.07 50.0 66.75 2.48 -0.04 2.35 0.8 56.87 5 Sand mixtures - silty sand to sandy silt 0.89 0.07 1.05 1.0 0.122 48.9 102.01 0.146 1.20 0.95 0.42 0.79 0.98 1.0 0.125 2.355 2.14 113.43 0.216 1.73 1.46 0 1 1.273 2.042 1.60

23.43 33.6 0.99 -19.7 2.945 0.0450 1.054 0.575 0.479 1.55 51.99 53.82 50.0 67.81 3.04 -0.04 2.41 0.8 58.61 5 Sand mixtures - silty sand to sandy silt 0.89 0.07 1.05 1.0 0.122 49.2 103.03 0.148 1.21 0.95 0.42 0.79 0.98 1.0 0.125 2.408 2.34 126.14 0.267 2.13 1.67 0 1 1.273 1.991 1.56

23.49 37.6 0.82 -19.4 2.184 0.0450 1.057 0.577 0.480 1.53 57.44 59.47 50.0 76.13 2.25 -0.03 2.29 0.7 63.80 5 Sand mixtures - silty sand to sandy silt 0.89 0.08 1.05 1.0 0.122 51.2 110.65 0.161 1.32 0.95 0.45 0.78 0.98 1.0 0.125 2.290 1.92 113.96 0.218 1.74 1.53 0 1 1.274 2.068 1.62

23.56 43.7 0.80 -19.7 1.834 0.0450 1.060 0.579 0.481 1.50 65.44 67.75 50.0 88.57 1.88 -0.03 2.20 0.7 72.45 5 Sand mixtures - silty sand to sandy silt 0.89 0.08 1.06 1.0 0.121 54.1 121.84 0.184 1.51 0.95 0.48 0.76 0.98 1.0 0.126 2.196 1.66 112.32 0.212 1.68 1.60 0 1 1.274 2.104 1.65
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Data File: CD-12-02

Location:night Mine South Storage Pond

FoS<1 FoS<1 FoS<1

Mid FoS≥1 FoS≥1 FoS≥1

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Max. Horiz. Acceleration, Amax/g: 0.13

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.05

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g:

Earthquake Moment Magnitude, M:

Magnitude Scaling Factor, MSF:

0.131

6.5

1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Liquefaction Triggering (Sands) Cyclic Softening (Clays)

Depth

23.62

23.69

23.75

23.82

23.88

23.95

24.02

24.08

24.15

24.21

24.28

24.34

24.41

24.48

24.54

qt

58.4

73.4

99.2

114.8

120.0

126.6

129.2

129.5

131.5

124.9

120.3

107.5

103.8

99.7

119.7

fs

0.83

0.84

0.67

0.69

0.95

0.77

0.56

0.43

0.30

0.24

0.27

0.34

#N/A

#N/A

#N/A

Pw 

(u2)

-20.1

-19.7

-19.7

-20.1

-20.4

-20.4

-20.4

-20.4

-20.1

-20.1

-20.1

-19.7

-19.4

-19.4

-19.4

fs/qt

1.425

1.147

0.671

0.598

0.789

0.608

0.435

0.329

0.229

0.192

0.225

0.319

#N/A

#N/A

#N/A

Unit 

Weight 

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

Total 

Stress

1.063

1.066

1.069

1.072

1.075

1.078

1.081

1.084

1.087

1.090

1.093

1.095

1.098

1.101

1.104

Equil Pore 

Pressure, 

u0

0.581

0.583

0.585

0.587

0.589

0.591

0.593

0.595

0.597

0.599

0.601

0.604

0.606

0.608

0.610

Effective 

Stress

0.482

0.483

0.484

0.485

0.486

0.487

0.487

0.488

0.489

0.490

0.491

0.492

0.493

0.494

0.495

CN

1.44

1.40

1.34

1.31

1.30

1.29

1.29

1.29

1.28

1.29

1.30

1.32

1.32

1.33

1.30

qc1

84.30

102.76

132.97

150.58

156.27

163.52

166.28

166.50

168.61

161.23

156.03

141.71

137.36

132.65

155.02

qc1N

87.26

106.38

137.65

155.88

161.77

169.28

172.13

172.36

174.55

166.90

161.52

146.69

142.20

137.32

160.48

FC

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

#N/A

#N/A

#N/A

Qt1

118.97

149.89

202.76

234.58

244.83

258.03

262.88

262.98

266.62

252.56

242.69

216.39

208.38

199.78

239.73

Fr

1.45

1.16

0.68

0.60

0.80

0.61

0.44

0.33

0.23

0.19

0.23

0.32

#N/A

#N/A

#N/A

Bq

-0.02

-0.02

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

Ic

2.04

1.91

1.68

1.60

1.66

1.58

1.49

1.43

1.36

1.35

1.39

1.49

#N/A

#N/A

#N/A

n

0.7

0.6

0.5

0.5

0.5

0.5

0.4

0.4

0.4

0.4

0.4

0.4

###

###

###

Using Qtn for 

Qtn SBTn

93.39 6

113.83 6

144.96 6

164.59 6

174.62 6

180.17 6

179.59 6

177.02 6

176.29 6

166.79 6

162.07 6

148.55 6

#N/A #N/A

#N/A #N/A

#N/A #N/A

calculating Ic (iterations)

Soil Type

Sands - clean sand to silty 

Sands - clean sand to silty 

Sands - clean sand to silty 

Sands - clean sand to silty 

Sands - clean sand to silty 

Sands - clean sand to silty 

Sands - clean sand to silty 

Sands - clean sand to silty 

Sands - clean sand to silty 

Sands - clean sand to silty 

Sands - clean sand to silty 

Sands - clean sand to silty 

#N/A

#N/A

#N/A

sand

sand

sand

sand

sand

sand

sand

sand

sand

sand

sand

sand

Idriss & Boulanger (2008) Youd et al. (2001)

Avg

1.84

2.45

6.28

21.31

37.46

88.11

127.59

131.55

178.09

65.87

36.34

10.47

#N/A

#N/A

#N/A

Lique-

fiable?

1=Yes
0

0

0

0

0

0

0

0

0

0

0

0

#N/A

#N/A

#N/A

Idriss & Boulanger (2008)

Cyclic Stress Ratio Cyclic Resistance Ratio

FoS
1.82

2.75

9.90

39.25

71.12

#####

#####

#####

#####

#####

69.05

18.06

#N/A

#N/A

#N/A

Cyclic Stress Ratio Cyclic Resistance Ratio

FoS
1.85

2.15

2.67

3.38

3.80

4.13

4.30

4.31

4.44

3.96

3.64

2.88

#N/A

#N/A

#N/A

Cyclic Resistance Ratio

rd

0.89

0.89

0.89

0.89

0.89

0.89

0.89

0.89

0.89

0.89

0.89

0.88

0.88

0.88

0.88

Cs

0.10

0.11

0.14

0.17

0.18

0.19

0.20

0.20

0.20

0.19

0.18

0.16

0.15

0.14

0.18

Kσ

1.07

1.08

1.10

1.10

1.10

1.10

1.10

1.10

1.10

1.10

1.10

1.10

1.10

1.10

1.10

Kα

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

CSR
0.120

0.119

0.117

0.117

0.117

0.117

0.117

0.117

0.117

0.117

0.117

0.117

0.117

0.118

0.117

Δqc1n
48.6

54.0

62.7

67.8

69.5

71.6

72.4

72.4

73.0

70.9

69.4

65.2

#N/A

#N/A

#N/A

qc1n-cs
135.87

160.33

200.36

223.68

231.23

240.83

244.48

244.78

247.58

237.80

230.91

211.93

#N/A

#N/A

#N/A

CRR
0.219

0.328

1.157

4.588

8.316

20.131

29.361

30.299

41.200

14.974

8.094

2.118

#N/A

#N/A

#N/A

rd

0.94

0.94

0.94

0.94

0.94

0.94

0.94

0.94

0.94

0.94

0.94

0.94

0.94

0.94

0.94

Dr

0.54

0.60

0.68

0.72

0.73

0.75

0.76

0.76

0.76

0.75

0.73

0.70

0.69

0.68

0.73

f

0.73

0.70

0.66

0.64

0.63

0.62

0.62

0.62

0.62

0.63

0.63

0.65

0.66

0.66

0.63

Kσ

0.97

0.97

0.97

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.95

Kα

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

CSR
0.126

0.127

0.128

0.128

0.128

0.129

0.129

0.129

0.129

0.130

0.130

0.130

0.130

0.130

0.131

Ic
2.039

1.911

1.679

1.604

1.663

1.578

1.490

1.429

1.356

1.347

1.386

1.489

#N/A

#N/A

#N/A

Kc
1.35

1.20

1.02

1.00

1.01

1.00

1.00

1.00

1.00

1.00

1.00

1.00

#N/A

#N/A

#N/A

qc1n-cs
118.21

127.59

140.89

155.88

163.75

169.28

172.13

172.36

174.55

166.90

161.52

146.69

#N/A

#N/A

#N/A

CRR
M=7.5, 
0.234

0.273

0.340

0.432

0.488

0.531

0.554

0.556

0.575

0.512

0.472

0.374

#N/A

#N/A

#N/A

Ka
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

CSRM

1.275

1.276

1.276

1.277

1.277

1.278

1.278

1.279

1.279

1.280

1.280

1.281

1.281

1.282

1.282

CRRM

2.146

2.175

2.223

2.233

2.216

2.236

2.255

2.267

2.278

2.284

2.283

2.276

#N/A

#N/A

#N/A

1.68

1.71

1.74

1.75

1.74

1.75

1.76

1.77

1.78

1.78

1.78

1.78

#N/A

#N/A

#N/A

Averages: 0.0450

FoS

CD-12-03 LIQUEFACTION POTENTIAL CALCULATION SPREADSHEET FREE FIELD CONDITION

FREE FIELD CONDITION

(Input Data)
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Data File: CD-12-02

Location:night Mine South Storage PondMid

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g:

Earthquake Moment Magnitude, M:

Magnitude Scaling Factor, MSF:

0.131

6.5

1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Free Field Strength Estimates

Equil Pore Robertson (2010a) Robertson (2010b) Idriss & Boulanger (2008) Olson & Stark (2003)
Pw Unit Total Effective 

Depth qt fs fs/qt Pressure, FC Using Qtn for calculating Ic (iterations) Peak Strengths Cyclic Softening Strengths Liquefied Strengths
(u2) Weight Stress Stress

u0 CN qc1 qc1N Qt1 Fr Bq Ic n Qtn SBTn Soil Type OCR OCR Selected sr/σv' Fines su,LIQ/σv' su,LIQ/σv'σp' su su/σv' sr/su Qtn-cs su,LIQ/σv' qc1n,cs-Sr qc1 qc1 su,LIQ/σv'
Robertson (2009) Kulhawy Mayne (1990) OCR FrQtn/100 Adjust Sig Void Insig Void 

(ft) (tsf) (tsf) (ft) (%) (tcf) (tsf) (tsf) (tsf) TSF % % (tsf) (psf) Δqc1n-Sr Redist Redist (tsf) (MPa)

8.7927 0.0 0.00 0.00 ###### 0.0450 0.396 0.118 0.277 1.70 0.00 0.00 #### 45.57 1.17 0.30 ##### 1 -1.43 #### #NUM! #NUM! -0.4 #NUM! #NUM! #DIV/0! #DIV/0! -0.02 #DIV/0! #NUM! #NUM! #VALUE! #VALUE! #NUM! #NUM! 0.00 0.00 #NUM!

8.8583 0.0 0.00 0.00 ###### 0.0450 0.399 0.120 0.278 1.70 0.00 0.00 #### -1.43 0.00 0.30 ##### ### #NUM! #### #NUM! #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #NUM! #NUM! #VALUE! #VALUE! #NUM! #NUM! 0.00 0.00 #NUM!

8.9239 0.0 0.00 0.00 ###### 0.0450 0.402 0.122 0.279 1.70 0.00 0.00 #### -1.44 0.00 0.30 ##### ### #NUM! #### #NUM! #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #NUM! #NUM! #VALUE! #VALUE! #NUM! #NUM! 0.00 0.00 #NUM!

8.9895 0.0 0.00 0.00 ###### 0.0450 0.405 0.124 0.280 1.70 0.00 0.00 #### -1.44 0.00 0.31 ##### ### #NUM! #### #NUM! #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #NUM! #NUM! #VALUE! #VALUE! #NUM! #NUM! 0.00 0.00 #NUM!

9.0551 0.0 0.00 0.00 ###### 0.0450 0.407 0.127 0.281 1.70 0.00 0.00 #### -1.45 0.00 0.31 ##### ### #NUM! #### #NUM! #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #NUM! #NUM! #VALUE! #VALUE! #NUM! #NUM! 0.00 0.00 #NUM!

9.1207 0.0 0.00 0.00 ###### 0.0450 0.410 0.129 0.282 1.70 0.00 0.00 #### -1.46 0.00 0.31 ##### ### #NUM! #### #NUM! #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #NUM! #NUM! #VALUE! #VALUE! #NUM! #NUM! 0.00 0.00 #NUM!

9.1864 0.0 0.00 0.00 ###### 0.0450 0.413 0.131 0.283 1.70 0.00 0.00 #### -1.46 0.00 0.32 ##### ### #NUM! #### #NUM! #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #NUM! #NUM! #VALUE! #VALUE! #NUM! #NUM! 0.00 0.00 #NUM!

9.252 0.0 0.00 0.00 ###### 0.0450 0.416 0.133 0.284 1.70 0.00 0.00 #### -1.47 0.00 0.32 ##### ### #NUM! #### #NUM! #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #NUM! #NUM! #VALUE! #VALUE! #NUM! #NUM! 0.00 0.00 #NUM!

9.3176 0.0 0.00 0.00 ###### 0.0450 0.419 0.135 0.285 1.70 0.00 0.00 #### -1.47 0.00 0.32 ##### ### #NUM! #### #NUM! #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #NUM! #NUM! #VALUE! #VALUE! #NUM! #NUM! 0.00 0.00 #NUM!

9.3832 0.0 0.00 0.00 ###### 0.0450 0.422 0.137 0.285 1.70 0.00 0.00 #### -1.48 0.00 0.32 ##### ### #NUM! #### #NUM! #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #NUM! #NUM! #VALUE! #VALUE! #NUM! #NUM! 0.00 0.00 #NUM!

9.4488 0.0 0.01 0.00 ###### 0.0450 0.425 0.139 0.286 1.70 0.00 0.00 #### -1.48 -2.45 0.33 ##### ### #NUM! #### #NUM! #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #NUM! #NUM! #VALUE! #VALUE! #NUM! #NUM! 0.00 0.00 #NUM!

9.5144 0.0 0.02 0.00 ###### 0.0450 0.428 0.141 0.287 1.70 0.00 0.00 #### -1.49 -4.86 0.33 ##### ### #NUM! #### #NUM! #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #NUM! #NUM! #VALUE! #VALUE! #NUM! #NUM! 0.00 0.00 #NUM!

9.5801 0.0 0.02 0.00 ###### 0.0450 0.431 0.143 0.288 1.70 0.00 0.00 #### -1.50 -4.82 0.33 ##### ### #NUM! #### #NUM! #NUM! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #NUM! #NUM! #NUM! #NUM! #VALUE! #VALUE! #NUM! #NUM! 0.00 0.00 #NUM!

9.6457 11.0 0.03 -2.01 0.285 0.0450 0.434 0.145 0.289 1.70 18.63 19.28 20.0 36.39 0.30 -0.02 2.18 0.7 25.22 5 Sand mixtures - silty sand to sandy silt 14.1 6.3 1.0 0.29 1040 1.80 0.07 0.04 40.89 0.05 19.5 38.78 0.04 0.04 17.94 1.72 0.05

9.7113 11.5 0.03 -1.67 0.270 0.0450 0.437 0.147 0.290 1.70 19.62 20.31 20.0 38.29 0.28 -0.02 2.16 0.7 26.27 5 Sand mixtures - silty sand to sandy silt 14.9 6.6 1.0 0.29 1049 1.81 0.07 0.04 41.17 0.05 19.5 39.81 0.04 0.04 18.88 1.81 0.06

9.7769 12.1 0.04 -1.67 0.343 0.0450 0.440 0.149 0.291 1.70 20.60 21.32 20.0 40.13 0.36 -0.02 2.17 0.7 27.71 5 Sand mixtures - silty sand to sandy silt 15.9 6.9 1.0 0.29 1048 1.80 0.10 0.05 44.20 0.05 19.5 40.82 0.04 0.04 19.80 1.90 0.06

9.8425 12.7 0.05 -0.33 0.409 0.0450 0.443 0.151 0.292 1.70 21.62 22.38 20.0 42.05 0.42 -0.01 2.18 0.7 29.17 5 Sand mixtures - silty sand to sandy silt 16.9 7.3 1.0 0.29 1048 1.80 0.12 0.07 47.01 0.05 19.5 41.88 0.04 0.04 20.77 1.99 0.06

9.9081 13.3 0.05 0.00 0.391 0.0450 0.446 0.153 0.293 1.70 22.60 23.39 20.0 43.88 0.40 -0.01 2.16 0.7 30.18 5 Sand mixtures - silty sand to sandy silt 17.7 7.5 1.0 0.29 1057 1.81 0.12 0.07 47.20 0.05 19.5 42.89 0.05 0.05 21.69 2.08 0.06

9.9738 14.2 0.05 0.67 0.367 0.0450 0.449 0.155 0.294 1.70 24.10 24.94 20.0 46.74 0.38 -0.01 2.12 0.7 31.72 5 Sand mixtures - silty sand to sandy silt 18.8 7.9 1.0 0.29 1067 1.82 0.12 0.07 47.61 0.05 19.5 44.44 0.05 0.05 23.11 2.21 0.06

10.039 15.9 0.11 1.67 0.719 0.0450 0.452 0.157 0.295 1.70 27.05 28.00 20.0 52.49 0.74 -0.01 2.19 0.7 36.80 5 Sand mixtures - silty sand to sandy silt 22.7 9.2 1.0 0.29 1036 1.76 0.27 0.15 60.77 #N/A 19.5 47.50 #N/A #N/A 25.92 2.48 #N/A

10.105 16.8 0.15 2.68 0.867 0.0450 0.455 0.159 0.295 1.70 28.56 29.57 20.0 55.32 0.89 0.00 2.21 0.7 39.15 5 Sand mixtures - silty sand to sandy silt 24.5 9.8 1.0 0.30 1026 1.74 0.35 0.20 66.41 #N/A 19.5 49.07 #N/A #N/A 27.35 2.62 #N/A

10.171 18.0 0.19 3.35 1.042 0.0450 0.458 0.161 0.296 1.70 30.54 31.61 20.0 59.07 1.07 0.00 2.23 0.7 42.15 5 Sand mixtures - silty sand to sandy silt 26.8 10.5 1.0 0.30 1014 1.71 0.45 0.26 73.29 #N/A 19.5 51.11 #N/A #N/A 29.21 2.80 #N/A

10.236 18.0 0.19 3.68 1.042 0.0450 0.461 0.163 0.297 1.70 30.54 31.62 20.0 58.89 1.07 0.00 2.23 0.7 42.07 5 Sand mixtures - silty sand to sandy silt 26.8 10.5 1.0 0.30 1022 1.72 0.45 0.26 73.23 #N/A 19.5 51.12 #N/A #N/A 29.20 2.80 #N/A

10.302 18.6 0.28 4.35 1.513 0.0450 0.464 0.165 0.298 1.70 31.55 32.66 50.0 60.69 1.55 0.00 2.30 0.7 44.83 5 Sand mixtures - silty sand to sandy silt 29.0 11.2 1.0 0.30 977 1.64 0.70 0.42 87.58 #N/A 45 77.66 #N/A #N/A 30.13 2.89 #N/A

10.367 20.9 0.31 5.02 1.495 0.0450 0.467 0.167 0.299 1.70 35.49 36.74 20.0 68.24 1.53 0.00 2.26 0.7 49.59 5 Sand mixtures - silty sand to sandy silt 32.9 12.4 1.0 0.30 986 1.65 0.76 0.46 91.03 #N/A 19.5 56.24 #N/A #N/A 33.87 3.24 #N/A

10.433 20.9 0.35 5.35 1.693 0.0450 0.469 0.170 0.300 1.70 35.50 36.75 50.0 68.04 1.73 0.00 2.29 0.7 50.16 5 Sand mixtures - silty sand to sandy silt 33.4 12.5 1.0 0.30 971 1.62 0.87 0.54 96.68 #N/A 45 81.75 #N/A #N/A 33.84 3.24 #N/A

10.499 20.5 0.36 0.00 1.774 0.0450 0.472 0.172 0.301 1.70 34.88 36.11 50.0 66.63 1.82 -0.01 2.31 0.7 49.54 5 Sand mixtures - silty sand to sandy silt 32.9 12.4 1.0 0.30 969 1.61 0.90 0.56 98.23 #N/A 45 81.11 #N/A #N/A 33.23 3.18 #N/A

10.564 22.0 0.51 -0.67 2.321 0.0450 0.475 0.174 0.302 1.70 37.33 38.64 50.0 71.18 2.37 -0.01 2.36 0.8 54.09 5 Sand mixtures - silty sand to sandy silt 36.7 13.5 1.0 0.30 916 1.52 1.28 0.85 116.29 #N/A 45 83.64 #N/A #N/A 35.53 3.40 #N/A

10.63 24.2 0.57 -3.68 2.361 0.0450 0.478 0.176 0.303 1.70 41.18 42.63 50.0 78.45 2.41 -0.01 2.33 0.8 59.05 5 Sand mixtures - silty sand to sandy silt 40.9 14.8 1.0 0.30 919 1.52 1.42 0.94 121.98 #N/A 45 87.63 #N/A #N/A 39.17 3.75 #N/A

10.696 26.0 0.68 -3.35 2.603 0.0450 0.481 0.178 0.304 1.70 44.14 45.70 50.0 83.94 2.65 -0.01 2.34 0.8 63.43 5 Sand mixtures - silty sand to sandy silt 44.7 15.9 1.0 0.30 899 1.48 1.68 1.14 132.52 #N/A 45 90.70 #N/A #N/A 41.95 4.02 #N/A

10.761 27.1 0.76 -6.36 2.803 0.0450 0.484 0.180 0.305 1.70 46.04 47.66 50.0 87.35 2.85 -0.01 2.35 0.8 66.31 5 Sand mixtures - silty sand to sandy silt 47.3 16.6 1.0 0.30 884 1.45 1.89 1.30 140.66 #N/A 45 92.66 #N/A #N/A 43.71 4.19 #N/A

10.827 28.4 0.87 -13.38 3.072 0.0450 0.487 0.182 0.305 1.70 48.34 50.04 50.0 91.51 3.13 -0.02 2.36 0.8 69.90 5 Sand mixtures - silty sand to sandy silt 50.5 17.5 1.0 0.31 862 1.41 2.18 1.55 151.50 #N/A 45 95.04 #N/A #N/A 45.86 4.39 #N/A

10.892 26.6 0.94 -18.74 3.514 0.0450 0.490 0.184 0.306 1.70 45.29 46.88 50.0 85.36 3.58 -0.03 2.42 0.8 66.88 5 Sand mixtures - silty sand to sandy silt 47.8 16.7 1.0 0.31 820 1.34 2.39 1.79 159.95 #N/A 45 91.88 #N/A #N/A 42.92 4.11 #N/A

10.958 25.5 1.03 -19.07 4.043 0.0450 0.493 0.186 0.307 1.70 43.30 44.82 50.0 81.30 4.12 -0.03 2.47 0.8 65.21 5 Sand mixtures - silty sand to sandy silt 46.3 16.3 1.0 0.31 768 1.25 2.69 2.15 171.45 #N/A 45 89.82 #N/A #N/A 41.00 3.93 #N/A

11.024 25.2 1.02 -19.41 4.047 0.0450 0.496 0.188 0.308 1.70 42.81 44.32 50.0 80.12 4.13 -0.03 2.48 0.8 64.43 5 Sand mixtures - silty sand to sandy silt 45.6 16.1 1.0 0.31 775 1.26 2.66 2.11 170.62 #N/A 45 89.32 #N/A #N/A 40.51 3.88 #N/A

11.089 27.5 1.05 -19.07 3.820 0.0450 0.499 0.190 0.309 1.70 46.75 48.39 50.0 87.36 3.89 -0.03 2.44 0.8 69.10 5 Sand mixtures - silty sand to sandy silt 49.8 17.3 1.0 0.31 808 1.31 2.69 2.06 170.39 #N/A 45 93.39 #N/A #N/A 44.20 4.23 #N/A

11.155 33.6 1.04 -19.07 3.099 0.0450 0.502 0.192 0.310 1.70 57.05 59.06 50.0 106.66 3.15 -0.02 2.32 0.8 80.40 5 Sand mixtures - silty sand to sandy silt 60.2 20.1 1.0 0.31 895 1.44 2.53 1.75 162.95 #N/A 45 104.06 #N/A #N/A 53.90 5.16 #N/A

11.22 36.1 1.16 -20.75 3.222 0.0450 0.505 0.194 0.311 1.70 61.45 63.62 50.0 114.67 3.27 -0.02 2.32 0.7 86.20 5 Sand mixtures - silty sand to sandy silt 65.7 21.6 1.0 0.31 889 1.43 2.82 1.97 172.41 #N/A 45 108.62 #N/A #N/A 58.00 5.56 #N/A

11.286 34.1 1.23 -22.42 3.599 0.0450 0.508 0.196 0.312 1.70 57.97 60.01 50.0 107.75 3.65 -0.03 2.36 0.8 82.76 5 Sand mixtures - silty sand to sandy silt 62.4 20.7 1.0 0.31 854 1.37 3.02 2.21 179.62 #N/A 45 105.01 #N/A #N/A 54.67 5.24 #N/A

11.352 28.6 1.26 -24.09 4.402 0.0450 0.511 0.198 0.313 1.70 48.60 50.31 50.0 89.80 4.48 -0.03 2.47 0.8 72.23 5 Sand mixtures - silty sand to sandy silt 52.6 18.1 1.0 0.31 772 1.23 3.24 2.62 189.19 #N/A 45 95.31 #N/A #N/A 45.79 4.39 #N/A

11.417 26.6 1.34 -24.43 5.050 0.0450 0.514 0.200 0.314 1.70 45.16 46.75 50.0 83.08 5.15 -0.04 2.53 0.8 68.62 5 Sand mixtures - silty sand to sandy silt 49.4 17.2 1.0 0.31 707 1.13 3.53 3.13 200.67 #N/A 45 91.75 #N/A #N/A 42.52 4.07 #N/A

11.483 24.8 1.35 -24.09 5.445 0.0450 0.517 0.202 0.314 1.70 42.21 43.70 50.0 77.32 5.56 -0.04 2.57 0.8 65.02 5 Sand mixtures - silty sand to sandy silt 46.2 16.3 1.0 0.31 671 1.07 3.62 3.39 204.84 #N/A 45 88.70 #N/A #N/A 39.71 3.80 #N/A

11.549 24.5 1.28 -24.09 5.213 0.0450 0.520 0.204 0.315 1.70 41.72 43.19 50.0 76.17 5.33 -0.04 2.56 0.8 63.83 5 Sand mixtures - silty sand to sandy silt 45.1 16.0 1.0 0.32 704 1.12 3.40 3.05 197.76 #N/A 45 88.19 #N/A #N/A 39.21 3.76 #N/A

11.614 23.7 1.08 -20.75 4.560 0.0450 0.523 0.206 0.316 1.70 40.33 41.74 50.0 73.35 4.66 -0.04 2.53 0.8 60.74 5 Sand mixtures - silty sand to sandy silt 42.4 15.2 1.0 0.32 784 1.24 2.83 2.29 178.32 #N/A 45 86.74 #N/A #N/A 37.87 3.63 #N/A

11.68 24.3 1.04 -20.41 4.280 0.0450 0.526 0.208 0.317 1.70 41.31 42.76 50.0 74.95 4.37 -0.04 2.51 0.8 61.47 5 Sand mixtures - silty sand to sandy silt 43.0 15.4 1.0 0.32 822 1.30 2.69 2.07 172.68 #N/A 45 87.76 #N/A #N/A 38.76 3.71 #N/A

11.745 24.3 1.02 -20.41 4.195 0.0450 0.529 0.210 0.318 1.70 41.31 42.76 50.0 74.72 4.29 -0.04 2.50 0.8 61.19 5 Sand mixtures - silty sand to sandy silt 42.8 15.3 1.0 0.32 839 1.32 2.62 1.99 170.29 #N/A 45 87.76 #N/A #N/A 38.73 3.71 #N/A

11.811 21.4 0.95 -18.74 4.417 0.0450 0.531 0.213 0.319 1.70 36.43 37.71 50.0 65.51 4.53 -0.04 2.55 0.8 54.81 5 Sand mixtures - silty sand to sandy silt 37.3 13.7 1.0 0.32 822 1.29 2.48 1.93 167.13 #N/A 45 82.71 #N/A #N/A 34.13 3.27 #N/A

11.877 15.6 0.81 -19.74 5.189 0.0450 0.534 0.215 0.320 1.70 26.58 27.51 50.0 47.20 5.37 -0.06 2.69 0.9 41.81 4 Silt mixtures - clayey silt to silty clay 26.6 10.5 1.0 0.32 743 1.16 2.25 1.93 163.23 #N/A 45 72.51 #N/A #N/A 24.88 2.38 #N/A

11.942 13.0 0.67 -18.74 5.102 0.0450 0.537 0.217 0.321 1.70 22.18 22.96 50.0 38.99 5.32 -0.06 2.74 0.9 35.26 4 Silt mixtures - clayey silt to silty clay 21.5 8.8 1.0 0.32 760 1.18 1.88 1.58 150.32 #N/A 45 67.96 #N/A #N/A 20.74 1.99 #N/A

12.008 11.0 0.57 -18.74 5.187 0.0450 0.540 0.219 0.322 1.70 18.75 19.41 50.0 32.60 5.45 -0.08 2.79 0.9 30.19 4 Silt mixtures - clayey silt to silty clay 17.7 7.5 1.0 0.32 758 1.18 1.65 1.40 142.12 #N/A 45 64.41 #N/A #N/A 17.52 1.68 #N/A

12.073 9.6 0.41 -18.74 4.233 0.0450 0.543 0.221 0.323 1.70 16.29 16.86 50.0 28.02 4.49 -0.09 2.78 0.9 25.85 4 Silt mixtures - clayey silt to silty clay 14.6 6.5 1.0 0.32 871 1.35 1.16 0.86 119.70 #N/A 45 61.86 #N/A #N/A 15.21 1.46 #N/A

12.139 9.3 0.32 -19.07 3.472 0.0450 0.546 0.223 0.324 1.70 15.79 16.34 50.0 27.02 3.69 -0.09 2.74 0.9 24.53 4 Silt mixtures - clayey silt to silty clay 13.6 6.1 1.0 0.32 963 1.49 0.90 0.61 105.84 #N/A 45 61.34 #N/A #N/A 14.73 1.41 #N/A

12.205 10.2 0.25 -18.74 2.458 0.0450 0.549 0.225 0.324 1.70 17.26 17.87 50.0 29.61 2.60 -0.08 2.63 0.9 25.66 4 Silt mixtures - clayey silt to silty clay 14.4 6.4 1.0 0.32 1083 1.67 0.67 0.40 90.28 #N/A 45 62.87 #N/A #N/A 16.09 1.54 #N/A

12.27 9.3 0.19 -18.74 2.015 0.0450 0.552 0.227 0.325 1.70 15.80 16.35 50.0 26.86 2.14 -0.09 2.62 0.9 23.15 4 Silt mixtures - clayey silt to silty clay 12.7 5.8 1.0 0.33 1140 1.75 0.50 0.28 79.16 #N/A 45 61.35 0.07 0.07 14.71 1.41 0.05

12.336 9.6 0.14 -18.74 1.411 0.0450 0.555 0.229 0.326 1.70 16.29 16.86 20.0 27.67 1.50 -0.09 2.53 0.8 23.01 5 Sand mixtures - silty sand to sandy silt 12.6 5.8 1.0 0.33 1214 1.86 0.34 0.19 67.06 0.14 19.5 36.36 0.04 0.04 15.16 1.45 0.05

CD-12-03 LIQUEFACTION POTENTIAL CALCULATION SPREADSHEET FREE FIELD CONDITION

FREE FIELD CONDITION

(Input Data)

FC% Δqc1n-Sr

0 10.00

10 10.00

25 25.00

50 45.00

75 55.00

100 55.00su/sr < 1 (Strength Loss)
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Data File: CD-12-02

Location:night Mine South Storage PondMid

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g:

Earthquake Moment Magnitude, M:

Magnitude Scaling Factor, MSF:

0.131

6.5

1.44 1.44

u u r u u, vcs u,

2011 CPT Data from ConeTec CPT Data Interpretations Free Field Strength Estimates

Equil Pore Robertson (2010a) Robertson (2010b) Idriss & Boulanger (2008) Olson & Stark (2003)
Pw Unit Total Effective 

Depth qt fs fs/qt Pressure, FC Using Qtn for calculating Ic (iterations) Peak Strengths Cyclic Softening Strengths Liquefied Strengths
(u2) Weight Stress Stress

u0 CN qc1 qc1N Qt1 Fr Bq Ic n Qtn SBTn Soil Type OCR OCR Selected sr/σv' Fines su,LIQ/σv' su,LIQ/σv'σp' s s /σv' s /s Qtn- s LIQ/σv' qc1n,cs-Sr qc1 qc1 s LIQ/σ '
12.402 9.0 0.16 -18.74 1.733 0.0450 0.558 0.231 0.327 1.70 15.30 15.84 50.0 25.81 1.85 -0.10 2.59 0.9 22.07 5 Sand mixtures - silty sand to sandy silt 12.0 5.5 1.0 0.33 1185 1.81 0.41 0.23 72.66 0.60 45 60.84 0.07 0.07 14.23 1.36 0.05

12.467 10.7 0.10 -18.40 0.968 0.0450 0.561 0.233 0.328 1.70 18.26 18.90 20.0 31.03 1.02 -0.08 2.41 0.8 24.65 5 Sand mixtures - silty sand to sandy silt 13.7 6.2 1.0 0.33 1278 1.95 0.25 0.13 58.49 0.08 19.5 38.40 0.04 0.04 16.97 1.63 0.05

12.533 11.6 0.14 -18.74 1.166 0.0450 0.564 0.235 0.329 1.70 19.72 20.41 20.0 33.55 1.23 -0.07 2.43 0.8 26.79 5 Sand mixtures - silty sand to sandy silt 15.2 6.7 1.0 0.33 1263 1.92 0.33 0.17 64.77 0.12 19.5 39.91 0.04 0.04 18.31 1.75 0.06

12.598 12.8 0.21 -18.40 1.629 0.0450 0.567 0.237 0.330 1.70 21.71 22.47 50.0 36.99 1.70 -0.07 2.47 0.8 30.04 5 Sand mixtures - silty sand to sandy silt 17.6 7.5 1.0 0.33 1219 1.85 0.51 0.28 78.04 0.64 45 67.47 0.07 0.08 20.14 1.93 0.06

12.664 15.6 0.25 -19.41 1.596 0.0450 0.570 0.239 0.331 1.70 26.58 27.52 50.0 45.55 1.66 -0.06 2.39 0.8 35.97 5 Sand mixtures - silty sand to sandy silt 22.0 9.0 1.0 0.33 1230 1.86 0.60 0.32 82.41 #N/A 45 72.52 #N/A #N/A 24.64 2.36 #N/A

12.73 11.3 0.23 -23.76 2.033 0.0450 0.573 0.241 0.332 1.70 19.13 19.80 50.0 32.20 2.14 -0.09 2.56 0.8 27.20 5 Sand mixtures - silty sand to sandy silt 15.5 6.8 1.0 0.33 1189 1.79 0.58 0.33 83.90 0.62 45 64.80 0.07 0.07 17.72 1.70 0.05

12.795 10.4 0.25 -24.43 2.407 0.0450 0.576 0.243 0.333 1.70 17.63 18.25 50.0 29.45 2.55 -0.10 2.63 0.9 25.58 4 Silt mixtures - clayey silt to silty clay 14.4 6.4 1.0 0.33 1154 1.74 0.65 0.38 89.30 #N/A 45 63.25 0.07 0.07 16.31 1.56 0.05

12.861 9.5 0.24 -24.76 2.517 0.0450 0.579 0.245 0.333 1.70 16.16 16.72 50.0 26.76 2.68 -0.11 2.67 0.9 23.64 4 Silt mixtures - clayey silt to silty clay 13.0 5.9 1.0 0.33 1149 1.72 0.63 0.37 88.89 #N/A 45 61.72 0.07 0.07 14.94 1.43 0.05

12.927 8.6 0.20 -24.43 2.286 0.0450 0.582 0.247 0.334 1.70 14.70 15.21 50.0 24.11 2.45 -0.13 2.68 0.9 21.40 4 Silt mixtures - clayey silt to silty clay 11.5 5.3 1.0 0.33 1182 1.77 0.52 0.30 82.03 #N/A 45 60.21 0.07 0.07 13.58 1.30 0.05

12.992 7.5 0.15 -24.76 1.948 0.0450 0.585 0.249 0.335 1.70 12.71 13.16 50.0 20.55 2.11 -0.15 2.69 0.9 18.36 4 Silt mixtures - clayey silt to silty clay 9.5 4.6 1.0 0.34 1227 1.83 0.39 0.21 72.47 #N/A 45 58.16 0.06 0.06 11.73 1.12 0.05

13.058 8.4 -0.03 -24.43 -0.373 0.0450 0.588 0.251 0.336 1.70 14.20 14.70 20.0 23.10 -0.40 -0.13 ##### ### #NUM! #### #NUM! #NUM! #NUM! 1.0 0.34 1492 2.22 #NUM! #NUM! #NUM! #NUM! 19.5 34.20 #NUM! #NUM! 13.10 1.25 #NUM!

13.123 7.8 0.05 -24.76 0.670 0.0450 0.591 0.253 0.337 1.70 13.20 13.67 20.0 21.29 0.72 -0.14 2.48 0.8 17.45 5 Sand mixtures - silty sand to sandy silt 8.9 4.4 1.0 0.34 1384 2.05 0.13 0.06 46.26 0.05 19.5 33.17 0.04 0.04 12.17 1.17 0.05

13.189 7.5 0.06 -24.43 0.834 0.0450 0.594 0.255 0.338 1.70 12.72 13.16 20.0 20.37 0.91 -0.15 2.53 0.8 17.06 5 Sand mixtures - silty sand to sandy silt 8.7 4.3 1.0 0.34 1373 2.03 0.15 0.08 49.78 0.06 19.5 32.66 0.04 0.04 11.71 1.12 0.05

13.255 7.8 0.08 -20.75 1.064 0.0450 0.596 0.258 0.339 1.70 13.29 13.76 20.0 21.31 1.15 -0.13 2.56 0.8 18.06 5 Sand mixtures - silty sand to sandy silt 9.3 4.5 1.0 0.34 1355 2.00 0.21 0.10 55.56 0.07 19.5 33.26 0.04 0.04 12.23 1.17 0.05

13.32 8.4 0.09 -20.75 1.114 0.0450 0.599 0.260 0.340 1.70 14.28 14.79 20.0 22.96 1.20 -0.12 2.54 0.8 19.34 5 Sand mixtures - silty sand to sandy silt 10.1 4.8 1.0 0.34 1356 2.00 0.23 0.12 57.69 0.08 19.5 34.29 0.04 0.04 13.13 1.26 0.05

13.386 8.4 0.09 -20.75 1.114 0.0450 0.602 0.262 0.341 1.70 14.28 14.79 20.0 22.89 1.20 -0.12 2.54 0.8 19.30 5 Sand mixtures - silty sand to sandy silt 10.1 4.8 1.0 0.34 1364 2.00 0.23 0.12 57.66 0.08 19.5 34.29 0.04 0.04 13.12 1.26 0.05

13.451 9.0 0.09 -20.41 1.043 0.0450 0.605 0.264 0.342 1.70 15.26 15.80 20.0 24.51 1.12 -0.11 2.51 0.8 20.38 5 Sand mixtures - silty sand to sandy silt 10.8 5.1 1.0 0.34 1379 2.02 0.23 0.11 56.99 0.08 19.5 35.30 0.04 0.04 14.01 1.34 0.05

13.517 9.3 0.10 -20.41 1.122 0.0450 0.608 0.266 0.343 1.70 15.76 16.31 20.0 25.29 1.20 -0.10 2.51 0.8 21.06 5 Sand mixtures - silty sand to sandy silt 11.3 5.3 1.0 0.34 1377 2.01 0.25 0.13 59.30 0.09 19.5 35.81 0.04 0.04 14.45 1.38 0.05

13.583 9.0 0.07 -20.08 0.810 0.0450 0.611 0.268 0.343 1.70 15.27 15.81 20.0 24.37 0.87 -0.11 2.46 0.8 19.93 5 Sand mixtures - silty sand to sandy silt 10.5 5.0 1.0 0.34 1419 2.07 0.17 0.08 51.37 0.06 19.5 35.31 0.04 0.04 13.99 1.34 0.05

13.648 8.1 0.07 -20.08 0.897 0.0450 0.614 0.270 0.344 1.70 13.80 14.29 20.0 21.80 0.97 -0.12 2.52 0.8 18.23 5 Sand mixtures - silty sand to sandy silt 9.4 4.6 1.0 0.34 1417 2.06 0.18 0.09 52.09 0.06 19.5 33.79 0.04 0.04 12.64 1.21 0.05

13.714 8.4 0.07 -20.08 0.866 0.0450 0.617 0.272 0.345 1.70 14.30 14.80 20.0 22.57 0.93 -0.12 2.50 0.8 18.75 5 Sand mixtures - silty sand to sandy silt 9.8 4.7 1.0 0.35 1428 2.07 0.18 0.08 51.80 0.06 19.5 34.30 0.04 0.04 13.08 1.25 0.05

13.78 9.6 0.07 -20.08 0.761 0.0450 0.620 0.274 0.346 1.70 16.26 16.83 20.0 25.84 0.81 -0.10 2.43 0.8 20.90 5 Sand mixtures - silty sand to sandy silt 11.2 5.2 1.0 0.35 1446 2.09 0.17 0.08 50.89 0.06 19.5 36.33 0.04 0.04 14.86 1.42 0.05

13.845 7.8 0.06 -20.08 0.797 0.0450 0.623 0.276 0.347 1.70 13.31 13.78 20.0 20.76 0.87 -0.13 2.51 0.8 17.36 5 Sand mixtures - silty sand to sandy silt 8.9 4.3 1.0 0.35 1450 2.09 0.15 0.07 49.21 0.06 19.5 33.28 0.04 0.04 12.15 1.16 0.05

13.911 7.0 0.05 -19.74 0.746 0.0450 0.626 0.278 0.348 1.70 11.85 12.26 20.0 18.23 0.82 -0.14 2.55 0.8 15.46 5 Sand mixtures - silty sand to sandy silt 7.7 3.9 1.0 0.35 1463 2.10 0.13 0.06 46.65 0.05 19.5 31.76 0.03 0.03 10.81 1.04 0.04

13.976 6.7 0.03 -19.74 0.467 0.0450 0.629 0.280 0.349 1.70 11.35 11.75 20.0 17.34 0.52 -0.15 2.49 0.8 14.40 5 Sand mixtures - silty sand to sandy silt 7.0 3.6 1.0 0.35 1501 2.15 0.07 0.03 39.33 0.04 19.5 31.25 0.03 0.03 10.35 0.99 0.04

14.042 7.8 0.03 -19.41 0.398 0.0450 0.632 0.282 0.350 1.70 13.32 13.79 20.0 20.60 0.43 -0.12 2.41 0.8 16.57 5 Sand mixtures - silty sand to sandy silt 8.4 4.1 1.0 0.35 1516 2.17 0.07 0.03 38.87 0.04 19.5 33.29 0.04 0.04 12.14 1.16 0.05

14.108 8.4 0.04 -19.41 0.494 0.0450 0.635 0.284 0.351 1.70 14.31 14.82 20.0 22.20 0.53 -0.11 2.41 0.8 17.89 5 Sand mixtures - silty sand to sandy silt 9.2 4.5 1.0 0.35 1513 2.16 0.10 0.04 42.22 0.05 19.5 34.32 0.04 0.04 13.03 1.25 0.05

14.173 9.0 0.04 -19.41 0.463 0.0450 0.638 0.286 0.352 1.70 15.29 15.82 20.0 23.76 0.50 -0.11 2.38 0.8 18.91 5 Sand mixtures - silty sand to sandy silt 9.9 4.7 1.0 0.35 1523 2.17 0.09 0.04 42.02 0.05 19.5 35.32 0.04 0.04 13.90 1.33 0.05

14.239 9.9 0.04 -19.07 0.422 0.0450 0.641 0.288 0.352 1.70 16.78 17.37 20.0 26.18 0.45 -0.10 2.33 0.8 20.46 5 Sand mixtures - silty sand to sandy silt 10.9 5.1 1.0 0.35 1535 2.18 0.09 0.04 41.87 0.05 19.5 36.87 0.04 0.04 15.25 1.46 0.05

14.304 9.6 0.03 -19.07 0.326 0.0450 0.644 0.290 0.353 1.70 16.28 16.86 20.0 25.28 0.35 -0.10 2.31 0.7 19.61 5 Sand mixtures - silty sand to sandy silt 10.3 4.9 1.0 0.35 1553 2.20 0.07 0.03 38.68 0.04 19.5 36.36 0.04 0.04 14.79 1.42 0.05

14.37 9.9 0.03 -18.74 0.316 0.0450 0.647 0.292 0.354 1.70 16.79 17.38 20.0 26.04 0.34 -0.10 2.29 0.7 20.10 5 Sand mixtures - silty sand to sandy silt 10.6 5.0 1.0 0.35 1562 2.20 0.07 0.03 38.70 0.04 19.5 36.88 0.04 0.04 15.23 1.46 0.05

14.436 10.4 0.04 -18.74 0.398 0.0450 0.650 0.294 0.355 1.70 17.76 18.38 20.0 27.58 0.42 -0.09 2.30 0.7 21.38 5 Sand mixtures - silty sand to sandy silt 11.5 5.3 1.0 0.36 1560 2.20 0.09 0.04 41.79 0.05 19.5 37.88 0.04 0.04 16.10 1.54 0.05

14.501 10.2 0.04 -18.40 0.409 0.0450 0.653 0.296 0.356 1.70 17.27 17.88 20.0 26.69 0.44 -0.09 2.32 0.8 20.83 5 Sand mixtures - silty sand to sandy silt 11.1 5.2 1.0 0.36 1566 2.20 0.09 0.04 41.77 0.05 19.5 37.38 0.04 0.04 15.65 1.50 0.05

14.567 10.2 0.05 -18.07 0.512 0.0450 0.656 0.298 0.357 1.70 17.28 17.89 20.0 26.63 0.55 -0.09 2.35 0.8 21.06 5 Sand mixtures - silty sand to sandy silt 11.3 5.3 1.0 0.36 1562 2.19 0.12 0.05 44.68 0.05 19.5 37.39 0.04 0.04 15.64 1.50 0.05

14.633 10.7 0.07 -18.07 0.677 0.0450 0.658 0.301 0.358 1.70 18.27 18.91 20.0 28.18 0.72 -0.09 2.38 0.8 22.52 5 Sand mixtures - silty sand to sandy silt 12.3 5.6 1.0 0.36 1551 2.17 0.16 0.08 49.94 0.06 19.5 38.41 0.04 0.04 16.52 1.58 0.05

14.698 11.9 0.08 -18.07 0.699 0.0450 0.661 0.303 0.359 1.70 20.23 20.94 20.0 31.32 0.74 -0.08 2.34 0.8 24.74 5 Sand mixtures - silty sand to sandy silt 13.8 6.2 1.0 0.36 1555 2.17 0.18 0.08 52.00 0.06 19.5 40.44 0.04 0.04 18.28 1.75 0.06

14.764 12.2 0.09 -17.73 0.767 0.0450 0.664 0.305 0.360 1.70 20.73 21.46 20.0 32.05 0.81 -0.07 2.35 0.8 25.42 5 Sand mixtures - silty sand to sandy silt 14.3 6.4 1.0 0.36 1555 2.16 0.21 0.10 54.21 0.07 19.5 40.96 0.04 0.04 18.72 1.79 0.06

14.829 11.9 0.09 -17.73 0.786 0.0450 0.667 0.307 0.361 1.70 20.24 20.95 20.0 31.16 0.83 -0.08 2.37 0.8 24.86 5 Sand mixtures - silty sand to sandy silt 13.9 6.2 1.0 0.36 1560 2.16 0.21 0.10 54.30 0.07 19.5 40.45 0.04 0.04 18.26 1.75 0.06

14.895 11.6 0.09 -17.07 0.805 0.0450 0.670 0.309 0.362 1.70 19.76 20.45 20.0 30.29 0.85 -0.08 2.38 0.8 24.31 5 Sand mixtures - silty sand to sandy silt 13.5 6.1 1.0 0.36 1566 2.16 0.21 0.10 54.39 0.07 19.5 39.95 0.04 0.04 17.81 1.71 0.05

14.961 12.8 0.11 -16.73 0.894 0.0450 0.673 0.311 0.362 1.70 21.74 22.51 20.0 33.43 0.94 -0.07 2.37 0.8 26.70 5 Sand mixtures - silty sand to sandy silt 15.2 6.7 1.0 0.36 1563 2.16 0.25 0.12 58.30 0.08 19.5 42.01 0.04 0.04 19.59 1.88 0.06

15.026 13.9 0.11 -16.73 0.820 0.0450 0.676 0.313 0.363 1.70 23.71 24.54 20.0 36.52 0.86 -0.06 2.32 0.8 28.68 5 Sand mixtures - silty sand to sandy silt 16.6 7.2 1.0 0.36 1578 2.17 0.25 0.11 57.84 0.08 19.5 44.04 0.05 0.05 21.34 2.04 0.06

15.092 13.9 0.12 -16.40 0.895 0.0450 0.679 0.315 0.364 1.70 23.71 24.55 20.0 36.43 0.94 -0.06 2.34 0.8 28.82 5 Sand mixtures - silty sand to sandy silt 16.7 7.2 1.0 0.36 1577 2.17 0.27 0.13 59.83 0.09 19.5 44.05 0.05 0.05 21.33 2.04 0.06

15.157 12.8 0.11 -16.40 0.894 0.0450 0.682 0.317 0.365 1.70 21.75 22.52 20.0 33.17 0.94 -0.07 2.37 0.8 26.56 5 Sand mixtures - silty sand to sandy silt 15.1 6.6 1.0 0.37 1585 2.17 0.25 0.12 58.21 0.08 19.5 42.02 0.04 0.04 19.55 1.87 0.06

15.223 12.5 0.10 -16.06 0.831 0.0450 0.685 0.319 0.366 1.70 21.26 22.01 20.0 32.30 0.88 -0.07 2.36 0.8 25.83 5 Sand mixtures - silty sand to sandy silt 14.6 6.5 1.0 0.37 1599 2.18 0.23 0.10 56.13 0.07 19.5 41.51 0.04 0.04 19.10 1.83 0.06

15.289 12.5 0.10 -15.73 0.831 0.0450 0.688 0.321 0.367 1.70 21.27 22.02 20.0 32.22 0.88 -0.07 2.36 0.8 25.79 5 Sand mixtures - silty sand to sandy silt 14.5 6.4 1.0 0.37 1606 2.19 0.23 0.10 56.09 0.07 19.5 41.52 0.04 0.04 19.09 1.83 0.06

15.354 12.8 0.15 -15.39 1.137 0.0450 0.691 0.323 0.368 1.70 21.77 22.54 20.0 32.94 1.20 -0.07 2.42 0.8 26.91 5 Sand mixtures - silty sand to sandy silt 15.3 6.7 1.0 0.37 1580 2.15 0.32 0.15 64.35 0.12 19.5 42.04 0.04 0.04 19.52 1.87 0.06

15.42 14.0 0.15 -15.06 1.042 0.0450 0.694 0.325 0.369 1.70 23.74 24.58 20.0 35.99 1.10 -0.06 2.37 0.8 28.91 5 Sand mixtures - silty sand to sandy silt 16.8 7.2 1.0 0.37 1598 2.17 0.32 0.15 63.60 0.11 19.5 44.08 0.05 0.05 21.27 2.04 0.06

15.486 14.8 0.16 -15.06 1.052 0.0450 0.697 0.327 0.370 1.70 25.21 26.10 20.0 38.23 1.10 -0.06 2.35 0.8 30.52 5 Sand mixtures - silty sand to sandy silt 17.9 7.6 1.0 0.37 1604 2.17 0.34 0.16 65.03 0.12 19.5 45.60 0.05 0.05 22.57 2.16 0.06

15.551 16.3 0.17 -14.72 1.022 0.0450 0.700 0.329 0.371 1.70 27.68 28.65 20.0 42.04 1.07 -0.05 2.32 0.8 33.13 5 Sand mixtures - silty sand to sandy silt 19.9 8.3 1.0 0.37 1614 2.18 0.35 0.16 66.22 0.13 19.5 48.15 0.05 0.05 24.76 2.37 0.06

15.617 17.1 0.19 -14.39 1.092 0.0450 0.703 0.331 0.372 1.70 29.15 30.18 20.0 44.27 1.14 -0.05 2.31 0.8 34.86 5 Sand mixtures - silty sand to sandy silt 21.2 8.7 1.0 0.37 1614 2.17 0.40 0.18 69.28 0.19 19.5 49.68 0.05 0.05 26.06 2.50 0.07

15.682 17.7 0.21 -14.05 1.173 0.0450 0.706 0.333 0.372 1.70 30.15 31.21 20.0 45.73 1.22 -0.05 2.32 0.8 36.09 5 Sand mixtures - silty sand to sandy silt 22.1 9.0 1.0 0.37 1612 2.16 0.44 0.20 72.28 0.67 19.5 50.71 0.05 0.05 26.93 2.58 0.07

15.748 17.7 0.22 -13.72 1.231 0.0450 0.709 0.335 0.373 1.70 30.16 31.22 20.0 45.62 1.28 -0.04 2.33 0.8 36.18 5 Sand mixtures - silty sand to sandy silt 22.2 9.0 1.0 0.37 1613 2.16 0.46 0.21 73.82 0.67 19.5 50.72 0.05 0.05 26.91 2.58 0.07

15.814 17.2 0.26 -13.38 1.515 0.0450 0.712 0.337 0.374 1.70 29.17 30.20 50.0 43.96 1.58 -0.05 2.39 0.8 35.63 5 Sand mixtures - silty sand to sandy silt 21.8 8.9 1.0 0.37 1589 2.12 0.56 0.27 80.37 0.67 45 75.20 0.08 0.09 26.02 2.49 0.07

15.879 16.9 0.22 -13.38 1.294 0.0450 0.715 0.339 0.375 1.70 28.70 29.71 20.0 43.09 1.35 -0.05 2.36 0.8 34.58 5 Sand mixtures - silty sand to sandy silt 21.0 8.6 1.0 0.38 1621 2.16 0.47 0.22 74.14 0.67 19.5 49.21 0.05 0.05 25.57 2.45 0.07

15.945 16.6 0.21 -13.38 1.254 0.0450 0.718 0.341 0.376 1.70 28.20 29.19 20.0 42.21 1.31 -0.05 2.36 0.8 33.89 5 Sand mixtures - silty sand to sandy silt 20.4 8.5 1.0 0.38 1632 2.17 0.44 0.20 72.61 0.66 19.5 48.69 0.05 0.05 25.11 2.41 0.06

16.01 16.3 -0.05 -12.72 -0.319 0.0450 0.720 0.344 0.377 1.70 27.72 28.70 20.0 41.35 -0.33 -0.05 ##### ### #NUM! #### #NUM! #NUM! #NUM! 1.0 0.38 1814 2.41 #NUM! #NUM! #NUM! #NUM! 19.5 48.20 #NUM! #NUM! 24.66 2.36 #NUM!

16.076 16.0 0.54 -12.72 3.377 0.0450 0.723 0.346 0.378 1.70 27.23 28.19 50.0 40.47 3.54 -0.05 2.61 0.9 35.61 4 Silt mixtures - clayey silt to silty clay 21.7 8.9 1.0 0.38 1411 1.87 1.26 0.67 120.50 #N/A 45 73.19 #N/A #N/A 24.20 2.32 #N/A

CD-12-03 LIQUEFACTION POTENTIAL CALCULATION SPREADSHEET FREE FIELD CONDITION

FREE FIELD CONDITION

(Input Data)

FC% Δqc1n-Sr

0 10.00

10 10.00

25 25.00

50 45.00

75 55.00

100 55.00

OCR

su/sr < 1 (Strength Loss)

Adjust
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Data File: CD-12-02

Location:night Mine South Storage PondMid

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g:

Earthquake Moment Magnitude, M:

Magnitude Scaling Factor, MSF:

0.131

6.5

1.44 1.44

u u r u u, vcs u,

2011 CPT Data from ConeTec CPT Data Interpretations Free Field Strength Estimates

Equil Pore Robertson (2010a) Robertson (2010b) Idriss & Boulanger (2008) Olson & Stark (2003)
Pw Unit Total Effective 

Depth qt fs fs/qt Pressure, FC Using Qtn for calculating Ic (iterations) Peak Strengths Cyclic Softening Strengths Liquefied Strengths
(u2) Weight Stress Stress

u0 CN qc1 qc1N Qt1 Fr Bq Ic n Qtn SBTn Soil Type OCR OCR Selected sr/σv' Fines su,LIQ/σv' su,LIQ/σv'σp' s s /σv' s /s Qtn- s LIQ/σv' qc1n,cs-Sr qc1 qc1 s LIQ/σ '
16.142 14.0 0.56 -12.72 4.012 0.0450 0.726 0.348 0.379 1.70 23.80 24.63 50.0 35.04 4.23 -0.06 2.70 0.9 31.83 4 Silt mixtures - clayey silt to silty clay 18.9 8.0 1.0 0.38 1348 1.78 1.35 0.76 126.74 #N/A 45 69.63 #N/A #N/A 21.14 2.02 #N/A

16.207 9.3 0.54 5.35 5.805 0.0450 0.729 0.350 0.380 ##### #NUM! #NUM! 50.0 22.62 6.30 -0.02 2.93 1 22.31 4 Silt mixtures - clayey silt to silty clay 12.1 5.6 1.0 0.38 1156 1.52 1.41 0.92 133.55 #NUM! 45 #NUM! #NUM! #NUM! 14.06 1.35 #NUM!

16.273 19.5 0.54 -11.04 2.772 0.0450 0.732 0.352 0.381 1.70 33.17 34.34 50.0 49.34 2.88 -0.04 2.50 0.8 41.78 5 Sand mixtures - silty sand to sandy silt 26.6 10.4 1.0 0.38 1500 1.97 1.20 0.61 115.21 #N/A 45 79.34 #N/A #N/A 29.41 2.82 #N/A

16.339 17.5 0.51 -10.37 2.913 0.0450 0.735 0.354 0.381 1.70 29.74 30.78 50.0 43.93 3.04 -0.04 2.55 0.8 37.85 5 Sand mixtures - silty sand to sandy silt 23.5 9.5 1.0 0.38 1492 1.96 1.15 0.59 113.90 #N/A 45 75.78 #N/A #N/A 26.35 2.52 #N/A

16.404 16.9 0.43 -8.70 2.517 0.0450 0.738 0.356 0.382 1.70 28.80 29.82 50.0 42.38 2.63 -0.04 2.52 0.8 36.18 5 Sand mixtures - silty sand to sandy silt 22.2 9.0 1.0 0.38 1543 2.02 0.95 0.47 103.66 #N/A 45 74.82 #N/A #N/A 25.50 2.44 #N/A

16.47 16.1 0.43 -8.03 2.652 0.0450 0.741 0.358 0.383 1.70 27.33 28.29 50.0 40.01 2.78 -0.04 2.55 0.8 34.55 5 Sand mixtures - silty sand to sandy silt 20.9 8.6 1.0 0.38 1535 2.00 0.96 0.48 104.74 #N/A 45 73.29 #N/A #N/A 24.18 2.32 #N/A

16.535 14.9 0.30 -7.70 2.020 0.0450 0.744 0.360 0.384 1.70 25.38 26.27 50.0 36.92 2.13 -0.04 2.51 0.8 31.42 5 Sand mixtures - silty sand to sandy silt 18.6 7.9 1.0 0.38 1613 2.10 0.67 0.32 88.17 0.65 45 71.27 0.08 0.08 22.43 2.15 0.06

16.601 14.4 0.22 -7.03 1.520 0.0450 0.747 0.362 0.385 1.70 24.42 25.28 50.0 35.36 1.60 -0.04 2.46 0.8 29.56 5 Sand mixtures - silty sand to sandy silt 17.2 7.4 1.0 0.39 1676 2.18 0.47 0.22 75.45 0.64 45 70.28 0.08 0.08 21.57 2.07 0.06

16.67 13.8 0.22 -7.0 1.585 0.0450 0.750 0.364 0.386 1.70 23.43 24.25 50.0 33.76 1.68 -0.04 2.48 0.8 28.48 5 Sand mixtures - silty sand to sandy silt 16.4 7.1 1.0 0.39 1676 2.17 0.48 0.22 75.96 0.64 45 69.25 0.08 0.08 20.68 1.98 0.06

16.73 13.8 0.20 -6.4 1.433 0.0450 0.753 0.366 0.387 1.70 23.44 24.27 20.0 33.70 1.52 -0.04 2.46 0.8 28.22 5 Sand mixtures - silty sand to sandy silt 16.3 7.1 1.0 0.39 1700 2.20 0.43 0.19 72.34 0.64 19.5 43.77 0.05 0.05 20.68 1.98 0.06

16.80 13.2 0.19 -6.0 1.417 0.0450 0.756 0.368 0.388 1.70 22.46 23.25 20.0 32.12 1.50 -0.04 2.47 0.8 27.04 5 Sand mixtures - silty sand to sandy silt 15.4 6.8 1.0 0.39 1709 2.20 0.41 0.18 70.98 0.63 19.5 42.75 0.05 0.05 19.79 1.90 0.06

16.86 13.5 0.11 -6.0 0.847 0.0450 0.759 0.370 0.389 1.70 22.96 23.76 20.0 32.79 0.90 -0.04 2.36 0.8 26.56 5 Sand mixtures - silty sand to sandy silt 15.1 6.6 1.0 0.39 1780 2.29 0.24 0.10 57.10 0.08 19.5 43.26 0.05 0.05 20.21 1.94 0.06

16.93 13.8 0.11 -5.4 0.829 0.0450 0.762 0.372 0.390 1.70 23.47 24.29 20.0 33.47 0.88 -0.04 2.35 0.8 27.02 5 Sand mixtures - silty sand to sandy silt 15.4 6.8 1.0 0.39 1789 2.30 0.24 0.10 56.96 0.08 19.5 43.79 0.05 0.05 20.65 1.98 0.06

16.99 14.1 0.11 -4.7 0.811 0.0450 0.765 0.374 0.391 1.70 23.98 24.82 20.0 34.16 0.86 -0.04 2.34 0.8 27.48 5 Sand mixtures - silty sand to sandy silt 15.7 6.9 1.0 0.39 1798 2.30 0.24 0.10 56.84 0.08 19.5 44.32 0.05 0.05 21.08 2.02 0.06

17.06 13.8 0.12 -3.7 0.903 0.0450 0.768 0.376 0.391 1.70 23.50 24.33 20.0 33.36 0.96 -0.04 2.36 0.8 27.12 5 Sand mixtures - silty sand to sandy silt 15.5 6.8 1.0 0.39 1795 2.29 0.26 0.11 58.90 0.08 19.5 43.83 0.05 0.05 20.65 1.98 0.06

17.13 13.5 0.14 -3.7 0.999 0.0450 0.771 0.378 0.392 1.70 23.01 23.82 20.0 32.53 1.06 -0.04 2.39 0.8 26.73 5 Sand mixtures - silty sand to sandy silt 15.2 6.7 1.0 0.39 1792 2.28 0.28 0.12 60.99 0.09 19.5 43.32 0.05 0.05 20.20 1.93 0.06

17.19 14.4 0.16 -3.7 1.083 0.0450 0.774 0.380 0.393 1.70 24.49 25.36 20.0 34.67 1.14 -0.04 2.39 0.8 28.45 5 Sand mixtures - silty sand to sandy silt 16.4 7.1 1.0 0.39 1790 2.28 0.33 0.14 64.31 0.12 19.5 44.86 0.05 0.05 21.48 2.06 0.06

17.26 13.8 0.15 -3.0 1.052 0.0450 0.777 0.382 0.394 1.70 23.52 24.35 20.0 33.13 1.12 -0.04 2.40 0.8 27.28 5 Sand mixtures - silty sand to sandy silt 15.6 6.8 1.0 0.39 1801 2.28 0.30 0.13 62.71 0.10 19.5 43.85 0.05 0.05 20.61 1.97 0.06

17.32 13.8 0.16 -2.3 1.127 0.0450 0.780 0.384 0.395 1.70 23.53 24.36 20.0 33.07 1.19 -0.04 2.41 0.8 27.38 5 Sand mixtures - silty sand to sandy silt 15.7 6.8 1.0 0.40 1800 2.28 0.33 0.14 64.58 0.12 19.5 43.86 0.05 0.05 20.61 1.97 0.06

17.39 13.3 0.17 -2.3 1.255 0.0450 0.782 0.387 0.396 1.70 22.54 23.34 20.0 31.51 1.33 -0.04 2.45 0.8 26.46 5 Sand mixtures - silty sand to sandy silt 15.0 6.6 1.0 0.40 1793 2.26 0.35 0.16 66.85 0.14 19.5 42.84 0.05 0.05 19.73 1.89 0.06

17.45 12.4 0.10 -2.0 0.839 0.0450 0.785 0.389 0.397 1.70 21.08 21.82 20.0 29.27 0.90 -0.04 2.39 0.8 24.12 5 Sand mixtures - silty sand to sandy silt 13.4 6.0 1.0 0.40 1846 2.33 0.22 0.09 55.20 0.07 19.5 41.32 0.04 0.04 18.44 1.77 0.06

17.52 12.1 0.09 -1.3 0.772 0.0450 0.788 0.391 0.398 1.70 20.60 21.33 20.0 28.49 0.83 -0.04 2.39 0.8 23.44 5 Sand mixtures - silty sand to sandy silt 12.9 5.9 1.0 0.40 1861 2.34 0.19 0.08 53.08 0.07 19.5 40.83 0.04 0.04 18.00 1.72 0.05

17.59 12.4 0.07 -1.0 0.586 0.0450 0.791 0.393 0.399 1.70 21.11 21.85 20.0 29.16 0.63 -0.04 2.33 0.8 23.55 5 Sand mixtures - silty sand to sandy silt 13.0 5.9 1.0 0.40 1889 2.37 0.15 0.06 48.37 0.06 19.5 41.35 0.04 0.04 18.43 1.77 0.06

17.65 11.6 0.06 -0.3 0.540 0.0450 0.794 0.395 0.400 1.70 19.65 20.34 20.0 26.94 0.58 -0.04 2.35 0.8 21.88 5 Sand mixtures - silty sand to sandy silt 11.8 5.5 1.0 0.40 1901 2.38 0.13 0.05 46.06 0.05 19.5 39.84 0.04 0.04 17.15 1.64 0.05

17.72 11.6 0.04 0.3 0.360 0.0450 0.797 0.397 0.400 1.70 19.67 20.36 20.0 26.90 0.39 -0.04 2.29 0.7 21.43 5 Sand mixtures - silty sand to sandy silt 11.5 5.4 1.0 0.40 1929 2.41 0.08 0.03 40.82 0.05 19.5 39.86 0.04 0.04 17.15 1.64 0.05

17.78 11.6 0.05 0.7 0.449 0.0450 0.800 0.399 0.401 1.70 19.68 20.37 20.0 26.84 0.48 -0.04 2.32 0.8 21.63 5 Sand mixtures - silty sand to sandy silt 11.7 5.4 1.0 0.40 1926 2.40 0.10 0.04 43.45 0.05 19.5 39.87 0.04 0.04 17.14 1.64 0.05

17.85 12.2 0.07 1.3 0.599 0.0450 0.803 0.401 0.402 1.70 20.66 21.39 20.0 28.22 0.64 -0.03 2.35 0.8 22.96 5 Sand mixtures - silty sand to sandy silt 12.6 5.7 1.0 0.40 1917 2.38 0.15 0.06 48.32 0.06 19.5 40.89 0.04 0.04 17.98 1.72 0.05

17.91 12.7 0.08 1.3 0.653 FALSE 0.806 0.403 0.403 1.70 21.65 22.41 20.0 29.59 0.70 -0.03 2.34 0.8 24.07 5 Sand mixtures - silty sand to sandy silt 13.3 6.0 1.0 0.40 1918 2.38 0.17 0.07 50.47 0.06 19.5 41.91 0.04 0.04 18.83 1.80 0.06

17.98 13.0 0.08 2.0 0.638 FALSE 0.809 0.405 0.404 1.70 22.16 22.94 20.0 30.26 0.68 -0.03 2.33 0.8 24.53 5 Sand mixtures - silty sand to sandy silt 13.6 6.1 1.0 0.40 1927 2.38 0.17 0.07 50.39 0.06 19.5 42.44 0.05 0.05 19.26 1.85 0.06

18.04 12.8 0.07 2.7 0.571 0.0450 0.812 0.407 0.405 1.70 21.68 22.45 20.0 29.49 0.61 -0.03 2.32 0.8 23.84 5 Sand mixtures - silty sand to sandy silt 13.2 6.0 1.0 0.41 1942 2.40 0.15 0.06 48.15 0.06 19.5 41.95 0.04 0.04 18.83 1.80 0.06

18.11 13.1 0.08 3.3 0.637 FALSE 0.815 0.409 0.406 1.70 22.19 22.97 20.0 30.15 0.68 -0.02 2.33 0.8 24.48 5 Sand mixtures - silty sand to sandy silt 13.6 6.1 1.0 0.41 1941 2.39 0.17 0.07 50.33 0.06 19.5 42.47 0.05 0.05 19.26 1.84 0.06

18.18 12.8 0.07 4.0 0.570 0.0450 0.818 0.411 0.407 1.70 21.71 22.48 20.0 29.38 0.61 -0.02 2.32 0.8 23.79 5 Sand mixtures - silty sand to sandy silt 13.1 5.9 1.0 0.41 1956 2.40 0.14 0.06 48.10 0.06 19.5 41.98 0.04 0.04 18.83 1.80 0.06

18.24 13.4 0.08 4.7 0.623 FALSE 0.821 0.413 0.408 1.70 22.70 23.50 20.0 30.74 0.66 -0.02 2.32 0.8 24.89 5 Sand mixtures - silty sand to sandy silt 13.9 6.2 1.0 0.41 1958 2.40 0.17 0.07 50.23 0.06 19.5 43.00 0.05 0.05 19.67 1.88 0.06

18.31 14.2 0.04 5.4 0.292 0.0450 0.824 0.415 0.409 1.70 24.20 25.05 20.0 32.82 0.31 -0.02 2.18 0.7 25.42 5 Sand mixtures - silty sand to sandy silt 14.3 6.4 1.0 0.41 2002 2.45 0.08 0.03 41.40 0.05 19.5 44.55 0.05 0.05 20.95 2.01 0.06

18.37 15.1 0.03 6.4 0.206 0.0450 0.827 0.417 0.410 1.70 25.69 26.59 20.0 34.88 0.22 -0.02 2.12 0.7 26.50 5 Sand mixtures - silty sand to sandy silt 15.0 6.6 1.0 0.41 2018 2.46 0.06 0.02 39.63 0.04 19.5 46.09 0.05 0.05 22.22 2.13 0.06

18.44 14.5 0.03 6.4 0.215 0.0450 0.830 0.419 0.410 1.70 24.72 25.59 20.0 33.40 0.23 -0.02 2.14 0.7 25.56 5 Sand mixtures - silty sand to sandy silt 14.4 6.4 1.0 0.41 2025 2.47 0.06 0.02 39.24 0.04 19.5 45.09 0.05 0.05 21.37 2.05 0.06

18.50 13.4 0.02 6.7 0.155 0.0450 0.833 0.421 0.411 1.70 22.74 23.54 20.0 30.50 0.17 -0.02 2.15 0.7 23.39 5 Sand mixtures - silty sand to sandy silt 12.9 5.8 1.0 0.41 2039 2.48 0.04 0.02 36.15 0.04 19.5 43.04 0.05 0.05 19.65 1.88 0.06

18.57 12.8 0.01 7.7 0.081 0.0450 0.836 0.423 0.412 1.70 21.79 22.56 20.0 29.07 0.09 -0.02 2.13 0.7 22.19 5 Sand mixtures - silty sand to sandy silt 12.0 5.5 1.0 0.41 2054 2.49 0.02 0.01 33.53 0.04 19.5 42.06 0.04 0.04 18.81 1.80 0.06

18.64 13.1 0.04 9.0 0.317 0.0450 0.839 0.425 0.413 1.70 22.32 23.10 20.0 29.75 0.34 -0.01 2.23 0.7 23.47 5 Sand mixtures - silty sand to sandy silt 12.9 5.9 1.0 0.41 2035 2.46 0.08 0.03 40.87 0.05 19.5 42.60 0.05 0.05 19.25 1.84 0.06

18.70 14.6 0.07 9.7 0.499 0.0450 0.842 0.427 0.414 1.70 24.79 25.66 20.0 33.19 0.53 -0.01 2.26 0.7 26.42 5 Sand mixtures - silty sand to sandy silt 15.0 6.6 1.0 0.41 2022 2.44 0.14 0.06 47.90 0.06 19.5 45.16 0.05 0.05 21.36 2.05 0.06

18.77 16.3 0.09 11.0 0.573 0.0450 0.844 0.430 0.415 1.70 27.76 28.73 20.0 37.31 0.60 -0.01 2.24 0.7 29.54 5 Sand mixtures - silty sand to sandy silt 17.2 7.4 1.0 0.41 2021 2.44 0.18 0.07 52.00 0.06 19.5 48.23 0.05 0.05 23.90 2.29 0.06

18.83 18.1 0.08 13.1 0.460 0.0450 0.847 0.432 0.416 1.70 30.75 31.84 20.0 41.46 0.48 0.00 2.16 0.7 32.07 5 Sand mixtures - silty sand to sandy silt 19.1 8.0 1.0 0.42 2041 2.45 0.15 0.06 50.61 0.06 19.5 51.34 0.05 0.06 26.46 2.54 0.07

18.90 19.3 0.12 13.7 0.648 0.0450 0.850 0.434 0.417 1.70 32.73 33.88 20.0 44.15 0.68 0.00 2.20 0.7 34.58 5 Sand mixtures - silty sand to sandy silt 21.0 8.6 1.0 0.42 2028 2.43 0.23 0.10 57.54 0.08 19.5 53.38 0.06 0.06 28.14 2.70 0.07

18.96 19.9 0.17 15.4 0.838 0.0450 0.853 0.436 0.418 1.70 33.76 34.95 20.0 45.50 0.88 0.00 2.24 0.7 36.11 5 Sand mixtures - silty sand to sandy silt 22.1 9.0 1.0 0.42 2014 2.41 0.32 0.13 63.72 0.11 19.5 54.45 0.06 0.06 29.00 2.78 0.07

19.03 22.5 0.19 16.7 0.833 0.0450 0.856 0.438 0.419 1.70 38.21 39.55 20.0 51.65 0.87 0.00 2.19 0.7 40.44 5 Sand mixtures - silty sand to sandy silt 25.5 10.1 1.0 0.42 2022 2.41 0.35 0.14 66.76 0.14 19.5 59.05 0.06 0.06 32.80 3.14 0.07

19.09 22.8 0.54 18.4 2.373 0.0450 0.859 0.440 0.420 1.70 38.74 40.10 50.0 52.27 2.47 0.01 2.43 0.8 44.22 5 Sand mixtures - silty sand to sandy silt 28.5 11.1 1.0 0.42 1858 2.21 1.09 0.49 108.73 #N/A 45 85.10 #N/A #N/A 33.23 3.18 #N/A

19.16 22.5 0.67 19.4 2.957 0.0450 0.862 0.442 0.420 1.70 38.27 39.61 50.0 51.49 3.07 0.01 2.50 0.8 44.45 5 Sand mixtures - silty sand to sandy silt 28.7 11.1 1.0 0.42 1800 2.14 1.37 0.64 122.46 #N/A 45 84.61 #N/A #N/A 32.80 3.14 #N/A

19.23 15.6 0.75 18.4 4.812 0.0450 0.865 0.444 0.421 1.70 26.45 27.38 50.0 34.88 5.10 0.01 2.75 0.9 32.59 4 Silt mixtures - clayey silt to silty clay 19.5 8.1 1.0 0.42 1601 1.90 1.66 0.87 141.70 #N/A 45 72.38 #N/A #N/A 22.66 2.17 #N/A

19.29 28.3 0.72 -0.7 2.535 0.0450 0.868 0.446 0.422 1.70 48.06 49.75 50.0 65.00 2.61 -0.02 2.39 0.8 54.22 5 Sand mixtures - silty sand to sandy silt 36.8 13.6 1.0 0.42 1862 2.20 1.42 0.64 122.39 #N/A 45 94.75 #N/A #N/A 41.19 3.95 #N/A

19.36 24.0 0.62 -2.7 2.605 0.0450 0.871 0.448 0.423 1.70 40.73 42.16 50.0 54.56 2.70 -0.02 2.45 0.8 46.40 5 Sand mixtures - silty sand to sandy silt 30.3 11.6 1.0 0.42 1861 2.20 1.25 0.57 116.39 #N/A 45 87.16 #N/A #N/A 34.83 3.34 #N/A

19.42 23.1 0.60 -1.3 2.611 0.0450 0.874 0.450 0.424 1.70 39.27 40.66 50.0 52.42 2.71 -0.02 2.46 0.8 44.77 5 Sand mixtures - silty sand to sandy silt 29.0 11.2 1.0 0.42 1868 2.20 1.22 0.55 114.90 #N/A 45 85.66 #N/A #N/A 33.56 3.22 #N/A

19.49 23.1 0.61 1.0 2.653 0.0450 0.877 0.452 0.425 1.70 39.33 40.71 50.0 52.37 2.76 -0.02 2.46 0.8 44.82 5 Sand mixtures - silty sand to sandy silt 29.0 11.2 1.0 0.42 1871 2.20 1.24 0.56 115.91 #N/A 45 85.71 #N/A #N/A 33.58 3.22 #N/A

19.55 22.8 0.51 1.3 2.231 0.0450 0.880 0.454 0.426 1.70 38.84 40.20 50.0 51.58 2.32 -0.02 2.42 0.8 43.60 5 Sand mixtures - silty sand to sandy silt 28.0 10.9 1.0 0.43 1925 2.26 1.01 0.45 104.77 #N/A 45 85.20 #N/A #N/A 33.14 3.17 #N/A

19.62 24.6 0.46 1.7 1.861 0.0450 0.883 0.456 0.427 1.70 41.80 43.27 50.0 55.55 1.93 -0.02 2.35 0.8 45.97 5 Sand mixtures - silty sand to sandy silt 29.9 11.5 1.0 0.43 1973 2.31 0.89 0.38 97.86 #N/A 45 88.27 #N/A #N/A 35.64 3.41 #N/A

19.69 23.4 0.48 2.3 2.041 0.0450 0.886 0.458 0.428 1.70 39.85 41.25 50.0 52.74 2.12 -0.02 2.39 0.8 44.21 5 Sand mixtures - silty sand to sandy silt 28.5 11.1 1.0 0.43 1960 2.29 0.94 0.41 100.76 #N/A 45 86.25 #N/A #N/A 33.95 3.25 #N/A

19.75 23.2 0.53 4.0 2.289 0.0450 0.889 0.460 0.429 1.70 39.39 40.78 50.0 52.00 2.38 -0.02 2.43 0.8 44.06 5 Sand mixtures - silty sand to sandy silt 28.4 11.0 1.0 0.43 1940 2.26 1.05 0.46 106.62 #N/A 45 85.78 #N/A #N/A 33.54 3.21 #N/A

19.82 24.1 0.68 4.7 2.810 0.0450 0.892 0.462 0.429 1.70 40.89 42.33 50.0 53.93 2.92 -0.01 2.47 0.8 46.34 5 Sand mixtures - silty sand to sandy silt 30.2 11.6 1.0 0.43 1890 2.20 1.35 0.61 121.18 #N/A 45 87.33 #N/A #N/A 34.79 3.33 #N/A

CD-12-03 LIQUEFACTION POTENTIAL CALCULATION SPREADSHEET FREE FIELD CONDITION

FREE FIELD CONDITION

(Input Data)

FC% Δqc1n-Sr

0 10.00

10 10.00

25 25.00

50 45.00

75 55.00

100 55.00

OCR

su/sr < 1 (Strength Loss)

Adjust
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Data File: CD-12-02

Location:night Mine South Storage PondMid

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g:

Earthquake Moment Magnitude, M:

Magnitude Scaling Factor, MSF:

0.131

6.5

1.44 1.44

u u r u u, vcs u,

2011 CPT Data from ConeTec CPT Data Interpretations Free Field Strength Estimates

Equil Pore Robertson (2010a) Robertson (2010b) Idriss & Boulanger (2008) Olson & Stark (2003)
Pw Unit Total Effective 

Depth qt fs fs/qt Pressure, FC Using Qtn for calculating Ic (iterations) Peak Strengths Cyclic Softening Strengths Liquefied Strengths
(u2) Weight Stress Stress

u0 CN qc1 qc1N Qt1 Fr Bq Ic n Qtn SBTn Soil Type OCR OCR Selected sr/σv' Fines su,LIQ/σv' su,LIQ/σv'σp' s s /σv' s /s Qtn- s LIQ/σv' qc1n,cs-Sr qc1 qc1 s LIQ/σ '
19.88 26.4 0.79 6.0 2.996 0.0450 0.895 0.464 0.430 1.70 44.72 46.29 50.0 59.22 3.10 -0.01 2.46 0.8 50.74 5 Sand mixtures - silty sand to sandy silt 33.9 12.7 1.0 0.43 1876 2.18 1.57 0.72 130.23 #N/A 45 91.29 #N/A #N/A 38.12 3.65 #N/A

19.95 28.1 0.79 6.7 2.810 0.0450 0.898 0.466 0.431 1.68 47.23 48.89 50.0 63.13 2.90 -0.01 2.42 0.8 53.51 5 Sand mixtures - silty sand to sandy silt 36.2 13.4 1.0 0.43 1904 2.21 1.55 0.70 128.61 #N/A 45 93.89 #N/A #N/A 40.62 3.89 #N/A

20.01 32.2 0.99 6.4 3.071 0.0450 0.901 0.468 0.432 1.65 53.02 54.88 50.0 72.35 3.16 -0.01 2.41 0.8 61.07 5 Sand mixtures - silty sand to sandy silt 42.7 15.3 1.0 0.43 1882 2.18 1.93 0.89 142.98 #N/A 45 99.88 #N/A #N/A 46.42 4.45 #N/A

20.08 31.3 1.00 6.7 3.190 0.0450 0.904 0.470 0.433 1.65 51.71 53.53 50.0 70.18 3.28 -0.01 2.43 0.8 59.63 5 Sand mixtures - silty sand to sandy silt 41.4 14.9 1.0 0.43 1877 2.17 1.96 0.90 144.48 #N/A 45 98.53 #N/A #N/A 45.13 4.32 #N/A

20.14 26.7 0.82 7.0 3.079 0.0450 0.906 0.473 0.434 1.68 44.95 46.53 50.0 59.40 3.19 -0.01 2.46 0.8 51.08 5 Sand mixtures - silty sand to sandy silt 34.1 12.8 1.0 0.43 1896 2.18 1.63 0.75 132.58 #N/A 45 91.53 #N/A #N/A 38.45 3.68 #N/A

20.21 25.2 0.64 6.4 2.556 0.0450 0.909 0.475 0.435 1.69 42.75 44.26 50.0 55.92 2.65 -0.01 2.43 0.8 47.63 5 Sand mixtures - silty sand to sandy silt 31.3 11.9 1.0 0.43 1962 2.26 1.26 0.56 116.50 #N/A 45 89.26 #N/A #N/A 36.33 3.48 #N/A

20.28 19.4 0.66 5.4 3.371 0.0450 0.912 0.477 0.436 1.70 33.04 34.20 50.0 42.50 3.54 -0.02 2.59 0.9 37.99 5 Sand mixtures - silty sand to sandy silt 23.6 9.5 1.0 0.44 1878 2.15 1.34 0.62 123.78 #N/A 45 79.20 #N/A #N/A 27.96 2.68 #N/A

20.34 16.0 0.67 5.0 4.171 0.0450 0.915 0.479 0.437 1.70 27.13 28.08 50.0 34.44 4.43 -0.02 2.71 0.9 31.95 4 Silt mixtures - clayey silt to silty clay 19.0 8.0 1.0 0.44 1797 2.06 1.41 0.69 130.05 #N/A 45 73.08 #N/A #N/A 22.94 2.20 #N/A

20.41 21.8 0.67 6.4 3.059 0.0450 0.918 0.481 0.438 1.70 36.99 38.29 50.0 47.62 3.19 -0.01 2.53 0.8 41.81 5 Sand mixtures - silty sand to sandy silt 26.6 10.5 1.0 0.44 1928 2.20 1.34 0.61 121.86 #N/A 45 83.29 #N/A #N/A 31.25 2.99 #N/A

20.47 25.5 0.70 7.7 2.728 0.0450 0.921 0.483 0.439 1.68 43.00 44.52 50.0 56.14 2.83 -0.01 2.45 0.8 48.13 5 Sand mixtures - silty sand to sandy silt 31.7 12.0 1.0 0.44 1972 2.25 1.36 0.61 121.15 #N/A 45 89.52 #N/A #N/A 36.66 3.51 #N/A

20.54 26.8 0.80 -6.7 2.988 0.0450 0.924 0.485 0.439 1.67 44.80 46.37 50.0 58.88 3.10 -0.03 2.46 0.8 50.67 5 Sand mixtures - silty sand to sandy silt 33.8 12.7 1.0 0.44 1950 2.22 1.57 0.71 130.00 #N/A 45 91.37 #N/A #N/A 38.44 3.68 #N/A

20.60 24.2 0.85 -6.0 3.525 0.0450 0.927 0.487 0.440 1.69 40.91 42.35 50.0 52.84 3.67 -0.03 2.54 0.8 46.56 5 Sand mixtures - silty sand to sandy silt 30.4 11.6 1.0 0.44 1898 2.15 1.71 0.79 137.63 #N/A 45 87.35 #N/A #N/A 34.68 3.32 #N/A

20.67 24.8 0.82 -5.4 3.315 0.0450 0.930 0.489 0.441 1.68 41.74 43.21 50.0 54.07 3.44 -0.03 2.51 0.8 47.32 5 Sand mixtures - silty sand to sandy silt 31.0 11.8 1.0 0.44 1928 2.19 1.63 0.75 133.86 #N/A 45 88.21 #N/A #N/A 35.50 3.40 #N/A

20.73 25.1 0.90 -4.7 3.607 0.0450 0.933 0.491 0.442 1.68 42.13 43.61 50.0 54.63 3.75 -0.03 2.53 0.8 48.12 5 Sand mixtures - silty sand to sandy silt 31.7 12.0 1.0 0.44 1903 2.15 1.80 0.84 141.34 #N/A 45 88.61 #N/A #N/A 35.90 3.44 #N/A

20.80 28.6 0.93 -4.0 3.241 0.0450 0.936 0.493 0.443 1.65 47.14 48.80 50.0 62.34 3.35 -0.02 2.46 0.8 53.83 5 Sand mixtures - silty sand to sandy silt 36.5 13.5 1.0 0.44 1951 2.20 1.80 0.82 139.50 #N/A 45 93.80 #N/A #N/A 40.84 3.91 #N/A

20.87 38.1 0.88 -3.7 2.320 0.0450 0.939 0.495 0.444 1.59 60.54 62.67 50.0 83.70 2.38 -0.02 2.28 0.7 68.56 5 Sand mixtures - silty sand to sandy silt 49.3 17.1 1.0 0.44 2061 2.32 1.63 0.70 130.22 #N/A 45 107.67 #N/A #N/A 54.45 5.22 #N/A

20.93 37.7 0.88 -10.0 2.343 0.0450 0.942 0.497 0.445 1.59 59.97 62.08 50.0 82.71 2.40 -0.02 2.29 0.7 67.90 5 Sand mixtures - silty sand to sandy silt 48.7 17.0 1.0 0.44 2065 2.32 1.63 0.70 130.24 #N/A 45 107.08 #N/A #N/A 53.88 5.16 #N/A

21.00 29.9 1.07 -11.0 3.581 0.0450 0.945 0.499 0.446 1.64 48.92 50.65 50.0 64.98 3.70 -0.03 2.48 0.8 56.45 5 Sand mixtures - silty sand to sandy silt 38.7 14.1 1.0 0.45 1935 2.17 2.09 0.96 150.63 #N/A 45 95.65 #N/A #N/A 42.68 4.09 #N/A

21.06 26.5 1.13 -10.7 4.285 0.0450 0.948 0.501 0.447 1.66 43.88 45.42 50.0 57.10 4.44 -0.03 2.57 0.9 50.93 5 Sand mixtures - silty sand to sandy silt 34.0 12.7 1.0 0.45 1864 2.09 2.26 1.08 159.88 #N/A 45 90.42 #N/A #N/A 37.72 3.61 #N/A

21.13 36.6 1.25 -10.4 3.413 0.0450 0.951 0.503 0.448 1.59 58.17 60.22 50.0 79.57 3.50 -0.02 2.41 0.8 67.74 5 Sand mixtures - silty sand to sandy silt 48.6 16.9 1.0 0.45 1968 2.20 2.37 1.08 159.00 #N/A 45 105.22 #N/A #N/A 52.10 4.99 #N/A

21.19 43.2 1.42 -11.0 3.297 0.0450 0.954 0.505 0.448 1.55 67.18 69.54 50.0 94.23 3.37 -0.02 2.35 0.8 78.93 5 Sand mixtures - silty sand to sandy silt 58.8 19.7 1.0 0.45 1989 2.22 2.66 1.20 167.67 #N/A 45 114.54 #N/A #N/A 61.52 5.89 #N/A

21.26 43.7 1.02 -15.7 2.331 0.0450 0.957 0.507 0.449 1.55 67.79 70.18 50.0 95.17 2.38 -0.02 2.25 0.7 77.38 5 Sand mixtures - silty sand to sandy silt 57.4 19.3 1.0 0.45 2103 2.34 1.84 0.79 138.62 #N/A 45 115.18 #N/A #N/A 62.21 5.96 #N/A

21.33 31.5 1.06 -20.1 3.364 0.0450 0.960 0.509 0.450 1.62 50.95 52.74 50.0 67.89 3.47 -0.04 2.45 0.8 58.56 5 Sand mixtures - silty sand to sandy silt 40.5 14.6 1.0 0.45 1996 2.22 2.03 0.92 147.75 #N/A 45 97.74 #N/A #N/A 44.82 4.29 #N/A

21.39 25.2 1.00 -20.4 3.966 0.0450 0.963 0.511 0.451 1.66 41.76 43.23 50.0 53.65 4.12 -0.05 2.56 0.9 47.87 5 Sand mixtures - silty sand to sandy silt 31.5 12.0 1.0 0.45 1936 2.15 1.97 0.92 148.94 #N/A 45 88.23 #N/A #N/A 35.76 3.43 #N/A

21.46 21.1 0.82 -19.7 3.889 0.0450 0.966 0.513 0.452 1.69 35.73 36.98 50.0 44.59 4.08 -0.06 2.61 0.9 40.36 4 Silt mixtures - clayey silt to silty clay 25.4 10.1 1.0 0.45 1952 2.16 1.64 0.76 137.35 #N/A 45 81.98 #N/A #N/A 29.99 2.87 #N/A

21.52 22.0 0.73 -19.7 3.309 0.0450 0.969 0.515 0.453 1.68 36.99 38.29 50.0 46.42 3.46 -0.05 2.56 0.8 41.35 5 Sand mixtures - silty sand to sandy silt 26.2 10.3 1.0 0.45 2024 2.23 1.43 0.64 126.74 #N/A 45 83.29 #N/A #N/A 31.20 2.99 #N/A

21.59 19.4 0.64 -19.7 3.324 0.0450 0.971 0.518 0.454 1.70 32.98 34.14 50.0 40.59 3.50 -0.06 2.60 0.9 36.61 5 Sand mixtures - silty sand to sandy silt 22.5 9.2 1.0 0.45 2029 2.24 1.28 0.57 121.18 #N/A 45 79.14 #N/A #N/A 27.49 2.63 #N/A

21.65 18.0 0.55 -19.4 3.070 0.0450 0.974 0.520 0.455 1.70 30.53 31.60 50.0 37.34 3.25 -0.07 2.60 0.9 33.72 4 Silt mixtures - clayey silt to silty clay 20.3 8.4 1.0 0.45 2065 2.27 1.09 0.48 112.55 #N/A 45 76.60 #N/A #N/A 25.43 2.44 #N/A

21.72 18.5 0.50 -19.4 2.694 0.0450 0.977 0.522 0.456 1.70 31.50 32.61 50.0 38.51 2.84 -0.06 2.56 0.8 34.36 5 Sand mixtures - silty sand to sandy silt 20.8 8.6 1.0 0.46 2114 2.32 0.98 0.42 105.76 #N/A 45 77.61 #N/A #N/A 26.22 2.51 #N/A

21.78 16.5 0.46 -19.4 2.772 0.0450 0.980 0.524 0.457 1.70 28.07 29.06 50.0 34.01 2.95 -0.07 2.60 0.9 30.76 4 Silt mixtures - clayey silt to silty clay 18.1 7.7 1.0 0.46 2113 2.31 0.91 0.39 103.13 #N/A 45 74.06 #N/A #N/A 23.35 2.24 #N/A

21.85 14.5 0.37 -19.4 2.585 0.0450 0.983 0.526 0.458 1.70 24.62 25.49 50.0 29.50 2.77 -0.08 2.63 0.9 26.90 4 Silt mixtures - clayey silt to silty clay 15.3 6.7 1.0 0.46 2141 2.34 0.75 0.32 94.95 #N/A 45 70.49 0.08 0.08 20.47 1.96 0.06

21.92 11.9 0.32 -19.4 2.713 0.0450 0.986 0.528 0.458 1.70 20.20 20.91 50.0 23.77 2.96 -0.10 2.71 0.9 22.19 4 Silt mixtures - clayey silt to silty clay 12.0 5.5 1.0 0.46 2134 2.33 0.66 0.28 91.11 #N/A 45 65.91 0.07 0.07 16.78 1.61 0.05

21.98 11.6 0.29 -19.1 2.511 0.0450 0.989 0.530 0.459 1.70 19.71 20.41 50.0 23.09 2.75 -0.11 2.71 0.9 21.51 4 Silt mixtures - clayey silt to silty clay 11.6 5.4 1.0 0.46 2163 2.35 0.59 0.25 86.81 #N/A 45 65.41 0.07 0.07 16.36 1.57 0.05

22.05 13.3 0.26 -19.1 1.950 0.0450 0.992 0.532 0.460 1.70 22.67 23.46 50.0 26.81 2.11 -0.09 2.59 0.9 24.21 5 Sand mixtures - silty sand to sandy silt 13.4 6.1 1.0 0.46 2233 2.43 0.51 0.21 79.81 0.63 45 68.46 0.08 0.08 18.80 1.80 0.06

22.11 14.5 0.27 -19.1 1.867 0.0450 0.995 0.534 0.461 1.70 24.63 25.49 50.0 29.26 2.00 -0.08 2.56 0.8 26.14 5 Sand mixtures - silty sand to sandy silt 14.8 6.5 1.0 0.46 2250 2.44 0.52 0.21 80.10 0.63 45 70.49 0.08 0.08 20.41 1.96 0.06

22.18 14.8 0.20 -18.7 1.337 0.0450 0.998 0.536 0.462 1.70 25.13 26.01 20.0 29.83 1.43 -0.08 2.47 0.8 26.05 5 Sand mixtures - silty sand to sandy silt 14.7 6.5 1.0 0.46 2316 2.51 0.37 0.15 68.62 0.17 19.5 45.51 0.05 0.05 20.82 1.99 0.06

22.24 15.6 0.32 -18.7 2.061 0.0450 1.001 0.538 0.463 1.70 26.60 27.53 50.0 31.63 2.20 -0.08 2.55 0.8 28.26 5 Sand mixtures - silty sand to sandy silt 16.3 7.1 1.0 0.46 2243 2.42 0.62 0.26 86.22 0.64 45 72.53 0.08 0.08 22.01 2.11 0.06

22.31 17.1 0.53 -18.7 3.103 0.0450 1.004 0.540 0.464 1.70 29.06 30.08 50.0 34.68 3.30 -0.07 2.63 0.9 31.64 4 Silt mixtures - clayey silt to silty clay 18.8 7.9 1.0 0.46 2134 2.30 1.04 0.45 110.61 #N/A 45 75.08 #N/A #N/A 24.03 2.30 #N/A

22.38 15.1 0.53 -18.4 3.518 0.0450 1.007 0.542 0.465 1.70 25.63 26.53 50.0 30.27 3.77 -0.08 2.70 0.9 28.22 4 Silt mixtures - clayey silt to silty clay 16.3 7.1 1.0 0.46 2095 2.25 1.06 0.47 113.33 #N/A 45 71.53 #N/A #N/A 21.18 2.03 #N/A

22.44 16.0 0.55 -14.4 3.446 0.0450 1.010 0.544 0.466 1.70 27.19 28.15 50.0 32.18 3.68 -0.07 2.68 0.9 29.79 4 Silt mixtures - clayey silt to silty clay 17.4 7.4 1.0 0.47 2111 2.27 1.10 0.48 114.39 #N/A 45 73.15 #N/A #N/A 22.45 2.15 #N/A

22.51 15.1 0.45 -13.4 2.953 0.0450 1.013 0.546 0.467 1.70 25.74 26.65 50.0 30.29 3.16 -0.07 2.66 0.9 27.88 4 Silt mixtures - clayey silt to silty clay 16.0 7.0 1.0 0.47 2173 2.33 0.88 0.38 102.97 #N/A 45 71.65 #N/A #N/A 21.25 2.04 #N/A

22.57 18.0 0.50 -13.4 2.768 0.0450 1.016 0.548 0.467 1.69 30.39 31.46 50.0 36.41 2.93 -0.06 2.58 0.9 32.83 5 Sand mixtures - silty sand to sandy silt 19.6 8.2 1.0 0.47 2200 2.35 0.96 0.41 105.56 #N/A 45 76.46 #N/A #N/A 25.28 2.42 #N/A

22.64 20.1 0.81 -13.4 4.045 0.0450 1.019 0.550 0.468 1.66 33.37 34.55 50.0 40.64 4.26 -0.05 2.65 0.9 37.36 4 Silt mixtures - clayey silt to silty clay 23.1 9.3 1.0 0.47 2066 2.21 1.59 0.72 136.22 #N/A 45 79.55 #N/A #N/A 28.09 2.69 #N/A

22.70 21.8 0.72 -13.1 3.293 0.0450 1.022 0.552 0.469 1.65 35.90 37.16 50.0 44.26 3.45 -0.05 2.57 0.9 39.79 5 Sand mixtures - silty sand to sandy silt 25.0 9.9 1.0 0.47 2157 2.30 1.37 0.60 124.57 #N/A 45 82.16 #N/A #N/A 30.51 2.92 #N/A

22.77 26.7 0.61 -13.7 2.298 0.0450 1.025 0.554 0.470 1.61 42.95 44.46 50.0 54.61 2.39 -0.04 2.41 0.8 46.98 5 Sand mixtures - silty sand to sandy silt 30.7 11.7 1.0 0.47 2275 2.42 1.12 0.46 109.75 #N/A 45 89.46 #N/A #N/A 37.36 3.58 #N/A

22.83 29.9 0.88 -13.7 2.959 0.0450 1.028 0.556 0.471 1.59 47.38 49.05 50.0 61.23 3.06 -0.03 2.44 0.8 53.20 5 Sand mixtures - silty sand to sandy silt 35.9 13.3 1.0 0.47 2208 2.34 1.63 0.70 132.09 #N/A 45 94.05 #N/A #N/A 41.76 4.00 #N/A

22.90 37.9 0.93 -15.7 2.440 0.0450 1.031 0.558 0.472 1.54 58.42 60.47 50.0 78.20 2.51 -0.03 2.31 0.8 65.66 5 Sand mixtures - silty sand to sandy silt 46.7 16.4 1.0 0.47 2273 2.41 1.65 0.68 130.90 #N/A 45 105.47 #N/A #N/A 53.00 5.08 #N/A

22.97 37.0 1.03 -21.1 2.782 0.0450 1.033 0.561 0.473 1.54 57.09 59.10 50.0 76.07 2.86 -0.03 2.36 0.8 64.69 5 Sand mixtures - silty sand to sandy silt 45.9 16.2 1.0 0.47 2243 2.37 1.85 0.78 139.22 #N/A 45 104.10 #N/A #N/A 51.66 4.95 #N/A

23.03 35.0 1.00 -16.1 2.849 0.0450 1.036 0.563 0.474 1.55 54.37 56.28 50.0 71.77 2.94 -0.03 2.38 0.8 61.46 5 Sand mixtures - silty sand to sandy silt 43.0 15.4 1.0 0.47 2243 2.37 1.80 0.76 137.77 #N/A 45 101.28 #N/A #N/A 48.88 4.68 #N/A

23.10 28.4 1.01 -19.7 3.558 0.0450 1.039 0.565 0.475 1.59 45.04 46.62 50.0 57.53 3.69 -0.04 2.51 0.8 51.02 5 Sand mixtures - silty sand to sandy silt 34.1 12.8 1.0 0.47 2171 2.29 1.88 0.82 143.87 #N/A 45 91.62 #N/A #N/A 39.52 3.79 #N/A

23.16 20.8 1.08 -19.4 5.188 0.0450 1.042 0.567 0.476 1.64 34.22 35.42 50.0 41.64 5.46 -0.06 2.71 0.9 39.02 4 Silt mixtures - clayey silt to silty clay 24.4 9.8 1.0 0.48 1997 2.10 2.13 1.01 159.66 #N/A 45 80.42 #N/A #N/A 29.04 2.78 #N/A

23.23 28.1 1.21 -19.4 4.299 0.0450 1.045 0.569 0.477 1.59 44.53 46.10 50.0 56.70 4.46 -0.04 2.57 0.9 51.12 5 Sand mixtures - silty sand to sandy silt 34.2 12.8 1.0 0.48 2103 2.21 2.28 1.03 160.57 #N/A 45 91.10 #N/A #N/A 39.06 3.74 #N/A

23.29 32.1 0.98 -19.4 3.044 0.0450 1.048 0.571 0.477 1.56 50.13 51.90 50.0 65.08 3.15 -0.04 2.43 0.8 56.53 5 Sand mixtures - silty sand to sandy silt 38.8 14.1 1.0 0.48 2250 2.36 1.78 0.75 137.70 #N/A 45 96.90 #N/A #N/A 44.67 4.28 #N/A

23.36 33.0 0.79 -19.4 2.396 0.0450 1.051 0.573 0.478 1.55 51.27 53.07 50.0 66.75 2.48 -0.04 2.35 0.8 56.87 5 Sand mixtures - silty sand to sandy silt 39.0 14.2 1.0 0.48 2329 2.43 1.41 0.58 121.55 #N/A 45 98.07 #N/A #N/A 45.84 4.39 #N/A

23.43 33.6 0.99 -19.7 2.945 0.0450 1.054 0.575 0.479 1.55 51.99 53.82 50.0 67.81 3.04 -0.04 2.41 0.8 58.61 5 Sand mixtures - silty sand to sandy silt 40.5 14.7 1.0 0.48 2276 2.37 1.78 0.75 137.38 #N/A 45 98.82 #N/A #N/A 46.59 4.46 #N/A

23.49 37.6 0.82 -19.4 2.184 0.0450 1.057 0.577 0.480 1.53 57.44 59.47 50.0 76.13 2.25 -0.03 2.29 0.7 63.80 5 Sand mixtures - silty sand to sandy silt 45.1 16.0 1.0 0.48 2367 2.47 1.43 0.58 122.26 #N/A 45 104.47 #N/A #N/A 52.20 5.00 #N/A

23.56 43.7 0.80 -19.7 1.834 0.0450 1.060 0.579 0.481 1.50 65.44 67.75 50.0 88.57 1.88 -0.03 2.20 0.7 72.45 5 Sand mixtures - silty sand to sandy silt 52.8 18.1 1.0 0.48 2414 2.51 1.36 0.54 120.11 #N/A 45 112.75 #N/A #N/A 60.56 5.80 #N/A

CD-12-03 LIQUEFACTION POTENTIAL CALCULATION SPREADSHEET FREE FIELD CONDITION

FREE FIELD CONDITION

(Input Data)

FC% Δqc1n-Sr

0 10.00

10 10.00

25 25.00

50 45.00

75 55.00

100 55.00

OCR

su/sr < 1 (Strength Loss)

Adjust
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Data File: CD-12-02

Location:night Mine South Storage PondMid

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g:

Earthquake Moment Magnitude, M:

Magnitude Scaling Factor, MSF:

0.131

6.5

1.44 1.44

u u r u u, vcs u,

2011 CPT Data from ConeTec CPT Data Interpretations Free Field Strength Estimates

Equil Pore Robertson (2010a) Robertson (2010b) Idriss & Boulanger (2008) Olson & Stark (2003)
Pw Unit Total Effective 

Depth qt fs fs/qt Pressure, FC Using Qtn for calculating Ic (iterations) Peak Strengths Cyclic Softening Strengths Liquefied Strengths
(u2) Weight Stress Stress

u0 CN qc1 qc1N Qt1 Fr Bq Ic n Qtn SBTn Soil Type OCR OCR Selected sr/σv' Fines su,LIQ/σv' su,LIQ/σv'σp' s s /σv' s /s Qtn- s LIQ/σv' qc1n,cs-Sr qc1 qc1 s LIQ/σ '
23.62 58.4 0.83 -20.1 1.425 0.0450 1.063 0.581 0.482 1.44 84.30 87.26 20.0 118.97 1.45 -0.02 2.04 0.7 93.39 6 Sands - clean sand to silty sand 72.6 23.3 1.0 0.48 2466 2.56 1.36 0.53 126.51 #N/A 19.5 106.76 #N/A #N/A 80.93 7.75 #N/A

23.69 73.4 0.84 -19.7 1.147 0.0450 1.066 0.583 0.483 1.40 102.76 106.38 20.0 149.89 1.16 -0.02 1.91 0.6 113.83 6 Sands - clean sand to silty sand 93.0 28.5 1.0 0.48 2505 2.59 1.32 0.51 136.53 #N/A 19.5 125.88 #N/A #N/A 101.70 9.74 #N/A

23.75 99.2 0.67 -19.7 0.671 0.0450 1.069 0.585 0.484 1.34 132.97 137.65 20.0 202.76 0.68 -0.01 1.68 0.5 144.96 6 Sands - clean sand to silty sand 125.7 36.2 1.0 0.48 2565 2.65 0.98 0.37 148.36 #N/A 19.5 157.15 #N/A #N/A 137.22 13.15 #N/A

23.82 114.8 0.69 -20.1 0.598 0.0450 1.072 0.587 0.485 1.31 150.58 155.88 20.0 234.58 0.60 -0.01 1.60 0.5 164.59 6 Sands - clean sand to silty sand 147.4 41.1 1.0 0.48 2580 2.66 0.99 0.37 164.59 #N/A 19.5 175.38 #N/A #N/A 158.70 15.20 #N/A

23.88 120.0 0.95 -20.4 0.789 0.0450 1.075 0.589 0.486 1.30 156.27 161.77 20.0 244.83 0.80 -0.01 1.66 0.5 174.62 6 Sands - clean sand to silty sand 158.7 43.7 1.0 0.49 2566 2.64 1.39 0.53 176.75 #N/A 19.5 181.27 #N/A #N/A 165.76 15.88 #N/A

23.95 126.6 0.77 -20.4 0.608 0.0450 1.078 0.591 0.487 1.29 163.52 169.28 20.0 258.03 0.61 -0.01 1.58 0.5 180.17 6 Sands - clean sand to silty sand 165.0 45.0 1.0 0.49 2594 2.67 1.10 0.41 180.17 #N/A 19.5 188.78 #N/A #N/A 174.82 16.75 #N/A

24.02 129.2 0.56 -20.4 0.435 0.0450 1.081 0.593 0.487 1.29 166.28 172.13 20.0 262.88 0.44 -0.01 1.49 0.4 179.59 6 Sands - clean sand to silty sand 164.4 44.9 1.0 0.49 2620 2.69 0.79 0.29 179.59 #N/A 19.5 191.63 #N/A #N/A 178.28 17.08 #N/A

24.08 129.5 0.43 -20.4 0.329 0.0450 1.084 0.595 0.488 1.29 166.50 172.36 20.0 262.98 0.33 -0.01 1.43 0.4 177.02 6 Sands - clean sand to silty sand 161.4 44.3 1.0 0.49 2639 2.70 0.59 0.22 177.02 #N/A 19.5 191.86 #N/A #N/A 178.56 17.11 #N/A

24.15 131.5 0.30 -20.1 0.229 0.0450 1.087 0.597 0.489 1.28 168.61 174.55 20.0 266.62 0.23 -0.01 1.36 0.4 176.29 6 Sands - clean sand to silty sand 160.6 44.1 1.0 0.49 2658 2.72 0.41 0.15 176.29 #N/A 19.5 194.05 #N/A #N/A 181.21 17.36 #N/A

24.21 124.9 0.24 -20.1 0.192 0.0450 1.090 0.599 0.490 1.29 161.23 166.90 20.0 252.56 0.19 -0.01 1.35 0.4 166.79 6 Sands - clean sand to silty sand 149.8 41.7 1.0 0.49 2669 2.72 0.32 0.12 166.79 #N/A 19.5 186.40 #N/A #N/A 171.93 16.47 #N/A

24.28 120.3 0.27 -20.1 0.225 0.0450 1.093 0.601 0.491 1.30 156.03 161.52 20.0 242.69 0.23 -0.01 1.39 0.4 162.07 6 Sands - clean sand to silty sand 144.6 40.5 1.0 0.49 2673 2.72 0.37 0.14 162.07 #N/A 19.5 181.02 #N/A #N/A 165.46 15.85 #N/A

24.34 107.5 0.34 -19.7 0.319 0.0450 1.095 0.604 0.492 1.32 141.71 146.69 20.0 216.39 0.32 -0.01 1.49 0.4 148.55 6 Sands - clean sand to silty sand 129.7 37.1 1.0 0.49 2669 2.71 0.48 0.18 148.55 #N/A 19.5 166.19 #N/A #N/A 147.86 14.16 #N/A

24.41 103.8 #N/A -19.4 #N/A 0.0450 1.098 0.606 0.493 1.32 137.36 142.20 #N/A 208.38 #N/A -0.01 #N/A ### #N/A #N/A #N/A #N/A #N/A 1.0 0.49 #N/A #N/A #N/A #N/A #N/A #N/A #VALUE! #VALUE! #N/A #N/A 142.60 13.66 #N/A

24.48 99.7 #N/A -19.4 #N/A 0.0450 1.101 0.608 0.494 1.33 132.65 137.32 #N/A 199.78 #N/A -0.01 #N/A ### #N/A #N/A #N/A #N/A #N/A 1.0 0.49 #N/A #N/A #N/A #N/A #N/A #N/A #VALUE! #VALUE! #N/A #N/A 136.93 13.12 #N/A

24.54 119.7 #N/A -19.4 #N/A 0.0450 1.104 0.610 0.495 1.30 155.02 160.48 #N/A 239.73 #N/A -0.01 #N/A ### #N/A #N/A #N/A #N/A #N/A 1.0 0.49 #N/A #N/A #N/A #N/A #N/A #N/A #VALUE! #VALUE! #N/A #N/A 164.20 15.73 #N/A

Averages: 0.0450

CD-12-03 LIQUEFACTION POTENTIAL CALCULATION SPREADSHEET FREE FIELD CONDITION

FREE FIELD CONDITION

(Input Data)

FC% Δqc1n-Sr

0 10.00

10 10.00

25 25.00

50 45.00

75 55.00

100 55.00

OCR

su/sr < 1 (Strength Loss)

Adjust
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Data File: CD-12-02

Location:night Mine South Storage PondMid

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g:

Earthquake Moment Magnitude, M:

Magnitude Scaling Factor, MSF:

0.131

6.5

1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Strength Estimates under Dam

Depth

(ft)

qt

(tsf)

fs

(tsf)

Pw 

(u2)

(ft)

fs/qt

(%)

Unit 

Weight 

(tcf)

Total 

Stress

(tsf)

Equil Pore 

Pressure, 

u0

(tsf)

Effective 

Stress

(tsf)

CN qc1

TSF

qc1N

FC

%

Qt1 Fr

%

Bq Ic n

Using 

Qtn

Qtn for 

SBTn

calculating Ic (iterations)

Soil Type σv '

(tsf)

1.75

σp '

#NUM!

10' Fill

OCR

#NUM!

su

(tsf)

#NUM!

sr

(tsf)

#NUM!

σv '

(tsf)

2.75

σp '

#NUM!

30' Fill

OCR

#NUM!

su sr

(tsf) (tsf)

#NUM! #DIV/0!

σv '

(tsf)

4.42

σp '

#NUM!

65' Fill

OCR

#NUM!

su

(tsf)

#NUM!

sr

(tsf)

#DIV/0!

σv '

(tsf)

3.34

Pond - 40' 

σp '

#NUM!

Fill with 

OCR

#NUM!

80' Removed

su sr

(tsf) (tsf)

#NUM! #DIV/0!8.7927 0.0 0.00 0.00 ###### 0.0450 0.396 0.118 0.277 1.70 0.00 0.00 #### 45.57 1.17 0.30 ##### 1 -1.43 #### #NUM!

8.8583 0.0 0.00 0.00 ###### 0.0450 0.399 0.120 0.278 1.70 0.00 0.00 #### -1.43 0.00 0.30 ##### ### #NUM! #### #NUM! 1.75 #NUM! #NUM! #NUM! #NUM! 2.75 #NUM! #NUM! #NUM! #NUM! 4.43 #NUM! #NUM! #NUM! #NUM! 3.34 #NUM! #NUM! #NUM! #NUM!

8.9239 0.0 0.00 0.00 ###### 0.0450 0.402 0.122 0.279 1.70 0.00 0.00 #### -1.44 0.00 0.30 ##### ### #NUM! #### #NUM! 1.75 #NUM! #NUM! #NUM! #NUM! 2.76 #NUM! #NUM! #NUM! #NUM! 4.43 #NUM! #NUM! #NUM! #NUM! 3.34 #NUM! #NUM! #NUM! #NUM!

8.9895 0.0 0.00 0.00 ###### 0.0450 0.405 0.124 0.280 1.70 0.00 0.00 #### -1.44 0.00 0.31 ##### ### #NUM! #### #NUM! 1.76 #NUM! #NUM! #NUM! #NUM! 2.76 #NUM! #NUM! #NUM! #NUM! 4.43 #NUM! #NUM! #NUM! #NUM! 3.35 #NUM! #NUM! #NUM! #NUM!

9.0551 0.0 0.00 0.00 ###### 0.0450 0.407 0.127 0.281 1.70 0.00 0.00 #### -1.45 0.00 0.31 ##### ### #NUM! #### #NUM! 1.76 #NUM! #NUM! #NUM! #NUM! 2.76 #NUM! #NUM! #NUM! #NUM! 4.43 #NUM! #NUM! #NUM! #NUM! 3.35 #NUM! #NUM! #NUM! #NUM!

9.1207 0.0 0.00 0.00 ###### 0.0450 0.410 0.129 0.282 1.70 0.00 0.00 #### -1.46 0.00 0.31 ##### ### #NUM! #### #NUM! 1.76 #NUM! #NUM! #NUM! #NUM! 2.76 #NUM! #NUM! #NUM! #NUM! 4.43 #NUM! #NUM! #NUM! #NUM! 3.35 #NUM! #NUM! #NUM! #NUM!

9.1864 0.0 0.00 0.00 ###### 0.0450 0.413 0.131 0.283 1.70 0.00 0.00 #### -1.46 0.00 0.32 ##### ### #NUM! #### #NUM! 1.76 #NUM! #NUM! #NUM! #NUM! 2.76 #NUM! #NUM! #NUM! #NUM! 4.44 #NUM! #NUM! #NUM! #NUM! 3.35 #NUM! #NUM! #NUM! #NUM!

9.252 0.0 0.00 0.00 ###### 0.0450 0.416 0.133 0.284 1.70 0.00 0.00 #### -1.47 0.00 0.32 ##### ### #NUM! #### #NUM! 1.76 #NUM! #NUM! #NUM! #NUM! 2.76 #NUM! #NUM! #NUM! #NUM! 4.44 #NUM! #NUM! #NUM! #NUM! 3.35 #NUM! #NUM! #NUM! #NUM!

9.3176 0.0 0.00 0.00 ###### 0.0450 0.419 0.135 0.285 1.70 0.00 0.00 #### -1.47 0.00 0.32 ##### ### #NUM! #### #NUM! 1.76 #NUM! #NUM! #NUM! #NUM! 2.77 #NUM! #NUM! #NUM! #NUM! 4.44 #NUM! #NUM! #NUM! #NUM! 3.35 #NUM! #NUM! #NUM! #NUM!

9.3832 0.0 0.00 0.00 ###### 0.0450 0.422 0.137 0.285 1.70 0.00 0.00 #### -1.48 0.00 0.32 ##### ### #NUM! #### #NUM! 1.77 #NUM! #NUM! #NUM! #NUM! 2.77 #NUM! #NUM! #NUM! #NUM! 4.44 #NUM! #NUM! #NUM! #NUM! 3.36 #NUM! #NUM! #NUM! #NUM!

9.4488 0.0 0.01 0.00 ###### 0.0450 0.425 0.139 0.286 1.70 0.00 0.00 #### -1.48 -2.45 0.33 ##### ### #NUM! #### #NUM! 1.77 #NUM! #NUM! #NUM! #NUM! 2.77 #NUM! #NUM! #NUM! #NUM! 4.44 #NUM! #NUM! #NUM! #NUM! 3.36 #NUM! #NUM! #NUM! #NUM!

9.5144 0.0 0.02 0.00 ###### 0.0450 0.428 0.141 0.287 1.70 0.00 0.00 #### -1.49 -4.86 0.33 ##### ### #NUM! #### #NUM! 1.77 #NUM! #NUM! #NUM! #NUM! 2.77 #NUM! #NUM! #NUM! #NUM! 4.45 #NUM! #NUM! #NUM! #NUM! 3.36 #NUM! #NUM! #NUM! #NUM!

9.5801 0.0 0.02 0.00 ###### 0.0450 0.431 0.143 0.288 1.70 0.00 0.00 #### -1.50 -4.82 0.33 ##### ### #NUM! #### #NUM! 1.77 #DIV/0! #DIV/0! #DIV/0! #NUM! 2.77 #DIV/0! #DIV/0! #DIV/0! #NUM! 4.45 #DIV/0! #DIV/0! #DIV/0! #NUM! 3.36 #DIV/0! #DIV/0! #DIV/0! #NUM!

9.6457 11.0 0.03 -2.01 0.285 0.0450 0.434 0.145 0.289 1.70 18.63 19.28 20.0 36.39 0.30 -0.02 2.18 0.7 25.22 5 Sand mixtures - silty sand to sandy silt 1.77 1.77 1.00 1.06 0.89 2.78 2.78 1.00 1.67 1.39 4.45 4.45 1.00 2.67 2.23 3.36 3.36 1.00 2.02 1.68

9.7113 11.5 0.03 -1.67 0.270 0.0450 0.437 0.147 0.290 1.70 19.62 20.31 20.0 38.29 0.28 -0.02 2.16 0.7 26.27 5 Sand mixtures - silty sand to sandy silt 1.77 1.77 1.00 1.06 0.89 2.78 2.78 1.00 1.67 1.39 4.45 4.45 1.00 2.67 2.23 3.37 3.37 1.00 2.02 1.68

9.7769 12.1 0.04 -1.67 0.343 0.0450 0.440 0.149 0.291 1.70 20.60 21.32 20.0 40.13 0.36 -0.02 2.17 0.7 27.71 5 Sand mixtures - silty sand to sandy silt 1.78 1.78 1.00 1.07 0.89 2.78 2.78 1.00 1.67 1.39 4.45 4.45 1.00 2.67 2.23 3.37 3.37 1.00 2.02 1.68

9.8425 12.7 0.05 -0.33 0.409 0.0450 0.443 0.151 0.292 1.70 21.62 22.38 20.0 42.05 0.42 -0.01 2.18 0.7 29.17 5 Sand mixtures - silty sand to sandy silt 1.78 1.78 1.00 1.07 0.89 2.78 2.78 1.00 1.67 1.39 4.46 4.46 1.00 2.67 2.23 3.37 3.37 1.00 2.02 1.68

9.9081 13.3 0.05 0.00 0.391 0.0450 0.446 0.153 0.293 1.70 22.60 23.39 20.0 43.88 0.40 -0.01 2.16 0.7 30.18 5 Sand mixtures - silty sand to sandy silt 1.78 1.78 1.00 1.07 0.89 2.78 2.78 1.00 1.67 1.39 4.46 4.46 1.00 2.67 2.23 3.37 3.37 1.00 2.02 1.69

9.9738 14.2 0.05 0.67 0.367 0.0450 0.449 0.155 0.294 1.70 24.10 24.94 20.0 46.74 0.38 -0.01 2.12 0.7 31.72 5 Sand mixtures - silty sand to sandy silt 1.78 1.78 1.00 1.07 0.89 2.79 2.79 1.00 1.67 1.39 4.46 4.46 1.00 2.68 2.23 3.37 3.37 1.00 2.02 1.69

10.039 15.9 0.11 1.67 0.719 0.0450 0.452 0.157 0.295 1.70 27.05 28.00 20.0 52.49 0.74 -0.01 2.19 0.7 36.80 5 Sand mixtures - silty sand to sandy silt 1.78 1.78 1.00 1.07 #N/A 2.79 2.79 1.00 1.67 1.39 4.46 4.46 1.00 2.68 2.23 3.37 3.37 1.00 2.02 1.69

10.105 16.8 0.15 2.68 0.867 0.0450 0.455 0.159 0.295 1.70 28.56 29.57 20.0 55.32 0.89 0.00 2.21 0.7 39.15 5 Sand mixtures - silty sand to sandy silt 1.79 1.79 1.00 1.07 #N/A 2.79 2.79 1.00 1.67 1.39 4.46 4.46 1.00 2.68 2.23 3.38 3.38 1.00 2.03 1.69

10.171 18.0 0.19 3.35 1.042 0.0450 0.458 0.161 0.296 1.70 30.54 31.61 20.0 59.07 1.07 0.00 2.23 0.7 42.15 5 Sand mixtures - silty sand to sandy silt 1.79 1.79 1.00 1.07 #N/A 2.79 2.79 1.00 1.67 1.40 4.47 4.47 1.00 2.68 2.23 3.38 3.38 1.00 2.03 1.69

10.236 18.0 0.19 3.68 1.042 0.0450 0.461 0.163 0.297 1.70 30.54 31.62 20.0 58.89 1.07 0.00 2.23 0.7 42.07 5 Sand mixtures - silty sand to sandy silt 1.79 1.79 1.00 1.07 #N/A 2.79 2.79 1.00 1.68 1.40 4.47 4.47 1.00 2.68 2.23 3.38 3.38 1.00 2.03 1.69

10.302 18.6 0.28 4.35 1.513 0.0450 0.464 0.165 0.298 1.70 31.55 32.66 50.0 60.69 1.55 0.00 2.30 0.7 44.83 5 Sand mixtures - silty sand to sandy silt 1.79 1.79 1.00 1.07 #N/A 2.80 2.80 1.00 1.68 1.40 4.47 4.47 1.00 2.68 2.24 3.38 3.38 1.00 2.03 1.69

10.367 20.9 0.31 5.02 1.495 0.0450 0.467 0.167 0.299 1.70 35.49 36.74 20.0 68.24 1.53 0.00 2.26 0.7 49.59 5 Sand mixtures - silty sand to sandy silt 1.79 1.79 1.00 1.08 #N/A 2.80 2.80 1.00 1.68 1.40 4.47 4.47 1.00 2.68 2.24 3.38 3.38 1.00 2.03 1.69

10.433 20.9 0.35 5.35 1.693 0.0450 0.469 0.170 0.300 1.70 35.50 36.75 50.0 68.04 1.73 0.00 2.29 0.7 50.16 5 Sand mixtures - silty sand to sandy silt 1.79 1.79 1.00 1.08 #N/A 2.80 2.80 1.00 1.68 1.40 4.47 4.47 1.00 2.68 2.24 3.39 3.39 1.00 2.03 1.69

10.499 20.5 0.36 0.00 1.774 0.0450 0.472 0.172 0.301 1.70 34.88 36.11 50.0 66.63 1.82 -0.01 2.31 0.7 49.54 5 Sand mixtures - silty sand to sandy silt 1.80 1.80 1.00 1.08 #N/A 2.80 2.80 1.00 1.68 1.40 4.48 4.48 1.00 2.69 2.24 3.39 3.39 1.00 2.03 1.69

10.564 22.0 0.51 -0.67 2.321 0.0450 0.475 0.174 0.302 1.70 37.33 38.64 50.0 71.18 2.37 -0.01 2.36 0.8 54.09 5 Sand mixtures - silty sand to sandy silt 1.80 1.80 1.00 1.08 #N/A 2.80 2.80 1.00 1.68 1.40 4.48 4.48 1.00 2.69 2.24 3.39 3.39 1.00 2.03 1.69

10.63 24.2 0.57 -3.68 2.361 0.0450 0.478 0.176 0.303 1.70 41.18 42.63 50.0 78.45 2.41 -0.01 2.33 0.8 59.05 5 Sand mixtures - silty sand to sandy silt 1.80 1.80 1.00 1.08 #N/A 2.80 2.80 1.00 1.68 1.40 4.48 4.48 1.00 2.69 2.24 3.39 3.39 1.00 2.03 1.70

10.696 26.0 0.68 -3.35 2.603 0.0450 0.481 0.178 0.304 1.70 44.14 45.70 50.0 83.94 2.65 -0.01 2.34 0.8 63.43 5 Sand mixtures - silty sand to sandy silt 1.80 1.80 1.00 1.08 #N/A 2.81 2.81 1.00 1.68 #N/A 4.48 4.48 1.00 2.69 #N/A 3.39 3.39 1.00 2.04 #N/A

10.761 27.1 0.76 -6.36 2.803 0.0450 0.484 0.180 0.305 1.70 46.04 47.66 50.0 87.35 2.85 -0.01 2.35 0.8 66.31 5 Sand mixtures - silty sand to sandy silt 1.80 1.80 1.00 1.08 #N/A 2.81 2.81 1.00 1.69 #N/A 4.48 4.48 1.00 2.69 #N/A 3.39 3.39 1.00 2.04 #N/A

10.827 28.4 0.87 -13.38 3.072 0.0450 0.487 0.182 0.305 1.70 48.34 50.04 50.0 91.51 3.13 -0.02 2.36 0.8 69.90 5 Sand mixtures - silty sand to sandy silt 1.80 1.80 1.00 1.08 #N/A 2.81 2.81 1.00 1.69 #N/A 4.49 4.49 1.00 2.69 #N/A 3.40 3.40 1.00 2.04 #N/A

10.892 26.6 0.94 -18.74 3.514 0.0450 0.490 0.184 0.306 1.70 45.29 46.88 50.0 85.36 3.58 -0.03 2.42 0.8 66.88 5 Sand mixtures - silty sand to sandy silt 1.81 1.81 1.00 1.08 #N/A 2.81 2.81 1.00 1.69 #N/A 4.49 4.49 1.00 2.69 #N/A 3.40 3.40 1.00 2.04 #N/A

10.958 25.5 1.03 -19.07 4.043 0.0450 0.493 0.186 0.307 1.70 43.30 44.82 50.0 81.30 4.12 -0.03 2.47 0.8 65.21 5 Sand mixtures - silty sand to sandy silt 1.81 1.81 1.00 1.09 #N/A 2.81 2.81 1.00 1.69 #N/A 4.49 4.49 1.00 2.69 #N/A 3.40 3.40 1.00 2.04 #N/A

11.024 25.2 1.02 -19.41 4.047 0.0450 0.496 0.188 0.308 1.70 42.81 44.32 50.0 80.12 4.13 -0.03 2.48 0.8 64.43 5 Sand mixtures - silty sand to sandy silt 1.81 1.81 1.00 1.09 #N/A 2.82 2.82 1.00 1.69 #N/A 4.49 4.49 1.00 2.70 #N/A 3.40 3.40 1.00 2.04 #N/A

11.089 27.5 1.05 -19.07 3.820 0.0450 0.499 0.190 0.309 1.70 46.75 48.39 50.0 87.36 3.89 -0.03 2.44 0.8 69.10 5 Sand mixtures - silty sand to sandy silt 1.81 1.81 1.00 1.09 #N/A 2.82 2.82 1.00 1.69 #N/A 4.49 4.49 1.00 2.70 #N/A 3.40 3.40 1.00 2.04 #N/A

11.155 33.6 1.04 -19.07 3.099 0.0450 0.502 0.192 0.310 1.70 57.05 59.06 50.0 106.66 3.15 -0.02 2.32 0.8 80.40 5 Sand mixtures - silty sand to sandy silt 1.81 1.81 1.00 1.09 #N/A 2.82 2.82 1.00 1.69 #N/A 4.50 4.50 1.00 2.70 #N/A 3.40 3.40 1.00 2.04 #N/A

11.22 36.1 1.16 -20.75 3.222 0.0450 0.505 0.194 0.311 1.70 61.45 63.62 50.0 114.67 3.27 -0.02 2.32 0.7 86.20 5 Sand mixtures - silty sand to sandy silt 1.82 1.82 1.00 1.09 #N/A 2.82 2.82 1.00 1.69 #N/A 4.50 4.50 1.00 2.70 #N/A 3.41 3.41 1.00 2.04 #N/A

11.286 34.1 1.23 -22.42 3.599 0.0450 0.508 0.196 0.312 1.70 57.97 60.01 50.0 107.75 3.65 -0.03 2.36 0.8 82.76 5 Sand mixtures - silty sand to sandy silt 1.82 1.82 1.00 1.09 #N/A 2.82 2.82 1.00 1.69 #N/A 4.50 4.50 1.00 2.70 #N/A 3.41 3.41 1.00 2.05 #N/A

11.352 28.6 1.26 -24.09 4.402 0.0450 0.511 0.198 0.313 1.70 48.60 50.31 50.0 89.80 4.48 -0.03 2.47 0.8 72.23 5 Sand mixtures - silty sand to sandy silt 1.82 1.82 1.00 1.09 #N/A 2.83 2.83 1.00 1.70 #N/A 4.50 4.50 1.00 2.70 #N/A 3.41 3.41 1.00 2.05 #N/A

11.417 26.6 1.34 -24.43 5.050 0.0450 0.514 0.200 0.314 1.70 45.16 46.75 50.0 83.08 5.15 -0.04 2.53 0.8 68.62 5 Sand mixtures - silty sand to sandy silt 1.82 1.82 1.00 1.09 #N/A 2.83 2.83 1.00 1.70 #N/A 4.50 4.50 1.00 2.70 #N/A 3.41 3.41 1.00 2.05 #N/A

11.483 24.8 1.35 -24.09 5.445 0.0450 0.517 0.202 0.314 1.70 42.21 43.70 50.0 77.32 5.56 -0.04 2.57 0.8 65.02 5 Sand mixtures - silty sand to sandy silt 1.82 1.82 1.00 1.09 #N/A 2.83 2.83 1.00 1.70 #N/A 4.51 4.51 1.00 2.70 #N/A 3.41 3.41 1.00 2.05 #N/A

11.549 24.5 1.28 -24.09 5.213 0.0450 0.520 0.204 0.315 1.70 41.72 43.19 50.0 76.17 5.33 -0.04 2.56 0.8 63.83 5 Sand mixtures - silty sand to sandy silt 1.82 1.82 1.00 1.09 #N/A 2.83 2.83 1.00 1.70 #N/A 4.51 4.51 1.00 2.70 #N/A 3.42 3.42 1.00 2.05 #N/A

11.614 23.7 1.08 -20.75 4.560 0.0450 0.523 0.206 0.316 1.70 40.33 41.74 50.0 73.35 4.66 -0.04 2.53 0.8 60.74 5 Sand mixtures - silty sand to sandy silt 1.83 1.83 1.00 1.10 #N/A 2.83 2.83 1.00 1.70 #N/A 4.51 4.51 1.00 2.71 #N/A 3.42 3.42 1.00 2.05 #N/A

11.68 24.3 1.04 -20.41 4.280 0.0450 0.526 0.208 0.317 1.70 41.31 42.76 50.0 74.95 4.37 -0.04 2.51 0.8 61.47 5 Sand mixtures - silty sand to sandy silt 1.83 1.83 1.00 1.10 #N/A 2.84 2.84 1.00 1.70 #N/A 4.51 4.51 1.00 2.71 #N/A 3.42 3.42 1.00 2.05 #N/A

11.745 24.3 1.02 -20.41 4.195 0.0450 0.529 0.210 0.318 1.70 41.31 42.76 50.0 74.72 4.29 -0.04 2.50 0.8 61.19 5 Sand mixtures - silty sand to sandy silt 1.83 1.83 1.00 1.10 #N/A 2.84 2.84 1.00 1.70 #N/A 4.51 4.51 1.00 2.71 #N/A 3.42 3.42 1.00 2.05 #N/A

11.811 21.4 0.95 -18.74 4.417 0.0450 0.531 0.213 0.319 1.70 36.43 37.71 50.0 65.51 4.53 -0.04 2.55 0.8 54.81 5 Sand mixtures - silty sand to sandy silt 1.83 1.83 1.00 1.10 #N/A 2.84 2.84 1.00 1.70 #N/A 4.52 4.52 1.00 2.71 #N/A 3.42 3.42 1.00 2.05 #N/A

11.877 15.6 0.81 -19.74 5.189 0.0450 0.534 0.215 0.320 1.70 26.58 27.51 50.0 47.20 5.37 -0.06 2.69 0.9 41.81 4 Silt mixtures - clayey silt to silty clay 1.83 1.83 1.00 1.10 #N/A 2.84 2.84 1.00 1.70 #N/A 4.52 4.52 1.00 2.71 #N/A 3.42 3.42 1.00 2.05 #N/A

11.942 13.0 0.67 -18.74 5.102 0.0450 0.537 0.217 0.321 1.70 22.18 22.96 50.0 38.99 5.32 -0.06 2.74 0.9 35.26 4 Silt mixtures - clayey silt to silty clay 1.84 1.84 1.00 1.10 #N/A 2.84 2.84 1.00 1.71 #N/A 4.52 4.52 1.00 2.71 #N/A 3.43 3.43 1.00 2.06 #N/A

12.008 11.0 0.57 -18.74 5.187 0.0450 0.540 0.219 0.322 1.70 18.75 19.41 50.0 32.60 5.45 -0.08 2.79 0.9 30.19 4 Silt mixtures - clayey silt to silty clay 1.84 1.84 1.00 1.10 #N/A 2.84 2.84 1.00 1.71 #N/A 4.52 4.52 1.00 2.71 #N/A 3.43 3.43 1.00 2.06 #N/A

12.073 9.6 0.41 -18.74 4.233 0.0450 0.543 0.221 0.323 1.70 16.29 16.86 50.0 28.02 4.49 -0.09 2.78 0.9 25.85 4 Silt mixtures - clayey silt to silty clay 1.84 1.84 1.00 1.10 #N/A 2.85 2.85 1.00 1.71 1.42 4.52 4.52 1.00 2.71 2.26 3.43 3.43 1.00 2.06 1.72

12.139 9.3 0.32 -19.07 3.472 0.0450 0.546 0.223 0.324 1.70 15.79 16.34 50.0 27.02 3.69 -0.09 2.74 0.9 24.53 4 Silt mixtures - clayey silt to silty clay 1.84 1.84 1.00 1.10 #N/A 2.85 2.85 1.00 1.71 1.42 4.53 4.53 1.00 2.72 2.26 3.43 3.43 1.00 2.06 1.72

12.205 10.2 0.25 -18.74 2.458 0.0450 0.549 0.225 0.324 1.70 17.26 17.87 50.0 29.61 2.60 -0.08 2.63 0.9 25.66 4 Silt mixtures - clayey silt to silty clay 1.84 1.84 1.00 1.11 #N/A 2.85 2.85 1.00 1.71 1.43 4.53 4.53 1.00 2.72 2.26 3.43 3.43 1.00 2.06 1.72

12.27 9.3 0.19 -18.74 2.015 0.0450 0.552 0.227 0.325 1.70 15.80 16.35 50.0 26.86 2.14 -0.09 2.62 0.9 23.15 4 Silt mixtures - clayey silt to silty clay 1.84 1.84 1.00 1.11 #N/A 2.85 2.85 1.00 1.71 1.43 4.53 4.53 1.00 2.72 2.26 3.44 3.44 1.00 2.06 1.72

12.336 9.6 0.14 -18.74 1.411 0.0450 0.555 0.229 0.326 1.70 16.29 16.86 20.0 27.67 1.50 -0.09 2.53 0.8 23.01 5 Sand mixtures - silty sand to sandy silt 1.85 1.85 1.00 1.11 0.92 2.85 2.85 1.00 1.71 1.43 4.53 4.53 1.00 2.72 2.27 3.44 3.44 1.00 2.06 1.72

CD-12-03 LIQUEFACTION POTENTIAL CALCULATION SPREADSHEET FREE FIELD CONDITION

FREE FIELD CONDITION

(Input Data)

SHANSEP

su sr

su/σv' 0.60 sr/σv' 0.50

m 0.65 m 0.65
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Data File: CD-12-02

Location:night Mine South Storage PondMid

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g:

Earthquake Moment Magnitude, M:

Magnitude Scaling Factor, MSF:

0.131

6.5

1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Strength Estimates under Dam

Depth

12.402

12.467

12.533

12.598

12.664

12.73

12.795

12.861

12.927

12.992

13.058

13.123

13.189

13.255

13.32

13.386

13.451

13.517

13.583

13.648

13.714

13.78

13.845

13.911

13.976

14.042

14.108

14.173

14.239

14.304

14.37

14.436

14.501

14.567

14.633

14.698

14.764

14.829

14.895

14.961

15.026

15.092

15.157

15.223

15.289

15.354

15.42

15.486

15.551

15.617

15.682

15.748

15.814

15.879

15.945

16.01

16.076

qt

9.0

10.7

11.6

12.8

15.6

11.3

10.4

9.5

8.6

7.5

8.4

7.8

7.5

7.8

8.4

8.4

9.0

9.3

9.0

8.1

8.4

9.6

7.8

7.0

6.7

7.8

8.4

9.0

9.9

9.6

9.9

10.4

10.2

10.2

10.7

11.9

12.2

11.9

11.6

12.8

13.9

13.9

12.8

12.5

12.5

12.8

14.0

14.8

16.3

17.1

17.7

17.7

17.2

16.9

16.6

16.3

16.0

fs

0.16

0.10

0.14

0.21

0.25

0.23

0.25

0.24

0.20

0.15

-0.03

0.05

0.06

0.08

0.09

0.09

0.09

0.10

0.07

0.07

0.07

0.07

0.06

0.05

0.03

0.03

0.04

0.04

0.04

0.03

0.03

0.04

0.04

0.05

0.07

0.08

0.09

0.09

0.09

0.11

0.11

0.12

0.11

0.10

0.10

0.15

0.15

0.16

0.17

0.19

0.21

0.22

0.26

0.22

0.21

-0.05

0.54

Pw 

(u2)

-18.74

-18.40

-18.74

-18.40

-19.41

-23.76

-24.43

-24.76

-24.43

-24.76

-24.43

-24.76

-24.43

-20.75

-20.75

-20.75

-20.41

-20.41

-20.08

-20.08

-20.08

-20.08

-20.08

-19.74

-19.74

-19.41

-19.41

-19.41

-19.07

-19.07

-18.74

-18.74

-18.40

-18.07

-18.07

-18.07

-17.73

-17.73

-17.07

-16.73

-16.73

-16.40

-16.40

-16.06

-15.73

-15.39

-15.06

-15.06

-14.72

-14.39

-14.05

-13.72

-13.38

-13.38

-13.38

-12.72

-12.72

fs/qt

1.733

0.968

1.166

1.629

1.596

2.033

2.407

2.517

2.286

1.948

-0.373

0.670

0.834

1.064

1.114

1.114

1.043

1.122

0.810

0.897

0.866

0.761

0.797

0.746

0.467

0.398

0.494

0.463

0.422

0.326

0.316

0.398

0.409

0.512

0.677

0.699

0.767

0.786

0.805

0.894

0.820

0.895

0.894

0.831

0.831

1.137

1.042

1.052

1.022

1.092

1.173

1.231

1.515

1.294

1.254

-0.319

3.377

Unit 

Weight 

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

Total 

Stress

0.558

0.561

0.564

0.567

0.570

0.573

0.576

0.579

0.582

0.585

0.588

0.591

0.594

0.596

0.599

0.602

0.605

0.608

0.611

0.614

0.617

0.620

0.623

0.626

0.629

0.632

0.635

0.638

0.641

0.644

0.647

0.650

0.653

0.656

0.658

0.661

0.664

0.667

0.670

0.673

0.676

0.679

0.682

0.685

0.688

0.691

0.694

0.697

0.700

0.703

0.706

0.709

0.712

0.715

0.718

0.720

0.723

Equil Pore 

Pressure, 

u0

0.231

0.233

0.235

0.237

0.239

0.241

0.243

0.245

0.247

0.249

0.251

0.253

0.255

0.258

0.260

0.262

0.264

0.266

0.268

0.270

0.272

0.274

0.276

0.278

0.280

0.282

0.284

0.286

0.288

0.290

0.292

0.294

0.296

0.298

0.301

0.303

0.305

0.307

0.309

0.311

0.313

0.315

0.317

0.319

0.321

0.323

0.325

0.327

0.329

0.331

0.333

0.335

0.337

0.339

0.341

0.344

0.346

Effective 

Stress

0.327

0.328

0.329

0.330

0.331

0.332

0.333

0.333

0.334

0.335

0.336

0.337

0.338

0.339

0.340

0.341

0.342

0.343

0.343

0.344

0.345

0.346

0.347

0.348

0.349

0.350

0.351

0.352

0.352

0.353

0.354

0.355

0.356

0.357

0.358

0.359

0.360

0.361

0.362

0.362

0.363

0.364

0.365

0.366

0.367

0.368

0.369

0.370

0.371

0.372

0.372

0.373

0.374

0.375

0.376

0.377

0.378

CN

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

qc1

15.30

18.26

19.72

21.71

26.58

19.13

17.63

16.16

14.70

12.71

14.20

13.20

12.72

13.29

14.28

14.28

15.26

15.76

15.27

13.80

14.30

16.26

13.31

11.85

11.35

13.32

14.31

15.29

16.78

16.28

16.79

17.76

17.27

17.28

18.27

20.23

20.73

20.24

19.76

21.74

23.71

23.71

21.75

21.26

21.27

21.77

23.74

25.21

27.68

29.15

30.15

30.16

29.17

28.70

28.20

27.72

27.23

qc1N

15.84

18.90

20.41

22.47

27.52

19.80

18.25

16.72

15.21

13.16

14.70

13.67

13.16

13.76

14.79

14.79

15.80

16.31

15.81

14.29

14.80

16.83

13.78

12.26

11.75

13.79

14.82

15.82

17.37

16.86

17.38

18.38

17.88

17.89

18.91

20.94

21.46

20.95

20.45

22.51

24.54

24.55

22.52

22.01

22.02

22.54

24.58

26.10

28.65

30.18

31.21

31.22

30.20

29.71

29.19

28.70

28.19

FC

50.0

20.0

20.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

50.0

20.0

20.0

20.0

50.0

Qt1

25.81

31.03

33.55

36.99

45.55

32.20

29.45

26.76

24.11

20.55

23.10

21.29

20.37

21.31

22.96

22.89

24.51

25.29

24.37

21.80

22.57

25.84

20.76

18.23

17.34

20.60

22.20

23.76

26.18

25.28

26.04

27.58

26.69

26.63

28.18

31.32

32.05

31.16

30.29

33.43

36.52

36.43

33.17

32.30

32.22

32.94

35.99

38.23

42.04

44.27

45.73

45.62

43.96

43.09

42.21

41.35

40.47

Fr

1.85

1.02

1.23

1.70

1.66

2.14

2.55

2.68

2.45

2.11

-0.40

0.72

0.91

1.15

1.20

1.20

1.12

1.20

0.87

0.97

0.93

0.81

0.87

0.82

0.52

0.43

0.53

0.50

0.45

0.35

0.34

0.42

0.44

0.55

0.72

0.74

0.81

0.83

0.85

0.94

0.86

0.94

0.94

0.88

0.88

1.20

1.10

1.10

1.07

1.14

1.22

1.28

1.58

1.35

1.31

-0.33

3.54

Bq

-0.10

-0.08

-0.07

-0.07

-0.06

-0.09

-0.10

-0.11

-0.13

-0.15

-0.13

-0.14

-0.15

-0.13

-0.12

-0.12

-0.11

-0.10

-0.11

-0.12

-0.12

-0.10

-0.13

-0.14

-0.15

-0.12

-0.11

-0.11

-0.10

-0.10

-0.10

-0.09

-0.09

-0.09

-0.09

-0.08

-0.07

-0.08

-0.08

-0.07

-0.06

-0.06

-0.07

-0.07

-0.07

-0.07

-0.06

-0.06

-0.05

-0.05

-0.05

-0.04

-0.05

-0.05

-0.05

-0.05

-0.05

Ic n

2.59 0.9

2.41 0.8

2.43 0.8

2.47 0.8

2.39 0.8

2.56 0.8

2.63 0.9

2.67 0.9

2.68 0.9

2.69 0.9

##### ###

2.48 0.8

2.53 0.8

2.56 0.8

2.54 0.8

2.54 0.8

2.51 0.8

2.51 0.8

2.46 0.8

2.52 0.8

2.50 0.8

2.43 0.8

2.51 0.8

2.55 0.8

2.49 0.8

2.41 0.8

2.41 0.8

2.38 0.8

2.33 0.8

2.31 0.7

2.29 0.7

2.30 0.7

2.32 0.8

2.35 0.8

2.38 0.8

2.34 0.8

2.35 0.8

2.37 0.8

2.38 0.8

2.37 0.8

2.32 0.8

2.34 0.8

2.37 0.8

2.36 0.8

2.36 0.8

2.42 0.8

2.37 0.8

2.35 0.8

2.32 0.8

2.31 0.8

2.32 0.8

2.33 0.8

2.39 0.8

2.36 0.8

2.36 0.8

##### ###

2.61 0.9

Using Qtn for 

Qtn SBTn

22.07 5

24.65 5

26.79 5

30.04 5

35.97 5

27.20 5

25.58 4

23.64 4

21.40 4

18.36 4

#NUM! ####

17.45 5

17.06 5

18.06 5

19.34 5

19.30 5

20.38 5

21.06 5

19.93 5

18.23 5

18.75 5

20.90 5

17.36 5

15.46 5

14.40 5

16.57 5

17.89 5

18.91 5

20.46 5

19.61 5

20.10 5

21.38 5

20.83 5

21.06 5

22.52 5

24.74 5

25.42 5

24.86 5

24.31 5

26.70 5

28.68 5

28.82 5

26.56 5

25.83 5

25.79 5

26.91 5

28.91 5

30.52 5

33.13 5

34.86 5

36.09 5

36.18 5

35.63 5

34.58 5

33.89 5

#NUM! ####

35.61 4

calculating Ic (iterations)

Soil Type

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Silt mixtures - clayey silt 

Silt mixtures - clayey silt 

Silt mixtures - clayey silt 

Silt mixtures - clayey silt 

#NUM!

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

#NUM!

Silt mixtures - clayey silt 

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to silty clay

to silty clay

to silty clay

to silty clay

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to silty clay

10' Fill 30' Fill 65' Fill Pond - 40' Fill with 80' Removed

σv '

1.85

1.85

1.85

1.85

1.85

1.86

1.86

1.86

1.86

1.86

1.87

1.87

1.87

1.87

1.87

1.87

1.88

1.88

1.88

1.88

1.88

1.89

1.89

1.89

1.89

1.89

1.89

1.90

1.90

1.90

1.90

1.90

1.91

1.91

1.91

1.91

1.91

1.91

1.92

1.92

1.92

1.92

1.92

1.93

1.93

1.93

1.93

1.93

1.93

1.94

1.94

1.94

1.94

1.94

1.95

1.95

1.95

σp '

1.85

1.85

1.85

1.85

1.85

1.86

1.86

1.86

1.86

1.86

1.87

1.87

1.87

1.87

1.87

1.87

1.88

1.88

1.88

1.88

1.88

1.89

1.89

1.89

1.89

1.89

1.89

1.90

1.90

1.90

1.90

1.90

1.91

1.91

1.91

1.91

1.91

1.91

1.92

1.92

1.92

1.92

1.92

1.93

1.93

1.93

1.93

1.93

1.93

1.94

1.94

1.94

1.94

1.94

1.95

1.95

1.95

OCR

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

su

1.11

1.11

1.11

1.11

1.11

1.11

1.12

1.12

1.12

1.12

1.12

1.12

1.12

1.12

1.12

1.12

1.13

1.13

1.13

1.13

1.13

1.13

1.13

1.13

1.13

1.14

1.14

1.14

1.14

1.14

1.14

1.14

1.14

1.14

1.15

1.15

1.15

1.15

1.15

1.15

1.15

1.15

1.15

1.16

1.16

1.16

1.16

1.16

1.16

1.16

1.16

1.16

1.16

1.17

1.17

1.17

1.17

sr

0.92

0.92

0.93

0.93

#N/A

0.93

#N/A

#N/A

#N/A

#N/A

#NUM!

0.93

0.93

0.94

0.94

0.94

0.94

0.94

0.94

0.94

0.94

0.94

0.94

0.94

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.96

0.97

0.97

0.97

0.97

0.97

0.97

0.97

0.97

0.97

#NUM!

#N/A

σv '

2.86

2.86

2.86

2.86

2.86

2.87

2.87

2.87

2.87

2.87

2.88

2.88

2.88

2.88

2.88

2.88

2.89

2.89

2.89

2.89

2.89

2.90

2.90

2.90

2.90

2.90

2.91

2.91

2.91

2.91

2.91

2.92

2.92

2.92

2.92

2.92

2.92

2.93

2.93

2.93

2.93

2.93

2.94

2.94

2.94

2.94

2.94

2.95

2.95

2.95

2.95

2.95

2.96

2.96

2.96

2.96

2.96

σp '

2.86

2.86

2.86

2.86

2.86

2.87

2.87

2.87

2.87

2.87

2.88

2.88

2.88

2.88

2.88

2.88

2.89

2.89

2.89

2.89

2.89

2.90

2.90

2.90

2.90

2.90

2.91

2.91

2.91

2.91

2.91

2.92

2.92

2.92

2.92

2.92

2.92

2.93

2.93

2.93

2.93

2.93

2.94

2.94

2.94

2.94

2.94

2.95

2.95

2.95

2.95

2.95

2.96

2.96

2.96

2.96

2.96

OCR

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

su

1.71

1.71

1.72

1.72

1.72

1.72

1.72

1.72

1.72

1.72

1.73

1.73

1.73

1.73

1.73

1.73

1.73

1.73

1.73

1.74

1.74

1.74

1.74

1.74

1.74

1.74

1.74

1.74

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.76

1.76

1.76

1.76

1.76

1.76

1.76

1.76

1.77

1.77

1.77

1.77

1.77

1.77

1.77

1.77

1.77

1.78

1.78

1.78

sr

1.43

1.43

1.43

1.43

1.43

1.43

1.43

1.43

1.44

1.44

#NUM!

1.44

1.44

1.44

1.44

1.44

1.44

1.44

1.45

1.45

1.45

1.45

1.45

1.45

1.45

1.45

1.45

1.45

1.45

1.46

1.46

1.46

1.46

1.46

1.46

1.46

1.46

1.46

1.46

1.47

1.47

1.47

1.47

1.47

1.47

1.47

1.47

1.47

1.47

1.47

1.48

1.48

1.48

1.48

1.48

#NUM!

1.48

σv '

4.53

4.54

4.54

4.54

4.54

4.54

4.55

4.55

4.55

4.55

4.55

4.56

4.56

4.56

4.56

4.56

4.57

4.57

4.57

4.57

4.57

4.58

4.58

4.58

4.58

4.58

4.58

4.59

4.59

4.59

4.59

4.59

4.60

4.60

4.60

4.60

4.60

4.61

4.61

4.61

4.61

4.61

4.62

4.62

4.62

4.62

4.62

4.63

4.63

4.63

4.63

4.63

4.64

4.64

4.64

4.64

4.64

σp '

4.53

4.54

4.54

4.54

4.54

4.54

4.55

4.55

4.55

4.55

4.55

4.56

4.56

4.56

4.56

4.56

4.57

4.57

4.57

4.57

4.57

4.58

4.58

4.58

4.58

4.58

4.58

4.59

4.59

4.59

4.59

4.59

4.60

4.60

4.60

4.60

4.60

4.61

4.61

4.61

4.61

4.61

4.62

4.62

4.62

4.62

4.62

4.63

4.63

4.63

4.63

4.63

4.64

4.64

4.64

4.64

4.64

OCR

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

su

2.72

2.72

2.72

2.72

2.73

2.73

2.73

2.73

2.73

2.73

2.73

2.73

2.73

2.74

2.74

2.74

2.74

2.74

2.74

2.74

2.74

2.75

2.75

2.75

2.75

2.75

2.75

2.75

2.75

2.75

2.76

2.76

2.76

2.76

2.76

2.76

2.76

2.76

2.77

2.77

2.77

2.77

2.77

2.77

2.77

2.77

2.77

2.78

2.78

2.78

2.78

2.78

2.78

2.78

2.78

2.78

2.79

sr

2.27

2.27

2.27

2.27

2.27

2.27

2.27

2.27

2.27

2.28

#NUM!

2.28

2.28

2.28

2.28

2.28

2.28

2.28

2.28

2.29

2.29

2.29

2.29

2.29

2.29

2.29

2.29

2.29

2.29

2.30

2.30

2.30

2.30

2.30

2.30

2.30

2.30

2.30

2.30

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.32

2.32

2.32

2.32

2.32

#NUM!

2.32

σv '

3.44

3.44

3.44

3.44

3.45

3.45

3.45

3.45

3.45

3.46

3.46

3.46

3.46

3.46

3.46

3.47

3.47

3.47

3.47

3.47

3.48

3.48

3.48

3.48

3.48

3.48

3.49

3.49

3.49

3.49

3.49

3.49

3.50

3.50

3.50

3.50

3.50

3.51

3.51

3.51

3.51

3.51

3.51

3.52

3.52

3.52

3.52

3.52

3.53

3.53

3.53

3.53

3.53

3.53

3.54

3.54

3.54

σp '

3.44

3.44

3.44

3.44

3.45

3.45

3.45

3.45

3.45

3.46

3.46

3.46

3.46

3.46

3.46

3.47

3.47

3.47

3.47

3.47

3.48

3.48

3.48

3.48

3.48

3.48

3.49

3.49

3.49

3.49

3.49

3.49

3.50

3.50

3.50

3.50

3.50

3.51

3.51

3.51

3.51

3.51

3.51

3.52

3.52

3.52

3.52

3.52

3.53

3.53

3.53

3.53

3.53

3.53

3.54

3.54

3.54

OCR

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

su

2.06

2.06

2.07

2.07

2.07

2.07

2.07

2.07

2.07

2.07

2.07

2.08

2.08

2.08

2.08

2.08

2.08

2.08

2.08

2.08

2.09

2.09

2.09

2.09

2.09

2.09

2.09

2.09

2.09

2.09

2.10

2.10

2.10

2.10

2.10

2.10

2.10

2.10

2.10

2.11

2.11

2.11

2.11

2.11

2.11

2.11

2.11

2.11

2.12

2.12

2.12

2.12

2.12

2.12

2.12

2.12

2.12

sr

1.72

1.72

1.72

1.72

1.72

1.72

1.72

1.73

1.73

1.73

#NUM!

1.73

1.73

1.73

1.73

1.73

1.73

1.73

1.74

1.74

1.74

1.74

1.74

1.74

1.74

1.74

1.74

1.74

1.74

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.75

1.76

1.76

1.76

1.76

1.76

1.76

1.76

1.76

1.76

1.76

1.76

1.77

1.77

1.77

1.77

#NUM!

1.77

CD-12-03 LIQUEFACTION POTENTIAL CALCULATION SPREADSHEET FREE FIELD CONDITION

FREE FIELD CONDITION

(Input Data)

SHANSEP

su sr

su/σv' 0.60 sr/σv' 0.50

m 0.65 m 0.65
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Data File: CD-12-02

Location:night Mine South Storage PondMid

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g:

Earthquake Moment Magnitude, M:

Magnitude Scaling Factor, MSF:

0.131

6.5

1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Strength Estimates under Dam

Depth

16.142

16.207

16.273

16.339

16.404

16.47

16.535

16.601

16.67

16.73

16.80

16.86

16.93

16.99

17.06

17.13

17.19

17.26

17.32

17.39

17.45

17.52

17.59

17.65

17.72

17.78

17.85

17.91

17.98

18.04

18.11

18.18

18.24

18.31

18.37

18.44

18.50

18.57

18.64

18.70

18.77

18.83

18.90

18.96

19.03

19.09

19.16

19.23

19.29

19.36

19.42

19.49

19.55

19.62

19.69

19.75

19.82

qt

14.0

9.3

19.5

17.5

16.9

16.1

14.9

14.4

13.8

13.8

13.2

13.5

13.8

14.1

13.8

13.5

14.4

13.8

13.8

13.3

12.4

12.1

12.4

11.6

11.6

11.6

12.2

12.7

13.0

12.8

13.1

12.8

13.4

14.2

15.1

14.5

13.4

12.8

13.1

14.6

16.3

18.1

19.3

19.9

22.5

22.8

22.5

15.6

28.3

24.0

23.1

23.1

22.8

24.6

23.4

23.2

24.1

fs

0.56

0.54

0.54

0.51

0.43

0.43

0.30

0.22

0.22

0.20

0.19

0.11

0.11

0.11

0.12

0.14

0.16

0.15

0.16

0.17

0.10

0.09

0.07

0.06

0.04

0.05

0.07

0.08

0.08

0.07

0.08

0.07

0.08

0.04

0.03

0.03

0.02

0.01

0.04

0.07

0.09

0.08

0.12

0.17

0.19

0.54

0.67

0.75

0.72

0.62

0.60

0.61

0.51

0.46

0.48

0.53

0.68

Pw 

(u2)

-12.72

5.35

-11.04

-10.37

-8.70

-8.03

-7.70

-7.03

-7.0

-6.4

-6.0

-6.0

-5.4

-4.7

-3.7

-3.7

-3.7

-3.0

-2.3

-2.3

-2.0

-1.3

-1.0

-0.3

0.3

0.7

1.3

1.3

2.0

2.7

3.3

4.0

4.7

5.4

6.4

6.4

6.7

7.7

9.0

9.7

11.0

13.1

13.7

15.4

16.7

18.4

19.4

18.4

-0.7

-2.7

-1.3

1.0

1.3

1.7

2.3

4.0

4.7

fs/qt

4.012

5.805

2.772

2.913

2.517

2.652

2.020

1.520

1.585

1.433

1.417

0.847

0.829

0.811

0.903

0.999

1.083

1.052

1.127

1.255

0.839

0.772

0.586

0.540

0.360

0.449

0.599

0.653

0.638

0.571

0.637

0.570

0.623

0.292

0.206

0.215

0.155

0.081

0.317

0.499

0.573

0.460

0.648

0.838

0.833

2.373

2.957

4.812

2.535

2.605

2.611

2.653

2.231

1.861

2.041

2.289

2.810

Unit 

Weight 

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

FALSE

FALSE

0.0450

FALSE

0.0450

FALSE

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

Total 

Stress

0.726

0.729

0.732

0.735

0.738

0.741

0.744

0.747

0.750

0.753

0.756

0.759

0.762

0.765

0.768

0.771

0.774

0.777

0.780

0.782

0.785

0.788

0.791

0.794

0.797

0.800

0.803

0.806

0.809

0.812

0.815

0.818

0.821

0.824

0.827

0.830

0.833

0.836

0.839

0.842

0.844

0.847

0.850

0.853

0.856

0.859

0.862

0.865

0.868

0.871

0.874

0.877

0.880

0.883

0.886

0.889

0.892

Equil Pore 

Pressure, 

u0

0.348

0.350

0.352

0.354

0.356

0.358

0.360

0.362

0.364

0.366

0.368

0.370

0.372

0.374

0.376

0.378

0.380

0.382

0.384

0.387

0.389

0.391

0.393

0.395

0.397

0.399

0.401

0.403

0.405

0.407

0.409

0.411

0.413

0.415

0.417

0.419

0.421

0.423

0.425

0.427

0.430

0.432

0.434

0.436

0.438

0.440

0.442

0.444

0.446

0.448

0.450

0.452

0.454

0.456

0.458

0.460

0.462

Effective 

Stress

0.379

0.380

0.381

0.381

0.382

0.383

0.384

0.385

0.386

0.387

0.388

0.389

0.390

0.391

0.391

0.392

0.393

0.394

0.395

0.396

0.397

0.398

0.399

0.400

0.400

0.401

0.402

0.403

0.404

0.405

0.406

0.407

0.408

0.409

0.410

0.410

0.411

0.412

0.413

0.414

0.415

0.416

0.417

0.418

0.419

0.420

0.420

0.421

0.422

0.423

0.424

0.425

0.426

0.427

0.428

0.429

0.429

CN qc1 qc1N

1.70 23.80 24.63

##### #NUM! #NUM!

1.70 33.17 34.34

1.70 29.74 30.78

1.70 28.80 29.82

1.70 27.33 28.29

1.70 25.38 26.27

1.70 24.42 25.28

1.70 23.43 24.25

1.70 23.44 24.27

1.70 22.46 23.25

1.70 22.96 23.76

1.70 23.47 24.29

1.70 23.98 24.82

1.70 23.50 24.33

1.70 23.01 23.82

1.70 24.49 25.36

1.70 23.52 24.35

1.70 23.53 24.36

1.70 22.54 23.34

1.70 21.08 21.82

1.70 20.60 21.33

1.70 21.11 21.85

1.70 19.65 20.34

1.70 19.67 20.36

1.70 19.68 20.37

1.70 20.66 21.39

1.70 21.65 22.41

1.70 22.16 22.94

1.70 21.68 22.45

1.70 22.19 22.97

1.70 21.71 22.48

1.70 22.70 23.50

1.70 24.20 25.05

1.70 25.69 26.59

1.70 24.72 25.59

1.70 22.74 23.54

1.70 21.79 22.56

1.70 22.32 23.10

1.70 24.79 25.66

1.70 27.76 28.73

1.70 30.75 31.84

1.70 32.73 33.88

1.70 33.76 34.95

1.70 38.21 39.55

1.70 38.74 40.10

1.70 38.27 39.61

1.70 26.45 27.38

1.70 48.06 49.75

1.70 40.73 42.16

1.70 39.27 40.66

1.70 39.33 40.71

1.70 38.84 40.20

1.70 41.80 43.27

1.70 39.85 41.25

1.70 39.39 40.78

1.70 40.89 42.33

FC

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

20.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

Qt1

35.04

22.62

49.34

43.93

42.38

40.01

36.92

35.36

33.76

33.70

32.12

32.79

33.47

34.16

33.36

32.53

34.67

33.13

33.07

31.51

29.27

28.49

29.16

26.94

26.90

26.84

28.22

29.59

30.26

29.49

30.15

29.38

30.74

32.82

34.88

33.40

30.50

29.07

29.75

33.19

37.31

41.46

44.15

45.50

51.65

52.27

51.49

34.88

65.00

54.56

52.42

52.37

51.58

55.55

52.74

52.00

53.93

Fr

4.23

6.30

2.88

3.04

2.63

2.78

2.13

1.60

1.68

1.52

1.50

0.90

0.88

0.86

0.96

1.06

1.14

1.12

1.19

1.33

0.90

0.83

0.63

0.58

0.39

0.48

0.64

0.70

0.68

0.61

0.68

0.61

0.66

0.31

0.22

0.23

0.17

0.09

0.34

0.53

0.60

0.48

0.68

0.88

0.87

2.47

3.07

5.10

2.61

2.70

2.71

2.76

2.32

1.93

2.12

2.38

2.92

Bq

-0.06

-0.02

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.03

-0.03

-0.03

-0.03

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.01

-0.01

-0.01

0.00

0.00

0.00

0.00

0.01

0.01

0.01

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.01

Ic

2.70

2.93

2.50

2.55

2.52

2.55

2.51

2.46

2.48

2.46

2.47

2.36

2.35

2.34

2.36

2.39

2.39

2.40

2.41

2.45

2.39

2.39

2.33

2.35

2.29

2.32

2.35

2.34

2.33

2.32

2.33

2.32

2.32

2.18

2.12

2.14

2.15

2.13

2.23

2.26

2.24

2.16

2.20

2.24

2.19

2.43

2.50

2.75

2.39

2.45

2.46

2.46

2.42

2.35

2.39

2.43

2.47

n

0.9

1

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.7

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.8

0.8

0.9

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

Using Qtn for 

Qtn SBTn

31.83 4

22.31 4

41.78 5

37.85 5

36.18 5

34.55 5

31.42 5

29.56 5

28.48 5

28.22 5

27.04 5

26.56 5

27.02 5

27.48 5

27.12 5

26.73 5

28.45 5

27.28 5

27.38 5

26.46 5

24.12 5

23.44 5

23.55 5

21.88 5

21.43 5

21.63 5

22.96 5

24.07 5

24.53 5

23.84 5

24.48 5

23.79 5

24.89 5

25.42 5

26.50 5

25.56 5

23.39 5

22.19 5

23.47 5

26.42 5

29.54 5

32.07 5

34.58 5

36.11 5

40.44 5

44.22 5

44.45 5

32.59 4

54.22 5

46.40 5

44.77 5

44.82 5

43.60 5

45.97 5

44.21 5

44.06 5

46.34 5

calculating Ic (iterations)

Soil Type

Silt mixtures - clayey silt 

Silt mixtures - clayey silt 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Silt mixtures - clayey silt 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

to silty clay

to silty clay

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to silty clay

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

10' Fill 30' Fill 65' Fill Pond - 40' Fill with 80' Removed

σv '

1.95

1.95

1.95

1.96

1.96

1.96

1.96

1.96

1.97

1.97

1.97

1.97

1.97

1.97

1.98

1.98

1.98

1.98

1.98

1.99

1.99

1.99

1.99

1.99

1.99

2.00

2.00

2.00

2.00

2.00

2.01

2.01

2.01

2.01

2.01

2.01

2.02

2.02

2.02

2.02

2.02

2.03

2.03

2.03

2.03

2.03

2.04

2.04

2.04

2.04

2.04

2.04

2.05

2.05

2.05

2.05

2.05

σp '

1.95

1.95

1.95

1.96

1.96

1.96

1.96

1.96

1.97

1.97

1.97

1.97

1.97

1.97

1.98

1.98

1.98

1.98

1.98

1.99

1.99

1.99

1.99

1.99

1.99

2.00

2.00

2.00

2.00

2.00

2.01

2.01

2.01

2.01

2.01

2.01

2.02

2.02

2.02

2.02

2.02

2.03

2.03

2.03

2.03

2.03

2.04

2.04

2.04

2.04

2.04

2.04

2.05

2.05

2.05

2.05

2.05

OCR

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

su

1.17

1.17

1.17

1.17

1.17

1.18

1.18

1.18

1.18

1.18

1.18

1.18

1.18

1.18

1.19

1.19

1.19

1.19

1.19

1.19

1.19

1.19

1.19

1.20

1.20

1.20

1.20

1.20

1.20

1.20

1.20

1.20

1.21

1.21

1.21

1.21

1.21

1.21

1.21

1.21

1.21

1.22

1.22

1.22

1.22

1.22

1.22

1.22

1.22

1.22

1.23

1.23

1.23

1.23

1.23

1.23

1.23

sr

#N/A

#NUM!

#N/A

#N/A

#N/A

#N/A

0.98

0.98

0.98

0.98

0.98

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.02

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

σv '

2.96

2.97

2.97

2.97

2.97

2.97

2.98

2.98

2.98

2.98

2.98

2.99

2.99

2.99

2.99

2.99

2.99

3.00

3.00

3.00

3.00

3.00

3.01

3.01

3.01

3.01

3.01

3.02

3.02

3.02

3.02

3.02

3.02

3.03

3.03

3.03

3.03

3.03

3.04

3.04

3.04

3.04

3.04

3.05

3.05

3.05

3.05

3.05

3.06

3.06

3.06

3.06

3.06

3.06

3.07

3.07

3.07

σp '

2.96

2.97

2.97

2.97

2.97

2.97

2.98

2.98

2.98

2.98

2.98

2.99

2.99

2.99

2.99

2.99

2.99

3.00

3.00

3.00

3.00

3.00

3.01

3.01

3.01

3.01

3.01

3.02

3.02

3.02

3.02

3.02

3.02

3.03

3.03

3.03

3.03

3.03

3.04

3.04

3.04

3.04

3.04

3.05

3.05

3.05

3.05

3.05

3.06

3.06

3.06

3.06

3.06

3.06

3.07

3.07

3.07

OCR

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

su

1.78

1.78

1.78

1.78

1.78

1.78

1.79

1.79

1.79

1.79

1.79

1.79

1.79

1.79

1.79

1.80

1.80

1.80

1.80

1.80

1.80

1.80

1.80

1.80

1.81

1.81

1.81

1.81

1.81

1.81

1.81

1.81

1.81

1.82

1.82

1.82

1.82

1.82

1.82

1.82

1.82

1.83

1.83

1.83

1.83

1.83

1.83

1.83

1.83

1.83

1.84

1.84

1.84

1.84

1.84

1.84

1.84

sr

1.48

1.48

1.48

1.49

1.49

1.49

1.49

1.49

1.49

1.49

1.49

1.49

1.49

1.49

1.50

1.50

1.50

1.50

1.50

1.50

1.50

1.50

1.50

1.50

1.50

1.51

1.51

1.51

1.51

1.51

1.51

1.51

1.51

1.51

1.51

1.52

1.52

1.52

1.52

1.52

1.52

1.52

1.52

1.52

1.52

1.52

1.53

1.53

1.53

1.53

1.53

1.53

1.53

1.53

1.53

1.53

1.54

σv '

4.65

4.65

4.65

4.65

4.65

4.66

4.66

4.66

4.66

4.66

4.66

4.67

4.67

4.67

4.67

4.67

4.68

4.68

4.68

4.68

4.68

4.69

4.69

4.69

4.69

4.69

4.70

4.70

4.70

4.70

4.70

4.71

4.71

4.71

4.71

4.71

4.72

4.72

4.72

4.72

4.72

4.72

4.73

4.73

4.73

4.73

4.73

4.74

4.74

4.74

4.74

4.74

4.75

4.75

4.75

4.75

4.75

σp '

4.65

4.65

4.65

4.65

4.65

4.66

4.66

4.66

4.66

4.66

4.66

4.67

4.67

4.67

4.67

4.67

4.68

4.68

4.68

4.68

4.68

4.69

4.69

4.69

4.69

4.69

4.70

4.70

4.70

4.70

4.70

4.71

4.71

4.71

4.71

4.71

4.72

4.72

4.72

4.72

4.72

4.72

4.73

4.73

4.73

4.73

4.73

4.74

4.74

4.74

4.74

4.74

4.75

4.75

4.75

4.75

4.75

OCR

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

su

2.79

2.79

2.79

2.79

2.79

2.79

2.79

2.80

2.80

2.80

2.80

2.80

2.80

2.80

2.80

2.80

2.81

2.81

2.81

2.81

2.81

2.81

2.81

2.81

2.82

2.82

2.82

2.82

2.82

2.82

2.82

2.82

2.82

2.83

2.83

2.83

2.83

2.83

2.83

2.83

2.83

2.83

2.84

2.84

2.84

2.84

2.84

2.84

2.84

2.84

2.85

2.85

2.85

2.85

2.85

2.85

2.85

sr

2.32

2.32

2.32

2.33

2.33

2.33

2.33

2.33

2.33

2.33

2.33

2.33

2.33

2.34

2.34

2.34

2.34

2.34

2.34

2.34

2.34

2.34

2.34

2.34

2.35

2.35

2.35

2.35

2.35

2.35

2.35

2.35

2.35

2.35

2.36

2.36

2.36

2.36

2.36

2.36

2.36

2.36

2.36

2.36

2.37

2.37

2.37

2.37

2.37

2.37

2.37

2.37

2.37

2.37

2.37

2.38

2.38

σv '

3.54

3.54

3.55

3.55

3.55

3.55

3.55

3.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

σp '

3.54

3.54

3.55

3.55

3.55

3.55

3.55

3.55

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.39

0.40

0.40

0.40

0.40

0.40

0.40

0.40

0.40

0.40

0.40

0.40

0.41

0.41

0.41

0.41

0.41

0.41

0.41

0.41

0.41

0.41

0.41

0.41

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.43

0.43

0.43

0.43

0.43

OCR

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

-0.08

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

-0.09

su

2.13

2.13

2.13

2.13

2.13

2.13

2.13

2.13

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

sr

1.77

1.77

1.77

1.77

1.77

1.78

1.78

1.78

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

#NUM!

CD-12-03 LIQUEFACTION POTENTIAL CALCULATION SPREADSHEET FREE FIELD CONDITION

FREE FIELD CONDITION

(Input Data)

SHANSEP

su sr

su/σv' 0.60 sr/σv' 0.50

m 0.65 m 0.65
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Data File: CD-12-02

Location:night Mine South Storage PondMid

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30

Constants

Pa 0.97 tsf

Nkt 18

Max. Horiz. Acceleration, Amax/g:

Earthquake Moment Magnitude, M:

Magnitude Scaling Factor, MSF:

0.131

6.5

1.44 1.44

2011 CPT Data from ConeTec CPT Data Interpretations Strength Estimates under Dam

Depth

19.88

19.95

20.01

20.08

20.14

20.21

20.28

20.34

20.41

20.47

20.54

20.60

20.67

20.73

20.80

20.87

20.93

21.00

21.06

21.13

21.19

21.26

21.33

21.39

21.46

21.52

21.59

21.65

21.72

21.78

21.85

21.92

21.98

22.05

22.11

22.18

22.24

22.31

22.38

22.44

22.51

22.57

22.64

22.70

22.77

22.83

22.90

22.97

23.03

23.10

23.16

23.23

23.29

23.36

23.43

23.49

23.56

qt

26.4

28.1

32.2

31.3

26.7

25.2

19.4

16.0

21.8

25.5

26.8

24.2

24.8

25.1

28.6

38.1

37.7

29.9

26.5

36.6

43.2

43.7

31.5

25.2

21.1

22.0

19.4

18.0

18.5

16.5

14.5

11.9

11.6

13.3

14.5

14.8

15.6

17.1

15.1

16.0

15.1

18.0

20.1

21.8

26.7

29.9

37.9

37.0

35.0

28.4

20.8

28.1

32.1

33.0

33.6

37.6

43.7

fs

0.79

0.79

0.99

1.00

0.82

0.64

0.66

0.67

0.67

0.70

0.80

0.85

0.82

0.90

0.93

0.88

0.88

1.07

1.13

1.25

1.42

1.02

1.06

1.00

0.82

0.73

0.64

0.55

0.50

0.46

0.37

0.32

0.29

0.26

0.27

0.20

0.32

0.53

0.53

0.55

0.45

0.50

0.81

0.72

0.61

0.88

0.93

1.03

1.00

1.01

1.08

1.21

0.98

0.79

0.99

0.82

0.80

Pw 

(u2)

6.0

6.7

6.4

6.7

7.0

6.4

5.4

5.0

6.4

7.7

-6.7

-6.0

-5.4

-4.7

-4.0

-3.7

-10.0

-11.0

-10.7

-10.4

-11.0

-15.7

-20.1

-20.4

-19.7

-19.7

-19.7

-19.4

-19.4

-19.4

-19.4

-19.4

-19.1

-19.1

-19.1

-18.7

-18.7

-18.7

-18.4

-14.4

-13.4

-13.4

-13.4

-13.1

-13.7

-13.7

-15.7

-21.1

-16.1

-19.7

-19.4

-19.4

-19.4

-19.4

-19.7

-19.4

-19.7

fs/qt

2.996

2.810

3.071

3.190

3.079

2.556

3.371

4.171

3.059

2.728

2.988

3.525

3.315

3.607

3.241

2.320

2.343

3.581

4.285

3.413

3.297

2.331

3.364

3.966

3.889

3.309

3.324

3.070

2.694

2.772

2.585

2.713

2.511

1.950

1.867

1.337

2.061

3.103

3.518

3.446

2.953

2.768

4.045

3.293

2.298

2.959

2.440

2.782

2.849

3.558

5.188

4.299

3.044

2.396

2.945

2.184

1.834

Unit 

Weight 

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

0.0450

Total 

Stress

0.895

0.898

0.901

0.904

0.906

0.909

0.912

0.915

0.918

0.921

0.924

0.927

0.930

0.933

0.936

0.939

0.942

0.945

0.948

0.951

0.954

0.957

0.960

0.963

0.966

0.969

0.971

0.974

0.977

0.980

0.983

0.986

0.989

0.992

0.995

0.998

1.001

1.004

1.007

1.010

1.013

1.016

1.019

1.022

1.025

1.028

1.031

1.033

1.036

1.039

1.042

1.045

1.048

1.051

1.054

1.057

1.060

Equil Pore 

Pressure, 

u0

0.464

0.466

0.468

0.470

0.473

0.475

0.477

0.479

0.481

0.483

0.485

0.487

0.489

0.491

0.493

0.495

0.497

0.499

0.501

0.503

0.505

0.507

0.509

0.511

0.513

0.515

0.518

0.520

0.522

0.524

0.526

0.528

0.530

0.532

0.534

0.536

0.538

0.540

0.542

0.544

0.546

0.548

0.550

0.552

0.554

0.556

0.558

0.561

0.563

0.565

0.567

0.569

0.571

0.573

0.575

0.577

0.579

Effective 

Stress

0.430

0.431

0.432

0.433

0.434

0.435

0.436

0.437

0.438

0.439

0.439

0.440

0.441

0.442

0.443

0.444

0.445

0.446

0.447

0.448

0.448

0.449

0.450

0.451

0.452

0.453

0.454

0.455

0.456

0.457

0.458

0.458

0.459

0.460

0.461

0.462

0.463

0.464

0.465

0.466

0.467

0.467

0.468

0.469

0.470

0.471

0.472

0.473

0.474

0.475

0.476

0.477

0.477

0.478

0.479

0.480

0.481

CN

1.70

1.68

1.65

1.65

1.68

1.69

1.70

1.70

1.70

1.68

1.67

1.69

1.68

1.68

1.65

1.59

1.59

1.64

1.66

1.59

1.55

1.55

1.62

1.66

1.69

1.68

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.70

1.69

1.66

1.65

1.61

1.59

1.54

1.54

1.55

1.59

1.64

1.59

1.56

1.55

1.55

1.53

1.50

qc1

44.72

47.23

53.02

51.71

44.95

42.75

33.04

27.13

36.99

43.00

44.80

40.91

41.74

42.13

47.14

60.54

59.97

48.92

43.88

58.17

67.18

67.79

50.95

41.76

35.73

36.99

32.98

30.53

31.50

28.07

24.62

20.20

19.71

22.67

24.63

25.13

26.60

29.06

25.63

27.19

25.74

30.39

33.37

35.90

42.95

47.38

58.42

57.09

54.37

45.04

34.22

44.53

50.13

51.27

51.99

57.44

65.44

qc1N

46.29

48.89

54.88

53.53

46.53

44.26

34.20

28.08

38.29

44.52

46.37

42.35

43.21

43.61

48.80

62.67

62.08

50.65

45.42

60.22

69.54

70.18

52.74

43.23

36.98

38.29

34.14

31.60

32.61

29.06

25.49

20.91

20.41

23.46

25.49

26.01

27.53

30.08

26.53

28.15

26.65

31.46

34.55

37.16

44.46

49.05

60.47

59.10

56.28

46.62

35.42

46.10

51.90

53.07

53.82

59.47

67.75

FC

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

20.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

Qt1

59.22

63.13

72.35

70.18

59.40

55.92

42.50

34.44

47.62

56.14

58.88

52.84

54.07

54.63

62.34

83.70

82.71

64.98

57.10

79.57

94.23

95.17

67.89

53.65

44.59

46.42

40.59

37.34

38.51

34.01

29.50

23.77

23.09

26.81

29.26

29.83

31.63

34.68

30.27

32.18

30.29

36.41

40.64

44.26

54.61

61.23

78.20

76.07

71.77

57.53

41.64

56.70

65.08

66.75

67.81

76.13

88.57

Fr

3.10

2.90

3.16

3.28

3.19

2.65

3.54

4.43

3.19

2.83

3.10

3.67

3.44

3.75

3.35

2.38

2.40

3.70

4.44

3.50

3.37

2.38

3.47

4.12

4.08

3.46

3.50

3.25

2.84

2.95

2.77

2.96

2.75

2.11

2.00

1.43

2.20

3.30

3.77

3.68

3.16

2.93

4.26

3.45

2.39

3.06

2.51

2.86

2.94

3.69

5.46

4.46

3.15

2.48

3.04

2.25

1.88

Bq

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.02

-0.02

-0.01

-0.01

-0.03

-0.03

-0.03

-0.03

-0.02

-0.02

-0.02

-0.03

-0.03

-0.02

-0.02

-0.02

-0.04

-0.05

-0.06

-0.05

-0.06

-0.07

-0.06

-0.07

-0.08

-0.10

-0.11

-0.09

-0.08

-0.08

-0.08

-0.07

-0.08

-0.07

-0.07

-0.06

-0.05

-0.05

-0.04

-0.03

-0.03

-0.03

-0.03

-0.04

-0.06

-0.04

-0.04

-0.04

-0.04

-0.03

-0.03

Ic

2.46

2.42

2.41

2.43

2.46

2.43

2.59

2.71

2.53

2.45

2.46

2.54

2.51

2.53

2.46

2.28

2.29

2.48

2.57

2.41

2.35

2.25

2.45

2.56

2.61

2.56

2.60

2.60

2.56

2.60

2.63

2.71

2.71

2.59

2.56

2.47

2.55

2.63

2.70

2.68

2.66

2.58

2.65

2.57

2.41

2.44

2.31

2.36

2.38

2.51

2.71

2.57

2.43

2.35

2.41

2.29

2.20

n

0.8

0.8

0.8

0.8

0.8

0.8

0.9

0.9

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.7

0.7

0.8

0.9

0.8

0.8

0.7

0.8

0.9

0.9

0.8

0.9

0.9

0.8

0.9

0.9

0.9

0.9

0.9

0.8

0.8

0.8

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.8

0.8

0.8

0.8

0.8

0.8

0.9

0.9

0.8

0.8

0.8

0.7

0.7

Using Qtn for 

Qtn SBTn

50.74 5

53.51 5

61.07 5

59.63 5

51.08 5

47.63 5

37.99 5

31.95 4

41.81 5

48.13 5

50.67 5

46.56 5

47.32 5

48.12 5

53.83 5

68.56 5

67.90 5

56.45 5

50.93 5

67.74 5

78.93 5

77.38 5

58.56 5

47.87 5

40.36 4

41.35 5

36.61 5

33.72 4

34.36 5

30.76 4

26.90 4

22.19 4

21.51 4

24.21 5

26.14 5

26.05 5

28.26 5

31.64 4

28.22 4

29.79 4

27.88 4

32.83 5

37.36 4

39.79 5

46.98 5

53.20 5

65.66 5

64.69 5

61.46 5

51.02 5

39.02 4

51.12 5

56.53 5

56.87 5

58.61 5

63.80 5

72.45 5

calculating Ic (iterations)

Soil Type

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Silt mixtures - clayey silt 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Silt mixtures - clayey silt 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Silt mixtures - clayey silt 

Sand mixtures - silty sand 

Silt mixtures - clayey silt 

Silt mixtures - clayey silt 

Silt mixtures - clayey silt 

Silt mixtures - clayey silt 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Silt mixtures - clayey silt 

Silt mixtures - clayey silt 

Silt mixtures - clayey silt 

Silt mixtures - clayey silt 

Sand mixtures - silty sand 

Silt mixtures - clayey silt 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Silt mixtures - clayey silt 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

Sand mixtures - silty sand 

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to silty clay

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to silty clay

to sandy silt

to sandy silt

to silty clay

to sandy silt

to silty clay

to silty clay

to silty clay

to silty clay

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to silty clay

to silty clay

to silty clay

to silty clay

to sandy silt

to silty clay

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to silty clay

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

to sandy silt

10' Fill 30' Fill 65' Fill Pond - 40' Fill with 80' Removed

σv '

2.06

2.06

2.06

2.06

2.06

2.07

2.07

2.07

2.07

2.07

2.07

2.08

2.08

2.08

2.08

2.08

2.09

2.09

2.09

2.09

2.09

2.10

2.10

2.10

2.10

2.10

2.10

2.11

2.11

2.11

2.11

2.11

2.12

2.12

2.12

2.12

2.12

2.13

2.13

2.13

2.13

2.13

2.13

2.14

2.14

2.14

2.14

2.14

2.15

2.15

2.15

2.15

2.15

2.16

2.16

2.16

2.16

σp '

2.06

2.06

2.06

2.06

2.06

2.07

2.07

2.07

2.07

2.07

2.07

2.08

2.08

2.08

2.08

2.08

2.09

2.09

2.09

2.09

2.09

2.10

2.10

2.10

2.10

2.10

2.10

2.11

2.11

2.11

2.11

2.11

2.12

2.12

2.12

2.12

2.12

2.13

2.13

2.13

2.13

2.13

2.13

2.14

2.14

2.14

2.14

2.14

2.15

2.15

2.15

2.15

2.15

2.16

2.16

2.16

2.16

OCR

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

su

1.23

1.23

1.24

1.24

1.24

1.24

1.24

1.24

1.24

1.24

1.24

1.25

1.25

1.25

1.25

1.25

1.25

1.25

1.25

1.25

1.26

1.26

1.26

1.26

1.26

1.26

1.26

1.26

1.26

1.27

1.27

1.27

1.27

1.27

1.27

1.27

1.27

1.28

1.28

1.28

1.28

1.28

1.28

1.28

1.28

1.28

1.29

1.29

1.29

1.29

1.29

1.29

1.29

1.29

1.29

1.30

1.30

sr

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

1.06

1.06

1.06

1.06

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

#N/A

σv '

3.07

3.07

3.08

3.08

3.08

3.08

3.08

3.09

3.09

3.09

3.09

3.09

3.09

3.10

3.10

3.10

3.10

3.10

3.11

3.11

3.11

3.11

3.11

3.12

3.12

3.12

3.12

3.12

3.12

3.13

3.13

3.13

3.13

3.13

3.14

3.14

3.14

3.14

3.14

3.15

3.15

3.15

3.15

3.15

3.15

3.16

3.16

3.16

3.16

3.16

3.17

3.17

3.17

3.17

3.17

3.18

3.18

σp '

3.07

3.07

3.08

3.08

3.08

3.08

3.08

3.09

3.09

3.09

3.09

3.09

3.09

3.10

3.10

3.10

3.10

3.10

3.11

3.11

3.11

3.11

3.11

3.12

3.12

3.12

3.12

3.12

3.12

3.13

3.13

3.13

3.13

3.13

3.14

3.14

3.14

3.14

3.14

3.15

3.15

3.15

3.15

3.15

3.15

3.16

3.16

3.16

3.16

3.16

3.17

3.17

3.17

3.17

3.17

3.18

3.18

OCR

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

su

1.84

1.84

1.85

1.85

1.85

1.85

1.85

1.85

1.85

1.85

1.85

1.86

1.86

1.86

1.86

1.86

1.86

1.86

1.86

1.86

1.87

1.87

1.87

1.87

1.87

1.87

1.87

1.87

1.87

1.88

1.88

1.88

1.88

1.88

1.88

1.88

1.88

1.88

1.89

1.89

1.89

1.89

1.89

1.89

1.89

1.89

1.90

1.90

1.90

1.90

1.90

1.90

1.90

1.90

1.90

1.91

1.91

sr

1.54

1.54

1.54

1.54

1.54

1.54

1.54

1.54

1.54

1.54

1.55

1.55

1.55

1.55

1.55

1.55

1.55

1.55

#N/A

#N/A

#N/A

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.56

1.57

1.57

1.57

1.57

1.57

1.57

1.57

1.57

1.57

1.57

1.57

1.58

1.58

1.58

1.58

1.58

1.58

1.58

1.58

#N/A

#N/A

1.58

1.59

1.59

1.59

1.59

σv '

4.76

4.76

4.76

4.76

4.76

4.76

4.77

4.77

4.77

4.77

4.77

4.78

4.78

4.78

4.78

4.78

4.79

4.79

4.79

4.79

4.79

4.80

4.80

4.80

4.80

4.80

4.80

4.81

4.81

4.81

4.81

4.81

4.82

4.82

4.82

4.82

4.82

4.83

4.83

4.83

4.83

4.83

4.83

4.84

4.84

4.84

4.84

4.84

4.85

4.85

4.85

4.85

4.85

4.86

4.86

4.86

4.86

σp '

4.76

4.76

4.76

4.76

4.76

4.76

4.77

4.77

4.77

4.77

4.77

4.78

4.78

4.78

4.78

4.78

4.79

4.79

4.79

4.79

4.79

4.80

4.80

4.80

4.80

4.80

4.80

4.81

4.81

4.81

4.81

4.81

4.82

4.82

4.82

4.82

4.82

4.83

4.83

4.83

4.83

4.83

4.83

4.84

4.84

4.84

4.84

4.84

4.85

4.85

4.85

4.85

4.85

4.86

4.86

4.86

4.86

OCR

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

su

2.85

2.85

2.86

2.86

2.86

2.86

2.86

2.86

2.86

2.86

2.86

2.87

2.87

2.87

2.87

2.87

2.87

2.87

2.87

2.87

2.88

2.88

2.88

2.88

2.88

2.88

2.88

2.88

2.89

2.89

2.89

2.89

2.89

2.89

2.89

2.89

2.89

2.90

2.90

2.90

2.90

2.90

2.90

2.90

2.90

2.90

2.91

2.91

2.91

2.91

2.91

2.91

2.91

2.91

2.91

2.92

2.92

sr

2.38

2.38

2.38

2.38

2.38

2.38

2.38

2.38

2.39

2.39

2.39

2.39

2.39

2.39

2.39

2.39

2.39

2.39

#N/A

#N/A

#N/A

2.40

2.40

2.40

2.40

2.40

2.40

2.40

2.40

2.41

2.41

2.41

2.41

2.41

2.41

2.41

2.41

2.41

2.41

2.41

2.42

2.42

2.42

2.42

2.42

2.42

2.42

2.42

2.42

2.42

#N/A

#N/A

2.43

2.43

2.43

2.43

2.43

σv '

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55

-4.55
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Data File: CD-12-02

Location:night Mine South Storage PondMid

Max. Horiz. Acceleration, Amax/g: 0.131

Earthquake Moment Magnitude, M: 6.5

Magnitude Scaling Factor, MSF: 1.30
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1.0 OBJECTIVE 

The objective of these analyses was to evaluate the slope stability of the proposed West Pond 
for the 90% design.  The West Pond is located in the Western Drainage at the Midnite Mine 
Superfund Site (the Site).  No specific performance standards for storage pond stability are 
defined in the scope of work (SOW) to the Remedial Design/Remedial Action (RD/RA) Consent 
Decree (CD; EPA, 2011) however, overall stability requirements are specified.  In addition, the 
storage ponds will be designed in substantial compliance with Washington State dam safety 
criteria (Washington Department of Ecology, Dam Safety Section, 2005) to the extent these 
criteria are applicable to the West Pond.   
 
2.0 BACKGROUND 

The proposed West Pond will be a synthetically-lined water management pond with double 
containment and a leak detection system between the two synthetic geomembrane liners. The 
West Pond will be constructed during Phase 3 of the RA construction at the Site.  The West 
Pond will provide temporary storage for mine-impacted water during the RA.  The location of the 
West Pond is shown on Figure 1.  The pond will be constructed by excavating soils from the 
West Pond embankment footprint and the impoundment area immediately upstream of the 
embankment, and using the excavated soils for construction of the embankment across the 
Western Drainage.  This pond will be removed after completion of the RA when flows of 
impacted water at the Site have reduced to the point where the storage capacity it provides is 
no longer necessary.  The proposed location for this pond is within the Western Drainage at the 
Site currently covered by waste rock from the South Waste Rock Pile (SWRP).  The waste rock 
in this area will be removed during Phase 2 of the RA.   The West Pond will meet the stability 
performance standards listed in the CD (EPA, 2011) and will be designed in substantial 
compliance with criteria from the Washington State Department of Ecology (WDOE) Dam Safety 
Program.  These WSDE criteria will be applied to a synthetically-lined storage pond, with 
intermittent operation.  
 

1) Regulations governing jurisdictional dams are provided at: 
http://www.ecy.wa.gov/programs/wr/dams/Regulations.html. 

2) Engineering guidance for design and construction are outlined in guidance documents 
that are available for download at: 
http://www.ecy.wa.gov/programs/wr/dams/GuidanceDocs.html. 

 
3.0 SITE CONDITIONS AND SLOPE STABLITY SECTIONS 

3.1 SUBSURFACE CONDITIONS 

The discussions of subsurface conditions and estimated material properties in this section are 
based on field exploration and laboratory investigations (Moore et al., 1996; SMI, 1999; URS, 
2002; URS, 2005; Tetra Tech, 2010; MGC, 2011; MWH, 2012; and MWH, 2013), a review of 
past mining and waste rock pile construction activities (Peters, 1999), and anecdotal site 
knowledge.  The locations of test holes and monitoring wells that have been drilled in the vicinity 
of the West Pond are shown on Figure 1. 
 
Of the test holes and monitoring wells drilled in the West Pond area, boring logs for test holes B-
10 (MGC, 2011) and THSS-05 (URS, 2002) provided the most detailed information on sub-
waste stratigraphy and geotechnical properties since disturbed but representative samples and 
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standard penetration test (SPT) blow counts (N-values) were performed during drilling.  In 
addition, Becker-drill blow counts (BDN-values) were obtained continuously during 
advancement of THSS-05 (URS, 2002) and can be used to estimate SPT N-values.  A 
comparison of blow counts indicated although there was considerable variability in blow counts, 
as would be expected in coarse-grained materials with a significant percentage of oversized 
material, the SPT N-Values were on average 84 percent of the corresponding BDN-values at a 
similar depth interval.  Thus, if the BDN-values are reduced by multiplying by a factor of 0.84, 
they can be used to estimate equivalent N-values for intervals at depth intervals where SPT 
tests were not performed in THSS-05 (URS, 2002). 
 
Although drilling logs for wells GW-44 (URS, 2002), and BOM-11 and BOM-16 (Moore et al., 
1996) do not contain detailed geotechnical information that can be used for material property 
estimates, they do provide information regarding sub-waste stratigraphy in the West Pond area.  
Test holes THSS-06 (URS, 2002) and B-09 (MGC, 2011) were abandoned before fully 
penetrating the overlying waste rock due to drilling difficulties and as a result, do not provide any 
information regarding sub-waste stratigraphy or material properties.  Likewise drilling logs were 
not available for Wells 94-01, 94-02, 94-03, and 94-04 (Moore et al., 1996) and thus no 
information regarding sub-waste stratigraphy or material properties were obtained from these 
holes. 

3.2 SITE GEOLOGY 

The West Pond will be located within the Western Drainage at the Site in an area that is 
currently covered with mine waste materials.  This mine waste in the West Pond area will be 
removed prior to construction of the West Pond during Phase 1 of RA construction activities.  
The underlying geology in the West Pond area consists of bedrock overlain by unconsolidated 
surficial soils that have been deposited by fluvial processes and glacial activity.  Bedrock in the 
western portion of the Site, including the area that will be occupied by the West Pond, consists 
of variably-weathered quartz monzonite, with the uppermost bedrock typically being extremely 
weathered with soil-like properties (residuum).  The degree of bedrock weathering typically 
decreases gradually with increasing depth. 

3.3 SITE STRATIGRAPHY 

The stratigraphy within the West Pond area generally consists of shallow bedrock overlain by 
native overburden materials (colluvium, alluvium, and residual soils).  Drilling in the western 
portion of the site has generally shown overburden soils to be thickest in the valley bottoms and 
thinnest on the ridge tops, with valley wall overburden thicknesses generally between those of 
the ridge tops and valley bottoms.   
 
The colluvium in the western portion of the Site is the product of weathering and subsequent 
transport of the site bedrock material.  This material generally consists of silty clay or silty or 
clayey sand with traces of gravel originating from the quartz monzonite bedrock.  The colluvium 
typically has a lower density and finer gradation than the underlying extremely-weathered 
bedrock because it has been transported and more extensively weathered.  The extremely-
weathered bedrock is material resulting from the nearly complete in-place weathering of the 
parent (quartz monzonite) bedrock.  This material retains the structure of the parent bedrock 
and is more coarse-grained than the colluvium, but has weathered and weakened to the point 
where it can be sampled using a split-spoon SPT sampler and can be drilled using hollow-stem 
augers (HSA).  Because this material has not been transported or sheared, it typically has a 
similar, but slightly higher density and higher SPT blow counts than the overlying transported 
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soils.  Although it is difficult to distinguish between extremely-weathered bedrock and overlying 
transported colluvial soils in the logs from previous drilling in the West Pond area, it is assumed 
that both of these materials will be removed from the foundation area prior to West Pond 
embankment construction.  As a result, these two soil-like stratigraphic layers were lumped 
together when developing the stratigraphy for embankment stability analyses.   
 
For the purpose of slope stability analyses, a distinction was made between extremely-
weathered and highly-weathered bedrock.  This distinction was made based upon SPT blow 
counts, with highly-weathered bedrock being defined as residual soils having SPT blow counts 
of at least 50 blows per foot (bpf).  Although both extremely-weathered and highly-weathered 
bedrock are both residual soils resulting from extensive weathering of the parent bedrock and 
have similar gradation and compositional characteristics, the density and strength of highly-
weathered bedrock is higher than the extremely-weathered bedrock, as indicated by higher SPT 
blow counts.  Excavation of highly weathered bedrock using a medium-weight hydraulic 
excavator (e.g. Caterpillar 320 excavator) is expected to be difficult or impossible without ripping 
or using other methods to first loosen this material.  For the purposes of defining stratigraphy for 
slope stability analyses, competent bedrock was defined as quartz monzonite material that 
resulted in SPT-refusal (N-values and equivalent N-values greater than 100 bpf). 
 
Test hole B-10 (MGC, 2011) was located near the Western Drainage valley bottom near the 
upstream end of the proposed West Pond.  The detailed drilling log for B-10 (MGC, 2011) 
indicated that approximately 8 feet of colluvium/extremely-weathered bedrock overlie highly 
weathered bedrock at this location.  Test hole B-10 (MGC, 2011) penetrated approximately 3 
feet of additional material beneath the colluvium/extremely weathered bedrock with N-values in 
excess of 50 bpf (interpreted to be highly-weathered bedrock) prior to termination of the hole.  
BOM-16 (Moore et al., 1996) and GW-44 (SMI, 1999) were drilled in the valley wall, near the 
drainage bottom, and found quartz monzonite bedrock directly underlying the waste rock, with 
no colluvium/extremely-weathered bedrock being encountered at these locations.  BOM-11 
(Moore et al., 1996) was drilled in the east valley wall of the Western Drainage near the 
upstream end of the proposed West Pond and encountered approximately 4 feet of soil-like 
material (interpreted to be colluvium/extremely-weathered bedrock) overlying intrusive bedrock.  
THSS-05 (URS, 2002) was also drilled in the east valley wall of the Western Drainage at a 
location downstream (south) of the proposed West Pond embankment.  Although detailed 
stratigraphic descriptions were lacking in the drilling log for THSS-05 (URS, 2002), it appears 
based upon interpretation of blow counts that approximately 10 feet of colluvium/extremely-
weathered bedrock (N-values and equivalent N-values of 30 to 42 bpf) overlies approximately 4 
feet of highly-weathered bedrock (N-values and equivalent N-values of approximately 50 to 72), 
overlying competent bedrock (equivalent N-values greater than 100). 
 
A review of historic aerial photos taken at various stages of mine development indicate that 
stripping of at least some of the overburden soils (colluvium, alluvium, and possibly extremely-
weathered bedrock) occurred in the valley bottom and eastern valley wall in West Pond area 
prior to waste rock placement (Peters, 1999).  This could account for the variation seen in the 
thickness of colluvium/extremely-weathered bedrock and explain why the soil-like material layer 
appears to be thinner, or nonexistent, in the vicinity of the West Pond than in some other areas 
in the Western Drainage. 

3.4 GROUNDWATER  

Groundwater was assumed to be at the highly-weathered bedrock surface in the slope-stability 
analyses.   
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3.5 DEVELOPMENT OF STABILITY SECTIONS 

Two stability sections were selected for the embankment to represent the most critical 
conditions for the slope stability analysis.  The section locations, shown on Figure 1, pass 
through the point of the embankments with the maximum fill section, and are parallel to the 
embankment slopes.  The sections were developed using the existing ground surface (Spatial 
Intel, 2010) and the pre-mining ground surface (USBM, 1995) surveys in conjunction with the 
proposed West Pond grading surface for the 90% design.  Section 1-1’ continues parallel to the 
embankment slope, even after passing beyond the embankment toe.  Section 2-2’ was 
developed to assess a theoretical worst-case condition (after passing beyond the toe of the 
embankment, Section 2-2’ follows the bottom of the drainage).  This results in a section 
containing thicker layers of Highly-Weathered Bedrock and colluvium/extremely-weathered 
bedrock than would be observed in a planar two-dimensional stability section. 
 
To develop the stability sections, a corridor of interest approximately 800 feet wide, 3,000 feet 
long, and containing the two stability sections was identified and visually assessed to delineate 
the native terrain into three categories: Ridges, Drainage Valley Bottoms, and Drainage Valley 
Walls (see Figure 2).  Each stability section then was divided into segments corresponding to 
one of the three terrain types.  The thickness of the stratigraphic units for each terrain type were 
developed based upon information obtained from the test hole logs discussed above, in the Site 
Stratigraphy section.  As discussed previously, it is assumed that the colluvium/extremely-
weathered bedrock will be excavated and replaced with suitable compacted fill in the entire 
embankment footprint. 
 
The terrain type associated with each borehole is presented in Table 1.  Table 2 presents the 
thickness of each stratigraphic unit corresponding to each terrain type. 
 
The stability sections developed for use in this analysis are presented in Figure 3. 
 
 

Table 1. Terrain Type Associated with Boreholes 

Borehole ID 

Drainage Valley 
Bottom,  Wall, or 

Ridge 
THSS-03 Ridge 
THSS-04 Ridge 
THSS-05 Wall 
THSS-06 Bottom 
BOM-7 Wall 
BOM-94-01 Wall 
BOM-94-02 Wall 
BOM-94-03 Wall 
B-08 Ridge 
B-09 Wall 
B-10 Bottom 
GW-35A Bottom 
GW-44 Wall 

Borehole ID 

Drainage Valley 
Bottom,  Wall, or 

Ridge 
GW-50 Bottom 
WD-B1 Wall 
WD-B2 Wall 
WD-B3 Ridge 
WD-B5 Bottom 
MWWD-01 Bottom 
MWWD-02a Ridge 
MWWD-02b Bottom 
MWWD-03 Ridge 
MW-01 Bottom 
PBW-01 Bottom 
PBW-02 Bottom 
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Table 2.  Stratigraphy by Terrain Type 

Terrain Type 
Avg. Thickness of 

Colluvium/Extremely-Weathered 
Bedrock (ft) 

Avg. Thickness of 
Highly-Weathered 

Bedrock (ft) 

Drainage Valley Bottom 11.9 6.8 
Drainage Valley Wall 10.8 6.5 
Ridge 3.0 6.0 
 
4.0 METHODOLOGY AND ASSUMPTIONS 

4.1 METHODOLOGY 

The geotechnical slope stability analysis was performed using the SLOPE/W computer software 
(Geo-Slope International, Ltd., 2012) to analyze slope stability sections (models) of the facility 
using limit-equilibrium methods.  The stability sections of the facility were developed based on 
ground surface topography and subsurface stratigraphy in the vicinity of the proposed West 
Pond.  The methods of analysis for the computer models and how those models were 
developed are discussed in detail in the following subsections.  This analysis resulted in factors 
of safety against shear failure for the deeper failure surfaces that could impact the West Pond.  
Shallow failure surfaces involving the outslope of the West Pond that would not involve loss of 
freeboard in the West Pond were not considered, as discussed below. 
 
The calculated factors of safety from this analysis were compared to performance criteria set 
forth in the CD (EPA, 2011) as well as typical dam safety criteria.  Although the safety factor 
criteria in the CD do not specifically apply to storage pond design, they were compared to the 
dam criteria and the more stringent of the two criteria were applied.  Design criteria selected for 
the evaluation of the South Pond stability are summarized in Table 3. 
 

Table 3. Design Criteria – Minimum Required Factors of Safety for Stability Analyses 

Condition 
Minimum Factor of 
Safety - Consent 

Decree 

Minimum Factor of 
Safety based upon 

Dam Safety 
Guidelines 

Minimum Factor of 
Safety Selected for 

Design 

Static 1.3 1.5 1.5 
Pseudo-static 1.0 1.0 to 1.1 1.1 

4.2 SLOPE STABILITY MODELING  

Slope stability analyses were performed using two-dimensional limit equilibrium methods with 
the aid of the program SLOPE/W (GEO-SLOPE, 2012).  The Morgenstern-Price method 
(Morgenstern and Price, 1965) with a half-sine function for inter-slice forces was used for the 
analysis.  This method evaluates both circular and non-circular slip surfaces, and satisfies both 
force and moment equilibrium in the factor of safety calculation (GEO-SLOPE, 2012).   
 
The analyses were performed by calculating factors of safety along circular failure surfaces 
under static and pseudo-static analyses.  As mentioned previously, the colluvium and highly-
weathered bedrock will be excavated from the pond foundation.  The static and pseudo-static 
models were performed assuming (1) both highly-weathered and bedrock and (2) bedrock at the 
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embankment foundation.  Due to the circular geometry of the failure surface, the first case does 
not allow the failure surface to occur along the compacted fill and highly-weathered bedrock 
interface.  Failure surfaces are only allowed to truncate at the bedrock contact.  The second 
case was analyzed to allow the failure surface to occur along the actual compacted fill and 
highly-weathered bedrock interface by replacing the highly-weathered bedrock by bedrock in the 
model.  The failure surfaces analyzed by the model were restricted to only those deeper failure 
surfaces which could potentially affect the West Pond.  This was achieved by excluding any 
failure surface daylighting on the uphill end at a distance farther than 20 feet from the West 
Pond crest from the analysis. 
 
The phreatic surface in the model is assumed to be at the highly-weathered bedrock surface in 
the slope-stability analyses.  It is assumed that the West Pond embankment will not develop a 
saturated zone since interceptor ditches above the West Pond will intercept any surface or 
subsurface flow from the contributing drainage area above the pond, and the double-liner 
system will minimize leakage from the pond.   

4.3 SITE SEISMICITY 

The slope stability analyses under seismic loading conditions were conducted using a pseudo-
static approach, where a constant horizontal acceleration is applied to the numerical models.  
This horizontal acceleration simulates an inertial force due to a seismic event.  The peak ground 
acceleration (PGA) for a probability of exceedance of 10 percent in 250 years at the Site for site 
Class B (rock) is 0.131g (MGC, 2010), where g is the acceleration of gravity.  The PGA at the 
Site was adjusted to site Class C (very dense soil and soft rock) to conservatively represent site 
conditions for the slope stability analyses.  The recommendations presented in USGS (2013) 
were used to calculate the adjusted PGA.  The Class C PGA at the Site is 0.157g.  The strategy 
of representing the seismic coefficient as a function of the PGA has been adopted in review of 
uranium facility design and documented by the U.S. Department of Energy (DOE, 1989).  DOE 
(1989) recommends the use of a horizontal seismic coefficient of 2

3g�  of the PGA for pseudo-
static stability analyses for post-reclamation conditions.  The U.S. Nuclear Regulatory 
Commission (NRC, 2003) recommends the seismic coefficient be either 67 percent of the PGA 
or 0.1, whichever is greater. The horizontal seismic coefficient used for the pseudo-static 
stability analyses is 0.105. 

4.4 LIQUEFACTION POTENTIAL 

Earthquakes can commonly induce liquefaction within saturated granular materials of low 
relative density.  Liquefaction is most common in poorly-graded sand and silty sand deposits, 
though it has been known to occur in other types of materials.  Conditions susceptible to 
liquefaction generally occur in areas where the accumulated material is composed of low-
density granular material and the groundwater level is high.  Although less common, sites 
without high groundwater levels or substantial thickness of saturated soils can also sustain 
earthquake-induced damages; including ground-rupture, flow slides and settlement.  The 
materials encountered at this site that could potentially be liquefiable or experience cyclical 
softening due to seismic shaking are the saturated colluvium and possibly the upper extremely-
weathered bedrock layers.  Since these materials will be removed from the West Pond 
embankment footprint and replaced with suitable compacted material, liquefaction and cyclical 
softening were not considered in the stability analyses. 
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5.0 MATERIAL PROPERTIES 

The material properties used in the slope stability analysis are discussed in the following 
sections and are listed in Table 4.  
 

Table 4. Material Properties for Stability Analyses 

Material 
Total 

Unit Weight, 
γ (pcf) 

Effective Shear 
Strength, φ' 
(degrees) 

Effective Cohesion, c' 
(psf) 

Compacted fill 132 34.5 0 
Colluvium/ Extremely-Weathered 

Bedrock 128 32 0 

Highly-Weathered Bedrock  135/N/A 38/Impenetrable 0/Impenetrable 
Bedrock N/A Impenetrable Impenetrable 

5.1 COLLUVIUM/EXTREMELY-WEATHERED BEDROCK 

The colluvium/extremely-weathered bedrock in the Western Drainage is derived from quartz 
monzonite bedrock that has undergone the weathering process to the point that it has soil-like 
properties as discussed previously in the Site Stratigraphy section.  In general, this material is 
sandy with varying amounts of gravel and clay (MWH, 2012).  It is anticipated that any 
colluvium/extremely-weathered bedrock in the embankment footprint will be excavated and 
replaced with suitable compacted fill and thus, will have a very limited, if any, effect on 
embankment stability. 
 
The in-place unit weight of the colluvium/extremely-weathered bedrock was estimated through 
analysis of drive samples collected from boreholes CD-B1 and CD-B4 in the lower Central 
Drainage south of the toe of the South Waste Rock Pile (MWH, 2012) and the Shelby tube 
samples collected from borings.  TH-12-6 and TH-12-11 at the new water treatment plant site 
located southwest of the proposed West Pond along the ridge at the top of the western flank of 
the western drainage (MWH, 2013).  Under static and pseudo-static conditions the 
colluvium/extremely-weathered bedrock is expected to generally be in a partially-saturated state 
and the strength envelope is therefore represented by effective shear strength parameters. 
 
The effective friction angle used for the colluvium/extremely-weathered bedrock was estimated 
by considering the results of triaxial compression testing on remolded samples of colluvium from 
the Western and Central Drainages performed as part of the storage pond investigations (MWH, 
2012), as well as testing of remolded triaxial tests performed as part of the WTP Investigation 
(MWH, 2013).  Specifically, the effective-stress friction angles obtained from triaxial 
compression tests on materials from test pits WDTP-1 (37.8 degrees), CDTP-2 (32.4 degrees), 
and CDTP-4 (31.7 degrees) from the storage pond investigation (MWH, 2012), and the 
composite colluvium sample from the WTP investigation (35.7 degrees) were used to evaluate 
the effective shear strength of the colluvium.  Based upon the evaluation of these results, a 
friction angle of 32.0 degrees, representing the average of the two lower-strength colluvium 
samples was selected for use in stability analyses. 
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5.2 COMPACTED FILL 

Compacted fill will be constructed from compacted colluvium and extremely-weathered quartz 
monzonite bedrock excavated from the embankment footprint and pond area.  Compacted fill 
will be moisture conditioned as necessary, placed in horizontal lifts, and compacted.  As the 
West Pond impoundment will be lined with a synthetic geomembrane, it is reasonable to 
assume the embankment fill will be in a partially-saturated state during and after construction, 
and therefore the strength was represented by effective stress strength parameters.  
 
The unit weight of the compacted fill was estimated from the results of previous compaction 
testing of colluvium and extremely-weathered bedrock samples from the previous storage pond 
investigation (MWH, 2012).  Specifically, unit weights were estimated from the results of 
compaction testing on samples from test pits CDTP-4 and CDTP-6 (MWH, 2012).  The unit 
weight for the fill in the slope stability analyses was calculated to assuming the fill will be placed 
at 98 percent of the average maximum total moist density identified during these laboratory 
tests.  The strength results for tests on the extremely-weathered bedrock samples were 
generally higher than those for samples classified as colluvium.  Although the West Pond 
embankment will be constructed from both colluvium and highly-weathered bedrock materials, 
the strength of the compacted embankment fill was conservatively estimated as the average 
shear strength results of only the colluvium samples.  Specifically, test results on samples from 
the test pits WDTP-1 (37.8 degrees), CDTP-2 (32.4 degrees), and CDTP-4 (31.7 degrees) from 
the storage pond investigation (MWH, 2012) and the composite colluvium sample from the WTP 
investigation (35.7 degrees) were used to provide a conservative estimate of the embankment 
fill strength.  Based upon these results, an average friction angle of 34.5 degrees was selected 
to represent the compacted embankment fill in the stability analyses. 

5.3 HIGHLY-WEATHERED BEDROCK 

Highly weathered quartz monzonite refers to weathered bedrock that has weathered in-place to 
a very dense soil-like material.  As discussed previously, although this material may have a 
similar textural composition to the extremely-weathered bedrock included in the 
colluvium/extremely weathered bedrock layer, the highly-weathered bedrock is distinguished 
from the extremely-weathered bedrock by measurement of very high N-values (greater than 50 
bpf) during SPT testing.  This material can be expected to have a shear strength similar to that 
of a very weak rock mass or heavily over-consolidated soil (i.e., a curved failure envelope with 
no cohesion, but a very high initial tangential friction angle) as opposed to a typical normally-
consolidated soil.  The highly weathered quartz monzonite was modeled as a high-strength soil 
like material with an estimated effective friction angle of 38 degrees based upon a minimum N-
value of 50 bpf and a conservatively interpretation of published correlations (Bowles, 1982) 
between SPT-N-values and shear strengths.  In order to evaluate the potential for critical shear 
surfaces sliding along the highly weathered bedrock surface, rather than penetrating it, 
“truncated” circular failure surfaces were also evaluated by representing the highly weathered 
bedrock as an impenetrable material in Slope/W.  For cases where the highly-weathered 
bedrock was modeled as an impenetrable surface, no unit weight or strength were specified.  

5.4 BEDROCK 

Bedrock refers to quartz monzonite bedrock that would generally result in SPT refusal (N-values 
greater than 100 bpf) during geotechnical field investigations.  The bedrock was modeled as an 
impenetrable surface where the slip surfaces being analyzed were not allowed to cut into this 
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stronger material.  Instead, slip surfaces were truncated at the bedrock contact and sliding was 
assumed to occur along the interface in the weaker overlying material.  
 
6.0 RESULTS 

The factors of safety against slope stability failure that were calculated in this analysis are 
provided in Table 5 and in Figures 4 to 15.  The required minimum factors of safety are 1.5 
under static conditions and 1.1 under pseudo-static conditions as discussed in Section 4.1. 
 
The factors of safety under static and pseudo-static conditions for all cases exceed the 
minimum required factors of safety. 
 

Table 5.  Factors of Safety for Against Deep-Seated Slope Failures 

Model Case  Loading Condition Cross-Section 1 Cross-Section 2 

Highly-Weathered Bedrock 
Modeled as High Strength 

Material 

Static 
1.5 Minimum FOS 1.8 1.8 

Pseudo-Static 
1.1 Minimum FOS 1.4 1.4 

Highly-Weathered Bedrock 
Modeled as Impenetrable 

Static 
1.5 Minimum FOS 1.8 1.8 

Pseudo-Static 
1.1 Minimum FOS 1.4 1.4 
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SS

SS

SS

3

7

7

7

7

8

7

6

7

3

4

4

Silty clay to about 3 feet. 

Silty clay, dark yellowish brown (10YR 4/4), grades to 
very pale brown (10YR 7/3) at 0.8 feet with some medium sand, subangular, low 
plasticity, soft to medium stiff, dry, abundant roots and organics, organic odor. 

As above at 0.8 feet with some coarse gravel-size decomposed quartz monzonite, 
increase in fine to coarse sand, low to medium placticity, dry.

Silty clayey fine- to coarse-grained sand, light yellowish brown (10YR 6/4), low 
to medium placticity, medium stiff, slightly moist, decomposed size quartz  
monzonite, trace FeOx. 

Clayey fine- to medium-grained sand, yellowish brown (10YR 5/8), medium
plasticity, soft, slightly moist. Decomposed quartz  monzonite with
feldspar up + 1/2, some FeOx locally.

.

(Continued Next Page)

Sa
m

pl
e 

M
et

ho
d

D
E

P
TH

(ft
)

0.0

2.5

5.0

7.5

10.0

%
 R

Q
D

%
 S

am
pl

e 
R

ec
ov

er
y

Bl
ow

 C
ou

nt
s

PAGE  1  OF  5
WD-B1

MATERIAL DESCRIPTION

St
re

ng
th

W
ea

th
er

in
g

MWH Americas, Inc.
2890 East Cottonwood Parkway, Suite 300
Salt Lake City, Utah 84121
Telephone:  (801) 617-3200
Fax:  (801) 617-4200
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100

93

DRILLING DATE 8/28/2011 8/28/2011

DRILL METHOD HSA / Core BOREHOLE DIAMETER HSA 8 inch, 0 to 20.25 feet; Core 2.5 inch, 20.25 to EOB

COMPLETION DATE LOGGED BY Bill Bragdon

DRILLING COMPANY Ruen Drilliing

CLIENT Newmont PROJECT NAME Storage Pond Investigation - 2011

NA NA NA

NA NA NA

NA NA NA

NA NA NA

Weathered quartz monzonite from about 3 to 20.5 feet bgs.

 +2.5

Bentonite 
seal

2 inch 
sch. 40 PVC

Pi
ez

om
et

er
 

C
om

pl
et

io
n



2 inch 
sch. 40 PVC

Bentonite 
seal

Water measured 
15.1 feet bgs on 9/23/2011

SS

SS

SS

SS

5

6

6

5

5

5

28

50

50

As above at 7.5 feet with feldspar crystals up to 1/2 inch, no FeOx, grades to
medium stiff.

Clayey fine- to medium-grained sand, yellowish brown (10YR 5/8) grading to
brown (7.5YR 5/4) at 13 feet, medium placticity, medium stiff, slightly
moist ot moist, trace FeOx locally.

Fine- to medium-grained decomposed (W9) quartz monzonite, brown (10YR 5/3), 
with FeOx of dark reddish brown (5YR 3/3), trace argillic alteration.
Feldspar up to 1/2 inch, slightly moist to moist. 50 blows for 2 inches.

As above at 15 feet, grading to wet. 50 blows for 4.5 inches.

(Continued Next Page)

Sa
m

pl
e 

M
et

ho
d

D
E

P
TH

(ft
)

10.0

12.5

15.0

17.5

20.0

%
 R

Q
D

%
 S

am
pl

e 
R

ec
ov

er
y

Bl
ow

 C
ou

nt
s

PAGE  2  OF  5
WD-B1

MATERIAL DESCRIPTION

St
re

ng
th

W
ea

th
er

in
g

CLIENT Newmont PROJECT NAME Storage Pond Investigation - 2011

MWH Americas, Inc.
2890 East Cottonwood Parkway, Suite 300
Salt Lake City, Utah 84121
Telephone:  (801) 617-3200
Fax:  (801) 617-4200
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NA NA NA

NA NA NA

NA 9 NA

NA 9 NA

10/20 silica 
sand
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SS

0

74

0.5 feet of recovery of coarse gravel, rubble of fine to coarse quartz monzonite,  
few coarse gravels, greenish gray (10GY 6/1) and reddish yellow (7.5YR 6/8),  
strong argillic alteration, decomposed (W9), moderately soft to soft (H5 to H6).

Practical HSA refusal. Switched to HQ 2.5 inch core.

Quartz monzonite from about 20.5 feet to EOB.

Coarse-grained sand to coarse gravel size fragments of decomposed (W9) 
quartz monzonite, feldspar and quartz crystals, trace argillic coating on fragments.

No Recovery 
(material likely removed
during drilling by 
circulation water.).

No Recovery 
(material likely removed
during drilling by 
circulation water.).

0.5 feet drilling-induced 
rubble.

Fine- to coarse-grained quartz monzonite, very intensely weathered (W8) to 
decomposed (W9), generally moderately soft (H5), FeOx and argillic alteration, 
some FeOx in healed fractures; 29 to 30 feet, grades to slightly weathered to 
fresh (W2) and moderately hard (H4) feldspar to 1 inch.

5
to
6

6

3

9

9

9

42

Argillic (clay) and strong
FeOx.

0º
0º
5º
5º

90º
90º
90º
0º healed
30º healed microfractures
weak FeOx.

80º

5º

5º fine to medium sand, soft rubble,
weak FeOx, moderate argillic.

70º

80º

50º

(Continued Next Page)

Sa
m

pl
e 

M
et

ho
d

D
E

P
TH

(ft
)

20.0

22.5

25.0

27.5

30.0

%
 R

Q
D

%
 S

am
pl

e 
R

ec
ov

er
y

Bl
ow

 C
ou

nt
s

PAGE  3  OF  5
WD-B1

MATERIAL DESCRIPTION

St
re

ng
th

W
ea

th
er

in
g

CLIENT Newmont PROJECT NAME Storage Pond Investigation - 2011

MWH Americas, Inc.
2890 East Cottonwood Parkway, Suite 300
Salt Lake City, Utah 84121
Telephone:  (801) 617-3200
Fax:  (801) 617-4200
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0 NA NA No recovery.0

94

H
Q

 C
or

e

10/20 silica 
sand

0.010 slot
size

2 inch 
sch. 40 PVC

P
ie

zo
m

et
er

 
C

om
pl
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io

n

V-wire
(installed at 24.5 feet 

(27 feet btoc) 
on 11/3/2011)



2 inch 
PVC cap

100

92

100

Grades to greenish gray (10GY 5/1) and light reddish brown (2.5YR 7/4),
hard (H3) and slightly weathered (W2).

Grades to slightly weathered (W2) and hard (H3) with FeOx and trace 
argillic along fractures.

Fine- to coarse-grained quartz monzonite with feldspar up to 1.5 inch,
generally light reddish brown (2.5YR 7/4) and greenish gray (10GY 5/1),
slightly weathered (W2) to fresh, hard (H3), no FeOx, trace thin argillic clay along
fractures at 39.7 feet with trace of manganese.

3

3

3

2

2

2

50º

80º with 0.1 to 0.2 inch
argillic filling, trace
manganese.

20º
80º

30º

60º

60º feldspar with healed
fractures, weak FeOx, argillic.

40º

80º

85º sandy gravel.

10º
10º
30º

80º few healed fractures.

70º

10º trace argillic.

70º trace manganese.

(Continued Next Page)
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CLIENT Newmont PROJECT NAME Storage Pond Investigation - 2011

MWH Americas, Inc.
2890 East Cottonwood Parkway, Suite 300
Salt Lake City, Utah 84121
Telephone:  (801) 617-3200
Fax:  (801) 617-4200
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3/8-inch coated 
Bentonite pellets

10/20 silica 
sand
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3/8-inch coated 
Bentonite pellets

86

96

Quartz monzonite as above at 35 feet.

Fine- to coarse-grained quartz monzonite, generally light reddish brown 
(2.5YR 7/4) and greenish gray (10GY 5/1) with feldspar up to 1 inch,
trace argillic coating locally along fractures, slightly weathered to fresh (W2),
very hard (H2).

Grades to hard (H3), horizontal fractures from about 47.5 to 50 feet. 

End of borehole at 50.0 feet.

3

2

2

2

40º fractured to rubble,
some manganese, no FeOx.

40º

80º healed fracture.

50º

0º

0º

80º

80º

20º

40º

80º

30º argillic coating.

20º

90º

80º

80º

90º

90º
30º with sandy filling 0.2.
inch.
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CLIENT Newmont PROJECT NAME Storage Pond Investigation - 2011

MWH Americas, Inc.
2890 East Cottonwood Parkway, Suite 300
Salt Lake City, Utah 84121
Telephone:  (801) 617-3200
Fax:  (801) 617-4200
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SS

SS
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SS

11

16

17

6

8

12

9

13

14

21

40

53

21

30

Silty fine- to medium-grained sand (SM), light reddish gray (2.5YR 7/1), non plastic, medium dense, dry,

Silty and gravely sand to about 3.5 feet.

grades to pinkish gray (7.5YR 7/2).

Fine- to coarse-grained sand (SP) with some silt and coarse gravel, strong brown (7.5YR 5/6), non 
plastic, loose, dry to slightly moist, primarily decomposed quartz monzonite, subangular gravel with 
trace clay stringers.

Decomposed (W9) quartz monzonite with trace of FeOx along bedding and trace argillic 
alteration locally, very soft (H7), strong brown to brownish yellow (10YR 5/4) dry.

Decomposed (W9) very soft (H7) fine- to coarse-grained quartz monzonite, brownish yellow (10YR 6/6) 
grading to gray (10YR 7/2) some feldspar xtals to 1/2 inch, dry.

Decomposed (W9) very soft (H7) fine- to coarse-grained quartz monzonite as above with argillic 
alternation 10 to 10.5 feet, brownish yellow (10YR 6/6), dry.  

79

(Continued Next Page)
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MWH Americas, Inc.
2890 East Cottonwood Parkway, Suite 300
Salt Lake City, Utah 84121
Telephone:  (801) 617-3200
Fax:  (801) 617-4200
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DRILLING DATE 8/26/2011 8/26/2011

DRILL METHOD HSA / Core BOREHOLE DIAMETER HSA 8 inch, 0 to 14 feet; Core 2.5 inch, 14 to EOB

COMPLETION DATE LOGGED BY Bill Bragdon

DRILLING COMPANY Ruen Drilliing

CLIENT Newmont PROJECT NAME Storage Pond Investigation - 2011

NA NA NA

NA NA NA

NA 9 7

NA

NA

9 7

Weathered quartz monzonite from about 3.5 to 19 feet bgs.

 



0

As above at 9 feet. 50 blows for 2 inches. Practical HSA refusal. Switched to HQ core.

As above at 9 feet. 50 blows for 4 inches.

No Recovery 
(material likely removed
during drilling by 
circulation water).

Drilling induced rubble.

Fine- to coarse-grained quartz monzonite, reddish yellow (7.5YR 6/8) to very pale brown (10YR 7/3), 
heavy FeOx and argillic alteration, decomposed (W9), very soft (H7). At 19 feet with strong argillic 
alteration, pale yellow (2.5Y 8/3), wet, FeOx locally about 19.7 feet.

Quartz monzonite from about 19 feet to EOB.

7

9

9

(Continued Next Page)
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CLIENT Newmont PROJECT NAME Storage Pond Investigation - 2011

MWH Americas, Inc.
2890 East Cottonwood Parkway, Suite 300
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Medium- to coarse-grained quartz monzonite, feldspar up to 1 inch, light reddish brown (10YR 7/3),
quartz veining at 21.3 feet, rubble at 21.3 to 21.7 feet, moderately hard (H4), intensely weathered (W7). 
At 24.5 feet, fractures with strong FeOx.

Fine- to coarse-grained quartz monzonite, feldspar up to 1/2 inch, moderately soft to soft (H6)
where weathered to argillic, moderately to intensely weathered (W6), decomposed locally, light
reddish brown (5YR 6/3) and dark greenish gray (10GY 6/1). Pale yellow (2.5Y 8/6) where argillic.

4

6

7

6

0º

20º
20º
20º
20º
Fine to coarse sand, rubble.
60º
90º

80º
60º

90º

20º

90º FeOx and argillic.

80º

80º

90º
Void with FeOx
decomposed argillic
alteration.
60º
90º with FeOx and argillic.

80º

10º with argillic alteration.
80º
0º
Healed fractures with
trace FeOx and argillic.

60º
FeOx with some argillic
along fractures.
40º
30º
0º
90º

(Continued Next Page)
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Fine- to coarse-grained quartz monzonite, feldspar up to 1/2 inch, intensely weathered (W7), 
moderately hard (H4) to moderately soft (H5), light reddish brown (5YR 6/3) and 
dark greenish gray (10GY 6/1). At 34 feet FeOx along most fractures with no argillic alteration.  

Medium- to coarse-grained quartz monzonite with feldspars up to 1 inch, strong FeOx staining
along fractures, some manganese, light reddish brown (5YR 6/3) and dark greenish gray (10GY 6/1), 
moderately hard (H5) to hard (H3), some strong argillic and FeOx locally, moderately weathered (W5) 
to decomposed (W9) at about 37 to 38.2 feet, some to strong argillic and FeOx locally.

End of borehole at 40.0 feet.

4
to
5

7

5
to
9

3
to
5

85º healed fracture.

50º with FeOx, 0.2 inch gap.

20º no FeOx.

60º rubble of fine to coarse
sand, FeOx, argillic.
60º hard FeOx.
60º
60º

60º

80º

80º
80º
70º
75º

70º
60º

70º

Moderate FeOx.

70º
75º
70º
70º
70º

70º

Very soft drilling, likely

Drilling induced rubble.

zone where decomposed
matrix washed out.

80º

Weak FeOx, strong
argillic.
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CA

SS

10

8
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4

6

4

2

2

3

8

2

1

1

Silty fine gravel (GM) with some fine- to coarse-grained sand, pale yellowish

Silty gravel to about 2.5 feet.

Clayey sand approximately 2.5 feet to approximately 6 feet.

(2.5Y 8/2), subangular to angular, non plastic, loose, dry, trace quartz crystals
and mica.

Clayey fine- to medium-grained sand (SC), dark reddish brown (5Y3/2),
subangular, low to medium plasticity, medium stiff, slightly moist,
decrease in clay at 3.7 feet bgs, low plasticity.

Clayey fine- to medium-grained sand (SC) with trace silt, few coarse gravels. Dark
reddish brown (5Y 3/2), low to medium plasticity, medium stiff, slightly moist.

Silty clay with trace to fine- to medium-grained sand (CL), very dark gray (5YR 3/1),
Silty clay approximately 6 feet to approximately 7.5 feet.

medium plasticity, soft, moist to wet, few organic (roots), organic odor 
(weak). At 7.8 feet decomposed (W9) BR.

Clayey fine- to coarse-grained sand (SC), very dark gray to black (5YR 2.5/1), 
Clayey sand approximately 7.5 feet to approximately 9 feet.

medium plasticity, soft to medium stiff, wet, abundant roots, strong organic odor. 
Collected “A” and “B” brass liners.

Fine- to medium-grained sandy silt (ML), brown (7.5YR 5/3), low plasticity, very 

Sandy silt approximately 9 feet to approximately 10.5 feet.

soft, wet, organics (roots).

(Continued Next Page)

Sa
m

pl
e 

M
et

ho
d

D
E

P
TH

(ft
)

0.0

2.5

5.0

7.5

10.0

%
 R

Q
D

%
 S

am
pl

e 
R

ec
ov

er
y

Bl
ow

 C
ou

nt
s

PAGE  1  OF  5
WD-B5

MATERIAL DESCRIPTION

St
re

ng
th

W
ea

th
er

in
g

MWH Americas, Inc.
2890 East Cottonwood Parkway, Suite 300
Salt Lake City, Utah 84121
Telephone:  (801) 617-3200
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DRILLING DATE 8/26/2011 8/26/2011

DRILL METHOD HSA / Core BOREHOLE DIAMETER HSA 8 inch, 0 to 12.5 feet; Core 2.5 inch, 12.5 to EOB

COMPLETION DATE LOGGED BY Bill Bragdon

DRILLING COMPANY Ruen Drilliing

CLIENT Newmont PROJECT NAME Storage Pond Investigation - 2011

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

Pi
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er
 

C
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 +2.5

Bentonite 
seal

2 inch 
sch. 40 PVC

10/20 silica 
sand

Water measured 
8.2 feet bgs on 9/23/2011



CA

SS

053

075

5

5

3

5

7

Grades to silty fine- to coarse-grained sand (SM), brown (7.5YR 5/3), cobble at contact 
Silty sand, approximately 10.5 feet to approximately 12.5 feet.

between ML and SM, low plasticity, medium stiff, wet.
Brass liners not collected.

As above with intensely weathered bedrock fragments of quartz monzonite, light red (2.5YR 7/8) 
and greenish black (5GY 2.5/1).

Switched to HQ core, competent bedrock. Quartz monzonite approximately 12.5 feet to 
approximately 30 feet.  
Decomposed (W9) fine-grained quartz monzonite with biotite and quartz crystals, light 
greenish gray (5GY 8/1) and pale red (10 R 7/4), moderately hard (H4), FeOx.

Gravel fine-grained quartz monzonite as above. Decomposed (W9), quartz monzonite 
being removed as cuttings in circulation water.

Drilling induced 
rubble.

Drilling induced 
rubble.

Drilling induced 
rubble.

Fine-grained quartz monzonite rubble.

V-wire
(installed at 16.5 feet

(19 feet btoc)
on 11/3/2011)

4

4

9

9

3

00 No recovery.NANA

00 No recoveryNANA

40º

50º

(Continued Next Page)
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10/20 silica 
sand

0.010 slot
size

2 inch 
sch. 40 PVC
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No Recovery 
(material likely removed
during drilling by 
circulation water).

No Recovery 
(material likely removed
during drilling by 
circulation water).

No Recovery 
(material likely removed
during drilling by 
circulation water).

No Recovery 
(as above).



066

020

60

60

37

Rubble recovery of 1.3 feet of decomposed (W9), moderately hard (H4), 
fine- to medium-grained quartz monzonite, brown (7.5YR 4/3). 

3 pieces of coarse gravel size quartz monzonite.

Medium- to coarse-grained quartz monzonite, light reddish brown (5YR 6/3) 
and dark greenish gray (10GY 6/1), intensely to medium weathered (W6), 
moderate hard (H4).

Quartz monzonite as above at 23 feet.

Fine- to coarse-grained quartz monzonite as above at 23 feet. 
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4

4

4

9

6

6

4

80º

50º

40º highly fractured.

80º

10º

20º

85º

70º

10º

0º with argillic alteration
and trace FeOx.
60º

60º few vugs.

5º

0º
10º
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10/20 silica 
sand

2 inch 
PVC cap

No Recovery 
(material likely removed
during drilling by 
circulation water).

No Recovery 
(material likely removed
during drilling by 
circulation water).

No Recovery 
(as above).

Drilling induced 
rubble.

Drilling induced 
rubble.

Drilling induced 
rubble.

3/8-inch coated 
Bentonite pellets



33

66

65

Fine- to medium-grained dacite (?) dike, bluish gray (10B 6/1) with abundant 
biotite and quartz crystals, very hard (H2), slightly weathered (W3).

Fine- to medium-grained quartz monzonite, trace argillic clay along
fractures, slightly weathered to fresh (W2), very hard (H2), fractures with
no FeOx, light reddish brown (5YR 6/3) with dark greenish gray (10GY 6/1).

2

4

2

3

6

2

0º contact.
30º rubble with weak FeOx
on top.

80º
0º contact.

90º very fractured.

30º

40º

60º mechanical fractures.

30º

10º

10º

60º

0º trace argillic.

70º

5º

80º

80º

80º

80º

70º

5º
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No Recovery 
(material likely removed
during drilling by 
circulation water).
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3/8-inch coated 
Bentonite pellets

Medium- to coarse-grained quartz monzonite, light reddish brown (5YR 6/3) 

Quartz monzonite, approximately 32 feet to EOB.

and dark greenish gray (10GY 6/1), intensely to medium weathered (W6), 
moderate hard (H4).



Medium- to coarse-grained quartz monzonite as above at 35 feet, fresh (W1), 
very hard (H2) to hard (H3).

End of borehole at 41.5 feet.
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ATTACHMENT E-5 

MIDNITE MINE REMEDIAL ACTION 
LINER SYSTEM ANCHOR TRENCH ANALYSIS 

Revisioning 
Rev. Date Description By Checked Date Reviewed 

0 22-Nov-13 60% Design Christin Kapatayes Christine Weber 05-Dec13 Melanie Davis and 
Tom Kelley 

1 21-Jul-14 90% Design Christin Kapatayes Christine Weber 
and Melanie Davis 21-Jul-14 Tom Kelley 

2 19-Aug-15 100% Design Christin Kapatayes Christine Weber 
and Melanie Davis 19-Aug-15 Tom Kelley 

Location and Format 

Electronic copies of these calculations are located in the project files system at: 

\\usftc2s01\Projects\Newmont\Midnite Mine_2011\6.0 Studies & Reports\6.2 Technical\ Storage 
Ponds\Anchor Trench 

The following calculations were generated using the following software:  

Microsoft Office Professional Plus 2010 (Microsoft Excel) 

Supplement 

Supplement E-5.1 – Anchor Trench Analysis Calculations 



1.0 BACKGROUND 

An anchor trench analysis was performed for standard L-shaped anchor trenches required for 
the liner system to be installed in the South Pond, West Pond, and Water Treatment Plant 
(WTP) Ponds (Raw Mine Water Equalization Pond and Pretreated Mine Water Equalization 
Pond) as shown in Section 5 of the drawings.  The analysis was performed for the steepest 
slopes that the liner system will be installed on at 2.5H:1V (horizontal:vertical) slope for the 
West Pond and WTP Ponds, and at 3H:1V slope for the South Pond. Each pond will have a 
similar liner system installed. The proposed liner system consists of a lower 60 mil HDPE (with a 
smooth lower and a textured upper surface) geomembrane overlain by a geonet overlain by an 
upper 60 mil HDPE (textured on both sides) geomembrane. The geonet will be placed in the 
same anchor trench as the lower geomembrane, but will be separated from the lower 
geomembrane by 0.5 ft of backfill. The upper geomembrane will be placed in a separate anchor 
trench than the lower geomembrane and the geonet.   Anchor trench depths were estimated 
assuming the minimum anchor trench widths are 1.5 feet.  
 

2.0 METHODOLOGY & ASSUMPTIONS 

Anchor trench design calculations were performed using methodology presented in Designing 
With Geosynthetics by Robert M. Koerner (2005).  The liner system components were 
evaluated for a balanced design where the anchor trench pullout resistance is equal to the 
allowable tensile strength at yield.   
 
The calculations were performed using the following equations:  
 
𝐴𝐴𝐴𝐴𝐴𝐴ℎ𝑜𝑜𝑜𝑜 𝑇𝑇𝑜𝑜𝑇𝑇𝐴𝐴𝐴𝐴ℎ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑜𝑜𝑃𝑃𝑃𝑃 𝑅𝑅𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅𝑃𝑃𝑅𝑅𝐴𝐴𝐴𝐴𝑇𝑇 = 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 cos(𝛽𝛽) = 𝑃𝑃𝑟𝑟1 + 𝑃𝑃𝑟𝑟2 + 𝑃𝑃𝑟𝑟3  
 
𝑃𝑃𝑟𝑟1 = �𝜎𝜎𝑛𝑛1 tan(𝛿𝛿) + 𝑅𝑅�𝐿𝐿𝑅𝑅𝑅𝑅 + 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 sin(𝛽𝛽) tan (𝛿𝛿) 
 
𝑃𝑃𝑟𝑟2 = �𝜎𝜎𝑛𝑛2 tan(𝛿𝛿) + 𝑅𝑅�𝐿𝐿𝐴𝐴𝐴𝐴 = �(𝛾𝛾𝐶𝐶𝐶𝐶𝑑𝑑𝐶𝐶𝐶𝐶 + 𝛾𝛾𝐴𝐴𝑅𝑅𝑑𝑑𝐴𝐴𝐴𝐴)𝑃𝑃𝑅𝑅𝐴𝐴(𝛿𝛿) + 𝑅𝑅�𝐿𝐿𝐴𝐴𝐴𝐴   
 
𝑃𝑃𝑟𝑟3 = 𝑃𝑃𝑃𝑃 − 𝑃𝑃𝑎𝑎 = �0.5𝛾𝛾𝐴𝐴𝑅𝑅𝑑𝑑𝐴𝐴𝐴𝐴 + 𝜎𝜎 𝐶𝐶𝐶𝐶�𝐾𝐾𝑝𝑝𝑑𝑑𝐴𝐴𝐴𝐴 − �0.5𝛾𝛾𝐴𝐴𝑅𝑅𝑑𝑑𝐴𝐴𝐴𝐴 + 𝜎𝜎 𝐶𝐶𝐶𝐶�𝐾𝐾𝑎𝑎𝑑𝑑𝐴𝐴𝐴𝐴 
 
where:  
 

𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = Allowable Tensile Strength at Yield [lbs/(ft −width)] 
𝛽𝛽 =  Slope Angle [degrees] 
𝑃𝑃𝑟𝑟1 = Anchor Trench Runout Resistance [lbs/ft]  
𝑃𝑃𝑟𝑟2 = Anchor Trench Bottom Resistance [lbs/ft]   
𝑃𝑃𝑟𝑟3 = Anchor Trench Sidewall Resistance [lbs/ft] 
𝜎𝜎𝑛𝑛1 =  𝜎𝜎𝐶𝐶𝐶𝐶 = Applied Normal Stress of Cover Soil [psf] 
𝜎𝜎𝑛𝑛2 = Applied Normal Stress of Compacted Backfill [psf] 
𝛿𝛿 = Interface Friction Angle [degrees] 
𝛾𝛾𝐶𝐶𝐶𝐶 = Cover Soil Density [pcf] 
𝛾𝛾𝐴𝐴𝑅𝑅 = Anchor Trench Soil Density [pcf] 
𝑑𝑑𝐴𝐴𝐴𝐴 = 𝐴𝐴nchor Trench Depth [ft] 
𝑑𝑑𝐶𝐶𝐶𝐶 = Cover Soil Depth [ft] 
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𝐾𝐾𝑎𝑎 = Coefficient of Active Earth Pressure = tan2(45 − 𝜙𝜙/2) 
𝐾𝐾𝑝𝑝 = Coefficient of Passive Earth Pressure = tan2(45 + 𝜙𝜙/2) 
𝜙𝜙 = Effective Shear Strength of Soil [degees] 
𝐿𝐿𝐴𝐴𝐴𝐴 =  Anchor Trench Width [ft] 
𝐿𝐿𝑅𝑅𝑅𝑅 = Runout Length [ft] 
 

The geometric parameters evaluated in this analysis are defined as shown on Figure 1 below. 
 

 
Figure 1  Anchor Trench Geometric Parameters. 
 
The following describes the assumptions and values used to evaluate the anchor trench pullout 
resistance, depth, and width. Slope dimensions for each pond are presented in Table 1.  Slope 
angles are necessary to calculate the full yield strength of the liner system.  
 

Table 1.  Slope Geometry 
 

 
Backfill soil properties were obtained from the Geotechnical Evaluation Report IX Water 
Treatment Facility, Midnite Mine, Rev. 0 prepared by MWH (2013). A summary of the material 
properties assigned to the backfill material are presented in Table 2.  

 
 

Table 2.  Summary of Material Properties for Backfill Soil 

Total Unit Weight Effective Shear Effective 
(pcf) Strength (deg) Cohesion (psf) 

132 34.5 0 

Pond Slope Slope Angle, β (deg) 
South Pond 3H:1V 18.4 
West Pond & WTP Ponds 2.5H:1V 21.8 
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Interface friction angles used were estimated based on average peak values from Direct Shear 
Database of Geosynthetic-to-Geosynthetic and Geosynthetic-to-Soil Interfaces by G.R. Koerner 
and D. Narejo (2005). Table 3 presents a summary of the interface friction angles used for the 
analyses of upper and lower geomembrane liners. The anchor trenches for both liners were 
designed using a friction angle of 13° (representing the interface between a geonet and textured 
geomembrane).   
 

Table 3.  Summary of Interface Friction Angles 

Liner Critical Interface Friction Angle 
(deg) 

Upper geomembrane 
(primary) 

60 mil HDPE Textured Geomembrane to underlying 
Geonet 13 

Lower geomembrane 
(secondary) 

Geonet to underlying 60 mil HDPE Textured (upper 
side) Geomembrane  13 

 
Parameters for the liner system components were estimated from manufacturer’s product data 
sheets from GSE Environmental (2012 and 2013) and are presented in Table 4. 

 
Table 4.  Tensile Strength at Yield for Liner System Components 

Properties 
60 mil Textured 

(single-sided and 
double-sided) 
Geomembrane 

200 mil 
Geonet 

Tensile Strength at Yield 
(lbs/ft) 

1512 540 

 

3.0 RESULTS 

Calculations to estimate the dimensions for the anchor trench system were performed using the 
equations presented in Section 2.0. The anchor trench analysis for each pond is summarized in 
Table 5. The minimum anchor trench dimensions listed in Table 5 are applicable for 
geosynthetic materials with minimum tensile strengths at yield listed in Table 4.  Detailed 
calculations are provided in Supplement E-5.1.  The proposed design dimensions for the anchor 
trenches are provided in Table 6.  The proposed dimensions shown in Section 5 of the design 
drawings meet or exceed the minimum required dimensions in all instances. 
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Table 5.  Required Dimensions from Anchor Trench Analysis 

 
Table 6. Anchor Trench Design Dimensions 

 
 
 
 
 
  

Table 5.  Results for Anchor Trench Analysis  

Analysis 

West Pond and WTP Ponds South Pond 
Upper 60 mil 

Textured 
(double-sided) 
Geomembrane 

Geonet 
Lower 60 mil 

Textured 
(single-sided) 
Geomembrane 

Upper 60 mil 
Textured 

(double-sided) 
Geomembrane 

Geonet 
Lower 60 mil 

Textured 
(single-sided) 
Geomembrane 

Full Yield Strength 
(lbs/ft) 1512 540 1512 1512 540 1512 

Pull Out Resistance 
(lbs/ft) 1512 540 1512 1512 540 1512 

 Runout Length (ft) 3.5 1.0 1.0 3.5 1.0 1.0 
Minimum Anchor 
Trench Width (ft) 1.5 1.5 1.5 1.5 1.5 1.5 

Minimum Anchor 
Trench Depth (ft) 2.4 1.4 2.4 2.4 1.4 2.4 

Anchor Trench Dimension 
Upper 60 mil 

Textured 
(double-sided) 
Geomembrane 

Geonet 
Lower 60 mil 

Textured 
(single-sided) 
Geomembrane 

 Runout Length (ft) 3.5 1.0 1.0 

Minimum Anchor Trench Width (ft) 1.5 1.5 1.5 
Minimum Anchor Trench Depth (ft) 3.0 2.5 3.0 
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Supplement E-5.1 
 
Anchor Trench Analysis Calculations 

 



Client: Newmont Mining USA Job No.: 1011322 
Project: Midnite Mine Date: 7/21/2014 
Description: Remedial Action Liner Design for Storage Ponds Computed By: C. Kapatayes 

Detail:	 Anchor Trench Pullout Resistance Calculation Checked By: C.Weber/ M.Davis 

OBJECTIVE:	 Estimate the anchor trench pull out resistance. 
Upper Liner System - West & WTP Ponds 

INPUT/ 
ASSUMPTIONS: 

Cover soil Assume no cover soil 
Tensile Strength at Yield: 1512 lbs/ft-width 

Allowable Tensile Strength: 1512 lbs/ft-width 

H V 
Slope
 2.5 1 

Slope Angle:
 21.8 
Tallowcos(β):
 1404 

Minimum liner interface friction angle () : 13 degrees 

Minimum liner interface adhesion (a) : 0 kPa 
Compacted Fill 

Cover Soil Density (CS) :
 0 pcf 

Anchor Trench Soil Density (TR) :
 132 pcf 

Anchor Trench Width (LAT) :
 1.5 ft 

Anchor Trench Depth (dAT) :
 2.40 ft 

Cover Soil Depth (dCS) :
 0 ft 

Runout to Trench Length (LRO) :
 3.5 ft 

Anchor Trench Backfill Friction Angle (TR) :
 34.5 degrees 

CALCULATION: 
Anchor Trench Runout Resistance 

Pr1 = (n1 tan + a)LRO + Tallowsin(β)tan(δ) 

n1 CS dCS =
 

Cover Soil n1 = 0 psf
 

Total Pr1 = 129.6 lbs/ft
 

Anchor Trench Bottom Resistance 

Pr2 = (n2 tan + a)LAT 

n2 = CS dCS + TR dAT 

Compacted Backfill n2 = 317.3394936 psf 

Pr2 = 109.9 lbs/ft 

Anchor Trench Sidewall Resistance 

Pr3 = PP-PA 

nCS = n1 

nCS = 0 psf 

ka = tan2(45-/2) 

ka = 0.277 

PA= (0.5*γTR*dAT+nCS)*ka*dAT 

PA= 105.59 

kp = tan2(45+/2) 

kp = 3.61 

PP= (0.5*γTR*dAT+nCS)*kp*dAT 

PP= 1378.05 

Pr3 = 1272.5 lbs/ft 

Total Anchor Trench Pullout Resistance 

Tr = Pr3+Pr2+Pr1 

Tr = 1512 lbs/ft 

References: 
GSE Environmental (2012). GSE HD Textured Geomembrane Product Data Sheet. 
GSE Environmental (2013). GSE HyperNet Geonet 175-225 mil Product Data Sheet. 
Koerner, R., 2005. Designing with Geosynthetics. 5th Edition.  Pearson Prentice Hall, Upper Saddle River, NJ. 
Koerner, G.R., and Narejo, D. (2005). Direct Shear Database of Geosynthetic-to-Geosynthetic and Geosynthetic-to-Soil Interfaces, GRI Report #30. 
MWH (2013). Geotechnical Evaluation Report IX Water Treatment Facility, Midnite Mine, Rev.0. Prepared for Dawn Mining Company, LLC and Newmont USA Limited. 
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Client: Newmont Mining USA Job No.: 1011322 
Project: Midnite Mine Date: 7/21/2014 
Description: Remedial Action Liner Design for Storage Ponds Computed By: C. Kapatayes 

Detail:	 Anchor Trench Pullout Resistance Calculation Checked By: C.Weber/ M.Davis 

OBJECTIVE:	 Estimate the anchor trench pull out resistance. 
Upper Liner System - South Pond 

INPUT/ 
ASSUMPTIONS: 

Cover soil Assume no cover soil 
Tensile Strength at Yield: 1512 lbs/ft-width 

Allowable Tensile Strength: 1512 lbs/ft-width 

H V 
Slope
 3.0 1 

Slope Angle:
 18.4 
Tallowcos(B):
 1434 

Minimum liner interface friction angle () : 13 degrees 

Minimum liner interface adhesion (a) : 0 kPa 
Compacted Fill 

Cover Soil Density (CS) :
 0 pcf 

Anchor Trench Soil Density (TR) :
 132 pcf 

Anchor Trench Width (LAT) :
 1.5 ft 

Anchor Trench Depth (dAT) :
 2.42 ft 

Cover Soil Depth (dCS) :
 0 ft 

Runout to Trench Length (LRO) :
 3.5 ft 

Anchor Trench Backfill Friction Angle (TR) :
 34.5 degrees 

CALCULATION: 
Anchor Trench Runout Resistance 

Pr1 = (n1 tan + a)LRO + Tallowsin(β)tan(δ) 

n1 = CS dCS 

Cover Soil n1 = 0 psf 

Total Pr1 = 110.4 lbs/ft 

Anchor Trench Bottom Resistance 
` 

Pr2 = (n2 tan + a)LAT 

n2 = CS dCS + TR dAT 

Compacted Backfill n2 = 319.6332651 psf 

Pr2 = 110.7 lbs/ft 

Anchor Trench Sidewall Resistance 

Pr3 = PP-PA 

nCS = n1 

nCS = 0 psf 

ka = tan2(45-/2) 

ka = 0.277 

PA= (0.5*γTR*dAT+nCS)*ka*dAT 

PA= 107.12 

kp = tan2(45+/2) 

kp = 3.61 

PP= (0.5*γTR*dAT+nCS)*kp*dAT 

PP= 1398.05 

Pr3 = 1290.9 lbs/ft 

Total Anchor Trench Pullout Resistance 

Tr = Pr3+Pr2+Pr1 

Tr = 1512 lbs/ft 

References: 

GSE Environmental (2012). GSE HD Textured Geomembrane Product Data Sheet. 

GSE Environmental (2013). GSE HyperNet Geonet 175-225 mil Product Data Sheet. 

Koerner, R., 2005. Designing with Geosynthetics. 5th Edition.  Pearson Prentice Hall, Upper Saddle River, NJ. 

Koerner, G.R., and Narejo, D. (2005). Direct Shear Database of Geosynthetic-to-Geosynthetic and Geosynthetic-to-Soil Interfaces, GRI Report #30. 

MWH (2013). Geotechnical Evaluation Report IX Water Treatment Facility, Midnite Mine, Rev.0. Prepared for Dawn Mining Company, LLC and Newmont USA Limited. 
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Client: Newmont Mining USA
 
Project: Midnite Mine
 
Description:
 
Detail:
 

OBJECTIVE: 

INPUT/ 
ASSUMPTIONS: 

CALCULATION: 
Anchor Trench Runout Resistance 

Pr1 = (n1 tan + a)LRO + Tallowsin(β)tan(δ) 

n1 = CS dCS 

Cover Soil n1 = 0 psf 

Total Pr1 = 129.6 lbs/ft 

Anchor Trench Sidewall Resistance 

Pr3 = PP-PA 

nCS = n1 

nCS = 0 psf 

ka = tan2(45-/2) 

ka = 0.277 

PA= (0.5*γTR*dAT+nCS)*ka*dAT 

PA= 105.59 

kp = tan2(45+/2) 

kp = 3.61 

PP= (0.5*γTR*dAT+nCS)*kp*dAT 

PP= 1378.05 

Pr3 = 1272.5 lbs/ft 

Job No.: 1011322 
Date: 11/22/2013 

Remedial Action Liner Design for Storage Ponds Computed By: C. Kapatayes 
Anchor Trench Pullout Resistance Calculation Checked By: C.Weber 

Estimate the anchor trench pull out resistance. 
Lower Liner System - West & WTP Ponds 

Cover soil Assume no cover soil 
Tensile Strength at Yield: 1512 lbs/ft-width 

Allowable Tensile Strength: 1512 lbs/ft-width 

H V 
Slope 2.5 1 

Slope Angle: 21.8 
Tallowcos(B): 1404 

Minimum liner interface friction angle () : 13 degrees 

Minimum liner interface adhesion (a) : 0 kPa 
Compacted Fill ` 

Cover Soil Density (CS) : 0 pcf 

Anchor Trench Soil Density (TR) : 132 pcf 

Anchor Trench Width (LAT) : 1.5 ft 

Anchor Trench Depth (dAT) : 2.40 ft 

Cover Soil Depth (dCS) : 0 ft 

Runout to Trench Length (LRO) : 1 ft 

Anchor Trench Backfill Friction Angle (TR) : 34.5 degrees 

Anchor Trench Bottom Resistance 
` 

Pr2 = (n2 tan + a)LAT 

n2 = CS dCS + TR dAT 

Compacted Backfill n2 = 317.3394937 psf 

Pr2 = 109.9 lbs/ft 

References: 

GSE Environmental (2012). GSE HD Textured Geomembrane Product Data Sheet. 

GSE Environmental (2013). GSE HyperNet Geonet 175-225 mil Product Data Sheet. 

Koerner, R., 2005. Designing with Geosynthetics. 5th Edition.  Pearson Prentice Hall, Upper Saddle River, NJ. 

Koerner, G.R., and Narejo, D. (2005). Direct Shear Database of Geosynthetic-to-Geosynthetic and Geosynthetic-to-Soil Interfaces, GRI Report #30. 

MWH (2013). Geotechnical Evaluation Report IX Water Treatment Facility, Midnite Mine, Rev.0. Prepared for Dawn Mining Company, LLC and Newmont USA Limited. 


Total Anchor Trench Pullout Resistance 

Tr = Pr3+Pr2+Pr1 

Tr = 1512 lbs/ft 
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Client: Newmont Mining USA
 
Project: Midnite Mine
 
Description:
 
Detail:
 

OBJECTIVE: 
Lower Liner System - South Pond 

INPUT/ 
ASSUMPTIONS: 

CALCULATION: 
Anchor Trench Runout Resistance 

Pr1 = (n1 tan + a)LRO + Tallowsin(β)tan(δ) 

n1 = CS dCS 

Cover Soil n1 = 0 psf 

Total Pr1 = 110.4 lbs/ft 

Anchor Trench Sidewall Resistance 

Pr3 = PP-PA 

= 

nCS = 0 psf 

ka = tan2(45-/2) 

ka = 0.277 

PA= (0.5*γTR*dAT+nCS)*ka*dAT 

PA= 107.12 

kp = tan2(45+/2) 

kp = 3.61 

PP= (0.5*γTR*dAT+nCS)*kp*dAT 

PP= 1398.05 

Pr3 = 1290.9 lbs/ft 

nCS n1 

Job No.: 1011322 
Date: 11/22/2013 

Remedial Action Liner Design for Storage Ponds Computed By: C. Kapatayes 
Anchor Trench Pullout Resistance Calculation Checked By: C.Weber 

Estimate the anchor trench pull out resistance. 

Cover soil Assume no cover soil 
Tensile Strength at Yield: 1512 lbs/ft-width 

Allowable Tensile Strength: 1512 lbs/ft-width 

H V 
Slope 3.0 1 

Slope Angle: 18.4 
Tallowcos(B): 1434 

Minimum liner interface friction angle () : 13 degrees 

Minimum liner interface adhesion (a) : 0 kPa 
Compacted Fill 

Cover Soil Density (CS) : 0 pcf 

Anchor Trench Soil Density (TR) : 132 pcf 

Anchor Trench Width (LAT) : 1.5 ft 

Anchor Trench Depth (dAT) : 2.42 ft 

Cover Soil Depth (dCS) : 0 ft 

Runout to Trench Length (LRO) : 1 ft ` 

Anchor Trench Backfill Friction Angle (TR) : 34.5 degrees 

Anchor Trench Bottom Resistance 
` 

Pr2 = (n2 tan + a)LAT 

n2 = CS dCS + TR dAT 

Compacted Backfill n2 = 319.6332652 psf 

Pr2 = 110.7 lbs/ft 

References: 

GSE Environmental (2012). GSE HD Textured Geomembrane Product Data Sheet. 

GSE Environmental (2013). GSE HyperNet Geonet 175-225 mil Product Data Sheet. 

Koerner, R., 2005. Designing with Geosynthetics. 5th Edition.  Pearson Prentice Hall, Upper Saddle River, NJ. 

Koerner, G.R., and Narejo, D. (2005). Direct Shear Database of Geosynthetic-to-Geosynthetic and Geosynthetic-to-Soil Interfaces, GRI Report #30. 

MWH (2013). Geotechnical Evaluation Report IX Water Treatment Facility, Midnite Mine, Rev.0. Prepared for Dawn Mining Company, LLC and Newmont USA Limited. 


Total Anchor Trench Pullout Resistance 
Tr = Pr3+Pr2+Pr1 

Tr = 1512 lbs/ft 
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Client: Newmont Mining USA
 
Project: Midnite Mine
 
Description:
 
Detail:
 

OBJECTIVE: 
Geonet - West & WTP Ponds 

INPUT/ 
ASSUMPTIONS: 

CALCULATION: 
Anchor Trench Runout Resistance 

Pr1 = (n1 tan + a)LRO + Tallowsin(β)tan(δ) 

n1 = CS dCS 

Cover Soil n1 = 0 psf 

Total Pr1 = 46.3 lbs/ft 

Anchor Trench Sidewall Resistance 

Pr3 = PP-PA 

nCS = n1 

nCS = 0 psf 

ka = tan2(45-/2) 

ka = 0.277 

PA= (0.5*γTR*dAT+nCS)*ka*dAT 

PA= 35.67 

kp = tan2(45+/2) 

kp = 3.61 

PP= (0.5*γTR*dAT+nCS)*kp*dAT 

PP= 465.50 

Pr3 = 429.8 lbs/ft 

Job No.: 1011322 
Date: 11/22/2013 

Remedial Action Liner Design for Storage Ponds Computed By: C. Kapatayes 
Anchor Trench Pullout Resistance Calculation Checked By: C.Weber 

Estimate the anchor trench pull out resistance. 

Cover soil Assume no cover soil 
Tensile Strength at Yield: 540 lbs/ft-width 

Allowable Tensile Strength: 540 lbs/ft-width 

H V 
Slope 2.5 1 

Slope Angle: 21.8 
Tallowcos(B): 501 

Minimum liner interface friction angle () : 13 degrees 

Minimum liner interface adhesion (a) : 0 kPa 
Compacted Fill 

Cover Soil Density (CS) : 0 pcf 

Anchor Trench Soil Density (TR) : 132 pcf 

Anchor Trench Width (LAT) : 1.5 ft 

Anchor Trench Depth (dAT) : 1.40 ft 

Cover Soil Depth (dCS) : 0 ft 

Runout to Trench Length (LRO) : 1 ft ` 

Anchor Trench Backfill Friction Angle (TR) : 34.5 degrees 

Anchor Trench Bottom Resistance 
` 

Pr2 = (n2 tan + a)LAT 

n2 = CS dCS + TR dAT 

Compacted Backfill n2 = 184.4374253 psf 

Pr2 = 63.9 lbs/ft 

References: 

GSE Environmental (2012). GSE HD Textured Geomembrane Product Data Sheet. 

GSE Environmental (2013). GSE HyperNet Geonet 175-225 mil Product Data Sheet. 

Koerner, R., 2005. Designing with Geosynthetics. 5th Edition.  Pearson Prentice Hall, Upper Saddle River, NJ. 

Koerner, G.R., and Narejo, D. (2005). Direct Shear Database of Geosynthetic-to-Geosynthetic and Geosynthetic-to-Soil Interfaces, GRI Report #30. 

MWH (2013). Geotechnical Evaluation Report IX Water Treatment Facility, Midnite Mine, Rev.0. Prepared for Dawn Mining Company, LLC and Newmont USA Limited. 


Total Anchor Trench Pullout Resistance 

Tr = Pr3+Pr2+Pr1 

Tr = 540 lbs/ft 
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Anchor Trench Pullout Resistance Calculation 

OBJECTIVE:	 Estimate the anchor trench pull out resistance. 
Geonet - South Pond 

INPUT/ 
ASSUMPTIONS: 

Cover soil 
Tensile Strength at Yield: 

Allowable Tensile Strength: 

Slope
 
Slope Angle:
 

Tallowcos(B):
 

Minimum liner interface friction angle () : 

Minimum liner interface adhesion (a) : 

Cover Soil Density (CS) :
 

Anchor Trench Soil Density (TR) :
 

Anchor Trench Width (LAT) :
 

Anchor Trench Depth (dAT) :
 

Cover Soil Depth (dCS) :
 

Runout to Trench Length (LRO) :
 

Anchor Trench Backfill Friction Angle (TR) :
 

CALCULATION: 
Anchor Trench Runout Resistance 

Pr1 = (n1 tan + a)LRO + Tallowsin(β)tan(δ) 

n1 = CS dCS 

Cover Soil n1 = 0 psf 

Total Pr1 = 39.4 lbs/ft 

Anchor Trench Sidewall Resistance 

Pr3 = PP-PA 

nCS = n1 

nCS = 0 psf 

ka = tan2(45-/2) 

ka = 0.277 

PA= (0.5*γTR*dAT+nCS)*ka*dAT 

PA= 36.20 

kp = tan2(45+/2) 

kp = 3.61 

PP= (0.5*γTR*dAT+nCS)*kp*dAT 

PP= 472.43 

Pr3 = 436.2 lbs/ft 

Client: Newmont Mining USA 
Project: Midnite Mine 
Description: Remedial Action Liner Design for Storage Ponds 
Detail: Anchor Trench Pullout Resistance Calculation 

Job No.: 1011322 
Date: 11/22/2013 
Computed By: C. Kapatayes 
Checked By: C.Weber 

Assume no cover soil 
540 lbs/ft-width 
540 lbs/ft-width 

H V 
3.0 1 

18.4 
512 

13 degrees 

0 kPa 
Compacted Fill 

0 pcf 

132 pcf 

1.5 ft 

1.41 ft 

0 ft 
1 ft ` 

34.5 degrees 

Anchor Trench Bottom Resistance 
` 

Pr2 = (n2 tan + a)LAT 

n2 = CS dCS + TR dAT 

Compacted Backfill n2 = 185.8061207 psf 

Pr2 = 64.3 lbs/ft 

References: 

GSE Environmental (2012). GSE HD Textured Geomembrane Product Data Sheet. 

GSE Environmental (2013). GSE HyperNet Geonet 175-225 mil Product Data Sheet. 

Koerner, R., 2005. Designing with Geosynthetics. 5th Edition.  Pearson Prentice Hall, Upper Saddle River, NJ. 

Koerner, G.R., and Narejo, D. (2005). Direct Shear Database of Geosynthetic-to-Geosynthetic and Geosynthetic-to-Soil Interfaces, GRI Report #30. 

MWH (2013). Geotechnical Evaluation Report IX Water Treatment Facility, Midnite Mine, Rev.0. Prepared for Dawn Mining Company, LLC and Newmont USA Limited. 


Total Anchor Trench Pullout Resistance 

Tr = Pr3+Pr2+Pr1 

Tr = 540 lbs/ft 
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Liner System Wind Uplift Analysis 

  



 
ATTACHMENT E-6 

 
 

MIDNITE MINE REMEDIAL ACTION 
LINER SYSTEM WIND UPLIFT ANALYSIS 

 
 

Revisioning 
Rev. Date Description By Checked Date Reviewed 

0 25-Nov-13 60% Design Christine Weber John Worthen 05-Dec-13 Melanie Davis and  
Tom Kelley 

1 20-Jun-14 90% Design Melanie Davis Christine Weber 20-Jun-14 Tom Kelley 

2 15-May-15 100% Design Melanie Davis and 
Stephen Gooding 

Christine Weber 
and Melanie Davis 13-Jun-15 Tom Kelley 

 
Location and Format 

 
Electronic copies of these calculations are located in the project files system at: 
 
\\usftc2s01\Projects\Newmont\Midnite Mine_2011\6.0 Studies & Reports\6.2 Technical\ Storage 
Ponds\Wind Uplift 
 
The following calculations were generated using the following software:   
 
Microsoft Office Professional Plus 2010 (Microsoft Excel) 
 

 
Supplement 

 
Supplement E-6.1 – Wind Uplift Analysis Calculations 
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1.0 BACKGROUND 

A wind uplift analysis was performed for the geosynthetic liner system to be installed in the 
South Pond, West Pond, and Water Treatment Plant (WTP) Ponds (Raw Mine Water 
Equalization Pond and Pretreated Mine Water Equalization Pond).  Each pond will have a 
similar liner system installed. The proposed liner system in all ponds will consist of a lower 60 
mil HDPE (with a smooth lower surface and a textured upper surface) geomembrane overlain 
by a geonet overlain by an upper 60 mil HDPE (textured on both sides) geomembrane.  The 
liner system will be installed on a maximum 2.5H:1V (horizontal:vertical) slope for the West 
Pond and WTP Ponds, and on a maximum 3H:1V slope for the South Pond.   
 
The purpose of the wind uplift analysis was to estimate the uplift suction on the geosynthetic 
liner system and to estimate the internal tension and strain for the liner system due to thermal 
contraction, gravity, and wind uplift, assuming unballasted conditions.  Also, the wind uplift 
calculations were used to evaluate the ability of the anchor trenches to resist the forces 
generated due to uplift of the liner system. The wind uplift of the liner system was evaluated for 
conditions during construction and during operations. 
 

2.0 METHODS & ASSUMPTIONS 

Wind uplift calculations were performed using methodology developed by Giroud et al. (1995) 
and Zornberg and Giroud (1997).  The calculations were performed assuming the geosynthetic 
liner system acts as one material and is exposed to uplift forces due to wind.  These 
calculations consider the very limited volume of gas (air) that could exist between the two 
geomembrane layers in the liner system.  This limited gas volume will result in a reduction of air 
pressure (suction) between the two geomembrane layers if upward displacement (uplift) of the 
upper geomembrane occurs relative to the other geosynthetic layers in the liner system. As a 
result, the entire geosynthetic (upper geomembrane, internal drainage layer, and lower 
geomembrane) cover system is expected to act (mechanically) as one unit in the event of uplift 
forces.  As a result, the uplift of the geosynthetic liner system was analyzed assuming it would 
act as one unit, and separation of the upper geomembrane from the lower layers was not 
considered realistic.  Calculations were also performed to evaluate dimensions for proposed 
ballast.   
 
The wind uplift calculations were performed using the following equations:  
 

• To calculate the minimum (threshold) wind velocity required to uplift the geosynthetic 
liner system, Vup: 

𝑉𝑉𝑢𝑢𝑢𝑢 = 3.895𝑒𝑒�6.259𝑥𝑥10−5�𝑧𝑧�𝜇𝜇𝐺𝐺𝐺𝐺 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝜆𝜆⁄  
 

𝜇𝜇𝐺𝐺𝐺𝐺  = Mass per unit area of the geosynthetic liner system (kg/m2) 
λ  = Suction factor (dimensionless; assumed to be 0.7 for these calculations 

as the entire side slope is considered) 
z = Elevation above sea level (masl) (m) 
β = Slope angle 

 
The mass per unit area of the geosynthetic liner system was calculated as the sum of 
the mass per unit area of each of the three components of the liner system.  The mass 
per unit area of the geomembrane layers was calculated by multiplying the thickness of 
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the geomembranes by the density of the geomembrane material.  A typical mass per 
unit area value of 0.79 kg/m2 for 200 mil HyperNet geonet (GSE Environmental, personal 
communication, September 2, 2014) was used for the geonet component of the liner 
system.   
 
If the maximum wind velocity at the site (V) is greater than Vup, then uplift of the 
geosynthetic liner system will occur.  Calculations are required to estimate uplift and to 
estimate strain and tension in the geosynthetic liner system developed due to wind uplift. 
 

• To estimate the amount of strain and tension developed in the geosynthetic liner system 
due to temperature changes and gravity (initial condition prior to wind uplift): 
 

𝜀𝜀𝑡𝑡𝑡𝑡𝑡𝑡𝑢𝑢 = 𝛼𝛼ΔΓ 
 

𝜀𝜀𝑡𝑡𝑡𝑡𝑡𝑡𝑢𝑢   = Strain in geosynthetic liner system due to temperature change 
α = Coefficient of thermal expansion 
ΔΓ = Change in temperature (maximum daily temperature change estimated 

using difference of monthly average maximum daily temperature and 
monthly average minimum daily temperature) 

 
𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡𝑢𝑢 = 𝐽𝐽𝜀𝜀𝑡𝑡𝑡𝑡𝑡𝑡𝑢𝑢 

 
Ttemp = Tension in geosynthetic liner system due to temperature change 
J = Geosynthetic liner system tensile stiffness  
 

𝑇𝑇𝑔𝑔 = 𝜇𝜇𝐺𝐺𝐺𝐺 𝑔𝑔 𝐿𝐿 𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐 
 

Tg = Tension in geosynthetic liner system due to gravity 
g = Acceleration due to gravity (9.81 m/s2) 
L = Length of slope being considered 
All other variables as previously defined 
 

𝜀𝜀𝑔𝑔 = 𝑇𝑇𝑔𝑔 𝐽𝐽⁄  
 

𝜀𝜀𝑔𝑔 = Strain in geosynthetic liner system due to gravity 
  All other variables as previously defined 

 
𝜀𝜀0 = 𝜀𝜀𝑡𝑡𝑡𝑡𝑡𝑡𝑢𝑢 + 𝜀𝜀𝑔𝑔 

 
𝜀𝜀0 = Initial strain in geosynthetic liner system due to temperature changes 

and gravity 
All other variables as previously defined 
 

𝑇𝑇0 = 𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡𝑢𝑢 + 𝑇𝑇𝑔𝑔 
 

T0 = Initial tension in geosynthetic liner system due to temperature changes 
and gravity 

All other variables as previously defined 
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• Calculate effective suction force acting on the geosynthetic liner system (effective 
suction is the uplift suction pressure minus the downward forces due to the weight of the 
geosynthetic liner system): 

 
𝑆𝑆𝑡𝑡 = 0.6465𝜆𝜆𝑉𝑉2𝑒𝑒−�1.252𝑥𝑥10−4�𝑧𝑧 − 9.81𝜇𝜇𝐺𝐺𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 

 
Se = Effective suction (Pa) 
V = Maximum wind speed (m/s) 
All other variables as previously defined 
 

 
• Estimate strain and tension in geosynthetic liner system due to wind uplift.  The following 

equation was solved for 𝜀𝜀𝑤𝑤 using the Solver add-in for Excel® to iterate until the two 
terms in the equation were equal (difference was equal to zero): 
  

𝑆𝑆𝑡𝑡𝐿𝐿
2(𝑇𝑇0 + 𝐽𝐽𝜀𝜀𝑤𝑤) = 𝑐𝑐𝑠𝑠𝑠𝑠 �

𝑆𝑆𝑡𝑡𝐿𝐿
2(𝑇𝑇0 + 𝐽𝐽𝜀𝜀𝑤𝑤)

(1 + 𝜀𝜀𝑤𝑤)� 

 
𝜀𝜀𝑤𝑤 = Strain in geosynthetic liner system due to wind uplift 
All other variables as previously defined 
 

𝑇𝑇𝑤𝑤 = 𝐽𝐽𝜀𝜀𝑤𝑤 
 

Tw = Tension in geosynthetic liner system due to wind uplift 
All other variables as previously defined 
 

 
• Calculate total strain and tension developed in the geosynthetic liner system due to 

temperature changes, gravity and wind uplift 
 

𝜀𝜀𝑡𝑡 = 𝜀𝜀𝑤𝑤 + 𝜀𝜀0 
 

𝜀𝜀𝑡𝑡 = Total tension in the geosynthetic liner system due to wind uplift, 
temperature changes, and gravity 

All other variables as previously defined 
 

𝑇𝑇𝑡𝑡 = 𝑇𝑇𝑤𝑤 + 𝑇𝑇0 
 

Tt = Total tension in the geosynthetic liner system due to wind uplift, 
temperature changes, and gravity 

All other variables as previously defined 
 

• Calculate the uplift of the geosynthetic liner system (assuming no ballasting): 
 

𝑢𝑢
𝐿𝐿

=
𝑇𝑇𝑡𝑡
𝑆𝑆𝑡𝑡𝐿𝐿

− ��
𝑇𝑇𝑡𝑡
𝑆𝑆𝑡𝑡𝐿𝐿

�
2
−

1
4

 

 
u = Uplift of the geosynthetic liner system 
All other variables as previously defined 
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Multiply u/L term by the length of the slope (L) to calculate the amount of uplift (u) in the 
geosynthetic liner system 

 
• Calculate the angle of the uplifted geosynthetic liner system: 
 

𝜃𝜃 = 2𝑡𝑡𝑡𝑡𝑠𝑠−1 �
2𝑢𝑢
𝐿𝐿
� 

 
θ = Angle of the uplifted geosynthetic liner system 
All other variables as previously defined 

 
• Evaluate anchor trench design for wind uplift: 

 
𝑊𝑊𝑡𝑡𝑚𝑚𝑚𝑚,𝑢𝑢𝑢𝑢𝑢𝑢𝑚𝑚𝑢𝑢𝑡𝑡𝑚𝑚𝑚𝑚𝑔𝑔 = 𝑇𝑇𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠(𝜃𝜃𝑑𝑑 − 𝑐𝑐𝑑𝑑) + 𝑇𝑇𝑢𝑢𝑐𝑐𝑠𝑠𝑠𝑠(𝜃𝜃𝑢𝑢 − 𝑐𝑐𝑢𝑢) 

 
Wmin,uplifting = Minimum weight of anchor material per unit width (into the page) 

required to resist uplift forces acting on geosynthetic liner system 
Td = Tension in geosynthetic liner system on downslope side of anchor 
θd = Angle of uplifted geosynthetic liner system with slope on downslope side 

of anchor 
βd = Slope angle on downslope side of anchor 
Tu = Tension in geosynthetic liner system on upslope side of anchor 
θu = Angle of uplifted geosynthetic liner system with slope on upslope side of 

anchor 
βu = Slope angle on upslope side of anchor 

 
Since the anchor trench is at the crest of the slope, only the downslope direction is 
considered for this calculation (i.e. Tu = θu = βu = 0).   
 
As recommended in Giroud et al. (1999), a factor of safety of 1.5 was applied to the 
minimum weight of the anchor material: 
 

𝑊𝑊𝑢𝑢𝑓𝑓𝑓𝑓𝑡𝑡𝑓𝑓𝑓𝑓𝑡𝑡𝑑𝑑 = 𝑊𝑊𝑡𝑡𝑚𝑚𝑚𝑚,𝑢𝑢𝑢𝑢𝑢𝑢𝑚𝑚𝑢𝑢𝑡𝑡𝑚𝑚𝑚𝑚𝑔𝑔 ∗ 1.5 
 
The required cross-sectional area of the anchor trench was calculated as follows: 
 

𝐴𝐴𝑓𝑓𝑡𝑡𝑟𝑟 = 𝑊𝑊𝑢𝑢𝑓𝑓𝑓𝑓𝑡𝑡𝑓𝑓𝑓𝑓𝑡𝑡𝑑𝑑 𝛾𝛾⁄  
 

Areq = Required cross-sectional area of the anchor trench 
Wfactored = Minimum weight of anchor material with 1.5 factor of safety 
γ = Unit weight of anchor trench backfill material 

 
The required cross-sectional area of the anchor trench (Areq) was compared to the 
design cross-sectional area of the anchor trench (Adesign).  The design dimensions of the 
anchor trenches were obtained from the Midnite Mine Remedial Action – Liner System 
Anchor Trench Analysis Rev.2 prepared by MWH (2014). 

 
Ballast is recommended in the corners of the South and West Ponds to provide additional 
support and reduce the potential for uplift that might result in reversal of curvature of the 
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geosynthetic liner system in these areas.  The proposed ballast is 6-inch HDPE pipe filled with 
sand.  Calculations were performed to determine minimum thickness, as defined by the 
Standard Dimension Ratio (SDR), and thus the tensile strength of the ballast pipe needed to 
handle tensions forces imparted by the gravity loading of the pipe and sand fill.  The equation 
used to estimate the amount of tension developed in the pipe and sand ballast due to gravity 
conservatively neglects any frictional sliding resistance along the base of the pipe and is: 
 

𝑇𝑇𝑢𝑢𝑚𝑚𝑢𝑢𝑡𝑡 = 𝑊𝑊𝑢𝑢𝑚𝑚𝑢𝑢𝑡𝑡 𝐿𝐿 𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐/A𝑢𝑢𝑚𝑚𝑢𝑢𝑡𝑡 
 

Tpipe = Tension in HDPE pipe due to gravity 
Wpipe = weight of sand and HDPE per foot 
L = Length of slope being considered 
β = Slope angle 
Apipe = Area of pipe annulus  
 

3.0 ANALYSIS INPUTS 

3.1 WIND UPLIFT ANALYSIS 
Climate data used in the wind uplift analysis includes temperature and wind data. The data were 
obtained from the Western Regional Climate Center (WRCC; http://www.wrcc.dri.edu/cgi-
bin/rawMAIN.pl?waWMID and http://www.raws.dri.edu/cgi-bin/rawMAIN.pl?waWWLP) for the 
Midnite Mine and Wellpinit climate stations, respectively.  Wind data was obtained from the 
nearby Wellpinit climate station due to erroneous wind data available for the Midnite Mine 
climate station. The data used in the calculations are summarized in Table 1.  The temperature 
data obtained for the Midnite Mine climate station is in degrees Fahrenheit.  However, as the 
calculations require temperature input in degrees Celsius, the temperatures were converted to 
degrees Celsius prior to calculating maximum temperature change.  The maximum daily 
temperature change was estimated using the difference of the monthly average maximum daily 
temperature and the monthly average minimum daily temperature for the period of record (April 
1991 – May 2014).  The month in which the maximum temperature change occurred was July 
2012.  The maximum wind speed used for the analysis is 39 mph, which represents the 90th 
percentile of the maximum monthly wind gust at the Wellpinit climate station for the period of 
record (June 2002 – May 2014).  For the purposes of this analysis, these two occurrences were 
assumed to occur simultaneously. 
 

Table 1.  Climate Data Inputs 

Pond Value 
Maximum Temperature Change 14.6 °C 
Maximum Wind Speed 39 mph 

 
Slope geometries used in the wind uplift calculations for each pond are presented in Table 2. 
The slope lengths were estimated for construction (no water) and operation (dead storage) 
conditions.  Dead storage conditions were estimated using the minimum operating water levels 
for each pond. 
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Table 2.  Slope Geometry for Wind Uplift Calculations 

 
Parameters for the liner system components were estimated from manufacturer’s product data 
sheets from GSE Environmental (2012, 2013) and from GSE Environmental personnel (GSE 
Environmental, personal communications, September 2, 2014 and September 10, 2014) and 
are presented in Table 3.  The coefficient of thermal expansion for HDPE was obtained from 
Koerner (2005).  The coefficient of thermal expansion reported in Koerner (2005) range from 
11x10-5/°C to 13x10-5/°C.  An average value of 12x10-5/°C was used in these calculations.  The 
geomembrane tensile stiffness was estimated using Figure 12 in Giroud et al. (1995) – tension-
strain curve for a 1.5 mm HDPE geomembrane.  The tensile stiffness was calculated as the 
slope of the elastic portion of the tension-strain curve for a 60 mil HDPE geomembrane.  In 
Figure 12 of Giroud et al. (1995), a tension of 15 N/mm corresponds to a strain of 2.8 percent, 
resulting in a tensile stiffness (J) of 536 N/mm (or 536 kN/m).  The geonet tensile stiffness was 
estimated using a typical tension-strain curve (transverse direction) from GSE Environmental for 
a GSE HyperNet 200 mil geonet.  The tensile stiffness was calculated as the slope of the elastic 
portion of the tension-strain.  From the typical curve, a tension of 2 kN/m corresponds to a strain 
of 3.5 percent, resulting in a tensile stiffness of 57 kN/m.   

 
Table 3.  Geosynthetic Liner System Properties 

Properties 60 mil HDPE 
Geomembrane 

200 mil 
Geonet 

Thickness 60 mil 
1.5 mm 

200 mil 
5.1 mm 

Density 0.94 g/cm3 0.94 g/cm3 

Strain at Yield (%) 12 NA 

Tensile Strength at 12% 
Strain 

126 lb/in 
22.1 kN/m 

6 lb/in 
1.1 kN/m 

Coefficient of Thermal 
Expansion 12x10-5/°C 12x10-5/°C 

Tensile Stiffness 536 kN/m 57 kN/m 

 
 
The unit weight of the anchor trench backfill material used in these calculations was 132 pcf.  
Backfill soil properties were obtained from the Geotechnical Evaluation Report IX Water 
Treatment Facility, Midnite Mine, Rev. 0 prepared by MWH (2013).  
 

Pond Elevation  
(ft masl) Slope Slope Angle, β 

(deg) Slope Length, L 

South Pond 2,683 3H:1V 18.4 206 ft – During Construction 
155 ft – During Operation 

West Pond 2,660 2.5H:1V 21.8 148 ft – During Construction 
121 ft – During Operation 

WTP Ponds 2,584 2.5H:1V 21.8 46 ft – During Construction 
40 ft – During Operation 
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3.2 LINER BALLAST CALCULATIONS 
Ballast is proposed for each corner in the South and West Ponds.   For the purposes of these 
calculations, the South Pond corners were designated as North 1, North 2, East, South, and 
West. The North 1 corner is located to the west of the North 2 corner.   For the West Pond, the 
corners were designated as North, East, and West.  Slope dimensions used for the evaluation 
of the liner ballast for each pond are presented in Table 4.  
 

Table 4.  Slope Geometry for Liner Ballast Calculations 

Pond 
Corner 

Designation 
Slope 
Angle β (degrees) Length (ft) 

South Pond 

North 1 3.8H:1V 14.7 195 
North 2 4.5H:1V 12.5 230 

East 4.2H:1V 13.4 215 
South 3.9H:1V 14.4 199 
West 4.9H:1V 11.5 253 

West Pond 
North 5.9H:1V 9.6 249 
East 4.4H:1V 12.8 187 
West 6.1H:1V 9.3 252 

     
The properties used for the 6-inch HDPE pipe are from Polypipe (2005) and are listed in 
Table 5.   
 

Table 5.  6-inch HDPE Pipe Properties  

Properties 6-inch HDPE 
Pipe 

SDR 17 
Outer Diameter 6.625 in 

Inner Diameter 5.8 in 
Weight of HDPE pipe  3.338 lb/ft 

Tensile Strength at Yield  3500 psi  
 
The minimum allowable cold (field) bending radius for a 6-inch HDPE pipe with an SDR of 17 is 
27 times the pipe outer diameter (Chevron Phillips, 2012) corresponding to 15 feet.  The 
minimum design bending radius for the ballast pipes is greater than 20 feet. Thus the ballast 
pipes will have the ability to conform to the as-designed pond surfaces without special field 
fabrication or heat bending of pipes. 
 

4.0 RESULTS 

Calculations to evaluate the wind uplift, to estimate the tension and strain developed in the 
geosynthetic liner system due to wind uplift, and to verify the ability of the anchor trench design 
to resist wind uplift were performed using the equations presented in Section 2.0. The results of 
the analysis for each pond are summarized in Table 6. The maximum strain and tension values 
listed in Table 4 include the amount of strain and tension developed in the geosynthetic liner 
system due to temperature changes and gravity prior to wind uplift, as well as the strain and 
tension developed due to wind uplift.  Detailed calculations are provided in Supplement E-6.1.  
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As discussed previously, these calculations are considered conservative, as the suction that 
could be developed on the bottom surface of the lower geomembrane during uplift is ignored.  
 
Although the geomembrane liner system and anchor system as designed will resist wind uplift 
forces, it is recommended that ballast be provided at the corners of the South and West Ponds 
to provide additional support in these areas.  The proposed ballast is 6-inch diameter HDPE 
pipe filled with sand from the crest to the elevation for dead storage. The recommended 
maximum SDR is 17.  Calculations to confirm that the recommended SDR is sufficient to handle 
the tension forces on the pipe due to gravity loading are provided in Supplement E-6.1 and the 
results of summarized in Table 7.  For all corners in the South and West Ponds, the maximum 
tension calculated for the HDPE geomembrane pipe is less than the allowable tension.  
Calculations for calculating the allowable cold bending radius for the ballast pipes are provided 
in Supplement E-6.1.  The calculations indicated that the specified HDPE ballast pipe are 
sufficiently flexible to conform to the design pond slopes without needing to resort to special 
fabrication or heat bending of the pipes.  Calculations to evaluate whether the support required 
for the ballast pipes are provided in Supplement E-6.1. 
 

Table 6.  Results for Wind Uplift Analysis 

 
Table 7.  Results for Evaluation of Liner Ballast 

Pond 
Corner 

Designation 
Slope 
Angle Length (ft) 

Maximum 
Tension 

(psi) 

Allowable 
Tension, (50% 
yield tension) 

(psi) 

South Pond 

North 1 3.8H:1V 195 305 

1750 
North 2 4.5H:1V 230 306 

East 4.2H:1V 215 306 
South 3.9H:1V 199 303 
West 4.9H:1V 253 311 

West Pond 
North 5.9H:1V 249 255 

1750 East 4.4H:1V 187 254 
West 6.1H:1V 252 250 

  

 

West Pond WTP Ponds South Pond 

Construction Operation Construction Operation Construction Operation 

Maximum Strain 0.9% 0.8% 0.5% 0.4% 1.1% 0.9% 
Allowable Strain 6% 6% 6% 6% 6% 6% 
Maximum 
Tension 10.3 kN/m 9.0 kN/m 5.1 kN/m 4.7 kN/m 12.5 kN/m 10.5 kN/m 

Allowable 
Tensile Strength  45 kN/m 45 kN/m 45 kN/m 45 kN/m 45 kN/m 45 kN/m 

Uplift Height 7.5 ft 5.7 ft 1.4 ft 1.2 ft 11.8 ft 8.0 ft 
Anchor Trench 
Design OK OK OK OK OK OK 
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5.0 CONCLUSIONS & RECOMMENDATIONS 

The tension and strain developed in the geosynthetic liner system due to wind uplift for the 
maximum wind speed do not exceed the allowable tensile strength and strain values of the 
components of the geomembrane liner system. The support provided by the anchor trench 
design presented in MWH (2014) is more than adequate to resist uplift forces generated by the 
design wind speed at the site.  Although not accounted for in these analyses, atmospheric vents 
are recommended along the geomembrane at the top of the slopes to reduce pressures that 
may develop due to heating of gasses (air) trapped in the leak detection system between the 
two HDPE geomembranes.  As noted in Giroud et al. (1995), there is not a method available to 
design such vents; however, a typical spacing that has been used is 15 meters.  A minimum 
spacing of 15 meters (approximately 50 feet) is recommended for the vents.  Ballast at the 
corners of the West and South Ponds is also recommended to reduce the potential of reversal 
of curvature in the geosynthetic liner system if uplift does occur, and is proposed to be 6-inch 
SDR 17 HDPE pipe filled with sand.   
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Client: Newmont Mining USA Job No.: 1011322
Project: Midnite Mine Date:
Description: Remedial Action Liner Design for Storage Ponds Computed By: C.Weber(rev. 0)/M.Davis(rev. 1&2)
Detail: Wind Uplift Calculation Checked By: J.Worthen(rev. 0)/C.Weber(rev. 1&2)

WEST POND - DURING CONSTRUCTION

Purpose:

Method:

Assumptions:

1

2

3

4

Objectives:

1

2

3

Notes:

1

Summary of Results:

West Pond (2.5H:1V Side Slopes) - During Construction

1

Max Strain: 0.9 % Allowable Strain (FoS = 2): 6.0 %

Max Tension: 10.3 kN/m Allowable Tensile Strength: 45.2 kN/m

2 The uplift height assuming no ballasting: 2.3 m

7.5 ft

3 Anchor Trench Design: Area of Anchor Trench, Adesign > Areq

Estimate the uplift suction on the geosynthetic liner system at Midnite Mine.  Also, estimate the internal tension and strain for the 

liner system due to thermal contraction, gravity, and wind uplift, assuming unballasted conditions.  Evaluate the anchor trenches 

for wind uplift.

The tension/strain calculations analyze a section of a uniformly oriented liner system and the effects of the liner system movement 

(i.e. changes in geometry due to uplift) are not considered. As such, it is assumed that the liner system is fully anchored at the 

bottom and top of the slope.

The liner system placed on the side slopes will not exceed the yield strain due to the combined worst-case effects of thermal 

change, gravity, and wind uplift (assuming it is fully anchored at its top and bottom).

The Zornberg and Giroud (1997) equations account for the slope on the which the liner system is installed. West Pond (2.5H:1V 

Side Slopes), WTP Pond (2.5H:1V Side Slopes) and South Pond (3H:1V Side Slopes) are evaluated.

Estimate the suction uplift pressure for West Pond (2.5H:1V Side Slopes), WTP Ponds (2.5H:1V Side Slopes) and South Pond 

(3H:1V Side Slopes)
Calculate the tension and strain for West Pond (2.5H:1V Side Slopes), WTP Pond (2.5H:1V Side Slopes) and South Pond (3H:1V 

Side Slopes)

Evaluate anchor trench design for wind uplift

10/24/2014

The geosynthetic liner system consists of a lower 60 mil HDPE geomembrane (with a smooth lower and a textured upper surface) 

overlain by a 200 mil geonet overlain by an upper 60 HPE geomembrane (textured on both sides).  The liner system is assumed to 

act as one material.

Giroud, J.P., Pelte, T., and Bathurst, R.J., 1995, "Uplift of Geomembranes by Wind", Geosynthetics International , Vol. 2, No. 8, pp. 

897 - 951.

Zornberg, J.G. and Giroud, J.P., 1997, "Uplift of Geomembranes by Wind - Extension of Equations", Geosynthetics International , 

Vol. 4, No. 2, pp. 187 - 207.

The maximum allowable liner strain is the yield strain (with a factor of safety of 2 applied)

The soil is significantly permeable so that a negative pressure is not developed under the liner due to uplift

Giroud, J.P., Gleason, M.H., and Zornberg, J.G., 1999, "Design of Geomembrane Anchorage Against Wind Action", Geosynthetics 

International , Vol. 6, No. 6, pp. 481-507.
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Calculate uplift and tension and strain of liner system for West Pond (2.5H:1V Side Slopes)

Limiting Assumptions:

Maximum allowable strain is yield strain - due to excessive deflections and resulting membrane thinning

Use a factor of safety of 2 for strain

Side Slope Characteristics:

Slope Angle

ββββ = 21.8 degrees

West Pond - Maximum Unsupported Length:

L = 148 ft

= 45.1 m

Elevation above mean sea level, z 2660 ft

811 m

Temperature and Wind Speed Data:

The maximum daily temperature change is:

From July 2012

∆Temp = 14.6 °C Data obtained from:   http://www.wrcc.dri.edu/cgi-bin/rawMAIN.pl?waWMID

- Data is in °F, converted to °C prior to calculating max temperature change

The maximum wind speed is:

V = 39 mph Data obtained from:   http://www.raws.dri.edu/cgi-bin/rawMAIN.pl?waWWLP
17.4 m/s

Geosynthetic Liner System Properties/Behavior

Assumptions:

Maximum allowable strain is yield strain - due to excessive deflections and resulting membrane thinning

Use a factor of safety of 2

Geomembrane Density: 0.94 g/cm
3

GeomembraneThickness: 120 mil

= 3.0 mm

= 0.30 cm

Mass per Unit Area (µgm):

Geomembranes 0.29 g/cm
2

Geonet 0.162 lb/sf

791 g/m
2

0.0791 g/cm
2

Total Mass per Unit Area (µgm):

0.37 g/cm
2

Sum of mass per unit areas for the three components of the liner system

= 3.66 kg/m
2

Coefficient of Thermal Expansion

α = 0.00012  C^-1 Average value reported for HDPE in Koerner (2005)

Tensile strength:
Upper geomembrane 126 lb/in

Geonet 6 lb/in

Lower geomembrane 126 lb/in

Total strength at yield of: 258 lb/in Sum of strengths for the three liner system materials. 

45.2 kN/m

Strain at yield: 12 % Elongation at yield for geomembrane

For a Factor of Safety of 2, maximum strain = 6 %

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet

Sum of thicknesses for the two geomembrane layers.

Typical value from GSE for GSE 200 mil HyperNet geonet.  For comparison, Koerner 

(2005) lists a typical range of 800 to 1600 g/m
2
 for 5-mm thick , solid-rib extgruded 

biplanar geonet (Koerner, 2005)

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet
Estimated from typical test results provided by GSE for 200 mil HyperNet geonet tested in 

the transverse direction. Value selected at 12% strain.

- Maximum daily temperature change estimated using difference of monthly average maximum daily 

temperature and monthly average minimum daily temperature

Calculated as the product of the thickness of the geomembrane layers and the 

geomembrane material density.

- Maximum wind speed is 90th percentile of maximum monthly wind gust at the Wellpinit climate 

station for the period of record of 2002-2014
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Looking at the linear (elastic) portion of the curve:

Tension (elastic) = 15.0 kN/m

Strain (elastic) = 2.8 % = 0.028

So, J = Rise/Run = = 536 kN/m

Use typical tension-strain curve (transverse direction) from GSE Environmental to estimate J for a GSE HyperNet 200 mil geonet:

Looking at the linear (elastic) portion of the curve:

Tension (elastic) = 2.0 kN/m

Strain (elastic) = 3.5 % = 0.035

So, J = Rise/Run = = 57 kN/m

Total J= 1129 kN/m

From Zornberg & Giroud (1997):

Vup = Uplift wind velocity (threshold velocity required to uplift liner system)

µgm = 3.66 kg/m
2

λ = 0.7

z = 811 m (Elevation above sea level)

β = 21.8 degrees

Vup = 9.02 m/s

20.2 mph

V > Vup Maximum Wind Velocity at the site exceeds the threshold wind velocity required for uplift

Pg 905 of Giroud et al. (1995): Assume the critical leeward slope experiences suction over the 

entire length (λ = 0.7)

Calculate threshold uplift wind velocity

Calculated as sum of tensile stiffness for the three liner system materials.

Using Figure 12 in Giroud et al. (1995) - Tension-strain curve for 1.5 mm (60 mil) HDPE geomembrane, estimate J - the geomembrane 

tensile stiffness:
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Strain due to themal change:

Assume worst case scenario - maximum temperature change

εtemp = Coefficient of Thermal Expansion * Change in Temperature

εtemp = = 0.0018

= 0.18 %

Tension due to themal change:

Ttemp = J*εtemp Equation 5 in Zornberg & Giroud (1997)

= 1.98 kN/m

Maximum Uplift Strain will result from the initial state of a wrinked liner (positive strain) - Giroud pg 942

Tension due to gravity:

Tg = =µgm*g*L*sinβ Equation 6 in Zornberg & Giroud (1997)

µgm = 3.66 kg/m
2

g = 9.81 m/s
2

L = 45.1 m

β = 21.8

Tg = 601 N/m

0.60 kN/m

Strain due to gravity:

εg = Tension due to gravity / Stiffness

εg = Tg/J Equation 7 in Zornberg & Giroud (1997)

= 0.0005

= 0.05 %

Total Initial Strain and Tension due to thermal change and gravity (prior to wind uplift):

ε0 = strain due to gravity + strain due to thermal change

ε0 = εg + εtemp Equation 2 in Zornberg & Giroud (1997)

εεεε0 = 0.0023

εεεε0 = 0.23 %

T0 = Tension due to thermal change + tension due to gravity

T0 = Ttemp + Tg Equation 3 in Zornberg & Giroud (1997)

T0 = 2.58 kN/m

Estimate Tension and Strain due to Thermal Effects and Gravity in the West Pond Side Slopes
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Using Equation A-40 - in Appendix A-3 of Zornberg & Giroud (1997)

Where:

λ = 0.7

V = 17.4 m/s

z = 811 m (Elevation above sea level)

µgm = 3.66 kg/m
2

β = 21.8

Se = 91.0 Pa

1 Pa = 1 N/m
2

Se = 91.0 N/m
2

Se*L = 4103 N/m (per unit length running perpendicular to the perimeter of the pond)

Se*L = 4.10 kN/m

Estimate Strain Due to Wind:

Using iterations, the following equation can be solved for εw (Sin in radians):

Using Solver to iterate εw until the two terms in Equation A-57a are equal (Difference is equal to zero):

εεεεw = 0.0068

==== 0.68 %

0.2001 0.2001

Difference 0.0000

Tension Due to Wind:

Tw = J*εw Equation 8 in Zornberg & Giroud (1997)

= 7.67 kN/m

Estimate Tension and Strain due to wind uplift for the West Pond geosynthetic liner system

The effective suction is the uplift suction pressure minus the downward force due to the weight of the 

liner

Pg 905 of Giroud et al. (1995): Assume the critical leeward slope experiences suction over the 

entire length (λ = 0.7)

Calculate the Effective Suction Force upon the geosynthetic liner system placed on the West Pond Side Slopes
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Sum of the total strain due to wind, gravity, and thermal changes:

εt = εw + ε0 Equation 9 in Zornberg & Giroud (1997)

= 0.009

εεεεt = 0.91 %

Sum of the total tension due to wind, gravity, and thermal changes:

Tt = T0 + Tw Equation 10 in Zornberg & Giroud (1997)

Tt = 10.25 kN/m

The total strain is less than the allowable strain (with a FS of 2) of 6 %

The total tension is less than the allowable tensile strength of 45.2 kN/m

From Giroud et al. (1995):

where:

u - Uplift

L - Slope length

T - Total tension

SeL - Effective Suction

T = Tt = 10.25 kN/m

L = 45.1 m

SeL = 4.10 kN/m

u/L = 0.051

u = 2.28 m 7.48 ft

Estimate the total strain and tension due to wind, gravity, and thermal changes in geosynthetic liner system on the West Pond Side 

Slopes

Estimate the uplift of the geosynthetic liner system on the West Pond Side Slopes (assuming no ballasting)

This assumes that the liner will have a uniform uplift shape with the uplift perpendicular 

to the slope at its maximum height
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Anchor Failure by Uplifting

where:

Wmin = minimum required weight of anchor material per unit width

Td Geosynthetic liner system tension on downslope side of anchor

θd Angle of uplifted geosynthetic liner system with slope on downslope side of anchor

βd Slope angle on downslope side of anchor

Tu Geosynthetic liner system tension on upslope side of anchor

θu Angle of uplifted geosynthetic liner system with slope on upslope side of anchor

βu Slope angle on upslope side of anchor

Since the anchor trench is at the crest of the slope, only the downslope direction is considered for this calculation.

Tu = θu = βu = 0

Geosynthetic liner system tension on downslope side of anchor is equal to the total tension due to uplift

Td = Tt = 10.25 kN/m

βd = β = 21.8 degrees

To estimate the angle of uplifted geosynthetic liner system:

Equation 55 from Giroud et al. (1995)

u = 2.28 m

L = 45.1 m

θ = θd = 0.20 radians

11.5 degrees

Wmin, uplifting = 0.00 kN/m

Applying a factor of safety of 1.5 to the Wmin value is suggested by Giroud et al. (1999)

Wfactored 0.0 kN/m

Required cross-sectional area of the anchor trench

Areq = Wfactored / γ Equation 19 from Giroud et al. (1999)

γ = Unit weight of anchor trench soil

γ = 132 pcf

20.8 kN/m
3

Areq 0.00 m
2

Areq 0.00 ft
2 0.0 ft square anchor trench

Compare to Anchor Trench Design:

Anchor Trench Width 1.5 ft

Anchor Trench Depth 3 ft

Anchor Trench Area, ADesign 4.5 ft
2

Adesign > Areq

The anchor trenches were evaluated using Equation 9 (uplifting) from Giroud et al. (1999).  This assumes that the anchor trench was designed to 

provide sufficient passive pressure against lateral sliding.

Evaluate the anchor trench design with respect to wind uplift for the West Pond Side Slopes
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Client: Newmont Mining USA Job No.: 1011322
Project: Midnite Mine Date:
Description: Remedial Action Liner Design for Storage Ponds Computed By: C.Weber(rev. 0)/M.Davis(rev. 1&2)
Detail: Wind Uplift Calculation Checked By: J.Worthen(rev. 0)/C.Weber(rev. 1&2)

WEST POND - DURING OPERATION

Purpose:

Method:

Assumptions:

1

2

3

4

Objectives:

1

2

3

Notes:

1

Summary of Results:

West Pond (2.5H:1V Side Slopes) - During Operation

1

Max Strain: 0.8 % Allowable Strain (FoS = 2): 6.0 %

Max Tension: 9.0 kN/m Allowable Tensile Strength: 45.2 kN/m

2 The uplift height assuming no ballasting: 1.7 m

5.7 ft

3 Anchor Trench Design: Area of Anchor Trench, Adesign > Areq

The liner system placed on the side slopes will not exceed the yield strain due to the combined worst-case effects of thermal 

change, gravity, and wind uplift (assuming it is fully anchored at its top and bottom).

10/24/2014

The geosynthetic liner system consists of a lower 60 mil HDPE geomembrane (with a smooth lower and a textured upper surface) 

overlain by a 200 mil geonet overlain by an upper 60 HPE geomembrane (textured on both sides).  The liner system is assumed to 

act as one material.

The Zornberg and Giroud (1997) equations account for the slope on the which the liner system is installed. West Pond (2.5H:1V 

Side Slopes), WTP Pond (2.5H:1V Side Slopes) and South Pond (3H:1V Side Slopes) are evaluated.

Estimate the uplift suction on the geosynthetic liner system at Midnite Mine.  Also, estimate the internal tension and strain for the 

liner system due to thermal contraction, gravity, and wind uplift, assuming unballasted conditions.  Evaluate the anchor trenches 

for wind uplift.

Giroud, J.P., Pelte, T., and Bathurst, R.J., 1995, "Uplift of Geomembranes by Wind", Geosynthetics International , Vol. 2, No. 8, pp. 

897 - 951.

Zornberg, J.G. and Giroud, J.P., 1997, "Uplift of Geomembranes by Wind - Extension of Equations", Geosynthetics International , 

Vol. 4, No. 2, pp. 187 - 207.

Giroud, J.P., Gleason, M.H., and Zornberg, J.G., 1999, "Design of Geomembrane Anchorage Against Wind Action", Geosynthetics 

International , Vol. 6, No. 6, pp. 481-507.

The maximum allowable liner strain is the yield strain (with a factor of safety of 2 applied)

The soil is significantly permeable so that a negative pressure is not developed under the liner due to uplift

The tension/strain calculations analyze a section of a uniformly oriented liner system and the effects of the liner system movement 

(i.e. changes in geometry due to uplift) are not considered. As such, it is assumed that the liner system is fully anchored at the 

bottom and top of the slope.

Estimate the suction uplift pressure for West Pond (2.5H:1V Side Slopes), WTP Ponds (2.5H:1V Side Slopes) and South Pond 

(3H:1V Side Slopes)
Calculate the tension and strain for West Pond (2.5H:1V Side Slopes), WTP Pond (2.5H:1V Side Slopes) and South Pond (3H:1V 

Side Slopes)

Evaluate anchor trench design for wind uplift
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Calculate uplift and tension and strain of liner system for West Pond (2.5H:1V Side Slopes)

Limiting Assumptions:

Maximum allowable strain is yield strain - due to excessive deflections and resulting membrane thinning

Use a factor of safety of 2 for strain

Side Slope Characteristics:

Slope Angle

ββββ = 21.8 degrees

West Pond - Maximum Unsupported Length:

L = 121 ft *Considers dead storage volume in pond

= 36.9 m

Elevation above mean sea level, z 2660 ft

811 m

Temperature and Wind Speed Data:

The maximum daily temperature change is:

From July 2012

∆Temp = 14.6 °C Data obtained from:   http://www.wrcc.dri.edu/cgi-bin/rawMAIN.pl?waWMID

- Data is in °F, converted to °C prior to calculating max temperature change

The maximum wind speed is:

V = 39 mph Data obtained from:   http://www.raws.dri.edu/cgi-bin/rawMAIN.pl?waWWLP
17.4 m/s

Geosynthetic Liner System Properties/Behavior

Assumptions:

Maximum allowable strain is yield strain - due to excessive deflections and resulting membrane thinning

Use a factor of safety of 2

Geomembrane Density: 0.94 g/cm
3

GeomembraneThickness: 120 mil

= 3.0 mm

= 0.30 cm

Mass per Unit Area (µgm):

Geomembranes 0.29 g/cm
2

Geonet 0.162 lb/sf

791 g/m
2

0.0791 g/cm
2

Total Mass per Unit Area (µgm):

0.37 g/cm
2

Sum of mass per unit areas for the three components of the liner system

= 3.66 kg/m
2

Coefficient of Thermal Expansion

α = 0.00012  C^-1 Average value reported for HDPE in Koerner (2005)

Tensile strength:
Upper geomembrane 126 lb/in

Geonet 6 lb/in

Lower geomembrane 126 lb/in

Total strength at yield of: 258 lb/in Sum of strengths for the three liner system materials. 

45.2 kN/m

Strain at yield: 12 % Elongation at yield for geomembrane

For a Factor of Safety of 2, maximum strain = 6 %

Sum of thicknesses for the two geomembrane layers.

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet

Calculated as the product of the thickness of the geomembrane layers and the 

geomembrane material density.

- Maximum daily temperature change estimated using difference of monthly average maximum daily 

temperature and monthly average minimum daily temperature

- Maximum wind speed is 90th percentile of maximum monthly wind gust at the Wellpinit climate 

station for the period of record of 2002-2014

Typical value from GSE for GSE 200 mil HyperNet geonet.  For comparison, Koerner 

(2005) lists a typical range of 800 to 1600 g/m
2
 for 5-mm thick , solid-rib extgruded 

biplanar geonet (Koerner, 2005)

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet
Estimated from typical test results provided by GSE for 200 mil HyperNet geonet tested in 

the transverse direction. Value selected at 12% strain.

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet

West - Operation Page 9 of 46



Looking at the linear (elastic) portion of the curve:

Tension (elastic) = 15.0 kN/m

Strain (elastic) = 2.8 % = 0.028

So, J = Rise/Run = = 536 kN/m

Use typical tension-strain curve (transverse direction) from GSE Environmental to estimate J for a GSE HyperNet 200 mil geonet:

Looking at the linear (elastic) portion of the curve:

Tension (elastic) = 2.0 kN/m

Strain (elastic) = 3.5 % = 0.035

So, J = Rise/Run = = 57 kN/m

Total J= 1129 kN/m

From Zornberg & Giroud (1997):

Vup = Uplift wind velocity (threshold velocity required to uplift liner system)

µgm = 3.66 kg/m
2

λ = 0.7

z = 811 m (Elevation above sea level)

β = 21.8 degrees

Vup = 9.02 m/s

20.2 mph

V > Vup Maximum Wind Velocity at the site exceeds the threshold wind velocity required for uplift

Calculate threshold uplift wind velocity

Pg 905 of Giroud et al. (1995): Assume the critical leeward slope experiences suction over the 

entire length (λ = 0.7)

Calculated as sum of tensile stiffness for the three liner system materials.

Using Figure 12 in Giroud et al. (1995) - Tension-strain curve for 1.5 mm (60 mil) HDPE geomembrane, estimate J - the geomembrane 

tensile stiffness:
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Strain due to themal change:

Assume worst case scenario - maximum temperature change

εtemp = Coefficient of Thermal Expansion * Change in Temperature

εtemp = = 0.0018

= 0.18 %

Tension due to themal change:

Ttemp = J*εtemp Equation 5 in Zornberg & Giroud (1997)

= 1.98 kN/m

Maximum Uplift Strain will result from the initial state of a wrinked liner (positive strain) - Giroud pg 942

Tension due to gravity:

Tg = =µgm*g*L*sinβ Equation 6 in Zornberg & Giroud (1997)

µgm = 3.66 kg/m
2

g = 9.81 m/s
2

L = 36.9 m

β = 21.8

Tg = 491 N/m

0.49 kN/m

Strain due to gravity:

εg = Tension due to gravity / Stiffness

εg = Tg/J Equation 7 in Zornberg & Giroud (1997)

= 0.0004

= 0.04 %

Total Initial Strain and Tension due to thermal change and gravity (prior to wind uplift):

ε0 = strain due to gravity + strain due to thermal change

ε0 = εg + εtemp Equation 2 in Zornberg & Giroud (1997)

εεεε0 = 0.0022

εεεε0 = 0.22 %

T0 = Tension due to thermal change + tension due to gravity

T0 = Ttemp + Tg Equation 3 in Zornberg & Giroud (1997)

T0 = 2.47 kN/m

Estimate Tension and Strain due to Thermal Effects and Gravity in the West Pond Side Slopes

West - Operation Page 11 of 46



Using Equation A-40 - in Appendix A-3 of Zornberg & Giroud (1997)

Where:

λ = 0.7

V = 17.4 m/s

z = 811 m (Elevation above sea level)

µgm = 3.66 kg/m
2

β = 21.8

Se = 91.0 Pa

1 Pa = 1 N/m
2

Se = 91.0 N/m
2

Se*L = 3355 N/m (per unit length running perpendicular to the perimeter of the pond)

Se*L = 3.35 kN/m

Estimate Strain Due to Wind:

Using iterations, the following equation can be solved for εw (Sin in radians):

Using Solver to iterate εw until the two terms in Equation A-57a are equal (Difference is equal to zero):

εεεεw = 0.0058

==== 0.58 %

0.1855 0.1855

Difference 0.0000

Tension Due to Wind:

Tw = J*εw Equation 8 in Zornberg & Giroud (1997)

= 6.57 kN/m

Calculate the Effective Suction Force upon the geosynthetic liner system placed on the West Pond Side Slopes

The effective suction is the uplift suction pressure minus the downward force due to the weight of the 

liner

Pg 905 of Giroud et al. (1995): Assume the critical leeward slope experiences suction over the 

entire length (λ = 0.7)

Estimate Tension and Strain due to wind uplift for the West Pond geosynthetic liner system
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Sum of the total strain due to wind, gravity, and thermal changes:

εt = εw + ε0 Equation 9 in Zornberg & Giroud (1997)

= 0.008

εεεεt = 0.80 %

Sum of the total tension due to wind, gravity, and thermal changes:

Tt = T0 + Tw Equation 10 in Zornberg & Giroud (1997)

Tt = 9.04 kN/m

The total strain is less than the allowable strain (with a FS of 2) of 6 %

The total tension is less than the allowable tensile strength of 45.2 kN/m

From Giroud et al. (1995):

where:

u - Uplift

L - Slope length

T - Total tension

SeL - Effective Suction

T = Tt = 9.04 kN/m

L = 36.9 m

SeL = 3.35 kN/m

u/L = 0.047

u = 1.72 m 5.66 ft

Estimate the total strain and tension due to wind, gravity, and thermal changes in geosynthetic liner system on the West Pond Side 

Slopes

Estimate the uplift of the geosynthetic liner system on the West Pond Side Slopes (assuming no ballasting)

This assumes that the liner will have a uniform uplift shape with the uplift perpendicular 

to the slope at its maximum height
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Anchor Failure by Uplifting

where:

Wmin = minimum required weight of anchor material per unit width

Td Geosynthetic liner system tension on downslope side of anchor

θd Angle of uplifted geosynthetic liner system with slope on downslope side of anchor

βd Slope angle on downslope side of anchor

Tu Geosynthetic liner system tension on upslope side of anchor

θu Angle of uplifted geosynthetic system with slope on upslope side of anchor

βu Slope angle on upslope side of anchor

Since the anchor trench is at the crest of the slope, only the downslope direction is considered for this calculation.

Tu = θu = βu = 0

Geosynthetic liner system tension on downslope side of anchor is equal to the total tension due to uplift

Td = Tt = 9.04 kN/m

βd = β = 21.8 degrees

To estimate the angle of uplifted geosynthetic liner system:

Equation 55 from Giroud et al. (1995)

u = 1.72 m

L = 36.9 m

θ = θd = 0.19 radians

10.7 degrees

Wmin, uplifting = 0.00 kN/m

Applying a factor of safety of 1.5 to the Wmin value is suggested by Giroud et al. (1999)

Wfactored 0.0 kN/m

Required cross-sectional area of the anchor trench

Areq = Wfactored / γ Equation 19 from Giroud et al. (1999)

γ = Unit weight of anchor trench soil

γ = 132 pcf

20.8 kN/m
3

Areq 0.00 m
2

Areq 0.00 ft
2 0.0 ft square anchor trench

Compare to Anchor Trench Design:

Anchor Trench Width 1.5 ft

Anchor Trench Depth 3 ft

Anchor Trench Area, ADesign 4.5 ft
2

Adesign > Areq

The anchor trenches were evaluated using Equation 9 (uplifting) from Giroud et al. (1999).  This assumes that the anchor trench was designed to 

provide sufficient passive pressure against lateral sliding.

Evaluate the anchor trench design with respect to wind uplift for the West Pond Side Slopes
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Client: Newmont Mining USA Job No.: 1011322
Project: Midnite Mine Date:
Description: Remedial Action Liner Design for Storage Ponds Computed By: C.Weber(rev. 0)/M.Davis(rev. 1&2)
Detail: Wind Uplift Calculation Checked By: J.Worthen(rev. 0)/C.Weber(rev. 1&2)

WTP PONDS - DURING CONSTRUCTION

Purpose:

Method:

Assumptions:

1

2

3

4

Objectives:

1

2

3

Notes:

1

Summary of Results:

WTP Ponds (2.5H:1V Side Slopes) - During Construction

1

Max Strain: 0.5 % Allowable Strain (FoS = 2): 6.0 %

Max Tension: 5.1 kN/m Allowable Tensile Strength: 45.2 kN/m

2 The uplift height assuming no ballasting: 0.4 m

1.4 ft

3 Anchor Trench Design: Area of Anchor Trench, Adesign > Areq

The liner system placed on the side slopes will not exceed the yield strain due to the combined worst-case effects of thermal 

change, gravity, and wind uplift (assuming it is fully anchored at its top and bottom).

10/24/2014

The geosynthetic liner system consists of a lower 60 mil HDPE geomembrane (with a smooth lower and a textured upper surface) 

overlain by a 200 mil geonet overlain by an upper 60 HPE geomembrane (textured on both sides).  The liner system is assumed to 

act as one material.

The Zornberg and Giroud (1997) equations account for the slope on the which the liner system is installed. West Pond (2.5H:1V 

Side Slopes), WTP Pond (2.5H:1V Side Slopes) and South Pond (3H:1V Side Slopes) are evaluated.

Estimate the uplift suction on the geosynthetic liner system at Midnite Mine.  Also, estimate the internal tension and strain for the 

liner system due to thermal contraction, gravity, and wind uplift, assuming unballasted conditions.  Evaluate the anchor trenches 

for wind uplift.

Giroud, J.P., Pelte, T., and Bathurst, R.J., 1995, "Uplift of Geomembranes by Wind", Geosynthetics International , Vol. 2, No. 8, pp. 

897 - 951.

Zornberg, J.G. and Giroud, J.P., 1997, "Uplift of Geomembranes by Wind - Extension of Equations", Geosynthetics International , 

Vol. 4, No. 2, pp. 187 - 207.

Giroud, J.P., Gleason, M.H., and Zornberg, J.G., 1999, "Design of Geomembrane Anchorage Against Wind Action", Geosynthetics 

International , Vol. 6, No. 6, pp. 481-507.

The maximum allowable liner strain is the yield strain (with a factor of safety of 2 applied)

The soil is significantly permeable so that a negative pressure is not developed under the liner due to uplift

The tension/strain calculations analyze a section of a uniformly oriented liner system and the effects of the liner system movement 

(i.e. changes in geometry due to uplift) are not considered. As such, it is assumed that the liner system is fully anchored at the 

bottom and top of the slope.

Estimate the suction uplift pressure for West Pond (2.5H:1V Side Slopes), WTP Ponds (2.5H:1V Side Slopes) and South Pond 

(3H:1V Side Slopes)
Calculate the tension and strain for West Pond (2.5H:1V Side Slopes), WTP Pond (2.5H:1V Side Slopes) and South Pond (3H:1V 

Side Slopes)

Evaluate anchor trench design for wind uplift
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Calculate uplift and tension and strain of liner system for WTP Ponds (2.5H:1V Side Slopes)

Limiting Assumptions:

Maximum allowable strain is yield strain - due to excessive deflections and resulting membrane thinning

Use a factor of safety of 2 for strain

Side Slope Characteristics:

Slope Angle

ββββ = 21.8 degrees

WTP Ponds - Maximum Unsupported Length:

L = 46 ft

= 14.0 m

Elevation above mean sea level, z 2584 ft

788 m

Temperature and Wind Speed Data:

The maximum daily temperature change is:

From July 2012

∆Temp = 14.6 °C Data obtained from:   http://www.wrcc.dri.edu/cgi-bin/rawMAIN.pl?waWMID

- Data is in °F, converted to °C prior to calculating max temperature change

The maximum wind speed is:

V = 39 mph Data obtained from:   http://www.raws.dri.edu/cgi-bin/rawMAIN.pl?waWWLP
17.4 m/s

Geosynthetic Liner System Properties/Behavior

Assumptions:

Maximum allowable strain is yield strain - due to excessive deflections and resulting membrane thinning

Use a factor of safety of 2

Geomembrane Density: 0.94 g/cm
3

GeomembraneThickness: 120 mil

= 3.0 mm

= 0.30 cm

Mass per Unit Area (µgm):

Geomembranes 0.29 g/cm
2

Geonet 0.162 lb/sf

791 g/m
2

0.0791 g/cm
2

Total Mass per Unit Area (µgm):

0.37 g/cm
2

Sum of mass per unit areas for the three components of the liner system

= 3.66 kg/m
2

Coefficient of Thermal Expansion

α = 0.00012  C^-1 Average value reported for HDPE in Koerner (2005)

Tensile strength:
Upper geomembrane 126 lb/in

Geonet 6 lb/in

Lower geomembrane 126 lb/in

Total strength at yield of: 258 lb/in Sum of strengths for the three liner system materials. 

45.2 kN/m

Strain at yield: 12 % Elongation at yield for geomembrane

For a Factor of Safety of 2, maximum strain = 6 %

Sum of thicknesses for the two geomembrane layers.

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet

Calculated as the product of the thickness of the geomembrane layers and the 

geomembrane material density.

- Maximum daily temperature change estimated using difference of monthly average maximum daily 

temperature and monthly average minimum daily temperature

- Maximum wind speed is 90th percentile of maximum monthly wind gust at the Wellpinit climate 

station for the period of record of 2002-2014

Typical value from GSE for GSE 200 mil HyperNet geonet.  For comparison, Koerner 

(2005) lists a typical range of 800 to 1600 g/m
2
 for 5-mm thick , solid-rib extgruded 

biplanar geonet (Koerner, 2005)

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet
Estimated from typical test results provided by GSE for 200 mil HyperNet geonet tested in 

the transverse direction. Value selected at 12% strain.

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet
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Looking at the linear (elastic) portion of the curve:

Tension (elastic) = 15.0 kN/m

Strain (elastic) = 2.8 % = 0.028

So, J = Rise/Run = = 536 kN/m

Use typical tension-strain curve (transverse direction) from GSE Environmental to estimate J for a GSE HyperNet 200 mil geonet:

Looking at the linear (elastic) portion of the curve:

Tension (elastic) = 2.0 kN/m

Strain (elastic) = 3.5 % = 0.035

So, J = Rise/Run = = 57 kN/m

Total J= 1129 kN/m

From Zornberg & Giroud (1997):

Vup = Uplift wind velocity (threshold velocity required to uplift liner system)

µgm = 3.66 kg/m
2

λ = 0.7

z = 788 m (Elevation above sea level)

β = 21.8 degrees

Vup = 9.01 m/s

20.2 mph

V > Vup Maximum Wind Velocity at the site exceeds the threshold wind velocity required for uplift

Calculate threshold uplift wind velocity

Pg 905 of Giroud et al. (1995): Assume the critical leeward slope experiences suction over the 

entire length (λ = 0.7)

Calculated as sum of tensile stiffness for the three liner system materials.

Using Figure 12 in Giroud et al. (1995) - Tension-strain curve for 1.5 mm (60 mil) HDPE geomembrane, estimate J - the geomembrane 

tensile stiffness:
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Strain due to themal change:

Assume worst case scenario - maximum temperature change

εtemp = Coefficient of Thermal Expansion * Change in Temperature

εtemp = = 0.0018

= 0.18 %

Tension due to themal change:

Ttemp = J*εtemp Equation 5 in Zornberg & Giroud (1997)

= 1.98 kN/m

Maximum Uplift Strain will result from the initial state of a wrinked liner (positive strain) - Giroud pg 942

Tension due to gravity:

Tg = =µgm*g*L*sinβ Equation 6 in Zornberg & Giroud (1997)

µgm = 3.66 kg/m
2

g = 9.81 m/s
2

L = 14.0 m

β = 21.8

Tg = 187 N/m

0.19 kN/m

Strain due to gravity:

εg = Tension due to gravity / Stiffness

εg = Tg/J Equation 7 in Zornberg & Giroud (1997)

= 0.0002

= 0.02 %

Total Initial Strain and Tension due to thermal change and gravity (prior to wind uplift):

ε0 = strain due to gravity + strain due to thermal change

ε0 = εg + εtemp Equation 2 in Zornberg & Giroud (1997)

εεεε0 = 0.0019

εεεε0 = 0.19 %

T0 = Tension due to thermal change + tension due to gravity

T0 = Ttemp + Tg Equation 3 in Zornberg & Giroud (1997)

T0 = 2.17 kN/m

Estimate Tension and Strain due to Thermal Effects and Gravity in the WTP Ponds Side Slopes
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Using Equation A-40 - in Appendix A-3 of Zornberg & Giroud (1997)

Where:

λ = 0.7

V = 17.4 m/s

z = 788 m (Elevation above sea level)

µgm = 3.66 kg/m
2

β = 21.8

Se = 91.3 Pa

1 Pa = 1 N/m
2

Se = 91.3 N/m
2

Se*L = 1280 N/m (per unit length running perpendicular to the perimeter of the pond)

Se*L = 1.28 kN/m

Estimate Strain Due to Wind:

Using iterations, the following equation can be solved for εw (Sin in radians):

Using Solver to iterate εw until the two terms in Equation A-57a are equal (Difference is equal to zero):

εεεεw = 0.0026

==== 0.26 %

0.1249 0.1249

Difference 0.0000

Tension Due to Wind:

Tw = J*εw Equation 8 in Zornberg & Giroud (1997)

= 2.96 kN/m

Calculate the Effective Suction Force upon the geosynthetic liner system placed on the WTP Ponds Side Slopes

The effective suction is the uplift suction pressure minus the downward force due to the weight of the 

liner

Pg 905 of Giroud et al. (1995): Assume the critical leeward slope experiences suction over the 

entire length (λ = 0.7)

Estimate Tension and Strain due to wind uplift for the WTP Ponds geosynthetic liner system
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Sum of the total strain due to wind, gravity, and thermal changes:

εt = εw + ε0 Equation 9 in Zornberg & Giroud (1997)

= 0.005

εεεεt = 0.45 %

Sum of the total tension due to wind, gravity, and thermal changes:

Tt = T0 + Tw Equation 10 in Zornberg & Giroud (1997)

Tt = 5.12 kN/m

The total strain is less than the allowable strain (with a FS of 2) of 6 %

The total tension is less than the allowable tensile strength of 45.2 kN/m

From Giroud et al. (1995):

where:

u - Uplift

L - Slope length

T - Total tension

SeL - Effective Suction

T = Tt = 5.12 kN/m

L = 14.0 m

SeL = 1.28 kN/m

u/L = 0.031

u = 0.44 m 1.44 ft

Estimate the total strain and tension due to wind, gravity, and thermal changes in geosynthetic liner system on the WTP Ponds Side 

Slopes

Estimate the uplift of the geosynthetic liner system on the WTP Ponds Side Slopes (assuming no ballasting)

This assumes that the liner will have a uniform uplift shape with the uplift perpendicular 

to the slope at its maximum height
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Anchor Failure by Uplifting

where:

Wmin = minimum required weight of anchor material per unit width

Td Geosynthetic liner system tension on downslope side of anchor

θd Angle of uplifted geosynthetic liner system with slope on downslope side of anchor

βd Slope angle on downslope side of anchor

Tu Geosynthetic liner system tension on upslope side of anchor

θu Angle of uplifted geosynthetic system with slope on upslope side of anchor

βu Slope angle on upslope side of anchor

Since the anchor trench is at the crest of the slope, only the downslope direction is considered for this calculation.

Tu = θu = βu = 0

Geosynthetic liner system tension on downslope side of anchor is equal to the total tension due to uplift

Td = Tt = 5.12 kN/m

βd = β = 21.8 degrees

To estimate the angle of uplifted geosynthetic liner system:

Equation 55 from Giroud et al. (1995)

u = 0.44 m

L = 14.0 m

θ = θd = 0.13 radians

7.2 degrees

Wmin, uplifting = 0.00 kN/m

Applying a factor of safety of 1.5 to the Wmin value is suggested by Giroud et al. (1999)

Wfactored 0.0 kN/m

Required cross-sectional area of the anchor trench

Areq = Wfactored / γ Equation 19 from Giroud et al. (1999)

γ = Unit weight of anchor trench soil

γ = 132 pcf

20.8 kN/m
3

Areq 0.00 m
2

Areq 0.00 ft
2 0.0 ft square anchor trench

Compare to Anchor Trench Design:

Anchor Trench Width 1.5 ft

Anchor Trench Depth 3 ft

Anchor Trench Area, ADesign 4.5 ft
2

Adesign > Areq

The anchor trenches were evaluated using Equation 9 (uplifting) from Giroud et al. (1999).  This assumes that the anchor trench was designed to 

provide sufficient passive pressure against lateral sliding.

Evaluate the anchor trench design with respect to wind uplift for the WTP Ponds Side Slopes
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Client: Newmont Mining USA Job No.: 1011322
Project: Midnite Mine Date:
Description: Remedial Action Liner Design for Storage Ponds Computed By: C.Weber(rev. 0)/M.Davis(rev. 1&2)
Detail: Wind Uplift Calculation Checked By: J.Worthen(rev. 0)/C.Weber(rev. 1&2)

WTP PONDS - DURING OPERATION

Purpose:

Method:

Assumptions:

1

2

3

4

Objectives:

1

2

3

Notes:

1

Summary of Results:

WTP Ponds (2.5H:1V Side Slopes) - During Operation

1

Max Strain: 0.4 % Allowable Strain (FoS = 2): 6.0 %

Max Tension: 4.7 kN/m Allowable Tensile Strength: 45.2 kN/m

2 The uplift height assuming no ballasting: 0.4 m

1.2 ft

3 Anchor Trench Design: Area of Anchor Trench, Adesign > Areq

The Zornberg and Giroud (1997) equations account for the slope on the which the liner system is installed. West Pond (2.5H:1V 

Side Slopes), WTP Pond (2.5H:1V Side Slopes) and South Pond (3H:1V Side Slopes) are evaluated.

The liner system placed on the side slopes will not exceed the yield strain due to the combined worst-case effects of thermal 

change, gravity, and wind uplift (assuming it is fully anchored at its top and bottom).

The soil is significantly permeable so that a negative pressure is not developed under the liner due to uplift

10/24/2014

The geosynthetic liner system consists of a lower 60 mil HDPE geomembrane (with a smooth lower and a textured upper surface) 

overlain by a 200 mil geonet overlain by an upper 60 HPE geomembrane (textured on both sides).  The liner system is assumed to 

act as one material.

Estimate the uplift suction on the geosynthetic liner system at Midnite Mine.  Also, estimate the internal tension and strain for the 

liner system due to thermal contraction, gravity, and wind uplift, assuming unballasted conditions.  Evaluate the anchor trenches 

for wind uplift.

Giroud, J.P., Pelte, T., and Bathurst, R.J., 1995, "Uplift of Geomembranes by Wind", Geosynthetics International , Vol. 2, No. 8, pp. 

897 - 951.

Zornberg, J.G. and Giroud, J.P., 1997, "Uplift of Geomembranes by Wind - Extension of Equations", Geosynthetics International , 

Vol. 4, No. 2, pp. 187 - 207.

Giroud, J.P., Gleason, M.H., and Zornberg, J.G., 1999, "Design of Geomembrane Anchorage Against Wind Action", Geosynthetics 

International , Vol. 6, No. 6, pp. 481-507.

The maximum allowable liner strain is the yield strain (with a factor of safety of 2 applied)

The tension/strain calculations analyze a section of a uniformly oriented liner system and the effects of the liner system movement 

(i.e. changes in geometry due to uplift) are not considered. As such, it is assumed that the liner system is fully anchored at the 

bottom and top of the slope.

Estimate the suction uplift pressure for West Pond (2.5H:1V Side Slopes), WTP Ponds (2.5H:1V Side Slopes) and South Pond 

(3H:1V Side Slopes)
Calculate the tension and strain for West Pond (2.5H:1V Side Slopes), WTP Pond (2.5H:1V Side Slopes) and South Pond (3H:1V 

Side Slopes)

Evaluate anchor trench design for wind uplift
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Calculate uplift and tension and strain of liner system for WTP Ponds (2.5H:1V Side Slopes)

Limiting Assumptions:

Maximum allowable strain is yield strain - due to excessive deflections and resulting membrane thinning

Use a factor of safety of 2 for strain

Side Slope Characteristics:

Slope Angle

ββββ = 21.8 degrees

WTP Ponds - Maximum Unsupported Length:

L = 40 ft *Considers dead storage volume in pond

= 12.2 m

Elevation above mean sea level, z 2584 ft

788 m

Temperature and Wind Speed Data:

The maximum daily temperature change is:

From July 2012

∆Temp = 14.6 °C Data obtained from:   http://www.wrcc.dri.edu/cgi-bin/rawMAIN.pl?waWMID

- Data is in °F, converted to °C prior to calculating max temperature change

The maximum wind speed is:

V = 39 mph Data obtained from:   http://www.raws.dri.edu/cgi-bin/rawMAIN.pl?waWWLP
17.4 m/s

Geosynthetic Liner System Properties/Behavior

Assumptions:

Maximum allowable strain is yield strain - due to excessive deflections and resulting membrane thinning

Use a factor of safety of 2

Geomembrane Density: 0.94 g/cm
3

GeomembraneThickness: 120 mil

= 3.0 mm

= 0.30 cm

Mass per Unit Area (µgm):

Geomembranes 0.29 g/cm
2

Geonet 0.162 lb/sf

791 g/m
2

0.0791 g/cm
2

Total Mass per Unit Area (µgm):

0.37 g/cm
2

Sum of mass per unit areas for the three components of the liner system

= 3.66 kg/m
2

Coefficient of Thermal Expansion

α = 0.00012  C^-1 Average value reported for HDPE in Koerner (2005)

Tensile strength:
Upper geomembrane 126 lb/in

Geonet 6 lb/in

Lower geomembrane 126 lb/in

Total strength at yield of: 258 lb/in Sum of strengths for the three liner system materials. 

45.2 kN/m

Strain at yield: 12 % Elongation at yield for geomembrane

For a Factor of Safety of 2, maximum strain = 6 %

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet

Typical value from GSE for GSE 200 mil HyperNet geonet.  For comparison, Koerner 

(2005) lists a typical range of 800 to 1600 g/m
2
 for 5-mm thick , solid-rib extgruded 

biplanar geonet (Koerner, 2005)

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet
Estimated from typical test results provided by GSE for 200 mil HyperNet geonet tested in 

the transverse direction. Value selected at 12% strain.

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet

Calculated as the product of the thickness of the geomembrane layers and the 

geomembrane material density.

- Maximum daily temperature change estimated using difference of monthly average maximum daily 

temperature and monthly average minimum daily temperature

- Maximum wind speed is 90th percentile of maximum monthly wind gust at the Wellpinit climate 

station for the period of record of 2002-2014

Sum of thicknesses for the two geomembrane layers.
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Looking at the linear (elastic) portion of the curve:

Tension (elastic) = 15.0 kN/m

Strain (elastic) = 2.8 % = 0.028

So, J = Rise/Run = = 536 kN/m

Use typical tension-strain curve (transverse direction) from GSE Environmental to estimate J for a GSE HyperNet 200 mil geonet:

Looking at the linear (elastic) portion of the curve:

Tension (elastic) = 2.0 kN/m

Strain (elastic) = 3.5 % = 0.035

So, J = Rise/Run = = 57 kN/m

Total J= 1129 kN/m

From Zornberg & Giroud (1997):

Vup = Uplift wind velocity (threshold velocity required to uplift liner system)

µgm = 3.66 kg/m
2

λ = 0.7

z = 788 m (Elevation above sea level)

β = 21.8 degrees

Vup = 9.01 m/s

20.2 mph

V > Vup Maximum Wind Velocity at the site exceeds the threshold wind velocity required for uplift

Using Figure 12 in Giroud et al. (1995) - Tension-strain curve for 1.5 mm (60 mil) HDPE geomembrane, estimate J - the geomembrane 

tensile stiffness:

Calculated as sum of tensile stiffness for the three liner system materials.

Calculate threshold uplift wind velocity

Pg 905 of Giroud et al. (1995): Assume the critical leeward slope experiences suction over the 

entire length (λ = 0.7)
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Strain due to themal change:

Assume worst case scenario - maximum temperature change

εtemp = Coefficient of Thermal Expansion * Change in Temperature

εtemp = = 0.0018

= 0.18 %

Tension due to themal change:

Ttemp = J*εtemp Equation 5 in Zornberg & Giroud (1997)

= 1.98 kN/m

Maximum Uplift Strain will result from the initial state of a wrinked liner (positive strain) - Giroud pg 942

Tension due to gravity:

Tg = =µgm*g*L*sinβ Equation 6 in Zornberg & Giroud (1997)

µgm = 3.66 kg/m
2

g = 9.81 m/s
2

L = 12.2 m

β = 21.8

Tg = 162 N/m

0.16 kN/m

Strain due to gravity:

εg = Tension due to gravity / Stiffness

εg = Tg/J Equation 7 in Zornberg & Giroud (1997)

= 0.0001

= 0.01 %

Total Initial Strain and Tension due to thermal change and gravity (prior to wind uplift):

ε0 = strain due to gravity + strain due to thermal change

ε0 = εg + εtemp Equation 2 in Zornberg & Giroud (1997)

εεεε0 = 0.0019

εεεε0 = 0.19 %

T0 = Tension due to thermal change + tension due to gravity

T0 = Ttemp + Tg Equation 3 in Zornberg & Giroud (1997)

T0 = 2.14 kN/m

Estimate Tension and Strain due to Thermal Effects and Gravity in the WTP Ponds Side Slopes
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Using Equation A-40 - in Appendix A-3 of Zornberg & Giroud (1997)

Where:

λ = 0.7

V = 17.4 m/s

z = 788 m (Elevation above sea level)

µgm = 3.66 kg/m
2

β = 21.8

Se = 91.3 Pa

1 Pa = 1 N/m
2

Se = 91.3 N/m
2

Se*L = 1113 N/m (per unit length running perpendicular to the perimeter of the pond)

Se*L = 1.11 kN/m

Estimate Strain Due to Wind:

Using iterations, the following equation can be solved for εw (Sin in radians):

Using Solver to iterate εw until the two terms in Equation A-57a are equal (Difference is equal to zero):

εεεεw = 0.0023

==== 0.23 %

0.1173 0.1173

Difference 0.0000

Tension Due to Wind:

Tw = J*εw Equation 8 in Zornberg & Giroud (1997)

= 2.60 kN/m

Pg 905 of Giroud et al. (1995): Assume the critical leeward slope experiences suction over the 

entire length (λ = 0.7)

Estimate Tension and Strain due to wind uplift for the WTP Ponds geosynthetic liner system

The effective suction is the uplift suction pressure minus the downward force due to the weight of the 

liner

Calculate the Effective Suction Force upon the geosynthetic liner system placed on the WTP Ponds Side Slopes

WTP - Operation Page 26 of 46



Sum of the total strain due to wind, gravity, and thermal changes:

εt = εw + ε0 Equation 9 in Zornberg & Giroud (1997)

= 0.004

εεεεt = 0.42 %

Sum of the total tension due to wind, gravity, and thermal changes:

Tt = T0 + Tw Equation 10 in Zornberg & Giroud (1997)

Tt = 4.75 kN/m

The total strain is less than the allowable strain (with a FS of 2) of 6 %

The total tension is less than the allowable tensile strength of 45.2 kN/m

From Giroud et al. (1995):

where:

u - Uplift

L - Slope length

T - Total tension

SeL - Effective Suction

T = Tt = 4.75 kN/m

L = 12.2 m

SeL = 1.11 kN/m

u/L = 0.029

u = 0.36 m 1.18 ft

Estimate the total strain and tension due to wind, gravity, and thermal changes in geosynthetic liner system on the WTP Ponds Side 

Slopes

Estimate the uplift of the geosynthetic liner system on the WTP Ponds Side Slopes (assuming no ballasting)

This assumes that the liner will have a uniform uplift shape with the uplift perpendicular 

to the slope at its maximum height
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Anchor Failure by Uplifting

where:

Wmin = minimum required weight of anchor material per unit width

Td Geosynthetic liner system tension on downslope side of anchor

θd Angle of uplifted geosynthetic liner system with slope on downslope side of anchor

βd Slope angle on downslope side of anchor

Tu Geosynthetic liner system tension on upslope side of anchor

θu Angle of uplifted geosynthetic system with slope on upslope side of anchor

βu Slope angle on upslope side of anchor

Since the anchor trench is at the crest of the slope, only the downslope direction is considered for this calculation.

Tu = θu = βu = 0

Geosynthetic liner system tension on downslope side of anchor is equal to the total tension due to uplift

Td = Tt = 4.75 kN/m

βd = β = 21.8 degrees

To estimate the angle of uplifted geosynthetic liner system:

Equation 55 from Giroud et al. (1995)

u = 0.36 m

L = 12.2 m

θ = θd = 0.12 radians

6.7 degrees

Wmin, uplifting = 0.00 kN/m

Applying a factor of safety of 1.5 to the Wmin value is suggested by Giroud et al. (1999)

Wfactored 0.0 kN/m

Required cross-sectional area of the anchor trench

Areq = Wfactored / γ Equation 19 from Giroud et al. (1999)

γ = Unit weight of anchor trench soil

γ = 132 pcf

20.8 kN/m
3

Areq 0.00 m
2

Areq 0.00 ft
2 0.0 ft square anchor trench

Compare to Anchor Trench Design:

Anchor Trench Width 1.5 ft

Anchor Trench Depth 3 ft

Anchor Trench Area, ADesign 4.5 ft
2

Adesign > Areq

The anchor trenches were evaluated using Equation 9 (uplifting) from Giroud et al. (1999).  This assumes that the anchor trench was designed to 

provide sufficient passive pressure against lateral sliding.

Evaluate the anchor trench design with respect to wind uplift for the WTP Ponds Side Slopes
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Client: Newmont Mining USA Job No.: 1011322
Project: Midnite Mine Date:
Description: Remedial Action Liner Design for Storage Ponds Computed By: C.Weber(rev. 0)/M.Davis(rev. 1&2)
Detail: Wind Uplift Calculation Checked By: J.Worthen(rev. 0)/C.Weber(rev. 1&2)

SOUTH POND - DURING CONSTRUCTION

Purpose:

Method:

Assumptions:

1

2

3

4

Objectives:

1

2

3

Notes:

1

Summary of Results:

South Pond (3H:1V Side Slopes) - During Construction

1

Max Strain: 1.1 % Allowable Strain (FoS = 2): 6.0 %

Max Tension: 12.5 kN/m Allowable Tensile Strength: 45.2 kN/m

2 The uplift height assuming no ballasting: 3.6 m

11.8 ft

3 Anchor Trench Design: Area of Anchor Trench, Adesign > Areq

The Zornberg and Giroud (1997) equations account for the slope on the which the liner system is installed. West Pond (2.5H:1V 

Side Slopes), WTP Pond (2.5H:1V Side Slopes) and South Pond (3H:1V Side Slopes) are evaluated.

The liner system placed on the side slopes will not exceed the yield strain due to the combined worst-case effects of thermal 

change, gravity, and wind uplift (assuming it is fully anchored at its top and bottom).

The soil is significantly permeable so that a negative pressure is not developed under the liner due to uplift

10/24/2014

The geosynthetic liner system consists of a lower 60 mil HDPE geomembrane (with a smooth lower and a textured upper surface) 

overlain by a 200 mil geonet overlain by an upper 60 HPE geomembrane (textured on both sides).  The liner system is assumed to 

act as one material.

Estimate the uplift suction on the geosynthetic liner system at Midnite Mine.  Also, estimate the internal tension and strain for the 

liner system due to thermal contraction, gravity, and wind uplift, assuming unballasted conditions.  Evaluate the anchor trenches for 

wind uplift.

Giroud, J.P., Pelte, T., and Bathurst, R.J., 1995, "Uplift of Geomembranes by Wind", Geosynthetics International , Vol. 2, No. 8, pp. 

897 - 951.

Zornberg, J.G. and Giroud, J.P., 1997, "Uplift of Geomembranes by Wind - Extension of Equations", Geosynthetics International , 

Vol. 4, No. 2, pp. 187 - 207.

Giroud, J.P., Gleason, M.H., and Zornberg, J.G., 1999, "Design of Geomembrane Anchorage Against Wind Action", Geosynthetics 

International , Vol. 6, No. 6, pp. 481-507.

The maximum allowable liner strain is the yield strain (with a factor of safety of 2 applied)

The tension/strain calculations analyze a section of a uniformly oriented liner system and the effects of the liner system movement 

(i.e. changes in geometry due to uplift) are not considered. As such, it is assumed that the liner system is fully anchored at the 

bottom and top of the slope.

Estimate the suction uplift pressure for West Pond (2.5H:1V Side Slopes), WTP Ponds (2.5H:1V Side Slopes) and South Pond 

(3H:1V Side Slopes)
Calculate the tension and strain for West Pond (2.5H:1V Side Slopes), WTP Pond (2.5H:1V Side Slopes) and South Pond (3H:1V 

Side Slopes)

Evaluate anchor trench design for wind uplift
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Calculate uplift and tension and strain of liner system for South Pond (3H:1V Side Slopes)

Limiting Assumptions:

Maximum allowable strain is yield strain - due to excessive deflections and resulting membrane thinning

Use a factor of safety of 2 for strain

Side Slope Characteristics:

Slope Angle

ββββ = 18.4 degrees

South Pond - Maximum Unsupported Length:

L = 206 ft

= 62.8 m

Elevation above mean sea level, z 2683 ft

818 m

Temperature and Wind Speed Data:

The maximum daily temperature change is:

From July 2012

∆Temp = 14.6 °C Data obtained from:   http://www.wrcc.dri.edu/cgi-bin/rawMAIN.pl?waWMID

- Data is in °F, converted to °C prior to calculating max temperature change

The maximum wind speed is:

V = 39 mph Data obtained from:   http://www.raws.dri.edu/cgi-bin/rawMAIN.pl?waWWLP
17.4 m/s

Geosynthetic Liner System Properties/Behavior

Assumptions:

Maximum allowable strain is yield strain - due to excessive deflections and resulting membrane thinning

Use a factor of safety of 2

Geomembrane Density: 0.94 g/cm
3

GeomembraneThickness: 120 mil

= 3.0 mm

= 0.30 cm

Mass per Unit Area (µgm):

Geomembranes 0.29 g/cm
2

Geonet 0.162 lb/sf

791 g/m
2

0.0791 g/cm
2

Total Mass per Unit Area (µgm):

0.37 g/cm
2

Sum of mass per unit areas for the three components of the liner system

= 3.66 kg/m
2

Coefficient of Thermal Expansion

α = 0.00012  C^-1 Average value reported for HDPE in Koerner (2005)

Tensile strength:
Upper geomembrane 126 lb/in

Geonet 6 lb/in

Lower geomembrane 126 lb/in

Total strength at yield of: 258 lb/in Sum of strengths for the three liner system materials. 

45.2 kN/m

Strain at yield: 12 % Elongation at yield for geomembrane

For a Factor of Safety of 2, maximum strain = 6 %

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet

Typical value from GSE for GSE 200 mil HyperNet geonet.  For comparison, Koerner 

(2005) lists a typical range of 800 to 1600 g/m
2
 for 5-mm thick , solid-rib extgruded biplanar 

geonet (Koerner, 2005)

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet
Estimated from typical test results provided by GSE for 200 mil HyperNet geonet tested in 

the transverse direction. Value selected at 12% strain.

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet

Calculated as the product of the thickness of the geomembrane layers and the 

geomembrane material density.

- Maximum daily temperature change estimated using difference of monthly average maximum daily 

temperature and monthly average minimum daily temperature

- Maximum wind speed is 90th percentile of maximum monthly wind gust at the Wellpinit climate 

station for the period of record of 2002-2014

Sum of thicknesses for the two geomembrane layers.
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Looking at the linear (elastic) portion of the curve:

Tension (elastic) = 15.0 kN/m

Strain (elastic) = 2.8 % = 0.028

So, J = Rise/Run = = 536 kN/m

Use typical tension-strain curve (transverse direction) from GSE Environmental to estimate J for a GSE HyperNet 200 mil geonet:

Looking at the linear (elastic) portion of the curve:

Tension (elastic) = 2.0 kN/m

Strain (elastic) = 3.5 % = 0.035

So, J = Rise/Run = = 57 kN/m

Total J= 1129 kN/m

From Zornberg & Giroud (1997):

Vup = Uplift wind velocity (threshold velocity required to uplift liner system)

µgm = 3.66 kg/m
2

λ = 0.7

z = 818 m (Elevation above sea level)

β = 18.4 degrees

Vup = 9.13 m/s

20.4 mph

V > Vup Maximum Wind Velocity at the site exceeds the threshold wind velocity required for uplift

Using Figure 12 in Giroud et al. (1995) - Tension-strain curve for 1.5 mm (60 mil) HDPE geomembrane, estimate J - the geomembrane 

tensile stiffness:

Calculated as sum of tensile stiffness for the three liner system materials.

Calculate threshold uplift wind velocity

Pg 905 of Giroud et al. (1995): Assume the critical leeward slope experiences suction over the 

entire length (λ = 0.7)
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Strain due to themal change:

Assume worst case scenario - maximum temperature change

εtemp = Coefficient of Thermal Expansion * Change in Temperature

εtemp = = 0.0018

= 0.18 %

Tension due to themal change:

Ttemp = J*εtemp Equation 5 in Zornberg & Giroud (1997)

= 1.98 kN/m

Maximum Uplift Strain will result from the initial state of a wrinked liner (positive strain) - Giroud pg 942

Tension due to gravity:

Tg = =µgm*g*L*sinβ Equation 6 in Zornberg & Giroud (1997)

µgm = 3.66 kg/m
2

g = 9.81 m/s
2

L = 62.8 m

β = 18.4

Tg = 712 N/m

0.71 kN/m

Strain due to gravity:

εg = Tension due to gravity / Stiffness

εg = Tg/J Equation 7 in Zornberg & Giroud (1997)

= 0.0006

= 0.06 %

Total Initial Strain and Tension due to thermal change and gravity (prior to wind uplift):

ε0 = strain due to gravity + strain due to thermal change

ε0 = εg + εtemp Equation 2 in Zornberg & Giroud (1997)

εεεε0 = 0.0024

εεεε0 = 0.24 %

T0 = Tension due to thermal change + tension due to gravity

T0 = Ttemp + Tg Equation 3 in Zornberg & Giroud (1997)

T0 = 2.69 kN/m

Estimate Tension and Strain due to Thermal Effects and Gravity in the SouthPond Side Slopes
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Using Equation A-40 - in Appendix A-3 of Zornberg & Giroud (1997)

Where:

λ = 0.7

V = 17.4 m/s

z = 818 m (Elevation above sea level)

µgm = 3.66 kg/m
2

β = 18.4

Se = 90.1 Pa

1 Pa = 1 N/m
2

Se = 90.1 N/m
2

Se*L = 5659 N/m (per unit length running perpendicular to the perimeter of the pond)

Se*L = 5.66 kN/m

Estimate Strain Due to Wind:

Using iterations, the following equation can be solved for εw (Sin in radians):

Using Solver to iterate εw until the two terms in Equation A-57a are equal (Difference is equal to zero):

εεεεw = 0.0087

==== 0.87 %

0.2259 0.2259

Difference 0.0000

Tension Due to Wind:

Tw = J*εw Equation 8 in Zornberg & Giroud (1997)

= 9.83 kN/m

Pg 905 of Giroud et al. (1995): Assume the critical leeward slope experiences suction over the 

entire length (λ = 0.7)

Estimate Tension and Strain due to wind uplift for the South Pond geosynthetic liner system

The effective suction is the uplift suction pressure minus the downward force due to the weight of the 

liner

Calculate the Effective Suction Force upon the geosynthetic liner system placed on the South Pond Side Slopes
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Sum of the total strain due to wind, gravity, and thermal changes:

εt = εw + ε0 Equation 9 in Zornberg & Giroud (1997)

= 0.011

εεεεt = 1.11 %

Sum of the total tension due to wind, gravity, and thermal changes:

Tt = T0 + Tw Equation 10 in Zornberg & Giroud (1997)

Tt = 12.52 kN/m

The total strain is less than the allowable strain (with a FS of 2) of 6 %

The total tension is less than the allowable tensile strength of 45.2 kN/m

From Giroud et al. (1995):

where:

u - Uplift

L - Slope length

T - Total tension

SeL - Effective Suction

T = Tt = 12.52 kN/m

L = 62.8 m

SeL = 5.66 kN/m

u/L = 0.057

u = 3.59 m 11.79 ft

Estimate the total strain and tension due to wind, gravity, and thermal changes in geosynthetic liner system on the Sputh Pond Side 

Slopes

Estimate the uplift of the geosynthetic liner system on the South Pond Side Slopes (assuming no ballasting)

This assumes that the liner will have a uniform uplift shape with the uplift perpendicular 

to the slope at its maximum height
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Anchor Failure by Uplifting

where:

Wmin = minimum required weight of anchor material per unit width

Td Geosynthetic liner system tension on downslope side of anchor

θd Angle of uplifted geosynthetic liner system with slope on downslope side of anchor

βd Slope angle on downslope side of anchor

Tu Geosynthetic liner system tension on upslope side of anchor

θu Angle of uplifted geosynthetic system with slope on upslope side of anchor

βu Slope angle on upslope side of anchor

Since the anchor trench is at the crest of the slope, only the downslope direction is considered for this calculation.

Tu = θu = βu = 0

Geosynthetic liner system tension on downslope side of anchor is equal to the total tension due to uplift

Td = Tt = 12.52 kN/m

βd = β = 18.4 degrees

To estimate the angle of uplifted geosynthetic liner system:

Equation 55 from Giroud et al. (1995)

u = 3.59 m

L = 62.8 m

θ = θd = 0.23 radians

13.1 degrees

Wmin, uplifting = 0.00 kN/m

Applying a factor of safety of 1.5 to the Wmin value is suggested by Giroud et al. (1999)

Wfactored 0.0 kN/m

Required cross-sectional area of the anchor trench

Areq = Wfactored / γ Equation 19 from Giroud et al. (1999)

γ = Unit weight of anchor trench soil

γ = 132 pcf

20.8 kN/m
3

Areq 0.00 m
2

Areq 0.00 ft
2 0.0 ft square anchor trench

Compare to Anchor Trench Design:

Anchor Trench Width 1.5 ft

Anchor Trench Depth 3 ft

Anchor Trench Area, ADesign 4.5 ft
2

Adesign > Areq

The anchor trenches were evaluated using Equation 9 (uplifting) from Giroud et al. (1999).  This assumes that the anchor trench was designed to 

provide sufficient passive pressure against lateral sliding.

Evaluate the anchor trench design with respect to wind uplift for the South Pond Side Slopes
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Client: Newmont Mining USA Job No.: 1011322
Project: Midnite Mine Date:
Description: Remedial Action Liner Design for Storage Ponds Computed By: C.Weber(rev. 0)/M.Davis(rev. 1&2)
Detail: Wind Uplift Calculation Checked By: J.Worthen(rev. 0)/C.Weber(rev. 1&2)

SOUTH POND - DURING OPERATION

Purpose:

Method:

Assumptions:

1

2

3

4

Objectives:

1

2

3

Notes:

1

Summary of Results:

South Pond (3H:1V Side Slopes) - During Operation

1

Max Strain: 0.9 % Allowable Strain (FoS = 2): 6.0 %

Max Tension: 10.5 kN/m Allowable Tensile Strength: 45.2 kN/m

2 The uplift height assuming no ballasting: 2.4 m

8.0 ft

3 Anchor Trench Design: Area of Anchor Trench, Adesign > Areq

The Zornberg and Giroud (1997) equations account for the slope on the which the liner system is installed. West Pond (2.5H:1V 

Side Slopes), WTP Pond (2.5H:1V Side Slopes) and South Pond (3H:1V Side Slopes) are evaluated.

The liner system placed on the side slopes will not exceed the yield strain due to the combined worst-case effects of thermal 

change, gravity, and wind uplift (assuming it is fully anchored at its top and bottom).

The soil is significantly permeable so that a negative pressure is not developed under the liner due to uplift

10/24/2014

The geosynthetic liner system consists of a lower 60 mil HDPE geomembrane (with a smooth lower and a textured upper surface) 

overlain by a 200 mil geonet overlain by an upper 60 HPE geomembrane (textured on both sides).  The liner system is assumed 

to act as one material.

Estimate the uplift suction on the geosynthetic liner system at Midnite Mine.  Also, estimate the internal tension and strain for the 

liner system due to thermal contraction, gravity, and wind uplift, assuming unballasted conditions.  Evaluate the anchor trenches 

for wind uplift.

Giroud, J.P., Pelte, T., and Bathurst, R.J., 1995, "Uplift of Geomembranes by Wind", Geosynthetics International , Vol. 2, No. 8, pp. 

897 - 951.

Zornberg, J.G. and Giroud, J.P., 1997, "Uplift of Geomembranes by Wind - Extension of Equations", Geosynthetics International , 

Vol. 4, No. 2, pp. 187 - 207.

Giroud, J.P., Gleason, M.H., and Zornberg, J.G., 1999, "Design of Geomembrane Anchorage Against Wind Action", 

Geosynthetics International , Vol. 6, No. 6, pp. 481-507.

The maximum allowable liner strain is the yield strain (with a factor of safety of 2 applied)

The tension/strain calculations analyze a section of a uniformly oriented liner system and the effects of the liner system movement 

(i.e. changes in geometry due to uplift) are not considered. As such, it is assumed that the liner system is fully anchored at the 

bottom and top of the slope.

Estimate the suction uplift pressure for West Pond (2.5H:1V Side Slopes), WTP Ponds (2.5H:1V Side Slopes) and South Pond 

(3H:1V Side Slopes)
Calculate the tension and strain for West Pond (2.5H:1V Side Slopes), WTP Pond (2.5H:1V Side Slopes) and South Pond (3H:1V 

Side Slopes)

Evaluate anchor trench design for wind uplift
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Calculate uplift and tension and strain of liner system for South Pond (3H:1V Side Slopes)

Limiting Assumptions:

Maximum allowable strain is yield strain - due to excessive deflections and resulting membrane thinning

Use a factor of safety of 2 for strain

Side Slope Characteristics:

Slope Angle

ββββ = 18.4 degrees

South Pond - Maximum Unsupported Length:

L = 155 ft *Considers dead storage volume in pond

= 47.2 m

Elevation above mean sea level, z 2683 ft

818 m

Temperature and Wind Speed Data:

The maximum daily temperature change is:

From July 2012

∆Temp = 14.6 °C Data obtained from:   http://www.wrcc.dri.edu/cgi-bin/rawMAIN.pl?waWMID

- Data is in °F, converted to °C prior to calculating max temperature change

The maximum wind speed is:

V = 39 mph Data obtained from:   http://www.raws.dri.edu/cgi-bin/rawMAIN.pl?waWWLP
17.4 m/s

Geosynthetic Liner System Properties/Behavior

Assumptions:

Maximum allowable strain is yield strain - due to excessive deflections and resulting membrane thinning

Use a factor of safety of 2

Geomembrane Density: 0.94 g/cm
3

GeomembraneThickness: 120 mil

= 3.0 mm

= 0.30 cm

Mass per Unit Area (µgm):

Geomembranes 0.29 g/cm
2

Geonet 0.162 lb/sf

791 g/m
2

0.0791 g/cm
2

Total Mass per Unit Area (µgm):

0.37 g/cm
2

Sum of mass per unit areas for the three components of the liner system

= 3.66 kg/m
2

Coefficient of Thermal Expansion

α = 0.00012  C^-1 Average value reported for HDPE in Koerner (2005)

Tensile strength:
Upper geomembrane 126 lb/in

Geonet 6 lb/in

Lower geomembrane 126 lb/in

Total strength at yield of: 258 lb/in Sum of strengths for the three liner system materials. 

45.2 kN/m

Strain at yield: 12 % Elongation at yield for geomembrane

For a Factor of Safety of 2, maximum strain = 6 %

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet

Typical value from GSE for GSE 200 mil HyperNet geonet.  For comparison, Koerner 

(2005) lists a typical range of 800 to 1600 g/m
2
 for 5-mm thick , solid-rib extgruded 

biplanar geonet (Koerner, 2005)

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet
Estimated from typical test results provided by GSE for 200 mil HyperNet geonet tested in 

the transverse direction. Value selected at 12% strain.

From GSE Environmental "GSE HD Textured Geomembrane" Product Data Sheet

Calculated as the product of the thickness of the geomembrane layers and the 

geomembrane material density.

- Maximum daily temperature change estimated using difference of monthly average maximum daily 

temperature and monthly average minimum daily temperature

- Maximum wind speed is 90th percentile of maximum monthly wind gust at the Wellpinit climate 

station for the period of record of 2002-2014

Sum of thicknesses for the two geomembrane layers.
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Looking at the linear (elastic) portion of the curve:

Tension (elastic) = 15.0 kN/m

Strain (elastic) = 2.8 % = 0.028

So, J = Rise/Run = = 536 kN/m

Use typical tension-strain curve (transverse direction) from GSE Environmental to estimate J for a GSE HyperNet 200 mil geonet:

Looking at the linear (elastic) portion of the curve:

Tension (elastic) = 2.0 kN/m

Strain (elastic) = 3.5 % = 0.035

So, J = Rise/Run = = 57 kN/m

Total J= 1129 kN/m

From Zornberg & Giroud (1997):

Vup = Uplift wind velocity (threshold velocity required to uplift liner system)

µgm = 3.66 kg/m
2

λ = 0.7

z = 818 m (Elevation above sea level)

β = 18.4 degrees

Vup = 9.13 m/s

20.4 mph

V > Vup Maximum Wind Velocity at the site exceeds the threshold wind velocity required for uplift

Using Figure 12 in Giroud et al. (1995) - Tension-strain curve for 1.5 mm (60 mil) HDPE geomembrane, estimate J - the geomembrane 

tensile stiffness:

Calculated as sum of tensile stiffness for the three liner system materials.

Calculate threshold uplift wind velocity

Pg 905 of Giroud et al. (1995): Assume the critical leeward slope experiences suction over the 

entire length (λ = 0.7)
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Strain due to themal change:

Assume worst case scenario - maximum temperature change

εtemp = Coefficient of Thermal Expansion * Change in Temperature

εtemp = = 0.0018

= 0.18 %

Tension due to themal change:

Ttemp = J*εtemp Equation 5 in Zornberg & Giroud (1997)

= 1.98 kN/m

Maximum Uplift Strain will result from the initial state of a wrinked liner (positive strain) - Giroud pg 942

Tension due to gravity:

Tg = =µgm*g*L*sinβ Equation 6 in Zornberg & Giroud (1997)

µgm = 3.66 kg/m
2

g = 9.81 m/s
2

L = 47.2 m

β = 18.4

Tg = 536 N/m

0.54 kN/m

Strain due to gravity:

εg = Tension due to gravity / Stiffness

εg = Tg/J Equation 7 in Zornberg & Giroud (1997)

= 0.0005

= 0.05 %

Total Initial Strain and Tension due to thermal change and gravity (prior to wind uplift):

ε0 = strain due to gravity + strain due to thermal change

ε0 = εg + εtemp Equation 2 in Zornberg & Giroud (1997)

εεεε0 = 0.0022

εεεε0 = 0.22 %

T0 = Tension due to thermal change + tension due to gravity

T0 = Ttemp + Tg Equation 3 in Zornberg & Giroud (1997)

T0 = 2.52 kN/m

Estimate Tension and Strain due to Thermal Effects and Gravity in the SouthPond Side Slopes
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Using Equation A-40 - in Appendix A-3 of Zornberg & Giroud (1997)

Where:

λ = 0.7

V = 17.4 m/s

z = 818 m (Elevation above sea level)

µgm = 3.66 kg/m
2

β = 18.4

Se = 90.1 Pa

1 Pa = 1 N/m
2

Se = 90.1 N/m
2

Se*L = 4258 N/m (per unit length running perpendicular to the perimeter of the pond)

Se*L = 4.26 kN/m

Estimate Strain Due to Wind:

Using iterations, the following equation can be solved for εw (Sin in radians):

Using Solver to iterate εw until the two terms in Equation A-57a are equal (Difference is equal to zero):

εεεεw = 0.0070

==== 0.70 %

0.2036 0.2036

Difference 0.0000

Tension Due to Wind:

Tw = J*εw Equation 8 in Zornberg & Giroud (1997)

= 7.94 kN/m

Pg 905 of Giroud et al. (1995): Assume the critical leeward slope experiences suction over the 

entire length (λ = 0.7)

Estimate Tension and Strain due to wind uplift for the South Pond geosynthetic liner system

The effective suction is the uplift suction pressure minus the downward force due to the weight of the 

liner

Calculate the Effective Suction Force upon the geosynthetic liner system placed on the South Pond Side Slopes
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Sum of the total strain due to wind, gravity, and thermal changes:

εt = εw + ε0 Equation 9 in Zornberg & Giroud (1997)

= 0.009

εεεεt = 0.93 %

Sum of the total tension due to wind, gravity, and thermal changes:

Tt = T0 + Tw Equation 10 in Zornberg & Giroud (1997)

Tt = 10.46 kN/m

The total strain is less than the allowable strain (with a FS of 2) of 6 %

The total tension is less than the allowable tensile strength of 45.2 kN/m

From Giroud et al. (1995):

where:

u - Uplift

L - Slope length

T - Total tension

SeL - Effective Suction

T = Tt = 10.46 kN/m

L = 47.2 m

SeL = 4.26 kN/m

u/L = 0.051

u = 2.43 m 7.97 ft

Estimate the total strain and tension due to wind, gravity, and thermal changes in geosynthetic liner system on the Sputh Pond Side 

Slopes

Estimate the uplift of the geosynthetic liner system on the South Pond Side Slopes (assuming no ballasting)

This assumes that the liner will have a uniform uplift shape with the uplift perpendicular 

to the slope at its maximum height
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Anchor Failure by Uplifting

where:

Wmin = minimum required weight of anchor material per unit width

Td Geosynthetic liner system tension on downslope side of anchor

θd Angle of uplifted geosynthetic liner system with slope on downslope side of anchor

βd Slope angle on downslope side of anchor

Tu Geosynthetic liner system tension on upslope side of anchor

θu Angle of uplifted geosynthetic system with slope on upslope side of anchor

βu Slope angle on upslope side of anchor

Since the anchor trench is at the crest of the slope, only the downslope direction is considered for this calculation.

Tu = θu = βu = 0

Geosynthetic liner system tension on downslope side of anchor is equal to the total tension due to uplift

Td = Tt = 10.46 kN/m

βd = β = 18.4 degrees

To estimate the angle of uplifted geosynthetic liner system:

Equation 55 from Giroud et al. (1995)

u = 2.43 m

L = 47.2 m

θ = θd = 0.20 radians

11.7 degrees

Wmin, uplifting = 0.00 kN/m

Applying a factor of safety of 1.5 to the Wmin value is suggested by Giroud et al. (1999)

Wfactored 0.0 kN/m

Required cross-sectional area of the anchor trench

Areq = Wfactored / γ Equation 19 from Giroud et al. (1999)

γ = Unit weight of anchor trench soil

γ = 132 pcf

20.8 kN/m
3

Areq 0.00 m
2

Areq 0.00 ft
2 0.0 ft square anchor trench

Compare to Anchor Trench Design:

Anchor Trench Width 1.5 ft

Anchor Trench Depth 3 ft

Anchor Trench Area, ADesign 4.5 ft
2

Adesign > Areq

The anchor trenches were evaluated using Equation 9 (uplifting) from Giroud et al. (1999).  This assumes that the anchor trench was designed to 

provide sufficient passive pressure against lateral sliding.

Evaluate the anchor trench design with respect to wind uplift for the South Pond Side Slopes
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Client: Newmont Mining USA Job No.: 1011322
Project: Midnite Mine Date: 5/5/2015
Description: Remedial Action Liner Design for Storage Ponds Computed By: S. Goodwin
Detail: South Pond - Evaluate Recommended SDR for HDPE Pipe Ballast Checked By: M. Davis

SOUTH POND

Purpose:

References:

Assumption:

Objective:

Note:

Summary of Results:

South Pond - During Operation

1

Max Tension: 159 psi Allowable Tensile Strength (50% of yield): 1750 psi

2 SDR 17.0

Side Slope Characteristics (North 1 Corner

Corner Slope Angle ββββ (degrees) Length (ft)

North 1 3.8H:1V 14.7 195

North 2 4.5H:1V 12.5 230

East 4.2H:1V 13.4 215

South 3.9H:1V 14.4 199

West 4.9H:1V 11.5 253

HDPE Pipe Properties/Behavior

Pipe is 6-inch HDPE pipe.  Properties from PolyPipe (2005) for PE3408

SDR 17 Maximum SDR available

Outer Diameter: 6.625 in

Inner Diameter: 5.8 in

Inner Area of Pipe: 26.42 in
2

= 0.18 sf

Area of Pipe (HDPE only): 8.05 in
2

Weight of HDPE Pipe: 3.338 lb/ft

Tensile strength at yield: 3500 psi

Estimate Tension due to Gravity

Tension due to gravity:

Tpipe = =Wpipe*L*sinβ/Αpipe

WHDPE= 3.34 lb/ft from HDPE Pipe Properties/Behavior (above)

Wsand= 22.02 lb/ft

Wpipe= 25.36 lb/ft calculated as the sum of WHDPE and Wsand

Αpipe= 8.05 in
2

from HDPE Pipe Properties/Behavior (above)

Corner Slope Angle ββββ (degrees) Length (ft) Tpipe (psi)

North 1 3.8H:1V 14.7 195 156

North 2 4.5H:1V 12.5 230 157

East 4.2H:1V 13.4 215 157

South 3.9H:1V 14.4 199 156

West 4.9H:1V 11.5 253 159

Maximum Tpipe 159 psi

Evaluate Standard Dimension Ratio (SDR) 17 recommended for ballast piping (6-inch HDPE pipe filled with sand) for the corners of the 

South Pond.  

PolyPipe, 2005.  Design and Engineering Guide for Polyethylene Piping.  December.

Calculate the tension for the ballast pipe and compare to the allowable tension to determine if estimated SDR is sufficient.

calculated as the unit weight of sand (120 pcf) multiplied by the inner area 

of the pipe

All corner locations were evaluated for these calculations for conditions during operations.   For the purpose of these calculations, the 

corners were labeled as North 1, North 2, East, South, and West.  The North 1 corner is to the west of the North 2 corner.

A 6-inch HDPE pipe with a SDR of 17 will not exceed the 50% yield tension due to gravity.

Unit weight of sand within the pipe is estimated as 120 pcf.

Note:  Length is equal to the length along the corner slope from the top of the embankment(2683') to the dead storage elevation (2633')
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Client: Newmont Mining USA Job No.: 1011322

Project: Midnite Mine Date: 5/5/2015

Description: Remedial Action Liner Design for Storage Ponds Computed By: S. Goodwin

Detail: West Pond - Evaluate Recommended SDR for HDPE Pipe Ballast Checked By: M. Davis

WEST POND

Purpose:

References:

Assumption:

Objective:

Note:

Summary of Results:

West Pond - During Operation

1

Max Tension: 131 psi Allowable Tensile Strength (50% of yield): 1750 psi

2 SDR 17.0

Side Slope Characteristics (North 1 Corner

Corner Slope Angle ββββ (degrees) Length (ft)

North 5.9H:1V 9.6 249

East 4.4H:1V 12.8 187

West 6.1H:1V 9.3 252

HDPE Pipe Properties/Behavior

Pipe is 6-inch HDPE pipe.  Properties from PolyPipe (2005) for PE3408

SDR 17 Recommended SDR

Outer Diameter: 6.625 in

Inner Diameter: 5.8 in

Inner Area of Pipe: 26.42 in
2

= 0.18 sf

Area of Pipe (HDPE only): 8.05 in
2

Weight of HDPE Pipe: 3.338 lb/ft

Tensile strength at yield: 3500 psi

Estimate Tension due to Gravity

Tension due to gravity:

Tpipe = =Wpipe*L*sinβ/Αpipe

WHDPE= 3.34 lb/ft from HDPE Pipe Properties/Behavior (above)

Wsand= 22.02 lb/ft

Wpipe= 25.36 lb/ft calculated as the sum of WHDPE and Wsand

Αpipe= 8.05 in
2

from HDPE Pipe Properties/Behavior (above)

Corner Slope Angle ββββ (degrees) Length (ft) Tpipe (psi)

North 5.9H:1V 9.6 249 131

East 4.4H:1V 12.8 187 131

West 6.1H:1V 9.3 252 128

Maximum Tpipe 131 psi

Note:  Length is equal to the length along the corner slope from the top of the embankment(2660') to the dead storage elevation (2619')

calculated as the unit weight of sand (120 pcf) multiplied by the inner area 

of the pipe

Evaluate Standard Dimension Ratio (SDR) 17 recommended for ballast piping (6-inch HDPE pipe filled with sand) for the corners of the 

West Pond.  

PolyPipe, 2005.  Design and Engineering Guide for Polyethylene Piping.  December.

Unit weight of sand within the pipe is estimated as 120 pcf.

Calculate the tension for the ballast pipe and compare to the allowable tension to determine if recommended SDR is sufficient.

All corner locations were evaluated for these calculations for conditions during operations.   For the purpose of these calculations, the 

corners were labeled as North, East, and West

A 6-inch HDPE pipe with a SDR of 17 will not exceed the 50% yield tension due to gravity.
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Client: Newmont Mining USA Job No.: 1011322

Project: Midnite Mine Date: 5/5/2015

Description: Remedial Action Liner Design for Storage Ponds Computed By: S. Goodwin

Detail: Minimum Allowable Bend Radius for Cold (Field) Bending of Ballast Tubes Checked By: M. Davis

Cold (Field) Bending

Purpose:

References:

Assumption:

Objective:

Summary of Results:

Minimum Design Bending Radius

20 ft.

Pipe SDR

17 in.

Minimum Cold Bending Radius

27 times pipe OD  from the table above

Pipe OD

6.625 in.

Minimum Cold Bending Radius

179 in

15 ft.

The miminum cold bending radius for a 6 in. pipe with a SDR 17 is 15 ft

which is less than the 20 ft. minimum design bending radius.

27 times pipe OD

25 times pipe OD

20 times pipe OD

Minimum Cold Bending 

Radius
Pipe DR

from Design Drawings

The minimum cold (field) bending radius (long-term) from Table 26 (pp) in the Performance Pipe Field Handbook (June 2012) can be applied. The 

table is shown below:

Estimate the minimum allowable bend radius for the recommended ballast for the South and West Ponds (6 in. pipe with a SDR of 17) that is cold 

bent in the field and ensure the minimum allowable bend radius is less than the minimum design radius.

Chevron Pillips Chemical Company LP, Performance Pipe Field Handbook, June 2012.

Calculate the minimum allowable bend radius for a 6 in. pipe with a SDR of 17 that is cold bent in the field.

>9 - 13.5

9

100 times pipe OD

52 times pipe OD

Fitting or flange present in bend

41

32.5

26

>13.5 - 21

42 times pipe OD

34 times pipe OD
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Client: Newmont Mining USA Job No.: 1011322
Project: Midnite Mine Date: 5/20/2015
Description: Remedial Action Liner Design for Storage Ponds Computed By: S. Goodwin
Detail: Evaluate Adequacy of Support for the Ballast Tubes Checked By: M. Davis

Purpose:

Objective:

Summary of Results:

The support for the ballast tubes shown on Drawing 5-14 are sufficient to handle the loads due to the ballast weight.

Estimate the loads of the ballast tubes

Weight per Foot Slope angles are from the Drawings.

HDPE Weight 3.338 lb/ft from ballast SDR calc sheets

Sand Weight 22.02 lb/ft from ballast SDR calc sheets

Length Total Weight

Slope Angle 

(degrees) Total Force

West Pond North Corner 249 ft 6,314         lb 9.62 North Corner 1,055.15            lb

West Pond East Corner 187 ft 4,742         lb 12.80 East Corner 1,050.92            lb

West Pond West Corner 252 ft 6,390         lb 9.31 West Corner 1,033.78            lb

South Pond North 1 Corner 195 ft 4,945         lb 14.74 North 1 Corner 1,258.42            lb

South Pond North 2 Corner 230 ft 5,832         lb 12.53 North 2 Corner 1,265.21            lb

South Pond East Corner 215 ft 5,452         lb 13.39 East Corner 1,262.79            lb

South Pond South Corner 199 ft 5,046         lb 14.38 South Corner 1,253.36            lb

South Pond West Corner 253 ft 6,416         lb 11.53 West Corner 1,282.86            lb

Determine the maximum allowable load for the ballast support

Minimum Maximum Minimum Maximum

85,000                 140,000       45,000                     0.6057 51,485         84,798             27,257              

Rated Capacity (lbs) Source

1" Dia. SS Lifting Eye Nut (0 deg) 9,000                       http://www.ewdaniel.com/catalog/images/EWD_Catalog.pdf

1" Dia. SS Lifting Eye Nut (45 deg) 2,250                       http://www.ewdaniel.com/catalog/images/EWD_Catalog.pdf

 Nominal Strength 

(lbs) 
Source

7/16" SS Wire Rope 6x19 & 6x37 XIP Grade IWRC 20,400                     http://www.wiscolift.com/pages/Wire-Rope-and-Cable.html

7/16" SS Wire Rope 6x19 & 6x37 XIP Grade Fiber Core 18,200                     http://www.wiscolift.com/pages/Wire-Rope-and-Cable.html

7/16" SS Wire Rope 6x19 & 6x37 XXIP Grade 22,400                     http://www.wiscolift.com/pages/Wire-Rope-and-Cable.html

 Min. Breaking 

Strength (lbs) 

Safe Load 

(lbs) Source

16,540 3,310         http://www.engineeringtoolbox.com/wire-rope-strength-d_1518.html

Evaluate the load on the support holding the ballast tubes within the South Pond and West Pond

Determine the force on the support holding the ballast tubes and confirm support is sufficient for load.

7/16" SS Wire Rope

Maximum Load 

Before Yielding 

(lb)

http://www.fastenal.com/content

/documents/FastenalTechnicalR

Source

Tensile Strength (psi)

Yield Strength (psi) Area (in
2
)

1" x 3 1/2" SS Bolt with Washers and 

Nut

Maximum Load Before 

Tensile Failure (lb)

Ballast Support Page 46 of 46
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MIDNITE MINE REMEDIAL ACTION  
SOUTH AND WEST POND DEAD STORAGE 

EVAPORATION LOSS ANALYSIS 
 
 

Revisioning 
Rev. Date Description By Checked Date Reviewed 

0 28-Apr-2014 
Interim Submittal to 
EPA 

Christin 
Kapatayes 

Melanie Davis 28-Apr-2014 Tom Kelley 

1 1-Jul-2014 
90% Design (minor 
text changes) 

Christin 
Kapatayes 

Melanie Davis 1-Jul-2014 Tom Kelley 

1 14-May-2015 
100% Design – no 
changes 

    

 
Location and Format 

 
Electronic copies of these calculations are located in the project files system at: 
 
\\usftc2s01\Projects\Newmont\Midnite Mine_2011\6.0 Studies & Reports\6.1 Reports\MWH 
Reports\90% Basis of Design Report\Interim Submittals\ Pond Evap Loss Analysis  
 
The following calculations were generated using the following software:   
 
Microsoft Office Professional Plus 2010 (Microsoft Excel) 
 

 
 

Supplement 
 
Supplement E-7.1 – South and West Ponds Stage-Storage Curves 
Supplement E-7.2 – Selected Schematic Water Management System Flow Diagrams - Appendix E, 60% 
BODR  
 



 

1.0 INTRODUCTION 
Temporary Water Management Ponds will be needed as part of the system for collection, 
storage, and conveyance of impacted water to the Water Treatment Plant during the Remedial 
Action (RA) at the Midnite Mine Superfund Site (Site).   As now designed, minimum water levels 
are required in the synthetically-lined Water Management Ponds to provide ballast for wind uplift 
resistance as described in Appendix E of the 60% Basis of Design Report (BODR).   
 
This memorandum was prepared at the request of EPA’s technical reviewers to provide 
clarification as to whether the anticipated inflows to the Water Management Ponds will be 
sufficient to maintain the required liner ballast during dry periods.  The technical reviewers have 
expressed concern that if storage pond inflows are not sufficient to offset evaporation losses 
during dry periods, then additional makeup water will be needed to ensure the necessary 
amount of ballast is maintained in the Ponds. This memorandum was provided as an interim 
submittal between the 60% and 90% design stages and was intended to provide additional 
information for the technical reviewers to aid their evaluation of Water Management Pond 
designs. 
 

2.0 BACKGROUND 
Currently, impacted water is stored in Pit 3 and Pit 4 at the Site prior to treatment at the existing 
Water Treatment Plant.  During the course of the RA, these pits will sequentially be backfilled, 
and ultimately will no longer be available for water storage once backfilling commences.  Two 
temporary storage ponds (the South Pond and the West Pond) will be used for temporary 
storage impacted-water during various phases of construction as described in Appendix E of the 
60% Basis Of Design Report (MWH, 2013). 

During Phase 1, Pit 4 will be dewatered, prepared to receive mine wastes from the Site, and 
then backfilled.  During Phase 1 of the RA, storage of impacted water at the site will occur in Pit 
3.  At the end of Phase 1, Pit 4 backfilling will be completed and mine waste in the Pit 4 area 
covered to reduce infiltration of meteoric water.  Backfilling will begin in Pit 3 in Phase 2 of the 
RA.  At commencement of Phase 2 construction, the South Pond will be required as Pit 3 will no 
longer available for water storage.   

The South Pond will be constructed as a synthetically-lined pond with double containment 
provided by two synthetic geomembranes separated by a leak detection layer and used for 
water storage during the Phase 2 of the RA at the Site.  The South Pond will have an effective 
storage capacity of approximately 64 million gallons (Mgal) after accounting for the 
approximately 3.2 Mgal of dead storage (which corresponds to a pond elevation of 2,633 ft) that 
will be maintained in the pond bottom to provide ballast for the liner system.  At the minimum 
dead storage pool elevation of 2,633 ft, the South Pond water surface area will be 61,952 
square feet (s.f.).  The stage storage curve for the South Pond is included in Supplement E-7.1.  

The West Pond will replace the South Pond beginning in Phase 3 of the RA, which includes 
removal of mine waste beneath and surrounding the South Pond and the completion of 
backfilling and capping of the Pit 3 Waste Containment Area.  The West Pond will remain 
operational until post-RA water management flows subside to the point where the equalization 
ponds adjacent to the WTP provide sufficient storage volume for the overall water management 
system.  Similar to the South Pond, the West Pond will include dual-synthetic liner with leak 
detection as discussed above.  The West Pond will have an effective storage capacity of 
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approximately 24 Mgal after accounting for approximately 1.4 Mgal of dead storage (which 
corresponds to a pond elevation of 2,619 ft) that will be maintained in the impoundment bottom 
to provide ballast for the liner system.  At the minimum dead storage pool elevation of 2,619 ft, 
the West Pond water surface area will be 24,927 s.f.  The stage storage curve for the West 
Pond is also included in Supplement E-7.1. 

Evaporation losses at the dead storage pool elevations in the South Pond and the West Pond 
were estimated from historic climate data recorded at the Midnite Mine climate station (NWS 
Station No. 452913) located near Pit 3 at the Site. This station is a Remote Automated Weather 
Station (RAWS) that was installed by the U.S. Department of Interior, Bureau of Land 
Management in approximately 1990. The period of record for the Midnite Mine climate station 
extends from 1991 through the present (23 years).  Specifically, the climate data used in these 
analyses were the daily calculated evapotranspiration (ET) records obtained from the Western 
Regional Climate Center website (WRCC, 2013).  The calculated evapotranspiration results 
reported by the WRCC use the Penman-Montieth equation (Allen et al., 1998) to estimate ET 
from measured daily climate data from the Midnite Mine Station.  Climate data used in the 
calculations include the minimum and maximum temperature, average wind speed, solar 
radiation, and relative humidity. 
 

3.0 METHOD 
3.1 DRY-PERIOD POND INFLOW RATES 
Sources of impacted water that will be collected by the Site water management system and 
contribute to storage pond inflows, both under current conditions and anticipated conditions at 
key points during construction are discussed in Appendix E of the BODR.  It should be noted 
that some estimates for individual flow components used in water balance calculations 
presented in Appendix E were based upon assumptions that were conservative (representing 
the high end of potential flow rates) when used for calculating required pond capacities during 
wet periods.  However, these individual inflow components would not be considered 
conservative if they were used to estimate the water that may be available for maintaining pond 
ballast during dry periods. 
 
In cases where potential flow components were identified as inputs for water balance 
calculations in Appendix E, but may be unreliable as water sources during dry periods, or may 
be uncertain (e.g., precipitation inputs, inflows from as-yet unidentified residual seeps) these 
flows were conservatively (from the water-supply perspective) neglected for the purposes of the 
analyses presented in this memorandum.  As a result, the estimated flows at various stages of 
construction presented in this memorandum are much lower than the estimated flows presented 
in Appendix E of the 60% BODR. 
 
Based upon the results of water balance analyses of current (historic) conditions using a 
combination of measured flow records and estimated inflows as shown on Figure E-1 in 
Appendix E of the 60% BODR, 28-day-averaged inflows into Pit 3 have historically varied from 
30 gallons per minute (gpm) to almost 1,000 gpm.  It should be noted that the lowest inflow 
measurements occurred during dry periods in late summer or early autumn when the Water 
Treatment Plant had stopped operating for the year.  For the lowest flow measurements, 
totalizing flow meters were being read very sporadically, and certain inflow components may not 
have been correctly accounted for during those periods.  A more reliable estimate of current 
low-inflow rates to Pit 3 during dry times of the year under current (historic) conditions is 
probably on the order of 50 to 60 gpm.  The estimated 28-day-averaged inflows into Pit 4 under 
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current conditions range from 13 gallons per minute (gpm) to 80 gpm.  Based upon the data and 
calculations used in the water balance analyses of historic conditions, the total 28-day-averaged 
inflow to Pits 3 and 4 under current conditions can be expected to vary from 63 gpm to 
approximately 1,000 gpm, with higher flows occurring during the spring snow melt season. 
 
Flow components during the initial Phase 2 South Pond operations are shown on Figure E-3 of 
Appendix E.  The flow components for the water management system will be relatively 
unchanged from the current system and it is anticipated that pond inflows will be similar to those 
currently reporting to Pit 3 and Pit 4 (i.e. flows may range from approximately 60 gpm to 1,000 
gpm).  At the end of South Pond operations (the end of Phase 2), flow components in the water 
management system will be similar to those shown for the beginning of Phase 3 operations 
depicted on Figure E-4 of Appendix E.   
 
The end of Phase 2 will be the most critical for South Pond operations from the standpoint of 
available water supply for maintaining ballast during dry periods.  At this point, it is expected that 
flow from the Western Drainage and East Drainage Area Seeps will be greatly diminished as 
mine waste in these drainages will have been removed, and only water from residual seeps that 
may be encountered during the RA will be collected and conveyed to the South Pond.  Since 
the extents and flow rates associated with residual seeps that may persist in the Western and 
Eastern Drainages after completion of mine waste removal are uncertain, they were 
conservatively neglected in estimating dry season water availability for these analyses.  
Likewise, precipitation and surface water inputs, and potential flows from the alluvial 
groundwater collection system were conservatively neglected in estimating dry season water 
availability.   
 
For the purposes of providing a conservative, lower bound estimate of water availability to 
maintain liner ballast at the end of South Pond operations, it is assumed that groundwater 
inflows to Pit 3, Pit 4, and the BPA are the only reliable pond inflow water sources during 
extreme dry periods.  Using a similar reasoning, it is assumed that groundwater inflows to Pit 3, 
Pit 4, and the BPA will be the only inflow sources to the West Pond during extreme dry periods.  
The estimated groundwater inflow rates for Pit 3 (17.5 gpm) and Pit 4 (13.2 gpm) used in water 
balance modelling summarized in Attachment E-1 to Appendix E were based upon an average 
of measured and estimated inflow rates from previous investigations (MGC, 2011 and URS, 
2002) and were used to provide estimates of dry season inflow rates for the South Pond and 
West Pond for the evaluation presented in this memorandum. 
 
The BPA consists of the Boyd Pit, Pit 2, Pit 2 West, and Adit Pit that were backfilled (or in the 
case of the Adit Pit, partially backfilled) during mining operations.  The two largest BPA pits, the 
Boyd Pit and Pit 2 intercept groundwater flow, which will be pumped to the Water Management 
Ponds during and after the RA.  The groundwater inflow rates into the BPA were estimated 
based upon data obtained during previous BPA dewatering investigations that were submitted 
to the Bureau of Land Management by Dawn Mining Company in the form of Data Transmittals 
and a summarized in a memorandum to the EPA titled “Phase I Hydrologic Modeling for Midnite 
Mine RI/FS” (URS, 2002).  The previous BPA dewatering investigation measured groundwater 
inflow rates into the Boyd Pit (the larger of the two backfilled pits) ranging from 5 to 7 gpm.  This 
is in reasonable agreement with results of the quasi-steady state dewatering that is currently 
ongoing at a rate of approximately 5 gpm from Boyd Pit and at 4 to 5 gpm from Pit 2 in the BPA.  
Since a slight water-level drawdown is still occurring in both pits, it is assumed that the long-
term pumping rate will be somewhat lower than is currently being realized and a groundwater 
inflow contribution of 5 to 7 gpm inflow is considered a reasonably conservative estimate for the 
combined pond inflow from the two BPA pits. 
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Estimated dry-period pond inflow rates are summarized in Table 1. 
 

Table 1. Estimated Dry-Period Pond Inflow Rates  

Stage 
Dry-Period Inflow 

Rate 
(gpm) 

Initial South Pond Inflows – 
Similar to Current (Historic) 

Dry-Period Inflow Rates 60 gpm 
South Pond -  End of Phase 2 35.7 gpm to 37.7 gpm 

West Pond – Long Term 35.7 gpm to 37.7 gpm 
 

3.2 EVAPORATIVE LOSSES 
Estimates for evaporation losses were used to evaluate if flows from the water management 
system to the ponds will be sufficient to maintain dead storage volumes in the South and West 
Ponds.  Average weekly evaporation rates were calculated using historical RAWS data from the 
period from 1997 to 2013. Weekly average evaporation rates (reported in units of inches per 
day) are shown in Figure 1. 
 

 
 
Evaporation losses from the Water Management Ponds were computed using the weekly 
average evaporation rates and the water surface areas at the dead storage pool elevations for 
the South and West Ponds as shown in Table 2.  An evaporation pan coefficient of 1.0 was 
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conservatively used for the analysis for estimating evaporation from the storage ponds.  
Evaporation losses were calculated as follows:  
 

𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠 = (1.0)(𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒)(𝑊𝑎𝑡𝑒𝑟 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎) 
 

Table 2. South and West Ponds - Dead Storage  

Pond 
Elevation  Area Volume 

(ft) (s.f.) (Mgal) 
South Pond 2633 61,952 3.2 
West Pond 2619 24,927 1.4 

 

4.0 RESULTS 
The results of the pond evaporation loss calculations are summarized in Table 3 below. The 
results indicate a maximum evaporation loss, based upon historical evaporation rates, of 3.9 
gpm for the West Pond at the dead storage pool elevation, with a calculated average 
evaporation loss of 1.3 gpm. Evaporation losses for the South Pond at the dead-storage pool 
level are estimated to be a maximum of 9.6 gpm, and 3.3 gpm on average. 
 

Table 3. South Pond and West Pond Dead Storage - Evaporation Losses Summary 

  

South Pond - Evaporation Losses West Pond - Evaporation Losses 
Weekly Average Weekly Average 

gal/day  gpm gal/day  gpm 
Maximum 13792 9.58 5549 3.85 
Average 4759 3.31 1915 1.33 
Minimum 154 0.11 62 0.04 

 

5.0 CONCLUSIONS 
The following conclusions are based upon results of pond evaporation loss calculations and 
estimates of dry-period pond inflow rates that conservatively include only pit groundwater inflow 
components as a water source:  
 

• The South Pond dead storage evaporation losses are expected be less than 9.6 gpm at 
the dead-storage pool level and on average evaporation losses at this pool level are 
expected to be about 3.3 gpm. 
  

• The West Pond dead storage evaporation losses are expected to be less than 3.9 gpm 
at the dead-storage pool level and on average are expected to be approximately 1.3 
gpm at this pool level. 

 
• Minimum dry-period inflows to the water management ponds are conservatively 

estimated to be at least 35 gpm for the South and West Ponds. 
 

• The estimated minimum dry period inflow rates exceed the estimated maximum 
evaporation losses in both the South Pond and the West Pond by a factor of more than 
three.  Thus, it is concluded that pond inflows will be sufficient to maintain sufficient 
ballast without the need for adding supplemental water during dry periods.   
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Storage Curves 
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Supplement E-7.2 – Selected Schematic Water 
Management System Flow Diagrams - Appendix E, 
60% BODR 
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Location and Format 

 
Electronic copies of these calculations are located in the project files system at: 
 
\\usslc1s01\IFO\Industrial Projects\MIDNITE MINE\Deliverables_Working Documents\Basis of Design 
Rpt\Appendix E - Water Management Ponds\90% Submittal\Att E-8 Design Step Summary 
 
The following calculations were generated using the following software:   
 
Microsoft Office Professional Plus 2010 (Microsoft Excel) 
 

 
Supplements 

 
Supplement E-8.1 – Design Step Format Worksheet 
Supplement E-8.2 – Dam Break Calculation 
 

 
  



 

1.0 INTRODUCTION 
This Technical Memorandum presents the assessment of the preliminary design storm or 
annual exceedance probability (AEP) to be used for emergency overflow spillway design for 
Water Management Ponds that are part of the remedial activities (RA) at the Midnite Mine 
Superfund Site (Site). The Site is located in Stevens County on the Spokane Indian Reservation 
in eastern Washington State, see Figure 1. The Design storms were generated using 
Washington State Department of Ecology (WSDOE) Dam Safety guidelines, which were 
selected as the basis for substantive compliance of the storage pond design with applicable 
regulations.  
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Figure 1.  Midnite Mine Project Location 
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Figure 2.  Midnite Mine Storage Pond Location

PIT-3 

PIT-4 
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2.0 STORAGE POND DESCRIPTION 
The RA requires consolidation of the mine wastes into Pit 3 and Pit 4 and isolation of the wastes 
from groundwater and surface water infiltration. Under the current water management system 
(WMS), Pits 3 and 4 are used to store mine-impacted surface and groundwater prior to water 
treatment and discharge from the site. Temporary water management ponds (aka, storage 
ponds) will be needed during RA construction to store the impacted water once pit backfilling 
commences and the pits are no longer available for water storage. 
 
The South Pond will be constructed during Phase 1 for water storage during Phase 2 and the 
West Pond will be constructed during Phase 2 for water storage during Phase 3.  The South 
Pond will be decommissioned during Phase 3 after approximately 5 years of operation and the 
West Pond will be decommissioned after the combined inflow to the WMS has decreased to 
less than 50 gallons per minute (gpm). It is estimated that the West Pond will be in operation for 
approximately 15 years. The locations of the proposed storage ponds are shown in Figure 2.  
Figures 3 and 4 show cross sections for the South and West Ponds, respectively.  Further 
details of the preliminary designs of the storage ponds can be found in Appendix E of the 
Midnite Mine Superfund Site Preliminary (60 Percent) Design Report (MWH, 2013). 
 

 
Figure 3.  Midnite Mine South Pond Cross Section 

 
 

 
Figure 4.  Midnite Mine West Pond Cross Section   
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NATIVE GROUND SURFACE (ESTIMATED) 

FINISHED GRADE 

COMPACTED FILL 

Page 4 



 

3.0 DESIGN STORM 
The storage capacities for the South and West Ponds were based on the volume needed to 
contain flows during the six-week, 100-year wet period assuming that the WTP is inoperable for 
entire six-week duration. The Design Storm Determinations for the South and West Ponds were 
performed according to the Design Step Format outlined in Technical Note 2: Selection of 
Design/Performance Goals for Critical Project Elements of the Washington State Department of 
Ecology Dam Safety Guidelines (WSDOE, 1992b). The design step format incorporates 
Consequence Dependent Design Levels and Balanced Protection concepts and consists of an 
eight step increasingly stringent scale of design/performance goals.  The eight steps range from 
an annual exceedance probability (AEP) of 1 in 500 at step 1, to 1 in 1,000,000 at step 8.   Step 
8 roughly corresponds to theoretical maximum events (i.e. the probable maximum precipitation 
or PMP) for critical project elements.  
 
The eight design steps and associated AEP are illustrated in Figure 5.  

 
Figure 5.  Design Step Format (WSDOE, 1992b) 

 

4.0 DESIGN STEP METHOD 
The selection of the design step for critical project elements is based upon cumulative 
consequence rating points, which are divided into three general categories: 
 

1. Capital value of project 
2. Potential for loss of life 
3. Potential for property damage 

 
The worksheets used for establishing the design step for the South and West Ponds are 
included in Supplement E-8.1. Design step ratings were performed by three independent 
evaluators. The median of the three ratings was used to determine the design step. The 
following sections document the selection of the final parameters used for selecting the design 
step for Midnite Mine. 
 

4.1 CAPITAL VALUE OF THE PROJECT 
According to WSDOE the capital value consequence rating points can be determined based on 
the dam height and estimated project benefits. Dam height is indicative of the capital value of 
the dam. The dam heights for the South Pond and West Pond are shown in Table 1. The dam 
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height at the upstream toe was used to estimate the capital value index for the South Pond and 
the dam height at the dam crest centerline was used for the West Pond. Figure 3 of Technical 
Note 2 was used to estimate the consequence rating points based on dam height as shown in 
Figure 6.  Table 2 shows the capital value consequence rating points for each pond. 

 
Table 1.  Dam Heights 

Pond Dam Height at 
Upstream Toe (ft) 

Dam Height at 
Downstream Toe (ft) 

Dam Height Beneath 
Dam crest (ft) 

South Pond 64 180 130 
West Pond 55 97 70 

 

 
Figure 6.  Capital Value Consequence Rating Points 

 
Table 2.  Capital Value Consequence Rating Points 

Pond Dam Height (ft) Consequence Rating 
Points 

South Pond 64 80 
West Pond 70 80 

 
The South Pond will be constructed by excavating into the waste rock of the South Waste Rock 
Pile, rather than by placing and compacting embankment fill to form an impoundment.  As such, 
embankment height at the dam centerline is not a reasonable indicator of the capital value of 
the pond. The overall capital value of the South Pond is expected to be similar to, or less than 
that of the West Pond, which will require placement of embankment fill.  Correspondence with 
WSDOE engineer Marty Walther supports using dam height at the upstream toe, or pond 
excavation depth, for capital value assessment of the South Pond. His opinion is that for the 
Design Step calculation, the dam height should not exceed the depth of water impounded 
(personal communication, May 21, 2014). Using the excavated height as an indicator of capital 
value for the South Pond yields a conservative estimate of the design step. 
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Project benefit consequence rating points are assigned based on benefits for the general public 
(mandatory) and benefits for the owner and private enterprise (discretionary) per Table 2 of 
Technical Note 2.  Table 3 lists the project benefit assumptions for Midnite Mine. There are no 
mandatory considerations for the South and West Ponds.  The water contained in the South 
Pond and West Pond will be impacted site waters that will be treated at the water treatment 
plant and released, via the Blue Creek pipeline through a diffuser into the Spokane Arm of Lake 
Roosevelt.  As such, the water contained in these ponds has no tangible economic value. 

 
Table 3.  Project Benefits 

Benefit Midnite Mine Assumption 

Public Water Supply Not applicable 

Irrigation/Industrial Water Supply Not applicable 

Hydropower Not applicable 

Process Water Not applicable 

Recreation / Habitat Not applicable 

Other Not applicable 

 

4.2 POTENTIAL FOR LOSS OF LIFE 
The potential loss of life consequence rating points for each critical project element are 
determined by three factors: 
 

• Catastrophic potential index 
• Population at risk index 
• Adequacy of warning 

 
The catastrophic potential index is the ratio of the dam breach peak potential discharge to the 
100-year flood peak discharge.  The consequence rating points based catastrophic potential 
index are estimated based on Figure 4 of Technical Note 2. Since both dams are greater than 
50 feet, the “Large” dam index was used (WSDOE 1992b). 
 
The dam breach peak discharge for the proposed impoundments was estimated using the 
simplified methods presented in Technical Note 1: Dam Break Inundation Analysis and 
Downstream Hazard Classification of the Washington State Department of Ecology Dam Safety 
Guidelines (WSDOE 1992a). Dam breach peak flow estimates using the simplified methods are 
usually conservative and can be considered very conservative for the South Pond, where the 
waste rock fill in the embankment will consist of coarse rock fill with boulders up to 3 feet in size. 
Detailed calculations are included in Supplement E-8.2. Table 4 shows the estimated dam break 
peak flows for the storage ponds. 
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Table 4.  Dam Break Peak Flows 

Pond Dam Break Peak 
Flows (cfs) 

South Pond 9,946 
West Pond 5,663 

 
The 100-year flow peak discharge estimate was taken from a rainfall-runoff model developed for 
surface water and sediment control design at the Midnite Mine site (MWH, 2013). The design 
step format requires the 100-year peak flow to be determined at a point where the first 
residence would be affected by flooding from a dam failure.  If there are no permanent dwellings 
it should be evaluated at a point 1 mile downstream from the dam.  Since there are no dwellings 
downstream, the peak flow was evaluated at the confluence of the Midnite site drainage with 
Blue Creek.  This point is approximately 1.24 miles and 0.96 miles (average 1.1 miles) 
downstream of the West and South ponds, respectively. Table 5 shows the estimated 100-year 
peak flows at 1.1 miles downstream of the storage ponds. The consequence rating points were 
determined based on the ratio of dam breach peak flow and 100-year peak flow as shown in 
Figure 7 and Table 6. 

 
Table 5.  100-Year 24-hour Peak Flow 

Midnite 
Drainage Area 

(mi2) 
100-Year 24-hour 
Precipitation (in) 

100-Year 24-hour 
Peak Flow (cfs) 

1.3 2.6 8.5 
 

 
Figure 7.  Catastrophic Potential Index Consequence Rating Points 
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Table 6.  Catastrophic Potential Index Consequence Rating Points 

Pond Dam Breach Peak 
Discharge (cfs) 

100-Year Peak 
Discharge (cfs) Ratio 

Consequence Rating 
Points Based on Large 

Dams 
South Pond 9,946 8.5 1170 75 
West Pond 5,663 8.5 666 75 

 
The population at risk (PAR) was assessed using the methods in Technical Note 1: Dam Break 
Inundation Analysis and Downstream Hazard Classification of the Washington State 
Department of Ecology Dam Safety Guidelines (WSDOE, 1992a). There are no dwellings or 
structures downstream of the Midnite Mine drainage.  There are three roads downstream as 
shown in Figure 8.  The West End road is a paved road located immediately downstream of the 
Midnite Mine drainage.  Elijah road is unpaved and is located immediately downstream of the 
Midnite Mine drainage.  Blue Creek road is unpaved and parallels Blue Creek to the confluence 
with the Spokane River. Technically, the upper end of the Blue Creek Road is labeled on maps 
as Elijah Road, thus, there are two crossings of Elijah Road in close proximity to each other, but 
no crossings of Blue Creek Road. Only West End road and Elijah road will be considered in the 
population and property at risk estimates. 
 
WSDOE does not provide specific guidance regarding the PAR for roads.  State of Montana 
dam safety guidelines (MT DNRC, 2010) provide the following guidance in absence of site 
specific information, shown in Table 7. 
 

Table 7. Population at Risk Estimates for Structures of Human Habitation (Montana 
DNRC, 2010) 

Structure Estimated PAR 
Residence 3 

Farm shop building 2 
Commercial building 10 

Hospital 100 
School 100 

Municipal park 10 
Campground 30 
Golf course 30 

Airport 30 
Paved road 2 

Railroad 2 
 
Due to the remoteness of the Midnite Mine location a PAR of 2 persons was assigned for each 
of the roads downstream of the mine. The consequence rating points based on PAR are 
estimated based on Figure 5 of Technical Note 2, as shown in Figure 9 and Table 8. 
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Figure 8.  Roads Downstream of Midnite Mine 

WEST END RD. 
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Figure 9.  Population at Risk Consequence Rating Points 

 

Table 8. Population at Risk Consequence Rating Points 

Pond Estimated PAR 
(Number of persons) 

Consequence Rating 
Points 

South Pond 4 40 
West Pond 4 40 

 
The advanced warning time or time for evacuation after notification or self-recognition of a 
dangerous situation was classified as adequate or more than 30 minutes. Personnel will be on 
site during the remediation activities and Water Treatment Plant Operations, therefore the 
likelihood of a dangerous situation being observed is high. Based on the remoteness of the area 
and the limited roadway system a marginal rating was assigned to downstream valley setting 
considerations. Overall, the adequacy of warning is considered adequate. The consequence 
rating points based on advanced warning time, valley setting and likelihood of notification was 
estimated based on Table 4 and Figure 6 of Technical Note 2 as shown in Figure 10 and Table 
9. 
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Figure 10.  Advanced Warning Consequence Rating Points 

 
Table 9.  Advanced Warning Consequence Rating Points 

Pond 
Advanced 
Warning 

Time 

Advanced 
Warning Time 

Ease of 
Evacuation Overall Consequence 

Rating Points 

South Pond Adequate Adequate Marginal Adequate 10 
West Pond Adequate Adequate Marginal Adequate 10 

 

4.3 DOWNSTREAM PROPERTY AT RISK 
The potential property damage consequence rating points is determined by four factors: 
 

• Residential units 
• Lifeline facilities 
• Other important facilities 
• Environmental degradation 

 
There are no residential units downstream of the storage ponds or the Midnite Mine drainage. 
The lifeline facilities downstream are West End road and Elijah road. These are classified as 
“other public roads” per WSDOE. Property damage consequence rating points were estimated 
using Figure 7 and Table 5 of Technical Note 2. 
 
Since the storage ponds will be used to store impacted water the contents of the reservoirs are 
considered deleterious.  Release of the reservoir contents would result in release of deleterious 
material stored on-site and potentially result in long-term environmental degradation. Table 5 
and Appendix B of Technical Note 2 were used to establish the rating points for the proposed 
ponds at Midnite Mine. Table 10 shows the downstream property risk factors considered for 

Page 12 



 

Midnite Mine.  The consequence rating points for lifeline facilities and environmental 
degradation are shown in Tables 11 and 12, respectively. 

 
Table 10.  Downstream Property at Risk Factors 

Factor Assumption for Midnite Mine 

Residential units: No residential units downstream 

Lifeline facilities:  
    - Major highways/ rail lines Not applicable 

    - State highways Not applicable 

    - Other roads / rail lines 2 roads downstream, 1 paved 

Water supply:  
    - Storage reservoirs Not applicable 

    - Treatment facilities Not applicable 

    - Delivery systems Not applicable 

Waste treatment: Not applicable 

Electric power: Not applicable 

Emergency facilities: Not applicable 

Other facilities: Not applicable 

Environmental degradation: Long term environmental degradation 

 
Table 11.  Lifeline Facilities Consequence Rating Points 

Pond Item Points per 
item Consequence Rating Points 

South Pond 2 roads 3 6 
West Pond 2 roads 3 6 

 
Table 12. Environmental Degradation Consequence Rating Points 

Pond Environmental Degradation Consequence Rating 
Points 

South Pond Long term environmental damage 50 

West Pond Long term environmental damage 50 

 

5.0 DESIGN STEP ESTIMATE AND AEP SELECTION 
The design step and AEP for the Midnite Mine project elements was determined by adding the 
consequence rating points obtained from the three categories discussed above and Figure 5.  
Although different failure modes can produce different design steps, the South and West Ponds 
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were evaluated for dam failure by overtopping as this generally produces the more severe 
consequences.  Table 13 shows the summary of consequence rating points for the South and 
West Pond, respectively. 
 

Table 13.  Summary of Consequence Rating Points 
Category South Pond West Pond 

Capital Value of Project 80 80 
Population at Risk 125 125 

Downstream Property at Risk 56 56 
Base Points 150 150 

Cumulative Consequence Rating 
Points 411 411 

Design Step 4 4 
 
Based on Figure 5 both the South and West Ponds falls under a Design Step of 4.The annual 
exceedance probability (AEP) to be used in spillway design for this design step is 10-4 or a 
return period of approximately 10,000 years. 
 
The Washington State Department of Ecology (WSDOE) Dam Safety Guidelines, Technical 
Note 3, Design Storm Construction (WSDOE, 2009) provides methods for determining 
precipitation depths and design storm temporal patterns for developing inflow design floods 
(IDF) in Washington.  The procedures used in Technical Note 3 (TN 3) to provide site-specific 
precipitation magnitude-frequency estimates are based on regional analysis procedures 
contained in Regional Precipitation-Frequency Analysis and Spatial Mapping of Precipitation for 
24-hour and 2-hour durations in Western and Eastern Washington (Schaefer et al 2006). 
 
Gridded precipitation datasets were developed as part of the regional precipitation-frequency 
analysis that allow the user to determine precipitation depths for a selected location, storm 
durations of 2-hour, 6-hour, and 24-hour, and 10-year, 25-year, 100-year and Design Steps 1 to 
8.  
 
For the selection of the design storm dimensionless hyetographs TN 3 divides the state of 
Washington in regions with similar climatic and topographic characteristics that result in storms 
having similar characteristics.  The climatic regions are shown in Figure 11. 
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Figure 11.  Climatic Regions for Washington State (source: WDOE, 2009) 

 
The Midnite Mine drainage basin is located entirely within Region 7 – Okanogan, Spokane, and 
Palouse of Eastern Washington.   
 
The following steps are used to determine the storm depths and candidate design storms for a 
particular location: 
 

1. Determine the Design Step and project design/performance goal as shown on Technical 
Note 2 (WSDOE, 1992b). 

2. Compute precipitation scaling depth for selected design step for duration used for 
scaling candidate design storm. 

3. Select dimensionless design hyetograph for chosen storm duration for project location. 
4. Scale dimensionless design hyetograph by precipitation scaling depth to produce 

candidate design storm. 
 
WSDOE provides a spreadsheet and gridded precipitation datasets that allow the user to 
compute the precipitation depths for various durations and design steps. Table 14 shows the 
results for the 2-hour, 6-hour and 24-hour storms.  
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Table 14.  Storm Depths for Midnite Mine Drainage Basin, Region 7, Washington 

Design Step Storm depth for indicated duration (inches) 
2-hour 6-hour 24-hour 

Design Step 1 1.86 2.10 3.23 
Design Step 2 2.15 2.33 3.54 
Design Step 3 2.76 2.75 4.09 
Design Step 4 3.51 3.22 4.68 
Design Step 5 4.46 3.76 5.33 
Design Step 6 5.65 4.37 6.03 
Design Step 7 7.16 5.07 6.80 
Design Step 8 9.05 5.86 7.63 

 
TN 3 recommends that the precipitation depths obtained from the gridded datasets are 
increased by 15 percent for use in engineering design applications to incorporate some 
conservatism, account for uncertainty and provide protection from under-design.  The scaling 
depths after applying a 1.15 factor are shown in Table 15. The total storm depths used to 
generate the WSDOE short, intermediate, and long duration design storms are shown in Table 
16. 
 

Table 15.  Storm Depths for Midnite Mine Drainage Basin, Region 7, Washington 
(Increased by 1.15) 

Design Step Storm depth for indicated duration (inches) 
2-hour 6-hour 24-hour 

Design Step 1 2.13 2.42 3.71 
Design Step 2 2.48 2.68 4.07 
Design Step 3 3.17 3.16 4.70 
Design Step 4 4.03 3.70 5.38 
Design Step 5 5.13 4.32 6.13 
Design Step 6 6.50 5.03 6.93 
Design Step 7 8.23 5.83 7.82 
Design Step 8 10.41 6.74 8.77 

 
Table 16.  Total Storm Depths for Midnite Mine Drainage Basin, Region 7, Washington 

Design Step 
Storm depth for indicated duration (inches) 

Short duration Intermediate duration Long duration 
4-hour 18-hour 72-hour 

Design Step 1 2.21 3.74 4.66 
Design Step 2 2.56 4.15 5.11 
Design Step 3 3.28 4.90 5.89 
Design Step 4 4.18 5.74 6.75 
Design Step 5 5.31 6.70 7.68 
Design Step 6 6.73 7.80 8.70 
Design Step 7 8.52 9.04 9.81 
Design Step 8 10.77 10.45 11.01 
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Midnite Mine - South Pond

Worksheet for Downstream Hazard Classification and 
    Selection of Design/Performance Goals for Critical Project Elements 
          Reference:  Technical Note 2, Table 7 on page 23 and worksheet from pages 37 to 47 

C. Gifford-Miears page 1
of  3

Decision-making framework for Downstream Hazard Classification :

Resources at risk Hazard
Population Economic Environmental Class

0 Minimal Minimal 3 Low
0 Appreciable Short-term 2E Significant

1 to 6 Appreciable Short-term 2D Significant
7 to 30 Major Severe / long-term 1C High

31 to 300 Extreme Severe / long-term 1B High
> 300 Extreme Severe / long-term 1A High

Decision-making framework for Design Step:

Consequence Rating
Points : < 270 275 - 320 325 - 370 375 - 420 425 - 470 475 - 520 525 - 570 > 575 
Design
Step: 1 2 3 4 5 6 7 8

Summary for this project :
   Hazard Class

Hazard Class : Resources at risk  for that resource
  Population       = 4 2D   <= 2D or higher requires
  Economic        = Minimal 3 Step 3 or higher
  Environmental  = Severe / long-term 1C

Highest hazard class governs : 1C

  Consequence
Design Step summary :   rating points

           Capital value of project 80
           Population at risk 125
           Property at risk 56
           Base points 150

           Cumulative points 411

Design step 4



Midnite Mine - South Pond

Worksheet for Downstream Hazard Classification and 
    Selection of Design/Performance Goals for Critical Project Elements 
          Reference:  Technical Note 2, Table 7 on page 23 and worksheet from pages 37 to 47 

C. Gifford-Miears page 2
of  3

  Consequence
I.  Capital Value of Project    rating points

A.  Dam Height Index height  = 64 feet 80
(see Tech Note 2, pg. 38)

B.  Value of Reservoir Contents / Project Benefits Typical No. of Points
points per item items per item

Public Water Supply 25 - 75 0
Irrig/Indust Water Supply 10 - 75 0
Hydropower 10 - 75 0
Process Water 10 - 75 0
Recreation / Habitat 10 - 25 0
Other: 0

Capital Value of Project subtotal  = 80

II.  Population at Risk

A.  Catastrophic Potential Index
Dam breach peak discharge  = 9946 cfs (at dam)
100-yr flood peak discharge = 8.5 cfs (at 1st residence downstream

 or 1 mile downstream)
Dam size: Small / Intermediate / Large Large
Ratio dam breach/100-yr flood 1170.118 75

(see Tech Note 2, pg. 40)

B.  Population at Risk Index
Current population at risk     = 4
Increase due to development = 0   (estimated or projected)
Future population at risk      = 4 40

(see Tech Note 2, pg. 41)

C.  Adequacy of Warning (see Tech Note 2, pp. 42 - 43)
index Typical points (see pg. 42)

item points Adequate Marginal Inadequate
Advanced Warning Time 0 0 25 50
Likelihood of Notification 0 0 15 30
Ease of Evacuation 10 0 10 20

Warning Index Points = 10     (see pg. 43) 10
Warning rated as : Adequate / Marginal / Inadequate / not applicable

Population at Risk subtotal = 125



Midnite Mine - South Pond

Worksheet for Downstream Hazard Classification and 
    Selection of Design/Performance Goals for Critical Project Elements 
          Reference:  Technical Note 2, Table 7 on page 23 and worksheet from pages 37 to 47 

C. Gifford-Miears page 3
of  3

  Consequence
III.  Downstream Property at Risk    rating points

A.  Residential Units
Number of homes or ERU's  = 0 0

(see Tech Note 2, pg. 44)

Typical No. of Points
B.  Lifeline Facilities points per item items per item

Transportation 
    Major highways / rail lines 25 0
    State highways 10 0
    Other roads / rail lines 2 - 5 2 3 6
Water supply
    Storage reservoirs 10 - 75 0
    Treatment facilities 10 - 25 0
    Delivery systems 5 - 25 0

Waste treatment 5 - 25 0
Electric power 5 - 75 0
Emergency facilities 10 - 75 0

Lifeline subtotal = 6

C.  Other Important Facilities
Public buildings 10 - 75 0
Fish hatcheries 5 - 25 0
Comm/Indust/Agric 5 - 75 0
Other facilities 0

Facilities subtotal = 0

D.  Environmental Degradation from hazardous releases
Deleterious contents of reservoir
    Long term environmental damage 10 - 75 1 50 50
    Temporary, minor impacts 5 - 20 0
Damage to & releases from other facilities
    Long term environmental damage 10 - 75 0
    Temporary, minor impacts 5 - 20 0

Environment subtotal = 50

Downstream Property at Risk subtotal = 56



Midnite Mine - West Pond

Worksheet for Downstream Hazard Classification and 
    Selection of Design/Performance Goals for Critical Project Elements 
          Reference:  Technical Note 2, Table 7 on page 23 and worksheet from pages 37 to 47 

C. Gifford-Miears page 1
of  3

Decision-making framework for Downstream Hazard Classification :

Resources at risk Hazard
Population Economic Environmental Class

0 Minimal Minimal 3 Low
0 Appreciable Short-term 2E Significant

1 to 6 Appreciable Short-term 2D Significant
7 to 30 Major Severe / long-term 1C High

31 to 300 Extreme Severe / long-term 1B High
> 300 Extreme Severe / long-term 1A High

Decision-making framework for Design Step:

Consequence Rating
Points : < 270 275 - 320 325 - 370 375 - 420 425 - 470 475 - 520 525 - 570 > 575 
Design
Step: 1 2 3 4 5 6 7 8

Summary for this project :
   Hazard Class

Hazard Class : Resources at risk  for that resource
  Population       = 4 2D   <= 2D or higher requires
  Economic        = Minimal 3 Step 3 or higher
  Environmental  = Severe / long-term 1C

Highest hazard class governs : 1C

  Consequence
Design Step summary :   rating points

           Capital value of project 80
           Population at risk 125
           Property at risk 56
           Base points 150

           Cumulative points 411

Design step 4



Midnite Mine - West Pond

Worksheet for Downstream Hazard Classification and 
    Selection of Design/Performance Goals for Critical Project Elements 
          Reference:  Technical Note 2, Table 7 on page 23 and worksheet from pages 37 to 47 

C. Gifford-Miears page 2
of  3

  Consequence
I.  Capital Value of Project    rating points

A.  Dam Height Index height  = 70 feet 80
(see Tech Note 2, pg. 38)

B.  Value of Reservoir Contents / Project Benefits Typical No. of Points
points per item items per item

Public Water Supply 25 - 75 0
Irrig/Indust Water Supply 10 - 75 0
Hydropower 10 - 75 0
Process Water 10 - 75 0
Recreation / Habitat 10 - 25 0
Other: 0

Capital Value of Project subtotal  = 80

II.  Population at Risk

A.  Catastrophic Potential Index
Dam breach peak discharge  = 5663 cfs (at dam)
100-yr flood peak discharge = 8.5 cfs (at 1st residence downstream

 or 1 mile downstream)
Dam size: Small / Intermediate / Large Large
Ratio dam breach/100-yr flood 666.2353 75

(see Tech Note 2, pg. 40)

B.  Population at Risk Index
Current population at risk     = 4
Increase due to development = 0   (estimated or projected)
Future population at risk      = 4 40

(see Tech Note 2, pg. 41)

C.  Adequacy of Warning (see Tech Note 2, pp. 42 - 43)
index Typical points (see pg. 42)

item points Adequate Marginal Inadequate
Advanced Warning Time 0 0 25 50
Likelihood of Notification 0 0 15 30
Ease of Evacuation 10 0 10 20

Warning Index Points = 10     (see pg. 43) 10
Warning rated as : Adequate / Marginal / Inadequate / not applicable

Population at Risk subtotal = 125



Midnite Mine - West Pond

Worksheet for Downstream Hazard Classification and 
    Selection of Design/Performance Goals for Critical Project Elements 
          Reference:  Technical Note 2, Table 7 on page 23 and worksheet from pages 37 to 47 

C. Gifford-Miears page 3
of  3

  Consequence
III.  Downstream Property at Risk    rating points

A.  Residential Units
Number of homes or ERU's  = 0 0

(see Tech Note 2, pg. 44)

Typical No. of Points
B.  Lifeline Facilities points per item items per item

Transportation 
    Major highways / rail lines 25 0
    State highways 10 0
    Other roads / rail lines 2 - 5 2 3 6
Water supply
    Storage reservoirs 10 - 75 0
    Treatment facilities 10 - 25 0
    Delivery systems 5 - 25 0

Waste treatment 5 - 25 0
Electric power 5 - 75 0
Emergency facilities 10 - 75 0

Lifeline subtotal = 6

C.  Other Important Facilities
Public buildings 10 - 75 0
Fish hatcheries 5 - 25 0
Comm/Indust/Agric 5 - 75 0
Other facilities 0

Facilities subtotal = 0

D.  Environmental Degradation from hazardous releases
Deleterious contents of reservoir
    Long term environmental damage 10 - 75 1 50 50
    Temporary, minor impacts 5 - 20 0
Damage to & releases from other facilities
    Long term environmental damage 10 - 75 0
    Temporary, minor impacts 5 - 20 0

Environment subtotal = 50

Downstream Property at Risk subtotal = 56
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MIDNITE MINE REMEDIAL ACTION 
DAM BREAK CALCULATIONS FOR WATER 

MANAGEMENT PONDS 
 
 

Revisioning 
Rev. Date Description By Checked Date Reviewed 

0 10-Nov-13 First Issue Zach Elliott Luis Calderon 21-Nov-12 Carmen Bernedo 

1 23-May-14 
West Pond 90% 

Updates 
Zach Elliott 

Chris Gifford-
Miears 

23-Jun-14 Carmen Bernedo 

1 15-May-15 
100% Design – no 

changes 
    

 
Location and Format 

 
Electronic copies of these calculations are located in the project files system at: 
 
\\usslc1s01\IFO\Industrial Projects\MIDNITE MINE\Deliverables_Working Documents\Basis of Design 
Rpt\Appendix E - Water Management Ponds\90% Submittal\Att E-8 Design Step Summary 
 
The following calculations were generated using the following software:   
 
Microsoft Office Professional Plus 2010 (Microsoft Excel) 
 

 
 
 



 
 
 

1.0 OBJECTIVE  
The objective of these calculations is to estimate the characteristics of flooding that could occur 
downstream of the Midnite Mine West and South Water Management Ponds in the event of a dam 
failure. Characteristic estimated include the time to failure, peak outflow rate, and downstream 
flooding characteristics. The simplified method presented by the Washington State Department of 
Ecology (WSDOE) were used in making these estimates. The results of these simplified analyses 
are only to be used for the purposes of establishing the design step and annual exceedance 
probability (AEP) for design of emergency overflow spillways for the West Pond (Phase 3) and 
South Pond (Phase 2) according to WSDOE design step format for critical project elements 
(WSDOE, 1992b). 
 

2.0 ASSUMPTIONS 
• The maximum water surface elevation is the dam crest elevation 
• The West Pond will be constructed by excavating soils from the impoundment area 

immediately upstream of the West Pond and using them for construction of a pond 
embankment across the Western Drainage 

• The South Pond will be excavated in the South Waste Rock Pile 
• The dam breach geometry is trapezoidal 
• The downstream limit of the dam break study is the Spokane Arm of Lake Roosevelt 
• The flow is steady and one-dimensional 
 

3.0 METHODS AND ANALYSIS 
The potential for breaching of a dam or embankment and the resulting impact of the release of 
stored water downstream is often evaluated during the design of a dam. A simplified dam breach 
and routing computation given by the Washington State Department of Ecology (WSDOE) was used 
to estimate the characteristics of flooding that could occur downstream of the Midnite Mine West and 
South Water Management Ponds in the event of a dam failure. The first step in the simplified 
calculation was to estimate the breach configuration, geometry, and temporal characteristics for 
each of the ponds. The peak outflows, flood wave attenuation, and flood wave depths and velocities 
in the downstream channel were then estimated for the downstream reaches to the Spokane Arm of 
Lake Roosevelt (Spokane Arm). Figure 1 shows the Midnite Mine project area drainage basin and 
surrounding roads and creeks to the Spokane Arm. The green lines represent the dam breach flow 
paths and stations along the flow paths from the West and South Ponds to the Spokane Arm are 
considered in this analysis. 
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Figure 1. Midnite Mine Project Area 

 
For the purpose of this preliminary assessment, the Spokane Arm (between 4 and 5 miles 
downstream of West and South Ponds) was assumed to be the downstream limit of the dam break 
study. The Midnite Mine drainage basin downstream of the West and South Ponds drains to Blue 
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Creek, approximately 1.1 miles downstream. Blue Creek then flows approximately 3.5 miles 
downstream to the Spokane Arm. There are no dwellings that were identified in the downstream 
reach to the Spokane River. However, there are three locations that were identified where the flow 
path crosses roads. The Midnite Mine drainage crosses the paved West End Road and the unpaved 
Elijah Road just upstream of its confluence with Blue Creek. Once the Midnite Mine drainage joins 
Blue Creek, the flow path also crosses Elijah Road again approximately 500 feet downstream of the 
confluence. Blue Creek then follows the non-paved Blue Creek Road to its outlet at the Spokane 
Arm. There are also several confluences with tributary creeks along the downstream reach. The 
Oyachen Creek joins Blue Creek approximately 1.4 miles upstream of the Spokane Arm. These 
points of interest are identified by the stations shown in Figure 1 where preliminary flooding 
characteristics were considered. 
 
The geometry, dimensions, and stage-storage data for the West and South Ponds were obtained 
from the 90% design drawings and the spreadsheet South_and_West_Pond_Curves_20140428.xlsx 
(MWH, 2014). A summary of the input parameters for the WSDOE simplified dam break inundation 
analysis for the Midnite Mine West and South Ponds is provided in Table 1. 
 

Table 1.  Summary of Input Parameters for Simplified Dam Break Inundation Analysis 

Input Parameter West 
Pond 

South 
Pond 

Dam crest elevation (ft) 2,660 2,683 
Breach base elevation (ft) 2,605 2,619 
Hydraulic height of breach(1) (ft) 55 64 
Dam crest width (ft) 20 50 
Reservoir volume (acre-ft) 99.85 247.78 
Reservoir surface area (acres) 4.67 8.79 
Slope of upstream face of dam (Z1:1) 3.0 3.0 
Slope of downstream face of dam (Z2:1) 2.5 2.0 

Notes: 
(1)Maximum water surface elevation assumed to be dam crest elevation 

 
The temporal and geometric parameters of the breach, including the average final breach width and 
time of breach formation (failure), can be estimated in a number of different ways. A method for 
estimating these two dam breach parameters can be found in the Washington State Department of 
Ecology (WSDOE) Dam Safety Guidelines documentation (WSDOE 1992a). An initial guide to 
estimating limits of these parameters for earthfill dams is given in Table 2 (WSDOE 1992a). 
 

Table 2. Summary of WSDOE Breach Parameters for Earthfill Dams (WSDOE, 1992a) 

Dam Type Average Breach Width 
(Dam Heights) 

Side Slope of Breach 
𝒁𝒃 

(𝒁𝒃 H:1 V) 

Failure 
Time 

(Hours) 

Earthfill Dam 
Min: 0.4 
Max: 13 
Mean: 4 

Min: 0 
Max: 6 

Mean: 1 

Min: 0.1 
Max: 12 
Mean: 2 

 

Page 3 



 
 
 
Further estimations of these parameters can be obtained by using empirical equations presented in 
the WSDOE Dam Safety Guidelines documentation (WSDOE 1992a). Because the dam breach size 
is expressed as a function of the volume of material eroded (𝑉𝑚) in the WSDOE documentation, a 
parameter known as the dam factor or breach formation factor (𝐵𝐹𝐹), which is related to𝑉𝑚, can be 
formed as a product of the height and volume of water behind the dam: 
 

𝐵𝐹𝐹 = 𝑉𝑤(𝐻𝑤) 
  
Where: 
 𝐵𝐹𝐹 = breach formation factor 

𝑉𝑤 = volume of water stored in the reservoir at the water surface elevation under 
consideration (acre-ft) 
𝐻𝑤 = height of water over the base elevation of the breach (ft) 

 
The volume of material eroded away in earthen dams composed of cohesionless embankment 
materials can be estimated from: 
 

𝑉𝑚 = 3.75(𝐵𝐹𝐹)0.77 
 
Where: 
 𝑉𝑚 = volume of material in breach that is eroded (yd3) 
    
The volume of material eroded away in earthen dams composed of erosion-resistant embankment 
materials can be estimated from: 
 

𝑉𝑚 = 2.50(𝐵𝐹𝐹)0.77 
 
These equations are shown graphically in Figure 2 below (WSDOE, 1992a). 
 

 
Figure 2.  Estimated Eroded Volume of Breach (WSDOE, 1992a) 
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Breaches in earthen dams are generally trapezoidal in shape as shown in Figure 3 (WSDOE, 
1992a). The base elevation of the breach usually is approximated as the elevation of the streambed 
downstream unless some site-specific condition restricts erosion to some other elevation (WSDOE, 
1992a). 
 

 
Figure 3. Dam and Breach Geometry (WSDOE, 1992a) 

 
The base width of the breach can be estimated as a function of the eroded volume of material as: 
 

𝑊𝑏 =
27𝑉𝑚 − 𝐻𝑏2(𝐶𝑍𝑏 +𝐻𝑏𝑍𝑏𝑍3/3)

𝐻𝑏(𝐶 + 𝐻𝑏𝑍3/2)  

 
Where: 
 𝑊𝑏 = width of breach at base elevation of breach (ft) 
 𝑉𝑚 = volume of material in breach that is eroded (yd3) 
 𝐻𝑏 = depth of breach from dam crest to base elevation of breach (ft) 
 𝐶 = crest width of dam (ft) 
 𝑍𝑏 = side slope of trapezoidal breach (𝑍𝑏:1) 
 𝑍3 = 𝑍1 + 𝑍2 
 𝑍1 = slope of upstream face of dam 𝑍1:1) 
 𝑍2 = slope of downstream face of dam 𝑍2:1) 
 
For a rectangular breach, 𝑍𝑏 = 0, the equation above reduces to: 
 

𝑊𝑏 =
27𝑉𝑚

𝐻𝑏(𝐶 + 𝐻𝑏𝑍3/2) 

 

Page 5 



 
 
 
If the equations given above for 𝑊𝑏 yield values less than zero, 𝑊𝑏 = 0 ft. should be used for the 
purpose of obtaining dam breach and peak outflow results for this analysis. 
 
An equation for predicting the time for the breach to develop is given as a function of the volume of 
material that is eroded away during a breach. For dams composed of cohesionless embankment 
materials, the breach formation time is given by: 
 

𝜏 = 0.020𝑉𝑚0.36 
 
Where: 
 𝜏 = breach formation time (hours) 
 𝑉𝑚 = volume of material in breach that is eroded (yd3) 
 
The breach formation time for dams composed of erosion-resistant embankment materials is given 
by: 
 

𝜏 = 0.036𝑉𝑚0.36 
 
These equations are shown graphically in Figure 4 below (WSDOE, 1992a). 
 

 
Figure 4.  Elapsed time in breach development (WSDOE, 1992a) 

 
The peak outflow rate resulting from a dam breach is an important parameter for predicting dam 
failure scenarios. Peak outflows can be used to model and route a resulting flood wave and assess 
attenuation and flow depths and velocities in the area downstream of the dam. There are numerous 
empirical equations available in literature for predicting peak outflows for dam breaches. One 
approach suitable for many planning purposes given by WSDOE (1992a) is the empirical equation 
developed by Fread based on numerous simulations with the DAMBRK model and used in the 
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National Weather Service (NWS) Simplified Dam Break (SMPDBK) Model. Estimation of the peak 
discharge from a dam breach is computed as: 
 

𝑄𝑝 = 3.1𝑊𝐻𝑤1.5 �
𝐴

𝐴 + 𝜏�𝐻𝑤
�
3

 

 
Where: 
 𝑄𝑝 = dam breach peak discharge (cfs) 
 𝑊 = average breach width (ft) = 𝑊𝑏 + 𝑍𝑏𝐻𝑤 

𝐻𝑤 = initial height of water over the base elevation of the breach (ft) 
 𝐴 = 23.4𝑆𝑎/𝑊 

𝑆𝑎 = surface area of reservoir at reservoir level corresponding to depth 𝐻𝑤 (acres) 
𝜏 = elapsed time for breach development (hours) 

 
WSDOE (1992a) presents a simplified procedure suitable for planning purposes for estimating the 
flood wave attenuation and flood depths and velocities downstream based on generalized flood 
attenuation curves. The curves were developed using the HEC-HMS and HEC-RAS models with 
hypothetical channels developed using geometric characteristics (width and slope) of actual stream 
channels. The curves should be used conservatively, as they utilize generalized solutions to 
approximate the reduction of flood peak discharge with distance downstream of the dam. The 
generalized flood attenuation curves are shown in Figure 5 and Figure 6 below (WSDOE, 1992a). 
 

 
Figure 5.  Generalized Flood Attenuation Curves (for reservoirs < 100 acre-ft) (WSDOE, 1992a) 
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Figure 6.  Generalized Flood Attenuation Curves (for reservoirs > 100 acre-ft) (WSDOE, 1992a) 
 
Representative flow velocities based on the bedslope of the downstream channel reach and type of 
channel and overbanks are given in the WSDOE guidelines. Figure 7 shows the table of 
representative velocities for use in estimating inundation from dam break floods (WSDOE, 1992a). A 
reasonable approximation of the inundation at a given location can be made based on the velocity 
and site-specific cross-section data. However, for the purpose of this analysis, inundation limits were 
not estimated.  A detailed inundation study will be prepared as part of development of an operations 
and emergency management plan for the Water Management Ponds 
 

 
Figure 7. Representative Velocities for Use in Estimating Inundation from Dam Break Floods 

(WSDOE, 1992a) 
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A Type 3 channel and overbanks described in Figure 7 was selected to be representative of the flow 
paths downstream of the West and South Ponds based on Google Earth aerial imagery shown in 
Figure 1. Channel bedslopes along the flow paths shown by the green line in Figure 1 were 
calculated from 10-ft. USGS contours (MWH, 2012). Figure 8 and Figure 9 show the profiles of the 
flow paths to the Spokane Arm from the West and South Ponds, respectively. 
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Figure 8. Profile of flow path from West Pond to Spokane Arm 
 

  

  
 

 
  

Figure 9. Profile of flow path from South Pond to Spokane Arm 
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4.0 RESULTS  
The input parameters for the Midnite Mine West and South Water Management Ponds presented in 
Table 1 were used with the WSDOE simplified dam break inundation analysis methods and 
equations described above to estimate the characteristics of flooding that could occur downstream in 
the event of a dam failure. Dam breach peak flow estimates using the simplified methods are usually 
conservative and can be considered very conservative for the South Pond, where the waste rock fill 
in the embankment will consist of coarse rock fill with boulders up to 3 feet in size, which may result 
in considerable erosional resistance in the event of overtopping. Further peak flow conservatism is 
introduced by assuming the South and West Pond embankments are composed of cohesionless 
materials. The dam breach and peak outflow results estimated for the West and South Ponds are 
summarized in Table 3. 
 

Table 3. Summary of Dam Breach and Peak Outflow Results 

Dam Breach Result West 
Pond 

South 
Pond 

Breach formation factor (BFF) 5,492 15,858 
Volume of breach material eroded(1) (yd3) 2,842 6,430 
Breach side slope (Zb:1) 1 1 
Breach width at base of breach(2) (ft) 0 0 
Average final breach width (ft) 55.0 64.0 
Breach top width (ft) 110.0 128.0 
Breach formation time(1) (hours) 0.35 0.47 
Dam breach peak discharge (cfs) 5,663 9,946 
Notes: 
(1)Dam embankments were assumed to be made of cohesionless materials 
(2)If WSDOE equation for 𝑊𝑏 gives value less than zero, 𝑊𝑏 = 0 ft. was used 

 
Cross-sections showing the breach geometry for the West Pond and South Pond are shown in 
Figure 10 and Figure 11, respectively. 
 

 
Figure 10. Dam Breach Cross-sectional Geometry from West Pond 
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Figure 11. Dam Breach Cross-sectional Geometry for South Pond 

 
The approximate flood peak discharge reduction at each of the critical points shown in Figure 1 
downstream of the dam was estimated using the generalized flood attenuation curves in Figure 5 
(WSDOE, 1992a). The ratios of 𝑄𝑥 to 𝑄𝑝 at each of the critical points downstream were estimated 
graphically for the West and South Ponds and are shown in Figure 12 and Figure 13, respectively. 
 

 
Figure 12. Flood Peak Discharge Reduction for West Pond Downstream Reach 
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Figure 13. Flood Peak Discharge Reduction for South Pond Downstream Reach 

 
The downstream flooding characteristics estimated for the West and South Ponds are summarized 
in Table 4 and Table 5, respectively. 
 

Table 4. Summary of Downstream Flooding Characteristics Results for West Pond 

Location Station 
(mi) 

Downstream Distance 
(mi) 

Ratio 
(𝑸𝒙/𝑸𝒑) 

𝑸𝒙 
(cfs) 

Bedslope 
(ft/mi) 

Velocity 
(ft/sec) 

West Pond 4.76 0.00 1.00 5,663 - - 
West-End Road 3.52 1.24 0.90 5,096 462 12.0 
Oyachen Creek 1.41 3.35 0.80 4,530 256 9.7 
Spokane River 0.00 4.76 0.72 4077 170 7.9 

 

Table 5. Summary of Downstream Flooding Characteristics Results for South Pond 

Location Station 
(mi) 

Downstream Distance 
(mi) 

Ratio 
(𝑸𝒙/𝑸𝒑) 

𝑸𝒙 
(cfs) 

Bedslope 
(ft/mi) 

Velocity 
(ft/sec) 

South Pond 4.48 0.00 1.00 9,946 - - 
West-End Road 3.52 0.96 0.95 9,449 633 12.0 
Oyachen Creek 1.41 3.07 0.90 8,951 256 9.7 
Spokane River 0.00 4.48 0.87 8,653 170 7.9 
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5.0 CONCLUSIONS 
The conclusions of the Midnite Mine Water Management Ponds preliminary dam break 
calculations are summarized as follows: 
 

1. The characteristics of flooding that could occur downstream of the Midnite Mine West 
and South Water Management Ponds in the event of a dam failure, including time to 
failure, peak outflow rate, and downstream flooding characteristics using the simplified 
method presented by the Washington State Department of Ecology (WSDOE) were 
estimated in this analysis. 

2. The scope of this preliminary analysis intended provide information needed to establish 
the design step and annual exceedance probability (AEP) for design of the West Pond 
(Phase 3) and South Pond (Phase 2) according to WSDOE design step format for critical 
project elements (WSDOE, 1992b).  The analysis are not intended to, and do not 
provide detailed dam break and inundation analyses that may be needed for Emergency 
Management Planning purposes. 

3. Based on the dam geometry, dimensions, and breach parameters estimated for the 
West and South Ponds, the dam breach peak discharges at the embankments were 
estimated to be 5,663 cfs and 9,946 cfs, respectively. The downstream characteristics of 
flooding including flood peak discharge attenuation and representative flow velocities 
were also estimated according to the WSDOE simplified dam break inundation analysis. 
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ATTACHMENT E-9 
 
 

MIDNITE MINE REMEDIAL ACTION 
DESIGN FLOW ESTIMATES FOR SPILLWAY DESIGN 

 
 

Revisioning 
Rev. Date Description By Checked Date Reviewed 

0 07-Jul-14 90% Design Chris Gifford-Miears Zach Elliott 14-Jul-14 Carmen Bernedo 

1 13-May-15 100% Design Chris Gifford-Miears Zach Elliott 15-May-15 Carmen Bernedo 

 
Location and Format 

 
Electronic copies of these calculations are located in the project files system at: 
 
[\\usslc1s01\IFO\Industrial Projects\MIDNITE MINE\Deliverables_Working Documents\Basis of Design 
Rpt\Appendix E - Water Management Ponds\100% Submittal\Att E-9 Flow Estimates] 
 
The following calculations were generated using the following software: 
 
Microsoft Office Professional Plus 2010 (Microsoft Excel) 
 
Hydrologic Modeling System (HEC-HMS), Version 3.5 
 
ArcGIS 10.1 
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1.0 INTRODUCTION 

1.1 OBJECTIVE 
 
The main objective of this document is to report the estimated design flows for South and West 
Pond spillways at the Midnite Mine Superfund Site (Site). The Site is located in Stevens County 
on the Spokane Indian Reservation in eastern Washington State, see Figure 1. Flow estimates 
were made using Washington State Department of Ecology (WSDOE) Dam Safety guidelines, 
which were selected as the basis for substantive compliance of the storage pond design with 
applicable regulations. Spillway design flows have been updated from the 90% Design 
estimates using the most up-to-date soil cover and land use information. Also, 90% snowmelt 
runoff estimates were updated, producing more realistic results. 
 
1.2 ASSUMPTIONS 
 

• Snowmelt and rainfall peaks coincide for rain-on-snow events 
• Uniform snow depth distribution over Midnite Mine drainage basin 
• Wind speed adopted for rain on snow estimates at the Midnite Mine is 33 miles per hour 

(mph) based on the range of values reported on HMR 57 for a Probable Maximum 
Precipitation (PMP) storm event in North Eastern Washington during the month of 
February (NWS 1994) 

• Initial Abstraction for rainfall runoff, Ia, is equal to zero, to simulate saturated soil and 
basin conditions 

• Spillway bottom widths are 10 feet, channel side slopes are 2H:1V, and control section 
are 15 feet long 

1.3 AVAILABLE INFORMATION/REFERENCES 
 
The following sources of information and references were also used in this analysis: 
 

• Hydrometeorological Report No. 57 (HMR 57), National Weather Service (NWS), 1994 
• Engineering and Design – Runoff from Snowmelt, U.S. Army Corps of Engineers, 1998 
• Wellpinit, WA GHCN climate station (station USC0045098), Period of record 1923-2007 
• Dam Safety Guidelines Technical Notes 2 through 3, Washington State Department of 

Ecology (WSDOE), 1992-2009 
• U.S. Bureau of Mines (USBM), 1995. Premine and Pit Excavation Topography. 

2.0 PROJECT SETTING 

The Midnite Mine drainage basin is located on the Spokane Indian Reservation in Stevens 
County, Washington, at approximately longitude 118°5’39” W, latitude 47°56’20” N. The 
elevations range from 2,080 feet to 3,550 feet.  The mean basin elevation is approximately 
2,785 feet. The drainage areas are approximately 0.31 and 0.19 square miles for the West and 
South Ponds, respectively. Figure 1 shows the Midnite Mine site location map. 
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Figure 1.  Midnite Mine Drainage Basin Location Map 
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3.0 PRECIPITATION ANALYSIS 

WSDOE Dam Safety Office Guidelines, Technical Note 3, Design Storm Construction (WSDOE 
2009) provide methods for determining precipitation depths and design storm temporal patterns 
for developing inflow design floods (IDF).  The procedures used in Technical Note 3 (TN 3) to 
provide site-specific precipitation magnitude-frequency estimates are based on regional analysis 
procedures contained in Regional Precipitation-Frequency Analysis and Spatial Mapping of 
Precipitation for 24-hour and 2-hour durations in Western Washington (Schaefer et al. 2002) 
and Regional Precipitation-Frequency Analysis and Spatial Mapping of Precipitation for 24-hour 
and 2-hour durations in Eastern Washington (Schaefer et al. 2006). 
 
Gridded precipitation datasets were developed as part of the regional precipitation-frequency 
analysis that allows the user to determine precipitation depths for a selected location, storm 
durations of 2-hour, 6-hour, and 24-hour, and 10-year, 25-year, 100-year and Design Steps 1 to 
8. Design Steps 1 to 8 are described in Technical Note 2 (WSDOE 1992b).  Design Step 1 
corresponds to an event with a 1/500 annual exceedance probability (AEP) and Design Step 8 
corresponds to a theoretical maximum event.   
 
For the selection of the design storm dimensionless hyetographs, TN 3 divides the state of 
Washington in regions with similar climatic and topographic characteristics that result in storms 
having similar characteristics.  The climatic regions are shown on Figure 2. 
 

 

Figure 2.  Climatic Regions for Washington State (Source: WSDOE 2009) 
 
The Midnite Mine drainage basin is located entirely within Region 7 – Okanogan, Spokane, 
Palouse of Eastern Washington.  TN 3 describes this region as: 
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“Region 7 – Okanogan, Spokane, Palouse - This region is comprised of a mixture of lowland 
areas of low to moderate relief and extensive valley areas between mountain barriers. This 
includes areas near Spokane, the Palouse, and areas along the Okanogan River. The region is 
bounded to the northwest by Region 14. It is bounded to the south and west by Region 77, 
which generally conforms to the contour line of 12 inches mean annual precipitation at the 
eastern edge of the Central Basin. It is bounded to the northeast by the Kettle River Range and 
Selkirk Mountains at approximately the contour line of 22 inches mean annual precipitation. It is 
bounded to the southeast by the Blue Mountains also at the contour line of 22 inches mean 
annual precipitation.” 
 
3.1 DESIGN STORM DEPTH 
 
The following steps are used to determine the storm depths and candidate design storms for a 
particular location: 
 

1. Determine the Design Step and project design/performance goal as shown in Technical 
Note 2 (WSDOE 1992b). 

2. Compute precipitation scaling depth for selected design step and duration used for 
scaling candidate design storm. 

3. Select dimensionless design hyetograph for chosen storm duration for project location. 
4. Scale dimensionless design hyetograph by precipitation scaling depth to produce 

candidate design storm. 

WSDOE provides a spreadsheet and gridded precipitation datasets that allow the user to 
compute the precipitation depths for various durations and design steps. Figure 3 shows the 
input screen and resulting precipitation depths for the 24-hour duration precipitation magnitude-
frequency for the Midnite Mine drainage basin. Table 1 shows the results for the 2-hour, 6-hour 
and 24-hour storms.  
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Figure 3. Technical Note 3 Companion Spreadsheet Input Screen (WSDOE 2009) 
 

Table 1. Storm Depths for Midnite Mine Drainage Basin, Region 7, Washington 

Precipitation 
Frequency 

Storm depth for indicated duration (inches) 
2-hour 6-hour 24-hour 

10 year 0.75 1.08 1.75 
25 year 0.94 1.29 2.07 
100 year 1.30 1.63 2.58 

Design Step 1 1.86 2.10 3.23 
Design Step 2 2.15 2.33 3.54 
Design Step 3 2.76 2.75 4.09 
Design Step 4 3.51 3.22 4.68 
Design Step 5 4.46 3.76 5.33 
Design Step 6 5.65 4.37 6.03 
Design Step 7 7.16 5.07 6.80 
Design Step 8 9.05 5.86 7.63 

 
TN 3 recommends that the precipitation depths obtained from the gridded datasets are 
increased by 15 percent for use in engineering design applications to incorporate some 
conservatism, account for uncertainty, and provide protection from under-design.  The scaling 
depths after applying a 1.15 factor are shown in Table 2. In order to scale the precipitation 
depths for each WSDOE storm hyetograph (i.e., short, intermediate, and long duration), a 
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region specific multiplier is applied to the scaling depths to obtain total storm depths. Total storm 
depths to be distributed using the WSDOE design storm hyetographs are shown in Table 3.  
 

Table 2. Scaling Depths for Midnite Mine Drainage Basin, Region 7, Washington 

Precipitation 
Frequency 

Storm depth for indicated duration (inches) 
2-hour 6-hour 24-hour 

10 year 0.87 1.24 2.01 
25 year 1.09 1.48 2.38 
100 year 1.50 1.87 2.97 

Design Step 1 2.13 2.42 3.71 
Design Step 2 2.48 2.68 4.07 
Design Step 3 3.17 3.16 4.70 
Design Step 4 4.03 3.70 5.38 
Design Step 5 5.13 4.32 6.13 
Design Step 6 6.50 5.03 6.93 
Design Step 7 8.23 5.83 7.82 
Design Step 8 10.41 6.74 8.77 

 
Table 3. Total Storm Depths for Midnite Mine Drainage Basin, Region 7, Washington 

Design Step 
Storm depth for indicated duration (inches) 

Short duration Intermediate duration Long duration 
4-hour 18-hour 72-hour 

Design Step 1 2.21 3.74 4.66 
Design Step 2 2.56 4.15 5.11 
Design Step 3 3.28 4.90 5.89 
Design Step 4 4.18 5.74 6.75 
Design Step 5 5.31 6.70 7.68 
Design Step 6 6.73 7.80 8.70 
Design Step 7 8.52 9.04 9.81 
Design Step 8 10.77 10.45 11.01 

 
Based on the Design Step assessment included as Attachment E-8 of the 100% BODR, it was 
determined that the Design Step rating for both the South and West Ponds is Design Step 4. 
Therefore, design storm depths for WSDOE and distributed storms to be used for design flow 
estimations are presented in Table 4. 
 

Table 4. Summary of Design Step 4 Precipitation Depths and Distributions 

Distribution 
  

Storm Name 
  

Duration 
(hours) 

Total Storm Depth 
(inches) 

WSDOE:  
Short 4 4.18 

Intermediate 18 5.74 
Long 72 6.75 

SCS Type 1A: 24-hour 24 5.38 
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3.2 RAINFALL DISTRIBUTION 
 
In addition to climatic regions, storms in Washington are classified according to duration.  The 
durations are defined by WSDOE as follows:  
 

1. Short duration - A precipitation event lasting from 30 minutes to 6 hours. When used in 
the context of a design storm, this term commonly refers to thunderstorm events 
characterized by short bursts of very high rainfall intensities, often with limited total 
volume occurring over isolated areas. For short duration storms, the 2-hour scaling 
depth is increased by the regional multiplier, and is then used to scale the dimensionless 
hyetograph ordinates. 
 

2. Intermediate duration - A precipitation event where the duration of precipitation typically 
persists from 6 to 18 hours. When used in the context of a design storm, this term refers 
to 18-hour events which are characterized by moderate to high rainfall intensities, 
contain a large total precipitation volume. For intermediate duration storms, the 6-hour 
scaling depth is increased by the regional multiplier, and is then used to scale the 
dimensionless hyetograph ordinates. 
 

3. Long duration - A precipitation event that typically persists from 24 to 72 hours. When 
used in the context of a design storm, this term refers to 72-hour events characterized by 
relatively moderate and uniform intensities, containing a very large total volume. For long 
duration storms, the 6-hour scaling depth is increased by the regional multiplier, and is 
then used to scale the dimensionless hyetograph ordinates. 

3.2.1 Short Storm Hyetographs 
 
The recommended short duration dimensionless storm hyetograph for Region 7 in Washington 
is shown on Figure 4. 
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Figure 4. Short Storm Dimensionless Hyetograph – Washington Climatic Region 7 
(WSDOE 2009) 
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Multiplying the 2-hour, total storm scaling depths from Table 3 by the dimensionless ordinates 
yields the design storm hyetographs shown on Figure 5, for Design Step 4. 

 
Figure 5. Design Step 4 Short Duration Storm Hyetograph – Washington Climatic Region 

7 
 

3.2.2  Intermediate Storm Hyetographs 
 
The recommended long duration dimensionless storm hyetograph for Region 7 in Washington is 
shown on Figure 6. 
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Figure 6. Intermediate Duration Storm Dimensionless Hyetograph – Washington Climatic 
Region 7 (WSDOE 2009) 
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Multiplying the 6-hour, total storm scaling depths from Table 3 by the dimensionless ordinates 
yields the design storm hyetographs shown on Figure 7 for Design Step 4. 
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Figure 7. Design Step 4 Intermediate Duration Storm Hyetograph – Washington Climatic 

Region 7 
 
 

3.2.3 Long Storm Hyetographs 
 
The recommended long duration dimensionless storm hyetograph for Region 7 in Washington is 
shown on Figure 8. 
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Figure 8. Long Duration Storm Dimensionless Hyetograph – Washington Climatic Region 
7 (WSDOE 2009) 
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Multiplying the 24-hour, total storm scaling depths from Table 3 by the dimensionless ordinates 
yields the design storm hyetographs shown on Figure 9, for Design Step 4. 
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Figure 9. Design Step 4 Long Duration Storm Hyetograph – Washington Climatic Region 
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3.3 SNOWMELT 
The Midnite Mine project is located in Stevens County, Washington State. The highest monthly 
snowfall and snow accumulation typically occurs between December and February. It is during 
these months that rain-on-snow events may occur; they do so most frequently in the transient-
snow zone, where average air temperatures fluctuate around freezing and precipitation 
alternates between rain and snow (USGS 1996). Spring snowmelt generally occurs during the 
months of March and April. Climate data from the Wellpinit WA climate station was obtained and 
selected as the representative station for the site.  
 
Rain-on-snow events that affect Stevens County occur when significant snow pack exists in the 
upper reaches of the drainage, situated in lower to intermediate elevations (Stevens County, 
2006). Based on stream gage records at the Midnite Mine site (USGS gauge # 12433556), peak 
discharge generally occurs when early-spring rains fall on the snowpack (USGS 2007). 
Discharge of flood events from October 1983 to May 2006 report that early-spring rains on 
snowpack have occurred during January to April (USGS 2007). The all-season probable 
maximum precipitation (PMP) percentages from HMR 57 and average snow data from the 
Wellpinit GHCN climate station (GHCN USC0045098) are shown on Figure 10. Daily snow 
depth and precipitation values for the Wellpinit WA station are shown on Figure 11. Significant 
snow depths and early-spring rains have been reported to occur in February for the Midnite 
Mine site, therefore, rain-on-snow events were estimated using February climate data. 
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Figure 10. All-Season PMP Percentages and Snow Depth 
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Figure 11. Wellpinit WA Station – Daily Snow Depth and Daily Precipitation Data 



 

Page 12 

 
The contribution of snowmelt to the design storm event can be estimated from the U.S. Army 
Corps of Engineers (USACE) energy equation.  The equation takes various forms depending on 
surface cover and rain periods.  For a rain-on-snow event on an open to partly forested basin 
(10-80 percent cover) the energy equation takes the following form (USACE 1998): 
 

𝑀𝑀 = (0.029 + 0.0084 ∗ 𝑘𝑘 ∗ 𝑣𝑣 + 0.007 ∗ 𝑃𝑃𝑃𝑃)(𝑇𝑇𝑇𝑇 − 32) + 0.09 
 
Where: 
𝑀𝑀 = snowmelt runoff (inches/day) 
𝑘𝑘 = basin convection-condensation melt factor  
𝑣𝑣 = wind speed (mph) 
𝑃𝑃𝑃𝑃 = precipitation (inches/day) 
𝑇𝑇𝑇𝑇 = air temperature (°F) 
 
The partly forested equation includes a basin convection-condensation parameter (wind 
coefficient), k; and the wind speed, v. The wind coefficient, k, varies from 0.3 for heavily forested 
areas to 1.0 for un-forested plains (USACE 1998).  Seasonal wind speed during a PMP storm 
event is assumed as the wind speed for the project site (NWS 1994). The recurrence interval for 
Design step 4 is 10,000 years, therefore using HMR 57 as a reference for wind speed during a 
large design storm was considered suitable. Based on site characteristics and land use of the 
Midnite Mine basin, the Energy Method using the partially forested equation, an average wind 
speed of 33 mph, based on HMR 57, and a wind coefficient of 0.65 is assumed. 
 
3.3.1 Snowmelt Distribution 
 
Snowmelt runoff depth was estimated using the partially forested Energy Equation and the 
distribution of snowmelt was estimated using a diurnal temperature variation. The diurnal 
temperature variation can be simulated by using the following sine function (NRCS 2004): 
 

𝑇𝑇 = 𝑇𝑇𝑇𝑇 + 𝐴𝐴{sin[15(𝑡𝑡 + 𝐶𝐶)]} 
 
Where: 
𝑇𝑇 = temperature at time t, ºF. 
𝑇𝑇𝑇𝑇 = mean temperature, ºF. 
𝐴𝐴 = amplitude, (Tmax - Tmin)/2 
𝑡𝑡 = hour of the day 
𝐶𝐶 = time shift, hours (calculated as 30 – maximum hour). 

 
The average temperature during the maximum melt period, February, at the Wellpinit WA 
station is 31.2 ºF, the maximum temperature is 64.0 ºF, and the minimum temperature is 
assumed to be 32.0 ºF. It is assumed that the Wellpinit WA station peak temperature generally 
occurs at approximately 14:00 hours (2 pm). For peak flow estimates the most critical condition 
of coincident maximum temperature and rainfall was modeled. Using the above parameters, the 
temperature variation is developed as shown on Figure 12. The 10,000-year (Design Step 4) 
design total storm depths and temperature described above are used as inputs to compute the 
hourly snowmelt increments using the Energy Equation. The hourly increments are summed to 
develop the cumulative snowmelt distribution as shown on Figure 13. Snowmelt depths resulting 
from the considered 10,000-year precipitation events are summarized in Table 5. The 
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distribution of the 24-hour, SCS Type 1A storm and cumulative snowmelt distribution is shown 
on Figure 14. 
 

Table 5.  Design Step 4 Snowmelt Depths 

Distribution 
 

Storm Name 
 

Duration 
(hours) 

Total Snowmelt Depth 
(inches) 

 WSDOE:  
Intermediate 18 1.44 

Long 72 1.80* 
SCS Type 1A: 24-hour 24 1.32 

*Total snowmelt depth limited to max available snow water equivalent assuming a snow density of 30% 
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Figure 14. 24-hour Duration Storm and Snowmelt Cumulative Depth Distribution 
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4.0 PRECIPITATION-RUNOFF ANALYSIS 

Runoff for the subbasins was estimated using the Natural Resources Conservation Service 
(NRCS) Curve Number method within HEC-HMS 3.5 (USACE, 2010).  The NRCS Curve 
Number method estimates rainfall excess as a function of cumulative rainfall, soil cover, land 
use and antecedent moisture condition.  The watershed characteristics are related the Curve 
Number (CN) parameter based on tables developed by NRCS. 
 
The NRCS runoff equation is: 
 

𝑄𝑄 =
(𝑃𝑃 − 0.2𝑆𝑆)2

(𝑃𝑃 + 0.8𝑆𝑆)
 

 
Where: 
𝑄𝑄 = runoff (in) 
𝑃𝑃 = rainfall (in) 
𝑆𝑆 = potential retention after runoff begins (in) 
 
The initial abstraction is assumed to be: 
 

𝐼𝐼𝑇𝑇 = 0 
 
Potential soil water retention is related to the curve number by the following equation: 
 

𝑆𝑆 = 1000/𝐶𝐶𝐶𝐶 − 10  

Where: 
𝑆𝑆 = potential retention in watershed (in) 
𝐶𝐶𝐶𝐶 = SCS curve number for the drainage area 
 
The direct runoff from the subbasins was estimated using the NRCS Unit Hydrograph method.  
This method uses the watershed time lag to estimate the time to peak and peak discharge of 
the unit hydrograph. The watershed time lag estimated with the NRCS Lag Time Equation: 
 

𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿 = 𝐿𝐿0.8 (𝑆𝑆+1)0.7

1900√𝑌𝑌
  

Where: 
𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿 = lag time (hr)  
𝐿𝐿 = hydraulic length of watershed (ft) 
𝑌𝑌 = average watershed slope (%) 
𝑆𝑆 = potential retention in watershed (in) 
 
4.1 SUBBASIN DELINEATION 
The drainage areas and flow paths for each subbasin were delineated using LiDAR topography 
that was collected for the site, national hydrography dataset (NHD) flow lines, 90% Design 
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construction phase topography (MWH 2014), and ArcGIS 10.1 software. The peak flows for 
each subbasin were calculated using HEC-HMS 3.5. The NRCS Curve Number method was 
used to compute the runoff from the subbasins and the Unit Hydrograph method was selected 
as the transform method.  The lag time was calculated using the SCS Lag Time Equation which 
uses basin length, basin slope and curve number as parameters. The basin delineation and 
subbasin naming convention for each pond is shown on Figures 15 and 16. 
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Figure 15. West Pond Subbasin Delineation 
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Figure 16. South Pond Subbasin Delineation 
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4.2 CURVE NUMBER SELECTION  
Undisturbed areas outside of the mine affected area are best classified as “woods” in “good” 
condition (Tetra Tech 2011). A curve number of 55 was selected for all undisturbed areas based 
on Table 9-1 in the National Engineering Handbook (NRCS 2004) and Table 4.5.2 in the 
Stormwater Management Manual for Eastern Washington (WSDOE 2004) for hydrologic soil 
group B (Tetra Tech 2011). For purposes of the design flow and volume estimates, a curve 
number of 80, associated with “sagebrush with grass understory” in “poor (<30 percent ground 
cover)” condition (WSDOE 2004), was selected for the unestablished reclaimed areas of the site 
(MWH 2014). The curve numbers for each basin for the West and South ponds are shown in 
Tables 6 and 7, respectively. These curve number values are applicable under normal 
antecedent moisture conditions (AMC II) and are the basis of design in eastern Washington 
(WSDOE 2004). 
 

Table 6. Midnite West Pond Basin Curve Numbers 

Basin 
Area 

(acres) Land Use CN CN x A % 
Weighted 

CN 

WP 78.59 
UNESTABLISHED RECLAIMED 

AREA 80 4,322.5 34.9 
 WP 100.75 UNDISTURBED 55 8,060.3 

  Total 179.35   12,382.9  69 

W1 1.90 
UNESTABLISHED RECLAIMED 

AREA 80 152.3 100.0 
 Total 1.90 

  
152.3 

 
80 

W2 1.28 
UNESTABLISHED RECLAIMED 

AREA 80 65.1 49.4 
 W2 0.50 UNDISTURBED 55 27.7   

Total 1.78 
  

130.2 
 

73 

E1 3.62 
UNESTABLISHED RECLAIMED 

AREA 80 289.5 100.0 
 Total 3.62 

  
289.5 

 
80 

E2 3.51 
UNESTABLISHED RECLAIMED 

AREA 80 281.2 100.0 
 Total 3.51 

  
281.2 

 
80 

Pond 5.19 POND 100 519.1 100.0 
 Total 5.19 

  
519.1 

 
100 
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Table 7. Midnite South Pond Basin Curve Numbers 

Basin 
Area 

(acres) Land Use CN CN x A % 
Weighted 

CN 
SP 77.79 UNESTABLISHED RECLAIMED AREA 80 6,223.2 100.0   

Total 77.79     6,223.2   80 

E1 12.57 UNESTABLISHED RECLAIMED AREA 80 1,005.6 100.0   
Total 12.57     1,005.6   80 

W1 17.49 UNESTABLISHED RECLAIMED AREA 80 1,399.2 100.0   
Total 17.49     1,399.2   80 

Pond 11.74 POND 100 1,174.0 100.0   
Total 11.74     1,174.0   100 

 
An initial abstraction of zero was assumed for the runoff modeling in this analysis.  The Loss 
Method was assumed to be the SCS Curve Number and the Transform Method was the SCS 
Unit Hydrograph.  A time step of 5 minutes was selected for short duration storms, and a time 
step of 15 minutes was selected for long duration storms.  
 
Curve numbers for snowmelt were set equal to 100 for producing snowmelt hydrographs (NRCS 
2004). This provides a method for modeling the hourly snowmelt runoff, produced by diurnal 
temperature variation, into the hydrologic model. Setting the curve number equal to 100 is 
equivalent to specifying an impervious surface. During construction phases 2 and 3, stormwater 
management and operations channels will be constructed throughout the Midnite Mine site. As 
a conservative estimate of the spillway design inflow, drainage basin delineation for the West 
and South Ponds does not consider the runoff that would be diverted by the channels. 
 
4.3 POND CHARACTERISTICS 
 
The spillway geometry and stage-storage data for the West and South Ponds were obtained 
from the 90% Design drawings (MWH, 2014) and their configuration is shown on Figure 17. 
These configurations have not changed significantly for the 100% Design. The stage-storage 
data for the South and West Ponds are shown in Tables 8 and 9, respectively. The West Pond 
facility will be constructed during Construction Phase III after significant clean-up of waste rock 
and contaminated soils. The West Pond configuration is currently based on pre-mine 
topography (i.e., USBM (1995)) which is likely to change and require updated analyses based 
on as-built conditions once prior waste rock removal and soil cleanup have been completed in 
this area. An updated design, based on the as-built topography and updated analyses will be 
required for the West Pond embankment, impoundment, and spillway prior to construction. 
Therefore, West Pond design flows and spillway calculations presented in this document are 
considered preliminary. For the purposes of the design flow estimations the spillway shape is 
assumed to be trapezoidal with the dimensions shown on the 100% Design Drawings and 
summarized in Table 10. Standard trapezoidal broad-crested weir discharge can be estimated 
as (Bos 1989): 
 

𝑄𝑄 = 𝐶𝐶𝑑𝑑{𝑏𝑏𝑐𝑐𝑦𝑦𝑐𝑐 + 𝑧𝑧𝑐𝑐𝑦𝑦𝑐𝑐2}{2𝑔𝑔(𝐻𝐻1 − 𝑦𝑦𝑐𝑐)}0.5 
 
Where 
 

𝑄𝑄 = discharge (cfs) 
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𝑏𝑏𝑐𝑐 = bottom width (ft) 
𝑦𝑦𝑐𝑐 = critical depth in spillway (ft) 
𝑧𝑧𝑐𝑐 = side slope of traditional trapezoidal geometry (H:V) 
𝐻𝐻1 = reservoir head (ft) 
𝐶𝐶𝑑𝑑 = 0.93 + 0.1 ∗ 𝐻𝐻1

𝑙𝑙
 

  𝑙𝑙 = control section length (ft)  
 
Rating curves were developed using the trapezoidal broad-crested weir equation and were used 
to model the conceptual spillway discharge. 
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Figure 17. West and South Pond Schematic Spillway Configuration 
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Table 8. South Pond Stage-Storage Data 

Elevation Acre-ft Elevation Acre-ft Elevation Acre-ft 

2,619 0.00 2,641 24.78 2,663 107.72 
2,620 0.02 2,642 27.19 2,664 113.13 
2,621 0.12 2,643 29.71 2,665 118.70 
2,622 0.31 2,644 32.35 2,666 124.43 
2,623 0.60 2,645 35.11 2,667 130.32 
2,624 1.02 2,646 38.00 2,668 136.37 
2,625 1.55 2,647 41.01 2,669 142.59 
2,626 2.22 2,648 44.15 2,670 148.97 
2,627 3.00 2,649 47.42 2,671 155.52 
2,628 3.87 2,650 50.82 2,672 162.24 
2,629 4.84 2,651 54.35 2,673 169.12 
2,630 5.90 2,652 58.02 2,674 176.18 
2,631 7.06 2,653 61.82 2,675 183.42 
2,632 8.33 2,654 65.77 2,676 190.83 
2,633 9.69 2,655 69.85 2,677 198.42 
2,634 11.17 2,656 74.07 2,678(1) 206.19 
2,635 12.76 2,657 78.43 2,679 214.14 
2,636 14.49 2,658 82.94 2,680 222.27 
2,637 16.32 2,659 87.60 2,681 230.59 
2,638 18.27 2,660 92.40 2,682 239.09 
2,639 20.33 2,661 97.35 2,683(2) 247.78 
2,640 22.50 2,662 102.46 - - 

    Notes:  (1) South Pond spillway invert elevation (2,678 ft) 
   (2) South Pond embankment crest elevation (2,683 ft) 
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Table 9. West Pond Stage-Storage Data 

Elevation Acre-ft Elevation Acre-ft Elevation Acre-ft 
2,605 0.00 2,624 7.65 2,643 37.98 
2,606 0.10 2,625 8.49 2,644 40.59 
2,607 0.22 2,626 9.40 2,645 43.32 
2,608 0.37 2,627 10.37 2,646 46.17 
2,609 0.53 2,628 11.40 2,647 49.16 
2,610 0.72 2,629 12.51 2,648 52.28 
2,611 0.95 2,630 13.68 2,649 55.55 
2,612 1.21 2,631 14.94 2,650 58.95 
2,613 1.51 2,632 16.30 2,651 62.50 
2,614 1.85 2,633 17.76 2,652 66.19 
2,615 2.23 2,634 19.32 2,653 70.01 
2,616 2.66 2,635 20.98 2,654 73.93 
2,617 3.13 2,636 22.75 2,655(1) 77.97 
2,618 3.64 2,637 24.62 2,656 82.12 
2,619 4.19 2,638 26.59 2,657 86.38 
2,620 4.78 2,639 28.66 2,658 90.75 
2,621 5.42 2,640 30.83 2,659 95.24 
2,622 6.11 2,641 33.10 2,660(2) 99.85 
2,623 6.85 2,642 35.49 - - 

   Notes: (1) West Pond spillway invert elevation (2,655 ft) 
  (2) West Pond embankment crest elevation (2,660 ft) 

 
Table 10. West and South Pond Spillway Dimensions 

  West Pond South Pond 
Bottom Width (ft) 10 10 
Side Slopes 2H:1V 2H:1V 
Cross-section Shape Trapezoid Trapezoid 
Spillway Invert Elev. (ft) 2655 2678 
Dam Crest Elev. (ft) 2660 2683 
Control Section Length (ft) 15 15 

 
4.4 SCENARIOS MODELED 
The following seven scenarios for estimating the Design Step 4, 10,000-year event, peak flows 
due to rainfall and snowmelt were evaluated: 
 
Scenario 1:  Design Step 4 storm depth of 4.18” from the WSDOE Dam Safety Guidelines, 
distributed using the 4-hour duration short-storm hyetograph. Scenario 1 assumes that no 
contribution of snowmelt occurs. 
 
Scenario 2:  Design Step 4 storm depth of 5.74” from the WSDOE Dam Safety Guidelines, 
distributed using the 18-hour duration intermediate-storm hyetograph. Scenario 2 assumes that 
no contribution of snowmelt occurs. 
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Scenario 3:  Design Step 4 storm depth of 6.75” from the WSDOE Dam Safety Guidelines, 
distributed using the 72-hour duration long-storm hyetograph. Scenario 3 assumes that no 
contribution of snowmelt occurs. 
 
Scenario 4: Design Step 4, 24-hour storm depth of 5.38” from the WSDOE Dam Safety 
Guidelines, distributed using an SCS Type 1A distribution. Scenario 4 assumes that no 
contribution of snowmelt occurs. 
 
Scenario 5:  Design Step 4, 18-hour storm depth of 5.74” from the WSDOE Dam Safety 
Guideline and snowmelt distributed using daily temperature variation and the Energy Budget 
method. 
 
Scenario 6:  Design Step 4, 24-hour storm depth of 5.38” distributed using a SCS Type 1A 
distribution and snowmelt distributed using daily temperature variation and the Energy Budget 
method. 
 
Scenario 7:  Design Step 4, 72-storm depth of 6.75” from the WSDOE Dam Safety Guideline 
and snowmelt distributed using daily temperature variation and the Energy Budget method. 
 

5.0 RESULTS 

A summary of the subbasin parameters used for the precipitation-runoff analyses is shown in 
Tables 11 and 12. 
 

Table 11.  Midnite West Pond Basin Parameters(1) 

Subbasin Area (mi2) CN Length (ft) Average Slope 
(%) Lag Time (min) 

WP 0.2802 69 5,268 31.2 18 
W1 0.0030 80 144 28.3 1 
W2 0.0028 73 384 32.8 2 
E1 0.0057 80 473 38.0 2 
E2 0.0055 80 491 29.4 2 

Pond 0.0081 100 0 31.3 0 
Notes: (1) West Pond results are preliminary due to potential configuration revisions during Construction 

Phase III 
 

Table 12. Midnite South Pond Basin Parameters 

Subbasin Area (mi2) CN Length (ft) Average Slope 
(%) Lag Time (min) 

SP 0.1216 80 5,086 23.8 14 
E1 0.0196 80 2,052 23.8 7 
W1 0.0273 80 1,369 20.5 5 

Pond 0.0183 100 0 28.4 0 
 
Using the above parameters and time steps of 5 minutes for short and intermediate storm 
durations (4- to 24-hour) and 15 minutes for long storm durations (72-hour), the simulations 
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were carried out in HEC-HMS 3.5.  A summary of the peak discharge results for Design Step 4 
for the West and South Ponds are shown in Tables 13 and 14, respectively. 
 

Table 13. Midnite Mine West Pond Peak Flow Results – Design Step 4(1) 

West Pond 
Design Step 4 

Scenario 1 
4-hr storm 

Scenario 2 
18-hr storm 

Scenario 3 
72-hr storm 

Scenario 4 
24-hr storm(2) 

Hydrologic 
Element 

Drainage 
Area (mi2) 

Peak 
Discharge 

(CFS) 

Peak 
Discharge 

(CFS) 

Peak 
Discharge 

(CFS) 
Peak Discharge 

(CFS) 

WP 0.2802 632.4 215.0 124.3 105.2 
Pond 0.0081 64.1 12.1 6.7 6.7 
E1 0.0057 31.5 7.1 3.7 3.3 
E2 0.0055 31.930.6 6.9 3.6 3.2 
W1 0.0030 16.6 3.7 1.9 1.7 
W2 0.0028 13.4 3.1 1.6 1.4 

Inflow 0.3053 662.8 232.5 138.4 114.7 
West Pond 0.3053 384.1 176.8 102.4 74.5 

Outflow 0.3053 384.1 176.8 102.4 74.5 
Notes:  (1) West Pond results are preliminary due to potential and configuration revisions during 

Construction Phase III 
(2) SCS Type 1A Rainfall Distribution 
  

Table 14. Midnite Mine South Pond Peak Flow Results – Design Step 4 

South Pond 
Design Step 4 

Scenario 1 
4-hr storm 

Scenario 2 
18-hr storm 

Scenario 3 
72-hr storm  

Scenario 4 
24-hr storm(1) 

Hydrologic 
Element 

Drainage 
Area (mi2) 

Peak 
Discharge 

(CFS) 

Peak 
Discharge 

(CFS) 

Peak 
Discharge 

(CFS) 
Peak Discharge 

(CFS) 

SP 0.122 406.6 119.8 68.6 63.8 
W1 0.027 136.8 33.0 17.9 15.7 
E1 0.020 85.4 22.4 12.8 11.1 

Pond 0.018 144.9 27.3 15.2 15.2 
Inflow 0.187 619.0 187.8 106.4 102.9 

South Pond 0.187 161.3 94.9 55.1 41.3 
Outflow 0.187 161.3 94.9 55.1 41.3 

Notes: (1) SCS Type 1A Rainfall Distribution 
 
West and South Pond precipitation runoff volume results are shown below in Tables 15 and 16, 
respectively. 
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Table 15. Midnite Mine West Pond Runoff Volume Results – Design Step 4(1) 

West Pond Design Step 4 

 
Scenario 1 
4-hr storm 

Scenario 2 
18-hr storm 

Scenario 3 
72-hr storm  

Scenario 4 
24-hr storm(2) 

Hydrologic 
Element 

Drainage 
Area (mi2) 

Volume 
(Acre-Feet) 

Volume (Acre-
Feet) 

Volume (Acre-
Feet) 

Volume (Acre-
Feet) 

WP 0.2802 30.1 48.1 60.6 43.8 
Pond 0.0081 1.8 2.5 2.9 2.3 
E1 0.0057 0.8 1.2 1.5 1.1 
E2 0.0055 0.8 1.2 1.4 1.1 
W1 0.0030 0.4 0.6 0.8 0.6 
W2 0.0028 0.3 0.5 0.6 0.5 

Inflow 0.3053 34.2 54.1   
West Pond 0.3053 34.2 54.1 67.8 49.4 

Outflow 0.3053 34.2 54.1  49.4 
Notes:  (1) West Pond results are preliminary due to potential configuration revisions during 

    Construction Phase III 
  (2) SCS Type 1A Rainfall Distribution 

 
Table 16. Midnite Mine South Pond Runoff Volume Results – Design Step 4 

South Pond Design Step 4 

 
Scenario 1 
4-hr storm 

Scenario 2 
18-hr storm 

Scenario 3 
72-hr storm  

Scenario 4 
24-hr storm(1) 

Hydrologic 
Element 

Drainage 
Area (mi2) 

Volume 
(Acre-Feet) 

Volume (Acre-
Feet) 

Volume (Acre-
Feet) 

Volume 
(Acre-Feet) 

SP 0.122 17.0 25.9  23.8 
W1 0.027 3.8 5.8 7.2 5.4 
E1 0.020 2.7 4.2 5.2 3.8 

Pond 0.018 4.1 5.6 6.6 5.3 
Inflow 0.187 27.6 41.6 50.9 38.3 

South Pond 0.187 27.6 41.6 50.9 38.3 
Outflow 0.187 27.6 41.6 50.9 38.3 

Notes:  (1) SCS Type 1A Rainfall Distribution 
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Rain-on-snow peak flow results for West and South Ponds are summarized in Tables 17 and 
18, respectively. 
 

Table 17. Midnite Mine West Pond Rain-On-Snow Peak Flow Results – Design Step 4(1) 

West Pond 
Design Step 4 - Rain-on-snow 

Scenario 5 Scenario 6 Scenario 7 
 WDOE 18-hr storm SCS Type 1A 24-hr storm WDOE 72-hr storm 

Hydrologic Element Peak Discharge (CFS) Peak Discharge (CFS) Peak Discharge (CFS) 
Rain-on-Snow Inflow 266.2 157.1 138.4 

West Pond 221.7 120.6 104.8 
Outflow 221.7 120.6 104.8 

Notes: (1) West Pond results are preliminary due to potential soil cover and configuration revisions during 
    Construction Phase III 

 
Table 18. Midnite Mine South Pond Rain-On-Snow Peak Flow Results – Design Step 4 

South Pond 
Design Step 4 - Rain-on-snow 

Scenario 5 
WDOE 18-hr storm 

Scenario 6 
SCS Type 1A 24-hr storm 

Scenario 7 
WDOE 72-hr storm 

Hydrologic Element Peak Discharge (CFS) Peak Discharge (CFS) Peak Discharge (CFS) 
Rain-on-Snow Inflow 214.3 123.4 106.4 

South Pond 125.9 65.9 64.1 
Outflow 125.9 65.9 64.1 

 
Rain-on-snow runoff volume results for West and South Ponds are summarized in Tables 19 
and 20, respectively. 
 
Table 19. Midnite Mine West Pond Rain-On-Snow Runoff Volume Results–Design Step 4(1) 

West Pond 
Design Step 4 - Rain-on-snow 

Scenario 5 Scenario 6 Scenario 7 
 WDOE 18-hr storm SCS Type 1A 24-hr storm WDOE 72-hr storm 

Hydrologic Element Volume (Acre-Feet) Volume (Acre-Feet) Volume (Acre-Feet) 
Rain-on-Snow Inflow 77.8 71.1 102.597.4 

West Pond 77.8 71.1 97.4 
Outflow 77.8 71.1 97.4 

Notes: (1) West Pond results are preliminary due to potential soil cover and configuration revisions during 
    Construction Phase III 

 
Table 20. Midnite Mine South Pond Rain-On-Snow Runoff Volume Results–Design Step 4 

South Pond 
Design Step 4 - Rain-on-snow 

Scenario 5 
WDOE 18-hr storm 

Scenario 6 
SCS Type 1A 24-hr storm 

Scenario 7 
WDOE 72-hr storm 

Hydrologic Element Volume (Acre-Feet) Volume (Acre-Feet) Volume (Acre-Feet) 
Rain-on-Snow Inflow 67.855.9 51.4 68.8 

South Pond 67.855.9 51.4 68.8 
Outflow 55.9 51.4 68.8 
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Subbasins contributing inflows to the West and South Ponds are represented as hydrologic 
junction element “Inflow” for each respective pond. Rainfall falling directly onto pond water 
surfaces is treated as direct inflow to each reservoir. Rain-on-snow runoff events are estimated 
by combining rainfall and corresponding snowmelt runoff as a single inflow hydrograph to each 
pond. Table 21 summarizes the inflow and outflow characteristics of the West and South pond 
and the corresponding increase in water rise during each storm scenario. Based on peak water 
rise results, the controlling scenario for both West and South Ponds is Scenario 1, the short 
duration WSDOE storm. Maximum runoff volumes resulted from Scenario 7, the combined long 
duration precipitation event and snowmelt runoff.  For the purposes of estimating maximum 
outflows for spillway design, the storage ponds were assumed to be full at the start of the design 
runoff event.  This is considered to be a very conservative assumption since under normal 
operating conditions, the ponds will be nearly empty. 
 

Table 21. West and South Pond Inflow (Qin) and Outflow (Qout) Summary 

 
West Pond(1) South Pond DT 

 
Qin (cfs) Qout (cfs) 

Peak Water 
Rise (ft) Qin (cfs) Qout (cfs) 

Peak Water 
Rise (ft) (min) 

Scenario 1(2) 662.8 384.1 4.1 619.0 161.3 2.6 5 
Scenario 2 232.5 176.8 2.7 187.8 94.9 1.9 5 
Scenario 3 138.4 102.4 2.0 106.4 55.1 1.4 15 
Scenario 4 114.7 74.5 1.6 102.9 41.3 1.1 5 
Scenario 5 266.2 221.7 3.0 214.3 125.9 2.2 5 
Scenario 6 157.1 120.6 2.2 123.4 65.9 1.5 5 
Scenario 7 138.4 104.8 2.0 106.4 64.1 1.5 15 

Notes:  (1) West Pond results are preliminary due to potential soil cover and configuration revisions during 
    Construction Phase III 

  (2) Scenario 1 is the critical scenario; therefore a sensitivity analysis was performed. A water rise 
of 3.8 ft was obtained when using a time step of 15 min. A water rise of 3.2 ft was obtained                                           
when the initial abstraction was determined as a function of the CN. 
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Inflow and outflow hydrographs are presented for West Pond rainfall and snowmelt scenarios on 
Figures 18 to 24. 
 

 
Figure 18. West Pond WSDOE Short Duration Storm Inflow and Outflow Hydrographs 

 

 
Figure 19.  West Pond WSDOE Intermediate Duration Storm Inflow and Outflow 

Hydrographs 
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Figure 20. West Pond WSDOE Long Duration Storm Inflow and Outflow Hydrographs 

 

 
Figure 21. West Pond SCS Type 1A 24-hour Duration Storm Inflow and Outflow 

Hydrographs 
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Figure 22. West Pond WSDOE 18-hour Rain-on-Snow Inflow and Outflow Hydrographs 

 

 
Figure 23. Figure 22. West Pond SCS Type 1A 24-hour Rain-on-Snow Inflow and Outflow 

Hydrographs 
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Figure 24. West Pond WSDOE 72-hour Rain-on-Snow Inflow and Outflow Hydrographs 

 
 
Inflow and outflow hydrographs are presented for South Pond rainfall and snowmelt scenarios 
on Figures 25 to 31. 
 

 
Figure 25.  South Pond WSDOE Short Duration Storm Inflow and Outflow Hydrographs 
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Figure 26. South Pond WSDOE Intermediate Duration Storm Inflow and Outflow 

Hydrographs 
 

 
Figure 27. South Pond WSDOE Long Duration Storm Inflow and Outflow Hydrographs 
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Figure 28. South Pond SCS Type 1A 24-hour Duration Storm Inflow and Outflow 

Hydrographs 
 

 
Figure 29. South Pond WSDOE 18-hour Rain-on-Snow Inflow and Outflow Hydrographs 
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Figure 30. South Pond SCS Type 1A 24-hour Rain-on-Snow Inflow and Outflow 

Hydrographs 
 

 
Figure 31. Figure 30. South Pond WSDOE 72-hour Rain-on-Snow Inflow and Outflow 

Hydrographs 
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6.0 SUMMARY AND CONCLUSIONS 

Precipitation frequency analysis and storm distributions used for estimating runoff volumes and 
design flows were estimated using the WSDOE Dam Safety Guidelines. Design storm depths 
for 4-hour, 18-hour, 24-hour, and 72-hour events and corresponding temporal distributions were 
produced following the procedures outlined in Technical Note 3 (WSDOE 2009). Based on the 
Midnite Mine hydrology and site characteristics, design inflows and runoff volumes were 
estimated for an event magnitude of Design Step 4. A Design Step 4 event corresponds to an 
Annual Exceedance Probability of 1/10,000, or a 10,000-year return interval as shown in the 
design step summary for the Midnite Mine water management ponds. Total storm depths 
utilized in this analysis are summarized in Table 22. 

 
Table 22. Summary of Design Step 4 Precipitation Depths and Distributions 

Distribution 
  

Storm Name 
  

Duration 
(hours) 

Total Storm Depth 
(inches) 

WSDOE:  
Short 4 4.18 

Intermediate 18 5.74 
Long 72 6.75 

SCS Type 1A: 24-hour 24 5.38 
 
Rain-on-snow events were considered using the Energy Budget Partly Forested equation 
developed by USACE. A wind speed of 33 mph was assumed and a wind coefficient of 0.65 
was selected as being representative of the site conditions. A sine function was used to 
simulate the diurnal temperature variation and develop the cumulative snowmelt distribution. 
Using this method, a snowmelt depth of 1.32 inches occurs from the 24-hour, Design Step 4 
precipitation event of 5.38 inches. Table 23 presents Design Step 4 snowmelt depths used to 
produce peak flow and runoff volume estimates for the Midnite Mine site. 
 

Table 23. Design Step 4 Snowmelt Depths 

Distribution Storm Name Duration Total Snowmelt Depth 
    (hours) (inches) 

 WSDOE: Intermediate 18 1.44 
  Long 72 1.80 

SCS Type 1A: 24-hour 24 1.32 
 

Runoff and peak flow estimates were determined using HEC-HMS utilizing the design rainfall 
and snowmelt distribution established for the site. The NRCS CN method was used to estimate 
runoff from rainfall and snowmelt. CN selection was based on soil cover and conditions 
expected during Construction Phases II and III under normal antecedent moisture conditions 
(AMC II). A CN value of 100 was used to estimate snowmelt runoff (NRCS 2004). The SCS Unit 
Hydrograph was selected as the transform method. The peak discharge for the West and South 
Pond resulted from the WSDOE short duration storm. Peak runoff volumes resulted from the 
rain-on-snow event combining the WSDOE 72-hour duration precipitation event and the 
corresponding snowmelt runoff. The resulting peak flows to be used in the design of the West 
and South Pond Spillways are presented in Table 24. When the West Pond is constructed (i.e., 
end of Construction Phase II), the configuration may vary from that shown which is based on 
pre-mine USGS topography from the early 1950s. The intent is that the actual topography after 
cleaning up the waste rock and contaminated soils in this basin be resurveyed, and necessary 
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geotechnical and other investigations be performed at that time. The design for the West Pond, 
including the spillway will then be finalized. 
 

Table 24. Design Step 4 Inflow and Runoff Volumes 

Pond Inflow 
(CFS) 

Outflow 
(CFS) 

Peak Runoff 
Volume (Acre-

feet) 

Peak Water 
Rise 
(ft) 

West(1) 662.8 384.1 97.4 4.1 
South 619.0 161.3 68.8 2.6 

Notes: (1) West Pond results are preliminary due to potential soil cover and configuration revisions 
during Construction Phase III
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1.0 PURPOSE 

This calculation brief presents the results of the emergency overflow spillway sizing for both the 
South and West Ponds that will be part of the Remedial Action (RA) at the Midnite Mine 
Superfund Site (Site).  The Site is located in Stevens County on the Spokane Indian 
Reservation in eastern Washington State. An emergency overflow spillway is required to 
conform to the Washington State Department of Ecology (WSDOE) Dam Safety guidelines, 
which were selected as the basis for substantive compliance of the storage pond design with 
applicable regulations. 
 
The downdrain portion of the West Pond emergency overflow spillway will also receive flow from 
the West Pond Bypass Channel which will convey non-impacted surface water from upstream 
sources around the West Pond for storm flows up to the 500-year event.  Storm flows 
associated with events larger than the 500-year storm will exceed the design capacity of the 
West Pond diversion channel and are assumed to report directly to the West Pond.  As such, 
the West Pond Bypass Channel is neglected in the spillway analyses, which are designed for 
significantly larger storm events (up to the 10,000-year storm) in order conform to WSDOE Dam 
Safety Guidelines, and all upland flow associated with the spillway design event is assumed to 
be routed through the spillway.  
  
Spillway design flows presented in Attachment E-9 have been updated from 90% Design to 
100% Design based on expected soil cover delineations after completion of Construction Phase 
II and Phase III. This calculation brief presents 100% Design updates for the South Pond 
emergency spillway incorporating the updated spillway design flows. West Pond emergency 
spillway design has not been changed from 90% Design since the topographic information after 
Construction Phase II waste rock excavation will need to be confirmed and the design for the 
West Pond, including the spillway, will then need to be updated. 
 
Final South Pond spillway hydraulics were estimated using the one-dimensional hydraulics 
model HEC-RAS (USACE, 2010). Initial screening of potential channel linings was performed 
assuming uniform flow conditions and hydraulic characteristics were estimated using Manning’s 
equation.  
 

2.0 DESIGN FLOWS 

As identified in Attachment E-9, the 4-hour, short duration storm event (Scenario 1) produced 
the largest peak runoff and was selected as the design storm event for the sizing and design of 
the West and South Pond emergency overflow spillways and associated hydraulic structures.  
The estimated peak discharge inflow and outflow from the South and West Ponds are provided 
below (Table 1).  The difference between the inflow and outflow is a result of the attenuation of 
the design storm through the pond.  In addition, Attachment E-9 showed that the West and 
South ponds experience approximately a 4.1 ft and 2.6 ft water rise respectively above the 
spillway invert during the design peak discharge, which is less than the proposed design 
freeboard of 5 feet at the dam crest.  These estimated attenuated outflow values and heights of 
water level rise are considered to be conservative, since they are based on assumed full pond 
conditions, with pond water levels at the spillway invert elevation at the onset of the design 
storm.  During normal operations, the water level in both ponds will in reality be kept very low.  
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Table 1.  Design Peak Discharges1 

Pond Inflow 
(ft3/s) 

Outflow 
(ft3/s) 

Peak Water 
Rise 
(ft) 

West 662.8 384.1 4.1 
South 619.0 161.3 2.6 

Notes: 1 Attachment E-9: Design Flow Estimates for Spillways Design 
 

The West Pond Bypass Channel has the capacity to convey 22 cubic feet per second (cfs) (from 
the 500-yr storm event) of non-impacted surface water from the site around the West Pond and 
discharge to the West Pond Emergency Spillway Channel.   
 

3.0 ANALYSES  

The analysis of both the South and West Pond overflow spillways included sizing the spillway 
channel to convey the design peak discharge and evaluated overflow spillway channel lining 
and downstream channel erosion protection options.  Spillway channel linings considered 
included: 
 

- Concrete 
- Grouted riprap 
- Articulated Concrete Block (ACB) 
- Riprap 
- Natural or cut bedrock 

 
Manning’s equation was used to calculate flow depths, average flow velocities, and channel 
dimensions assuming steady uniform flow in the channel for screening different channel linings. 
The one-dimensional hydraulics model HEC-RAS was used to estimate final hydraulic 
characteristics for South Pond spillway channels. The spillway channels were analyzed based 
upon assumed trapezoidal geometries with 2H:1V (2 horizontal to 1 vertical) side slopes, using 
the peak flows listed under the pond outflow condition.  The freeboard accounts for wave action, 
uncertainty in the estimation of the design flow and channel roughness, and super elevation in 
channel bends.  Manning’s equation is presented as: 
 

𝑄𝑄 =
1.486
𝑛𝑛

𝐴𝐴𝑅𝑅2/3𝑆𝑆1/2 
 

Where: 
  Q = discharge (cubic feet per second [cfs]) 
  n = Manning’s roughness coefficient  
  A = cross-sectional flow area (square feet [ft2]) 
  P = wetted perimeter (feet [ft]) 

R = hydraulic radius = A/P (ft) 
S = bed slope (ft/ft) 

 
The alignment of both the proposed West Pond and South Pond Emergency overflow spillways 
are shown in Figures 1 and 3 respectively. The average spillway channel slopes were estimated 
from the existing site topography data to be approximately 36.7 percent and 37.9 percent for the 
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West and South Pond Overflow Spillways, respectively. Both spillways discharge to existing 
natural drainages with slopes of approximately 9.5 percent for the South Pond Spillway Channel 
and 2.0 percent for the West Pond Spillway Channel. Since both of the natural drainage 
channels provide steep slopes, the overflow spillway channels will be designed to convey 
supercritical flow to the natural channels at the outfall of the spillways which reduces the need to 
provide energy dissipation at the spillway channel outfall.  The spillway channel slope at the 
channel outfall will be adjusted to match the natural drainage slope to decrease the velocity and 
provide a smooth transition from the spillway channel to the natural drainage channel while 
maintaining supercritical flow. In addition, the natural drainage channel downstream of the 
spillway channel will be lined with loose riprap to mitigate against potential scour and erosion 
due to the spillway channel discharge, see Figures 2 and 4.  
 
Typical Manning’s n values for the selected channel linings are provided in Table 2.   
 

Table 2.  Typical Manning’s n Values  

Channel Lining  Manning’s n 
Concrete 0.013 
Grouted riprap 0.035 
Articulated Concrete Block (ACB) 0.015 
Riprap 0.040 
Natural or excavated bedrock 0.040 

 
Utilizing the typical Manning’s n values, channel flow parameters including flow depth, velocity 
and Froude number were computed for both the South Pond and West Pond spillway channels 
assuming trapezoidal cross sections with a 10 ft bottom width, 2:1 side slopes, and bed slopes 
of 25 and 35 percent which is approximately the average bed slope of the spillway chute for the 
South and West Ponds, respectively. The results were used to evaluate and screen potential 
channel lining alternatives and are summarized in Table 3.  The analysis was performed using 
both the inflow and outflow peak discharges shown in Table 1.  The spillways channel inflow 
design discharge was used to assess that the channel could convey the inflow without any 
freeboard, assuming little to no attenuation. 
 

Table 3.  Spillway Channel Flow Parameters 

Channel Lining  
South Pond Spillway (Outflow) / (Inflow) West Pond Spillway (Outflow) / (Inflow) 

Flow depth 
(ft) Velocity (ft/s) Froude No. Flow depth 

(ft) Velocity (ft/s) Froude No. 

Concrete 0.5 / (1.0) 32.0 / (50.9) 8.7 / (9.6) 0.7 / (1.0) 48.5 / (58.3) 10.9 / (11.3) 
Grouted riprap 0.8 / (1.8) 16.8 / (25.8) 3.5 / (3.8) 1.2 / (1.7) 25.0 / (29.7) 4.4 / (4.5) 
ACB 0.5 / (1.1) 29.2 / (46.2) 7.6 / (8.5) 0.8 / (1.0) 44.1 / (53.0) 9.5 / (9.9) 
Riprap 0.9 / (1.9) 15.4 / (23.5) 3.1 / (3.4) 1.3 / (1.8) 22.8 / (27.0) 3.8 / (4.0) 
Natural or cut bedrock 0.9 / (1.9) 15.4 / (23.5) 3.1 / (3.4) 1.3 / (1.8) 22.8 / (27.0) 3.8 / (4.0) 

 
As shown in Table 3, concrete and ACB linings produce very high velocities. Therefore, 
concrete and ACB linings were not considered further.  
 
Utilizing the calculated velocity for riprap channel lining, the median rock size for riprap can be 
calculated using the Isbash Equation (Lagasse et. al, 2006): 
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𝑑𝑑50 = 0.692(𝐾𝐾𝐾𝐾)2

2𝑔𝑔�𝛾𝛾𝑠𝑠−𝛾𝛾𝑤𝑤𝛾𝛾𝑤𝑤
�
   

 
 Where: 
  d50 = median riprap diameter (ft) 
  K = coefficient (generally taken as K = 1) 
  V = flow velocity (feet per second [ft/sec]) 
  g = gravitational acceleration (32.2 feet per second squared [ft/sec2]) 
  γs = specific weight of the stone (172 pounds per cubic foot [lb/ft3]) 
  γw = specific weight of water (62.4 lb/ft3) 
 
The above riprap sizing equation does not provide for a safety factor; therefore, a safety factor 
of 1.25 was applied to account for uncertainty with the potential flow characteristics and site 
conditions.  
 
Utilizing the Isbash equation, riprap sizing for the West and South Pond Emergency Spillway 
channel provides a d50 = 48 inches for the West Pond channel and d50=24” for the South Pond 
Channel.  Typically the d100 of the gradation is 2 times d50 which provides d100 = 96” for the West 
Pond spillway channel and a d100= 48” for the South Pond Spillway channel.  Although riprap is 
a viable channel lining option, due to the calculated large d50 for both spillway channels, the 
application of loose riprap for a channel lining was determined to be unfeasible and was not 
considered further.   
 
Both grouted riprap and excavated bedrock provide suitable channel linings and could be 
considered for the final design.  Bedrock lining can be utilized if competent bedrock is 
encountered during spillway excavation.  If competent bedrock is not encountered during 
spillway excavation, then grouted riprap should be used.  Based upon the current foundation 
bedrock information, it is assumed that 1) grouted riprap spillway channels for the West Pond 
and 2) excavated bedrock channels for the South Pond will be provided for the final designs. 
Therefore, the final spillway channel sizing was performed utilizing a grouted riprap lining for the 
West Pond and a combination of grouted riprap and excavated bedrock for the South Pond.  
 
As indicated in Attachment E-9, the water level rise in the ponds due to the design storm event 
is approximately 4.1 ft and 2.6 ft for the West and South ponds, respectively. These levels, and 
the estimated pond outflows, assume that the water level would be at the spillway invert 
elevation when the design storm event occurs. This assumption is considered to be 
conservative since, during normal operations both the West Pond and South Pond will be nearly 
empty. The pond outlet channels were sized with a trapezoidal cross section, 5 ft channel depth, 
and 2:1 side slopes (See Figure 5). If the South Pond channel is excavated into competent 
bedrock then a channel cross-section with a wider base and steeper side slopes, such as a 
bottom width of 21 ft and side slopes of 1:5 or steeper, could be used to reduce excavation for 
the South Pond outlet channel (see Figure 6). The 5-ft channel depth was utilized through the 
entire spillway to maintain consistent channel depths. The spillway channels will be provided 
with a concrete lining from the pond to a point 15 ft downstream, where the channel lining 
changes from concrete to grouted riprap. Concrete was selected for the first reach of the 
spillway channel to provide a constant, level, and smooth spillway crest elevation and provide a 
smooth flow distribution leaving the pond. The South Pond grouted riprap lining transitions to 
natural cut bedrock channel approximately 55 ft beyond the concrete lining as shown on Figure 
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3. Although competent rock is expected for the South Pond channel lining, the grouted riprap 
section will provide additional protection against erosion that could potentially affect structural 
integrity of the pond embankment. 
 
Providing a 5-ft channel depth for both spillways provides sufficient freeboard for all channel 
reaches. The recommended freeboard for channels conveying supercritical flow is twice the flow 
depth to account for wave action and uncertainty in the hydraulic calculations. A 5-ft channel 
depth for all channel reaches provides freeboard that is more than twice the flow depth along 
the spillway chute and less than twice the flow depth for the upper and lower spillway channel 
reaches.  Providing smaller freeboard at the upper and lower reaches is acceptable because of 
the lower Froude numbers in these locations.  The channel along the lower end of the spillway 
chutes could be reduced to a depth of 3.5 ft, which would reduce the volume of riprap to be 
installed, but would not significantly change the volume of excavation since the planned spillway 
alignment follows the existing grade. 
 
Spillway Outlet Riprap Apron  

Since the existing drainage channels at the spillway outlet are steep slopes with supercritical 
flow, a stilling basin will not be provided at the channel outlet in order to maintain supercritical 
flow through the drainage system.  As previously mentioned, the spillway channel slope will be 
adjusted to match the existing natural channel slope at the terminal points.  A loose riprap apron 
will be provided at the outfall of the spillway to transition from the spillway channel to the natural 
drainage channel.  Using the Isbash Equation, the d50 of the riprap apron was determined to 
require a d50 = 18 inches for the West Pond spillway channel apron and a d50 = 24 inches for the 
South Pond spillway channel apron. Although a d50 of 18 inches can be provided for the West 
Pond Spillway Channel outfall apron, it is recommended to use a d50 of 24 inches for this 
location, which will keep the riprap gradation consistent for the entire spillway.  
 
West Pond Diversion Channel 

The West Pond Diversion Channel conveys 22 cfs through a triangular grass-lined channel with 
1.5:1 side slopes and 3 ft channel depth.  The bypass channel connects to the West Pond 
Emergency Spillway at the upstream end of the spillway chute, which results in drainage directly 
to the spillway chute, minimizing potential backwater affects along the spillway crest.  The 
diversion channel slope increases to approximately a 1:1 slope as is approaches the spillway 
channel.  Due to the very steep slope, the diversion channel will be provided with a grouted 
riprap lining which matches the proposed spillway lining.  The grass lined channel will transition 
to grouted riprap approximately 15 ft upstream of the break in slope and continue as a grouted 
riprap lined channel to the confluence with the spillway channel. The invert of the grouted riprap 
diversion channel will intersect with the top of the spillway channel side slope. The diversion 
channel connection to the West Pond Spillway is shown in Figure 1.  
 
Grouted Riprap  

It was assumed that quality riprap will be available for RA construction. Although there are no 
guidelines for sizing the median rock size/diameter (d50) for grouted riprap, based on past 
experience, the minimum recommended riprap size (d50) for grouted riprap is between 18 – 24 
inches in size with a minimum layer thickness of 48 inches. The recommended d50 provides a 
large enough void ratio to allow sufficient grout penetration to join all riprap. The smaller riprap, 
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compared to the ungrouted or loose riprap size, is also generally easier to obtain, transport, and 
place, especially on relatively steep slopes. The riprap is placed on a granular filter drain zone 
approximately 10 inches thick to relieve pore pressures and minimize erosion that can develop 
under the riprap lining.  
 
Riprap Gradations 

The following equations were used to calculate the maximum and minimum particle sizes for the 
d10, d15, d50, d60, d85 and d100 (Lagasse et. al, 2006). 

 
d10min= 0.58*d50        d10max = 0.84*d50 
d15min = 0.61*d50       d15max = 0.87*d50 
d50min = 0.95*d50       d50max = 1.15*d50 
d60min = 1.05*d50       d60max = 1.25*d50 
d85min = 1.30*d50       d85max = 1.54*d50 

d100max = 2.0*d50  
 
The proposed riprap gradation for a riprap with a d50 =24 inches is shown in Table 4. 
 

Table 4.  Riprap Gradation 

d50 
(inches) 

d15 (inches) d50 (inches) d60 (inches) d85 (inches) d100 
(inches) Min Max Min Max Min Max Min Max 

24 12.8 18.3 20.0 24.25 22.1 26.3 27.3 32.3 42 

Riprap Granular Filter Method 

A granular filter will be placed in between the riprap and the base soil.  The granular filter 
prevents the migration of the base soil particles through the voids of the riprap, distributes the 
weight of the armor units to provide more uniform settlement, and permits relief of hydrostatic 
pressures within the base soil.  The granular filter was sized based upon the procedure outlined 
in River Mechanics (Julien 2002), which is provided in numerous texts and must satisfy the 
relationships below.   
 

𝑑𝑑15 𝑢𝑢𝑢𝑢𝑢𝑢𝑒𝑒𝑒𝑒

𝑑𝑑85 𝑙𝑙𝑙𝑙𝑤𝑤𝑒𝑒𝑒𝑒
< 5            5 < 𝑑𝑑15 𝑢𝑢𝑢𝑢𝑢𝑢𝑒𝑒𝑒𝑒

𝑑𝑑15 𝑙𝑙𝑙𝑙𝑤𝑤𝑒𝑒𝑒𝑒
< 40        𝑑𝑑50 𝑢𝑢𝑢𝑢𝑢𝑢𝑒𝑒𝑒𝑒

𝑑𝑑50 𝑙𝑙𝑙𝑙𝑤𝑤𝑒𝑒𝑒𝑒
< 40 

 
In the above relationships “upper” refers to the overlying material and “lower” refers to the 
underlying material.  The relationships above must hold between both the filter blanket and the 
base material and between riprap and filter blanket.  The following granular filter gradation can 
be applied to both the grouted and loose riprap gradations. 
 

Table 5.  Granular Filter Gradation  

 Size (in) 
d100 6 
d85 3 
d50 2 
d15 0.5 
Thickness  10 
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4.0 SUMMARY AND RECOMMENDATIONS  

 
It is recommended that the West Pond Emergency Spillway Channel be lined with grouted 
riprap unless excavated in competent bedrock. The grouted riprap should have a median size 
(d50) of 24 inches to allow for sufficient grout penetration and the grouted rip rap erosion 
protection layer should be 48 inches thick (i.e. the riprap erosion protection layer thickness 
should be twice the d50 of the riprap material).  A granular filter should be provided under the 
grouted riprap to allow for pore pressure relief under the grouted riprap. It is expected that the 
West Pond Emergency Spillway channel slopes, alignment, and grading will need to be updated 
after completion of cleanup of waste rock and contaminated soils to account for as-built 
conditions in the West Pond area.  
 
It is recommended that the South Pond Emergency Spillway Channel be lined with grouted 
riprap for a 55 foot section immediately downstream of the concrete-lined inlet (see Figure 3). 
As with the West Pond, the grouted riprap portion of the South Pond Emergency should include 
a 48-inch-thick grouted riprap erosion protection layer constructed from riprap with a mean 
particle size of 24 inches, and the grouted riprap layer should be underlain by a granular filter to 
allow for pore pressure relief under the grouted riprap. 
 
Spillway channels were sized to convey the pond outflow discharge provided in Table 1.  A 5-ft 
channel depth provides a consistent depth for both spillways and sufficient freeboard for all 
channel reaches.  The recommended freeboard for channels conveying supercritical flow is 
twice the flow depth to account for wave action, uncertainty in the hydraulic calculations, and 
provide super elevation in channel bends. A 5-ft channel depth for all spillway channel reaches 
provides freeboard that is more than twice the flow depth along the spillway chute and less than 
twice the flow depth for the upper and lower spillway channel reaches.  Providing smaller 
freeboard at the upper and lower reaches is acceptable because of the lower Froude numbers 
in these locations. The channel along the spillway chutes could be reduced to a depth of 3.5 ft 
which would reduce the volume of riprap to be installed but would not significantly change the 
volume of excavation since the planned spillway alignment follows the existing grade. 
 
The selected channel sizing was also checked to ensure that the pond Inflow Design Discharge 
could be conveyed by the spillway channel with no freeboard in the event that a larger storm 
event occurred when the pond was full. 
 
A summary of the channel flow parameters are provided in Table 6 and typical channel plans, 
sections, and details are provided in Figures 1 through 5.  From Table 6, a channel bottom width 
of 10 ft and 5 ft channel depth provide adequate capacity for the pond outflow design peak flows 
(Table 1) with adequate freeboard as well as sufficient capacity for the pond inflow design peak 
flows with no freeboard. If the South Pond channel is excavated into competent bedrock then a 
channel cross-section with a wider base and steeper side slopes, such as a bottom width of 21 
ft and side slopes of 1:5 or steeper, could be used to reduce excavation for the South Pond 
outlet channel (see Figure 6). 
 
Since the existing site drainage channels at the spillway outlets are steep slopes with 
supercritical flow, the spillway slope will be adjusted to match the slope of the existing channel 
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at the spillway outlet in order to maintain supercritical flow through the drainage system.  A 
loose riprap apron will be provided at the outlet of the spillway to transition from the spillway 
channel to the natural drainage channel.  Using the Isbash Equation, the d50 of the riprap apron 
was determined to require a d50 = 18 inches for the West Pond spillway channel apron and a d50 
= 24 inches for the South Pond spillway channel apron.    Although a d50 of 18 inches can be 
provided for the West Pond spillway channel outfall apron, it is recommended to use a d50 of 24 
inches for this location, which will keep the riprap gradation consistent for the entire spillway. 
 
When the West Pond is constructed (i.e., end of Construction Phase II), the configuration will be 
different from that shown on the figures, which are based on pre-mine topographic maps 
prepared by the USGS topography in the early 1950s. The intent is that the actual topography 
after excavating waste rock and contaminated soils in this basin be resurveyed, and necessary 
geotechnical and other investigations be performed at that time. The design for the West Pond, 
including the spillway will then need to be finalized. The design presented for the West Pond 
spillway in this document represents the conditions assumed for the 100% Basis of Design 
Report. 
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Table 6.  Spillway Channel Summary 

Channel Reach Channel 
Lining 

Man
ning
’s n 

Chann
el 

Depth 
(ft) 

Slope 
(%) 

Pond Outflow Design 
Flow Pond Inflow Design Flow 

Flow 
Depth 

(ft) 
Velocit
y (ft/s) 

Frou
de 
No. 

Flow 
Depth 

(ft) 
Velocit
y (ft/s) 

Froude 
No. 

West Pond Control 
Structure(1) Concrete 0.01

3 
5.0 2.0 1.6 18.6 2.9 2.1 21.9 3.0 

West Pond Outlet(1) 
Grouted 
Riprap 

0.03
5 

5.0 2.0 2.7 9.2 1.2 3.6 10.7 1.2 

West Pond Spillway 
Chute(1) 

Grouted 
Riprap 

0.03
5 

5.0 36.7 1.2 25.5 4.5 1.7 30.2 4.6 

West Pond Spillway 
Outlet(1) Riprap 0.04

0 
5.0 2.0 2.9 8.4 1.0 3.9 9.7 1.1 

South Pond Control 
Structure(2) Concrete 0.01

3 
5.0 0.5 2.4 14.94.

4 0.6 4.9 6.4 0.6 

South Pond Outlet(2) 
Grouted 
Riprap 

0.03
5 

5.0 0.5 2.6 4.2 0.5 5.0 6.2 0.6 

South Pond Outlet(2) 
Natural Cut 

Bedrock 
0.04

0 5.0 0.5 2.5 4.3 0.6 4.8 6.5 0.6 

South Pond Spillway 
Chute(2) 

Natural Cut 
Bedrock 

0.04
0 

5.0 22.6 0.9  2.9 2.0 22.7 3.2 

South Pond Spillway 
Outlet(2) Riprap 0.04

0 
5.0 9.5 1.5 12.7 2.4 2.6 20.3 2.8 

Notes: (1) West Pond calculations were performed using a spreadsheet model and the Manning’s equation 
(2) South Pond calculations performed using a spreadsheet model and the Manning’s equation and consequently verified    
using the HEC-RAS hydraulics model 

 
 
 



Page 10 

 

5.0 REFERENCES 

Julien, P.Y., 2002. River Mechanics.  Cambridge University Press. 
 
Lagasse, P. F., P. E. Clopper, L. W. Zevenbergen, and J. F. Ruff, 2006.  Riprap Design Criteria, 

Recommended Specifications, and Quality Control, NCHRP Report 568. 
 
U.S. Army Corps of Engineers (USACE) 2010. Hydrological Modeling System (HEC-HMS), 

Computer Program, U.S. Army Corps of Engineers, Version 3.5. 
 
 
 
 
 
 



   
 

 

FIGURES 



EMERGENCY SPILLWAY PROFILE

CONCRETE LINED CHANNEL

WEST POND DIVERSION

CHANNEL CONNECTION PROFILE

45' RAD

GROUTED RIPRAP LINED

EMERGENCY SPILLWAY

WEST POND DIVERSION CHANNEL

CONCRETE TO GROUTED

RIRRAP TRANSITION

5

+

5

0

2X SAFETY BERM CENTERLINES

0

+

0

0

1+00

2

+

0

0

3

+

0

0

4

+

0

0

5

+

0

0

6

+

0

0

0

+

0

0

0
+

8
7

1.05

3

LEGEND:

NOTES:

WEST POND SPILLWAY

CHANNEL TERMINATION

GEOMEMBRANE LINER SYSTEM -

SPILLWAY CONNECTION

1.02

A

1.05

3

1.05

1

1.05

4

1.05

7

1.02

C

WEST POND EMERGENCY SPILLWAY

GRADING PLAN

FIGURE 1

FIGURE 1

3

JUNE 2015

MIDNITE MINE

WELLPINIT, WASHINGTON



E
L

E
V

A
T

I
O

N
,
 
F

E
E

T

E
L

E
V

A
T

I
O

N
,
 
F

E
E

T

DISTANCE, FEET

2600

2640

2680

2600

2640

2680

-50 -40 0 40 80 120125

1

8

.

6

-

1

0

0

.

5

%

PVI 0+16.1

EL 2679.0

PVI 0+23.4

EL 2678.0

PVI 0+32.9

EL 2673.0

PVI 0+51.5

EL 2654.3

PVI 0+61.8

EL 2649.8

PVI 0+68.1

EL 2649.1

DIVERSION

CHANNEL

WEST POND

SPILLWAY CHANNEL

E
L

E
V

A
T

I
O

N
,
 
F

E
E

T

E
L

E
V

A
T

I
O

N
,
 
F

E
E

T

DISTANCE, FEET

2500

2600

2700

2500

2600

2700

0 100 200 300 400 500 550

P
V

I
 
0

+
3

3
.
8

E
L

 
2

6
5

2
.
2

P
V

I
 
1

+
9

6
.
2

E
L

 
2

6
2

9
.
6

P
V

I
 
2

+
6

0
.
0

E
L

 
2

6
0

9
.
5

P
V

I
 
3

+
0

2
.
6

E
L

 
2

5
8

8
.
3

P
V

I
 
4

+
1

2
.
9

E
L

 
2

5
6

0
.
3

PVI 0+43.8

EL 2655.0

P
V

I
 
1

+
3

8
.
5

E
L

 
2

6
5

3
.
1

P
V

I
 
4

+
4

2
.
5

E
L

 
2

5
5

9
.
7

P
V

I
 
4

+
9

5
.
2

E
L

 
2

5
5

8
.
6

-

4

2

.

3

%

-

3

1

.
5

%

-
2

5

.
4

%

-2.0%

-

4

9

.

8

%

-2.0%

2

7

.
6

%

CONCRETE TO GROUTED

RIPRAP TRANSITION

GROUTED RIPRAP LINED

EMERGENCY SPILLWAY

RIPRAP TRANSITION

CONCRETE LINED

CHANNEL SECTION

C     WEST POND DIVERSION CHANNEL CONNECTION PROFILE   

1.01

A       WEST POND EMERGENCY SPILLWAY PROFILE     

1.01

1.05

5

1.05

4

1.05

3

1.05

1

1.05

7

GEOMEMBRANE LINER SYSTEM - SPILLWAY CONNECTION

1.05

3

WEST POND SPILLWAY

CHANNEL TERMINATION

LEGEND:

NOTES:

WEST POND EMERGENCY SPILLWAY PROFILE

FIGURE 2

FIGURE 1

3

JUNE 2015

MIDNITE MINE

WELLPINIT, WASHINGTON



CONCRETE TO GROUTED

RIPRAP TRANSITION

52' RAD

CONCRETE LINED

SPILLWAY CHANNEL

EAST SEEP PUMPHOUSE

0

+

0

0

1

+

0

0

2
+

0
0

3
+

0
0

4
+

0
0

5
+

0
0

6
+

0
0

6
+

3
6

GROUTED RIPRAP

LINED SPILLWAY

SOUTH POND SPILLWAY

CHANNEL TERMINATION

GEOMEMBRANE LINER SYSTEM -

SPILLWAY CONNECTION

1.04

D

1.05

8

1.05

3

1.05

6

1.05

1

LEGEND:

1.05

4

1.05

3

MIDNITE MINE

WELLPINIT, WASHINGTON

SOUTH POND EMERGENCY SPILLWAY

GRADING PLAN

FIGURE 3

FIGURE 3

3

JUNE 2015



E
L

E
V

A
T

I
O

N
,
 
F

E
E

T

E
L

E
V

A
T

I
O

N
,
 
F

E
E

T

STATION, FEET

2550

2600

2650

2700

2750

2550

2600

2650

2700

2750

0+00 1+00 2+00 3+00 4+00 5+00 6+00 6+36

-0.5%

-
2

2

.
8

%

-9
.5

%

P
V

I
 
0

+
0

0
.
0

E
L

 
2

6
7

8
.
0

P
V

I
 
2

+
6

7
.
2

E
L

 
2

6
7

6
.
7

P
V

I
 
5

+
7

2
.
8

E
L

 
2

6
0

7
.
2

P
V

I
 
6

+
3

6
.
4

E
L

 
2

6
0

1
.
2

LEGEND:

CONCRETE TO GROUTED RIPRAP TRANSITION

GROUTED RIPRAP LINED CHANNEL

EXCAVATED COMPETENT ROCK CHANNEL

GEOMEMBRANE LINER SYSTEM -

SPILLWAY CONNECTION

CONCRETE LINED CHANNEL

SOUTH  POND CHANNEL

TERMINATION DETAIL

1.05

6

1.05

1

1.05

4

1.05

2

1.05

8

1.05

3

D       SOUTH POND EMERGANCY SPILLWAY PROFILE      

1.03

SOUTH POND EMERGENCY

SPILLWAY PROFILE

FIGURE 4

FIGURE 3

3

JUNE 2015

MIDNITE MINE

WELLPINIT, WASHINGTON



1.5

1

GROUND SURFACE

3'

3' MIN

9'

3' MIN

TYPE III FILTER MATERIAL

GROUTED TYPE V RIPRAP

10" MIN

4' MIN

2

1

FINISHED GRADE

GROUND SURFACE

2

1

REINFORCED CONCRETE

1.05

2

5'

3'

10'

3'

12"

2

1

2

1

TYPE III FILTER MATERIAL

GROUND SURFACE

5'

10'

GROUTED TYPE V RIPRAP

10" MIN

3' MIN3' MIN

4' MIN

12"

#5 @ 12" EACH WAY,

TOP AND BOTTOM

50' MIN.

4'

NATIVE GROUND SURFACE

LOOSE TYPE V RIPRAP

EXCAVATED COMPETENT

ROCK CHANNEL

FINISHED GRADE

NOTE:

1. PLACE LAYER OF TYPE III FILTER MATERIAL (10" MIN THICKNESS) BELOW

RIPRAP IN AREAS WHERE COMPETENT NATIVE ROCK IS NOT PRESENT.

COMPETENT NATIVE ROCK

NOTE 1

1.05

8

GROUND SURFACE

30' MIN. 50' MIN.

4'

4'

GROUTED TYPE V RIPRAP LOOSE TYPE V RIPRAP

TYPE III FILTER MATERIAL

10" MIN

2

1

EXCAVATED CHANNEL

FINISHED GRADE

2

1
5' MIN

10'

COMPETENT

NATIVE ROCK

1   CONCRETE LINED CHANNEL TYPICAL SECTION    

1.05

3
  TYPICAL TRANSITION - CONCRETE TO GROUTED RIPRAP    

1.05

5   WEST POND DIVERSION CHANNEL CONNECTION TYPICAL SECTION    

1.05

4   GROUTED RIPRAP LINED CHANNEL TYPICAL SECTION    

1.05

2  CONCRETE REBAR DETAIL    

1.05

7
  WEST POND SPILLWAY CHANNEL TERMINATION DETAIL    

1.05

6   SOUTH POND SPILLWAY CHANNEL TERMINATION DETAIL    

1.05

GROUND SURFACE

8
  EXCAVATED COMPETENT ROCK CHANNEL TYPICAL SECTION    

1.05

F

L

O

W

F

L

O

W

NOT TO SCALE

NOT TO SCALE

NOT TO SCALE

NOT TO SCALE

NOT TO SCALE

NOT TO SCALE

NOT TO SCALE
NOT TO SCALE

COMPETENT NATIVE ROCK OR LOOSE SOIL

TABLE 1 - TYPE III FILTER

MATERIAL GRADATION

SIZE (INCHES)

D

85

3

D

50

2

D

15

0.5

THICKNESS 10

EXTRUSION WELD

GEOMEMBRANES TO HDPE

EMBEDMENT STRIPS

15'

REINFORCED CONCRETE

CHANNEL LINING

1.05

2

4'

10"

TYPE III FILTER MATERIAL

CONCRETE

CUTOFF WALL

POND PRIMARY

CONTAINMENT LINER

GEONET

POND SECONDARY

CONTAINMENT LINER

TYPICAL DETAILS AND SECTIONS (4 OF 4)

FIGURE 5

FIGURE 5

3

JUNE 2015

MIDNITE MINE

WELLPINIT, WASHINGTON



E
L
E

V
A

T
I
O

N
,
 
F

E
E

T

E
L
E

V
A

T
I
O

N
,
 
F

E
E

T

2670

2680

2690

2700

2710

2720

2660

2670

2680

2690

2700

2710

2720

0+00 1+00 1+43

B       SOUTH POND ALTERNATIVE CHANNEL SECTION     

1.03

ORIGINAL DESIGN

ALTERNATIVE DESIGN

THEORETICAL

OVERBURDEN OR

"POOR" ROCK LIMIT

21'

1

5

1

2

SOUTH POND ALTERNATIVE

CHANNEL CROSS SECTION DESIGN

FIGURE 6

FIGURE 6 JUN

3

E 2015

NOTES:

MIDNITE MINE

WELLPINIT, WASHINGTON



 
 
 

 

Attachment E-11  

Water Management Ponds Freeboard 
Calculations 



 

ATTACHMENT E-11 
 
 

MIDNITE MINE REMEDIAL ACTION 
MIDNITE WATER MANAGEMENT PONDS 

FREEBOARD CALCULATIONS 
 
 

Revisioning 
Rev. Date Description By Checked Date Reviewed 

1 13-May-15 100% Design Zach Elliott Chris Gifford-
Miears 15-May-15 Carmen Bernedo 

 
Location and Format 

 
Electronic copies of these calculations are located in the project files system at: 
 
\\USDEN1S01\Projects\NRII\Clients_I-P\Newmont\1011322 Midnite 
Mine\Technical\Calculations\Hydrology\Spillway\Wave Action and Freeboard  
 
The following calculations were performed using the following guidelines:   
 

• Dam Safety Guidelines Part IV: Dam Design and Construction (WSDOE, 1993) 
 

 
  



 
   
 

2 
 

1.0 INTRODUCTION 

The purpose of these calculations is to present the analysis and results for estimating the 
minimum freeboard requirements for the design of the water management ponds and spillways 
at the Midnite Mine Site (Site). Available Washington State Department of Ecology (WSDOE) 
guidelines were consulted to determine the freeboard requirements for the ponds. A summary of 
the Site water management pond parameters is given in Table 1. A plan view of the West and 
South Ponds is shown on Figure 1. 
 

Table 1. Water Management Pond Parameters 
PARAMETER WEST POND SOUTH POND 

Dam Crest Elevation (ft) 2,660 2,683 
Reservoir Volume (ac-ft) 99.85 247.78 

Pond Depth (ft) 50 59 
Fetch Length (ft) 710 784 

 

 
Figure 1. Plan of West and South Ponds 

 

Fetch = 710 ft 

Fetch = 784 ft 
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2.0 ANALYSIS 

2.1 DESIGN CRITERIA 
The Dam Safety Guidelines Part IV: Dam Design and Construction (WSDOE, 1993) provides 
specific guidelines for estimating freeboard for dams.  
The minimum required freeboard needed to contain wave action from wind generated waves is 
computed as (WSDOE, 1993): 
 

𝐹𝐹𝑤𝑤 = 𝑆𝑆𝑤𝑤 + 𝑅𝑅𝑤𝑤 
 
Where: 
 
𝐹𝐹𝑤𝑤 = freeboard needed to contain wind/wave action (ft) 
𝑆𝑆𝑤𝑤 = wind setup (ft) 
𝑅𝑅𝑤𝑤 = wave runup (ft) 
 
Figure 1 shows the relationship between reservoir freeboard, significant wave height, wind 
setup, and wave runup as it applies to dams for use in freeboard analyses for wind generated 
waves (WSDOE, 1993). 
 

 
Figure 1. Depiction of Reservoir Freeboard and Wind/Wave Effects (WSDOE, 1993) 

 
Table 2 from Dam Safety Guidelines Part IV: Dam Design and Construction (WSDOE, 1993) 
gives design minimums for selecting reservoir freeboard for dams. The values given in Table 2 
are to be considered as minimums and are not intended to supersede larger values estimated 
from wind and wave action and engineering judgment (WSDOE, 1993). “Normal Freeboard” is 
defined as the vertical distance between the normal storage elevation (normal high pool level) 
and the dam crest elevation. “Minimum Freeboard” is the vertical distance between the 
maximum reservoir water surface elevation attained during passage of the inflow design flood 
and the dam crest elevation. A “Large Dam” is defined as a dam with a barrier hydraulic height 
of 50 ft or greater (WSDOE, 1993). The maximum depths at the upstream toe of the West Pond 
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and South Pond are both greater than 50 ft. The minimum required freeboard for large dams is 
given as 1.00 ft as shown in Table 2. 
 

Table 1. Design Minimums in Selecting Reservoir Freeboard (WSDOE, 1993) 
RESERVOIR FREEBOARD 

(FEET) SMALL DAM INTERMEDIATE 
DAM LARGE DAM 

NORMAL FREEBOARD 2.00 3.50 5.00 
MINIMUM FREEBOARD 0.50 0.75 1.00 

 
To determine if the minimum required freeboard needed to contain wave action from wind 
generated waves is greater than the minimum required freeboard given in Table 1, the wind 
setup and wave runup were estimated using the procedures described in Dam Safety 
Guidelines Part IV: Dam Design and Construction (WSDOE, 1993). 
 

2.2 WIND SETUP 
In general, wind setup is usually small relative to the magnitude of the significant wave height, 
except for large reservoirs. The wind setup is estimated from the following the equation provided 
in the Dam Safety Guidelines Part IV: Dam Design and Construction: 
 

𝑆𝑆𝑤𝑤 =
𝑈𝑈2𝐹𝐹

1400𝐷𝐷
 

 
Where: 
 
𝑆𝑆𝑤𝑤 = wind setup (ft) 
𝐹𝐹 = effective fetch (mi) 
𝑈𝑈 = design wind speed (mph) at 25 feet above the reservoir surface 
𝐷𝐷 = average reservoir depth (ft) 
 
The effective fetch, 𝐹𝐹, for each pond was estimated as the longest length of water from the 
opposite shore to the embankment crest, perpendicular to the embankment crest. The effective 
fetches were estimated to be approximately 0.13 mi and 0.15 mi for the West Pond and South 
Pond, respectively. 
 
The design wind speed, 𝑈𝑈, was determined to be 30 mph from generalized design wind speeds 
for “Eastern Washington” given in Dam Safety Guidelines Part IV: Dam Design and 
Construction and shown in Table 3 below. 
 

Table 3. Suggested Design Wind Speeds for Areas of Limited Data 
FREEBOARD 
CONDITION WASHINGTON LOCATION 

  COASTAL 
AREAS 

WESTERN 
WASHINGTON 

EASTERN 
WASHINGTON 

NORMAL FREEBOARD 70 MPH 60 MPH 50 MPH 
MINIMUM FREEBOARD 50 MPH 30 MPH 30 MPH 

 
The average reservoir depth, 𝐷𝐷, was taken as the maximum reservoir depth at the location of 
the spillway crest (upstream toe of the embankment) for each of the water management ponds. 
The average reservoir depths were estimated to be 50 ft and 59 ft for the West Pond and South 
Pond, respectively. 
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2.3 WAVE RUNUP 
The wave runup is estimated as a function of the wave height, the steepness of the wave, and 
the slope and roughness of the dam face.  Wave runup is estimated from the following the 
equation provided in the Dam Safety Guidelines Part IV: Dam Design and Construction: 
 

𝑅𝑅𝑤𝑤 = 𝐶𝐶𝑟𝑟(𝐻𝐻𝑠𝑠) 
 
Where: 
𝑅𝑅𝑤𝑤 = wave runup (ft) 
𝐶𝐶𝑟𝑟 = coefficient of wave runup 
𝐻𝐻𝑠𝑠 = significant wave height (ft) 
 
The significant wave height, 𝐻𝐻𝑠𝑠, was estimated based on the effective fetch and the design wind 
speed as shown in Table 4, which is presented in Dam Safety Guidelines Part IV: Dam Design 
and Construction and based on U.S. Army Corps of Engineers reports. Figure 2 was generated 
based on the values in Table 4 in order to estimate the significant wave heights for the West 
Pond and South Pond effective fetches for a design wind speed of 30 mph (50 mph shown for 
comparison only). 
 

Table 4. Estimation of Wind Generated Waves 
SIGNIFICANT WAVE HEIGHT (FEET) 

SUSTAINED 
WIND SPEED 

EFFECTIVE FETCH (MILES) 
0.05 0.10 0.25 0.50 1 2 5 

20 MPH 0.20 0.30 0.45 0.60 0.85 1.20 1.75 
30 MPH 0.35 0.45 0.65 0.90 1.30 1.75 2.70 
40 MPH 0.45 0.60 0.90 1.25 1.75 2.45 3.70 
50 MPH 0.55 0.75 1.15 1.60 2.20 3.00 4.70 
60 MPH 0.65 0.90 1.40 1.90 2.70 3.60 5.70 
70 MPH 0.75 1.15 1.60 2.25 3.20 4.30 6.70 
80 MPH 0.90 1.20 1.85 2.60 3.70 5.00 7.80 
90 MPH 1.00 1.35 2.10 3.00 4.20 4.70 8.90 
100 MPH 1.15 1.50 2.40 3.40 4.70 6.40 10.00 
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Figure 2.  Significant Wave Height vs. Effective Fetch (30 mph and 50 mph design wind 

speeds) 
 
Using Figure 2, the significant wave heights for a design wind speed of 30 mph were estimated 
to be approximately 0.519 ft and 0.543 ft, respectively. 
 
Dam Safety Guidelines Part IV: Dam Design and Construction contains estimates of the 
coefficient of wave runup, 𝐶𝐶𝑟𝑟, obtained from information contained in U.S. Army Corps of 
Engineers reports and shown in Table 5. 
 

Table 5. Values of the Coefficient of Wave Runup 
COEFFICIENT OF WAVE RUNUP (Cr) 

DAM FACE SLOPE OF UPSTREAM FACE OF DAM (H:V) 
Vertical 1.5:1 2:1 3:1 4:1 6:1 10:1 

Concrete Facing 1.7 2.5 2.2 1.8 1.3 0.8 0.5 
Grass Lined - 2.3 2.0 1.6 1.2 0.8 0.5 

Riprap - 1.4 1.3 1.2 1.0 0.7 0.4 
 
The water management pond embankments were assumed to be made of compacted earthfill 
and waste rock materials with upstream face slopes of 3H:1V. Based on the descriptions and 
values given in Table 5, the coefficient of wave runup for the West Pond and South Pond was 
estimated to be approximately 1.5 (less than “grass lined” and greater than “riprap”). 
 

3.0 RESULTS 

The wind setup value was estimated to be approximately 0.002 ft for the West Pond and South 
Pond and the wave runup values were estimated to be approximately 0.778 ft and 0.814 ft, 
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respectively. Therefore, by summing the wind setup and wave runup heights for the West Pond 
and South Pond, the freeboard heights needed to contain wind and wave action were estimated 
to be approximately 0.780 ft and 0.815 ft, respectively. Table 6 gives a summary of the 
estimated freeboard components described above. 
 

Table 6. Summary of Freeboard Required to Contain Wind/Wave Action 
WATER MANAGEMENT 

POND 
WIND SETUP 

(FT) 
WAVE RUNUP 

(FT) 
REQUIRED 

FREEBOARD 
(FT) 

WEST POND 0.002 0.78 0.78 
SOUTH POND 0.002 0.81 0.82 

 

4.0 SUMMARY AND CONCLUSIONS 

The freeboard needed to contain wind and wave action was estimated using methods presented 
in Dam Safety Guidelines Part IV: Dam Design and Construction for the Site water management 
ponds and was estimated to be slightly less than 1 ft as shown in Table 6. It is recommended 
that a minimum design freeboard between the maximum reservoir water surface elevation 
during routing of the inflow design flood (IDF) and the dam crest elevation for the Site water 
management ponds should be at least 1 foot based on the guidelines and results presented in 
this summary. 
 
The West Pond is planned to be constructed during Construction Phase III after significant 
clean-up of waste rock and contaminated soils. The West Pond configuration is based on pre-
mine topography, which is likely to change and require updated analyses prior to final West 
Pond configuration and spillway construction. Therefore, all West Pond calculations presented 
in this report are considered preliminary and should be reviewed and updated as needed once 
the post-mine-waste excavations are completed and as-built topography of the terrain in the 
West Pond area is available. 
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