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E.1.0 INTRODUCTION 

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

design information necessary for the temporary water management ponds. at the 90-percent 

design level.  The Midnite Mine Superfund Site (the 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), Pits 3, Pit 4, and the Pollution Control Pond (PCP)4 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 fivethree different storage locations during the phased RA construction.  These phases 

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

Drawing 5-1 depicts the locations of Pit 3, the existing PCP, the new South Pond, and the new 

West Pond, and the new Water Treatment Plant (WTP) Ponds.     

.  The work associated with each phase of RA construction is described in detail in Appendix D 

and the effects of each phase of construction on storage requirements are discussed in 

Attachment E-1.  A schematic of the existing water management system, including impacted 
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water storage facilities at the Site, is shown on Figure E-1.  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 in the schematic on Figure E-2.  The majorThere will be 

little change toin 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..   

Phase 2Backfilling of Pit 3 will commence with the backfilling of Pit 3, at which time in Phase 2, 

and Pit 3 will notno longer be available for water storage.  During Phase 2, impacted water will 

be stored in the PCP and in a newa lined, temporary storage pond to be builtlocated 

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 Pollution Control Pond (PCP.  

As a result,).  At that point (Phase 3), necessary water-storage volumes at the end of Phase 2 

volume will be significantly reduced because much of the water falling on the Site surface water 

runoffin the form of rain and snow can be shed from the remediated areas as clean water and 

discharged via local drainages to Blue Creek.  The 

During Phase 3, the South Pond will be dismantled and replaced by a smaller storage pond 

(i.e., the West Pond).  The West Pond will be located in the Western Drainage in an area where 

waste has been removed during Phase 2 of the RA.  The waste in the vicinity of the South Pond 

will be relocated to Pit 3.  It is anticipated that 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.where the West Pond will be 

located.  During Phase 3, impacted water collected at the Site will be stored in the West Pond.   

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 
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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 flowsUpon 

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 in the pit 

dewatering systems. and from other site sources (e.g., the Alluvial Groundwater Collection 

Systems).  The West Pond will remain operational until flows in the volumes of mine impacted 

water management system have reduced to the point where the equalization ponds at the new 

WTP are sufficientthere is no longer a need for temporary waterthis storage prior to 

treatmentfacility.  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 90-Percent designs for the Phase 2 (South Pond) and Phase 3 (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 drawings have not been progressed pastupdated for the 60% level90% 

design as the WTP design is on hold until the Midnite 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 
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 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. 



 
 

 
 
 

Appendix E – Water Management Ponds  June 2015July 2014 
10090 Percent Design E-6  

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 

2.3.18 B.iv wetlands and surface 
water.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 
wetlands and surface water. 

wastes.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 
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). 
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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 transferreddrains 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 tofrom the storage 
ponds,impoundments and seeps 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 

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

Page 3 of 4 

Performance 
Standard 
No. in CD 

SOW 

Performance Standard Comments 
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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 
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. 

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 
Waste Excavation and Containment, in this Appendix E – 
Water Management Ponds, and 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 

.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 
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.  
Surface water and groundwater requiring capture, 
containment, and conveyance to the WTP for treatment 
during the RA (and following the RA) are described in the 
text in Appendix D - Mine Waste Excavation and 
Containment, this Appendix E - Water Management 
Ponds, Appendix F - Surface Water and Sediment 
Controls, and Appendix G - Groundwater Controls.  
These appendices reference associated drawings in 
Volume II that pertain to collection and treatment of 
contaminated Site waters.  Calculations in these sections 
are provided to facilitate proper sizing of the groundwater 
and surface water collection, storage, and treatment 
systems capacities.  In addition, the OM&M Plan 
(Appendix P) describes comprehensive water 
management activities for the Site. 

2.4.3.4 Water Storage and Treatment Work Component 
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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 Site 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.  

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 Site 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 
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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.   

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 
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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 

designin the 90-Percent 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 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 
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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 ManagementStorage 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 
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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 

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 WMSwater management system, 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) wouldwill 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 
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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 Ddrawing 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 

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 WMSwater management system 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. 
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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 

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.   
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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 

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 
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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-Ssite construction water 

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

The results indicate that on-Ssite 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 

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.     
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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.water management system. 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 doubale-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. 

TheA diversion channel, 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 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 WMSwater management system 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 WMSwater management system 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. 
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Operation of the West Pond is expected to be approximately 10 to 15 years.  However, 

thereThere 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 includeswill allow for 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 remainder of the remaining mine waste in the 

Central Drainage has been removed, all and 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. 

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 design 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. 
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The pond bottom will be sloped toward a sumps 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 

WMSwater management system 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. 

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-minepremine 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.   
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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 

detection layer.  The leak detection layer will overlie a secondary 60-milliner constructed of 

second 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 
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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 wind-induced suction 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 WestSouth 

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 

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 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.   
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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-lineddual walled 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 punctures and stress/strain conditions.  These characteristics and the double-



 
 

 
 
 

Appendix E – Water Management Ponds  June 2015July 2014 
10090 Percent Design E-28  

lineddual-walled 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 

scheduledslated 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 
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expenditures over excavation at an alternative unimpacted location where there would be 

environmental impacts. The West Pond will replace the South Pond and clean waters running 

off remediated areas (e.g., the newly constructed 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 then 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.   These temporary on-site ponds also reduce the possible 

environment impacts of leaks when compared to an alternative offsite pond location that likely is 

unimpacted by the mine.   

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 haveand help ensure the 

capacityability to abstoreb fluctuations in flow from maximum precipitation events, electrical 

disruptions that might render the WTP incapable of treatment, and/or major equipment 

malfunctions at the WTP inoperableexisting and new WTPs.  Grading will be conducted and 

channels constructed to divert clean stormwater from entering the ponds and subsequently 

being treated at the WTP.  The Storm Water 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 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 doubale-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 

Remedial Action for the Midnite Mine Superfund Site, Spokane Indian Reservation, 

Washington. Civil Action No. CV-05-020-JLQ. United States of America, Plaintiff v. Dawn 

Mining Company, LLC and Newmont USA Limited, Defendants. August. 
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for 90% Design - Action leakage levels for Water Management Pond Primary Liners, Revision 0.  

Prepared for Worthington Miller Environmental and Newmont USA Limited.  April 7.
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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(double-sided) geomembrane overlain by a geonet 
overlain by an upper and 60 mil HDPE (double-sided) 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 werewas 
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:  
 
݁ܿ݊ܽݐݏ݅ݏܴ݁	ݐݑ݋݈݈ݑܲ	݄ܿ݊݁ݎܶ	ݎ݋݄ܿ݊ܣ ൌ ௔ܶ௟௟௢௪ cosሺߚሻ ൌ ௥ܲଵ ൅ ௥ܲଶ ൅ ௥ܲଷ	 
 

௥ܲଵ ൌ ൫ߪ௡ଵ tanሺߜሻ ൅ ܽ൯ܮோை ൅ ௔ܶ௟௟௢௪ ൅ ൅ ௔ܶ௟௟௢௪ sinሺߚሻ tan	ሺߜሻ 
 

௥ܲଶ ൌ ൫ߪ௡ଶ tanሺߜሻ ൅ ܽ൯ܮ஺் ൌ ൫ሺߛ஼ௌ݀஼ௌ ൅ ሻߜሺ݊ܽݐோ݀஺்ሻ்ߛ ൅ ܽ൯ܮ஺்	 
 

௥ܲଷ ൌ ௉ܲ െ ௔ܲ ൌ ൫0.5்ߛோ݀஺் ൅ ߪ ஼ௌ൯൫0.5்ߛோ݀஺் ൅ ௣݀஺்ܭ௡஼ௌ൯ߪ
െ ൫0.5்ߛோ݀஺் ൅ ߪ ஼ௌ൯൫0.5்ߛோ݀஺் ൅  ௔݀஺்ܭ௡஼ௌ൯ߪ

 
where:	 
 

௔ܶ௟௟௢௪ ൌ Allowable	Tensile	Strength	at	Yield	ሾlbs/ሺft െ widthሻሿ 
ߚ ൌ 	Slope	Angle	ሾdegreesሿ 
௥ܲଵ ൌ Anchor	Trench	Runout	Resistance	ሾlbs/ftሿ	 

௥ܲଶ ൌ Anchor	Trench	Bottom	Resistance	ሾlbs/ftሿ		 

௥ܲଷ ൌ Anchor	Trench	Sidewall	Resistance	ሾlbs/ftሿ 
௡భߪ ൌ 	஼ௌߪ	 ൌ Applied	Normal	Stress	of	Cover	Soil	ሾpsfሿ 
௡ଶߪ ൌ Applied	Normal	Stress	of	Compacted	Backfill	ሾpsfሿ 
ߜ ൌ Interface	Friction	Angle	ሾdegreesሿ 
஼ௌߛ ൌ Cover	Soil	Density	ሾpcfሿ 
ோ்ߛ ൌ Anchor	Trench	Soil	Density	ሾpcfሿ 
݀஺் ൌ  ሾftሿ	Depth	Trench	nchorܣ
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݀஼ௌ ൌ Cover	Soil	Depth	ሾftሿ 
௔ܭ ൌ Coefficient	of	Active	Earth	Pressure ൌ tanଶሺ45 െ ߶/2ሻ 
௣ܭ ൌ Coefficient	of	Passive	Earth	Pressure ൌ tanଶሺ45 ൅ ߶/2ሻ 
߶ ൌ Effective	Shear	Strength	of	Soil	ሾdegeesሿ 
஺்ܮ ൌ 	Anchor	Trench	Width	ሾftሿ 
ோைܮ ൌ Runout	Length	ሾftሿ 
 

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 
(pcf) 

Effective Shear 
Strength (deg) 

Effective 
Cohesion (psf) 

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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132 34.5 0 

 
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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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(double-sided) 
geomembrane overlain by a geonet overlain by an upper and 60 mil HDPE (double-sided) 
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 
geosyntheticgeomembrane liner system and to estimate the internal tension and strain for the 
geomembrane 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 systemgeomembrane. 
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 conservatively assuming 
the geosynthetic liner system acts as only one material andgeomembrane in the liner system 
(the upper geomembrane liner) is exposed to uplift forces due to wind.  These calculations 
consider the This assumption is very conservative given the limited volume of gas (air) that 
could exist between the two geomembrane layers in the liner system.  Thisexists within the 
geonet leak detection layer.  In reality, this limited gas volume will result in a reduction of air 
pressure (suction) betweenbeneath the two geomembrane layers if upward displacement (uplift) 
of the upper geomembrane occurs relative toin the upper geomembrane.  This development of 
suction beneath 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 is not accounted for in the 
design method but will result in a significant reduction in differential pressure causing uplift, as 
well as significantly limiting the amount of uplift forces.  As a result,that will occur given the 
proposed design configuration (i.e. the uplift of the geosynthetic liner system was analyzed 
assuming it would act as one unit, and separation oflimited gas pockets available for expansion 
beneath the upper geomembrane from the lower layers was not considered realistic.liner).  
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 
geosyntheticgeomembrane liner system, Vup: 

௨ܸ௣ ൌ 3.895݁൫଺.ଶହଽ௫ଵ଴
షఱ൯௭ඥீߤெ	ܿߚݏ݋ ⁄ߣ  

 
 ெ  = Mass per unit area of the geosynthetic liner systemgeomembraneீߤ
(kg/m2) 
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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 
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 systemgeomembrane will occur.  Calculations are required to estimate 
uplift and to estimate strain and tension in the geosynthetic liner systemgeomembrane 
developed due to wind uplift. 
 

 To estimate the amount of strain and tension developed in the geosynthetic liner 
systemgeomembrane due to temperature changes and gravity (initial condition prior to 
wind uplift): 
 

௧௘௠௣ߝ ൌ  ΔΓߙ
 

௧௘௠௣ߝ   = Strain in geosynthetic liner systemgeomembrane 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) 

 
௧ܶ௘௠௣ ൌ  ௧௘௠௣ߝܬ

 
Ttemp = Tension in geosynthetic liner systemgeomembrane due to temperature 

change 
J = Geosynthetic liner systemGeomembrane tensile stiffness  
 

௚ܶ ൌ  ߚ݊݅ݏ	ܮ	݃	ெீߤ
 

Tg = Tension in geosynthetic liner systemgeomembrane due to gravity 
g = Acceleration due to gravity (9.81 m/s2) 
L = Length of slope being considered 
All other variables as previously defined 
 

௚ߝ ൌ ௚ܶ ⁄ܬ  
 

 ௚ = Strain in geosynthetic liner systemgeomembrane due to gravityߝ
  All other variables as previously defined 

 
଴ߝ ൌ ௧௘௠௣ߝ ൅  ௚ߝ
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 ଴ = Initial strain in geosynthetic liner systemgeomembrane due toߝ

temperature changes and gravity 
All other variables as previously defined 
 

଴ܶ ൌ ௧ܶ௘௠௣ ൅ ௚ܶ 
 

T0 = Initial tension in geosynthetic liner systemgeomembrane due to 
temperature changes and gravity 

All other variables as previously defined 
 

 Calculate effective suction force acting on the geosynthetic liner systemgeomembrane 
(effective suction is the uplift suction pressure minus the downward forces due to the 
weight of the geosynthetic liner systemgeomembrane): 

 
ܵ௘ ൌ ଶ݁ି൫ଵ.ଶହଶ௫ଵ଴ܸߣ0.6465

షర൯௭ െ  ߚݏ݋ெܿீߤ9.81
 

Se = Effective suction (Pa) 
V = Maximum wind speed (m/s) 
All other variables as previously defined 
 

 
 Estimate strain and tension in geosynthetic liner systemgeomembrane due to wind uplift.  

The following equation was solved for ߝ௪ using the Solver add-in for Excel® to iterate 
until the two terms in the equation were equal (difference was equal to zero): 
  

ܵ௘ܮ
2ሺ ଴ܶ ൅ ௪ሻߝܬ

ൌ ݊݅ݏ ൤
ܵ௘ܮ

2ሺ ଴ܶ ൅ ௪ሻߝܬ
ሺ1 ൅  ௪ሻ൨ߝ

 
 ௪ = Strain in geosynthetic liner systemgeomembrane due to wind upliftߝ
All other variables as previously defined 
 

௪ܶ ൌ  ௪ߝܬ
 

Tw = Tension in geosynthetic liner systemgeomembrane due to wind uplift 
All other variables as previously defined 
 

 
 Calculate total strain and tension developed in the geosynthetic liner 

systemgeomembrane due to temperature changes, gravity and wind uplift 
 

௧ߝ ൌ ௪ߝ ൅  ଴ߝ
 

 ௧ = Total tension in the geosynthetic liner systemgeomembrane due to windߝ
uplift, temperature changes, and gravity 

All other variables as previously defined 
 

௧ܶ ൌ ௪ܶ ൅ ଴ܶ 
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Tt = Total tension in the geosynthetic liner systemgeomembrane due to wind 
uplift, temperature changes, and gravity 

All other variables as previously defined 
 

 Calculate the uplift of the geosynthetic liner systemgeomembrane (assuming no 
ballasting): 

 

ݑ
ܮ
ൌ ௧ܶ

ܵ௘ܮ
െ ඨ൬ ௧ܶ

ܵ௘ܮ
൰
ଶ

െ
1
4

 

 
u = Uplift of the geosynthetic liner systemgeomembrane 
All other variables as previously defined 
 

Multiply u/L term by the length of the slope (L) to calculate the amount of uplift (u) in the 
geosynthetic liner systemgeomembrane 

 
 Calculate the angle of the uplifted geosynthetic liner systemgeomembrane: 
 

ߠ ൌ ଵି݊ܽݐ2 ൬
ݑ2
ܮ
൰ 

 
θ = Angle of the uplifted geosynthetic liner systemgeomembrane 
All other variables as previously defined 

 
 Evaluate anchor trench design for wind uplift: 

 
௠ܹ௜௡,௨௣௟௜௙௧௜௡௚ ൌ ௗܶ݊݅ݏሺߠௗ െ ௗሻߚ ൅ ௨ܶ݊݅ݏሺߠ௨ െ  ௨ሻߚ

 
Wmin,uplifting = Minimum weight of anchor material per unit width (into the page) 

required to resist uplift forces acting on geosynthetic liner 
systemgeomembrane 

Td = Tension in geosynthetic liner systemgeomembrane on downslope side of 
anchor 

θd = Angle of uplifted geosynthetic liner systemgeomembrane with slope on 
downslope side of anchor 

βd = Slope angle on downslope side of anchor 
Tu = Tension in geosynthetic liner systemgeomembrane on upslope side of 

anchor 
θu = Angle of uplifted geosynthetic liner systemgeomembrane 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: 
 

௙ܹ௔௖௧௢௥௘ௗ ൌ ௠ܹ௜௡,௨௣௟௜௙௧௜௡௚ ∗ 1.5 
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The required cross-sectional area of the anchor trench was calculated as follows: 
 

௥௘௤ܣ ൌ ௙ܹ௔௖௧௢௥௘ௗ ⁄ߛ  
 

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.20 prepared by MWH (20143a). 

 
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 
geosynthetic liner systemgeomembrane 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: 
 

௣ܶ௜௣௘ ൌ ௣ܹ௜௣௘	ܮ	ߚ݊݅ݏ/A௣௜௣௘ 
 

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 
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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 an HDPE geomembrane 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 (J) 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 SystemGeomembrane 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% 
StrainYield  

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 (2013b).  
 

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  (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 1732.5 

Outer Diameter 6.625 in 

Inner Diameter 5.86.19 in 

Weight of HDPE pipe  3.3381.801 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 systemgeomembrane 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 systemgeomembrane 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.  As discussed previously, these calculations are considered 
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conservative, especially with regards to wind uplift as they are based upon the assumption that 
suction that couldforces act only on the upper geomembrane, and the weight and additional 
stiffness of the geodrain and secondary geomembrane are not accounted for.  Furthermore, the 
suction that would 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 Standard Dimension Ratio (SDR) is 1732.5.  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.     
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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 

  

5.0 CONCLUSIONS & RECOMMENDATIONS 

The tension and strain developed in the geosynthetic liner system due togeomembrane by wind 
uplift for the maximum wind speed do not exceed the allowable tensile strength and strain 
values of the components of thea 60 mil HDPE geomembrane liner system. The support 
provided by the anchor trench design presented in MWH (20143a) is more than adequate to 
resist uplift forces generated bydue to the designmaximum historical 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.  In 
addition, they will serve to reduce the differential pressure across the upper, primary 
geomembrane that result in wind uplift.  As noted in Giroud et al. (1995), there is not a method 
available to design suchtion 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 suction 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 systemgeomembrane if uplift does 
occur, and is proposed to be 6-inch SDR 1732.5 HDPE pipe filled with sand.   
 

 

West Pond WTP Ponds South Pond 

Construction Operation Construction Operation Construction Operation 

Maximum Strain 0.91.6% 0.81.4% 0.58% 0.47% 1.12.0% 0.91.7% 
Allowable Strain 6% 6% 6% 6% 6% 6% 
Maximum 
Tension 

10.38.8 
kN/m 

9.07.7 
kN/m 

5.14.2 kN/m 
4.73.8 
kN/m 

12.510.9 
kN/m 

10.59.0 
kN/m 

Allowable 
Tensile Strength  

4522 kN/m 
4522 
kN/m 

4522 kN/m 
4522 
kN/m 

4522 kN/m 4522 kN/m 

Uplift Height 7.510.8 ft 5.78.2 ft 1.42.2 ft 1.28 ft 11.817 ft 8.011.5 ft 
Anchor Trench 
Design 

OK OK OK OK OK OK 
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Supplement E-6.1 
 
Wind Uplift Analysis Calculations 



 
 
 

 

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-9 
 
 

MIDNITE MINE REMEDIAL ACTION 
DESIGN FLOW ESTIMATES FOR SPILLWAY DESIGN 

 
 

Revisioning

Rev. Date Description By Checked Date Reviewed 

01 07-Jul-14 
90% DesignFirst 

Issue 
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\10090% Submittal\Att E-9 Flow Estimates] 
 
The following calculations were generated using the following software: 
 
Microsoft Office Professional Plus 2010 (Microsoft Excel) 
 
Hydrologic Mmodeling 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 estimatedEstimate 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 3330 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 
FebruaryJanuary (NWS 1994) 

 Initial Abstraction for rainfall runoff, Ia, is equal to zero, to simulate saturated soil and 
basin conditions 

 Spillway bottom widths arewidth is equal to 10 feet, channel side slopes areof 2H:1V, 
and control section arelength of 15 feet long 

1.3 AVAILABLE INFORMATION/REFERENCES 

 
The following sources of information and references were also used in this analysis: 
 

 Hydrologic Modeling System (HEC-HMS), Version 3.5, U.S. Army Corps of Engineers, 
2010 

 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 

WSDOEThe Washington State Department of Ecology (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 onin 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 to Appendix E of the 
10090% 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 onin Figure 4. 
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Figure 4. Short Storm Dimensionless Hyetograph – Washington Climatic Region 7 

(WSDOE 2009) 
 
Multiplying the 2-hour, total storm scaling depths from Table 3 by the dimensionless ordinates 
yields the design storm hyetographs shown onin Figure 5, for Design Step 4. 
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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 onin Figure 6. 
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Figure 6. Intermediate Duration Storm Dimensionless Hyetograph – Washington Climatic 

Region 7 (WSDOE 2009) 
 
Multiplying the 6-hour, total storm scaling depths from Table 3 by the dimensionless ordinates 
yields the design storm hyetographs shown onin 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 onin Figure 8. 
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Figure 8. Long Duration Storm Dimensionless Hyetograph – Washington Climatic Region 

7 (WSDOE 2009) 
 
Multiplying the 24-hour, total storm scaling depths from Table 3 by the dimensionless ordinates 
yields the design storm hyetographs shown onin Figure 9, for Design Step 4. 
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Figure 9. Design Step 4 Long Duration Storm Hyetograph – Washington Climatic Region 

7 
 

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 onin Figure 10. Daily snow 
depth and precipitation values for the Wellpinit WA station are shown onin Figure 11. 
SignificantPeak average snow depths and early-spring rains have been reported to occur in 
FebruaryJanuary for the Midnite Mine site, therefore, rain-on-snow events werewill be estimated 
using FebruaryJanuary climate data. 
 

 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 6 12 18 24 30 36 42 48 54 60 66 72

P
re

ci
p

it
at

io
n

 (
in

c
h

e
s)

Time (Hours)



 

Page 14 

 

 
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 
 
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): 
 

ܯ ൌ ሺ0.029 ൅ 0.0084 ∗ ݇ ∗ ݒ ൅ 0.007 ∗ ሻሺܶܽݎܲ െ 32ሻ ൅ 0.09 
 
Where: 
 snowmelt runoff (inches/day) = ܯ
݇ = basin convection-condensation melt factor  
 wind speed (mph) = ݒ
 precipitation (inches/day) = ݎܲ
ܶܽ = 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 Probable 
Maximum Precipitation (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 
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partially forested equation, an average wind speed of 3330 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): 
 

ܶ ൌ ܶܽ ൅ ݐሼsinሾ15ሺܣ ൅  ሻሿሽܥ
 
Where: 
ܶ = temperature at time t, ºF. 
ܶܽ = mean temperature, ºF. 
 amplitude, (Tmax - Tmin)/2 = ܣ
 hour of the day = ݐ
 .time shift, hours (calculated as 30 – maximum hour) = ܥ

 
The average temperature during the maximum melt period, February to March, at the Wellpinit 
WA station is 31.239 ºF, the maximum temperature is 6472.0 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).p.m.). 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 onin 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 onin Figure 13. 
Snowmelt depths resulting from the considered 10,000-year precipitation events are 
summarized in Table 5. The distribution of the 24-hour, SCS Type 1Along duration storm and 
cumulative snowmelt distribution is shown onin Figure 14. 
 

Table 5.  Design Step 4 Snowmelt Depths 

Distribution 
 

Storm Name 
 

Duration
(hours) 

Total Snowmelt Depth
(inches) 

 WSDOE:  
Intermediate 18 1.442.26 

Long 72 1.802.53* 

SCS Type 1A: 24-hour 24 1.322.53* 
*Total snowmelt depth limited to max available snow water equivalent assuming a snow density of 30% 
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Figure 12.  Diurnal Temperature Variation 
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Figure 13. Cumulative Snowmelt Distribution 
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Figure 14. 24-hour Duration Storm and Snowmelt Cumulative Depth Distribution 
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Runoff for the subbasins was estimated using the Natural Resources Conservation Service 
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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: 
 

ܳ ൌ
ሺܲ െ 0.2ܵሻଶ

ሺܲ ൅ 0.8ܵሻ
 

 
Where: 
ܳ = runoff (in) 
ܲ = rainfall (in) 
ܵ = potential retention after runoff begins (in) 
 
The initial abstraction is assumed to be: 
 

ܽܫ ൌ 0 
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Potential soil water retention is related to the curve number by the following equation: 
 

ܵ ൌ ܰܥ/1000 െ 10  

Where: 
ܵ = potential retention in watershed (in) 
 SCS curve number for the drainage area =	ܰܥ
 
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: 
 

௅ܶ஺ீ ൌ ଼.଴ܮ
ሺௌାଵሻబ.ళ

ଵଽ଴଴√௒
  

Where: 
௅ܶ஺ீ = lag time (hr)  
 hydraulic length of watershed (ft) =	ܮ
ܻ	= average watershed slope (%) 
ܵ = 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, 9060% Design 
construction phase topography (MWH 20143a), 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 onin 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 8087, associated with “sagebrush with grass understory” in “poor (<30 percent 
ground cover)” condition (WSDOE 2004),bare compacted soil, was selected for the 
unestablished reclaimeddisturbed areas of the site (MWH 20143b).  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 1.43 DISTURBED 87 124.7 1.0   

WP 79.72 UNDISTURBED 55 4,384.7 35.0   

WP 
78.59100.0

9 
UNESTABLISHED 
RECLAIMED AREA 80 

4,322.58,007
.1 34.964.0   

Total 181.24     12,516.5   69 

W1 0.44 DISTURBED 87 38.1 27.1   

WPW1 100.750.60 UNDISTURBED 55 8,060.332.9 23.5   
Total 179.35 12,382.9 69 

W1 1.900.87 
UNESTABLISHED 
RECLAIMED AREA 80 152.369.4 

100.049.
4   

Total 1.90     152.3140.4   8074 

W2 0.41 DISTURBED 87 35.8 27.1   

W2 0.56 UNDISTURBED 55 30.9 23.5   

W2 1.280.81 
UNESTABLISHED 
RECLAIMED AREA 80 65.1 49.4   

W2 0.50 UNDISTURBED 55 27.7   

Total 1.7879     130.2131.8   7374 

E1 0.34 DISTURBED 87 29.9 10.3   

E1 3.6227 
UNESTABLISHED 
RECLAIMED AREA 80 289.5261.9 

100.089.
7   

Total 3.62     289.5291.9   8081 

E2 0.81 DISTURBED 87 70.3 35.4   

E2 3.511.60 
UNESTABLISHED 
RECLAIMED AREA 80 281.2128.0 

100.064.
6   

Total 3.512.41     281.2198.3   8082 

Pond 5.19 POND 100 519.1 100.0   

Total 5.19     519.1   100 
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Basin 
Area 

(acres) Land Use CN CN x A % 
Weighted 

CN 

WP 1.43 DISTURBED 87 124.7 1.0   

WP 79.72 UNDISTURBED 55 4,384.7 35.0   

WP 100.09 
UNESTABLISHED RECLAIMED 

AREA 80 8,007.1 64.0   

Total 181.24     12,516.5   69 

W1 0.44 DISTURBED 87 38.1 27.1   

W1 0.60 UNDISTURBED 55 32.9 23.5   

W1 0.87 
UNESTABLISHED RECLAIMED 

AREA 80 69.4 49.4

Total 1.90     140.4   74 

W2 0.41 DISTURBED 87 35.8 27.1   

W2 0.56 UNDISTURBED 55 30.9 23.5

W2 0.81 
UNESTABLISHED RECLAIMED 

AREA 80 65.1 49.4   

Total 1.79     131.8   74 

E1 0.34 DISTURBED 87 29.9 10.3   

E1 3.27 
UNESTABLISHED RECLAIMED 

AREA 80 261.9 89.7   

Total 3.62     291.9   81 

E2 0.81 DISTURBED 87 70.3 35.4   

E2 1.60 
UNESTABLISHED RECLAIMED 

AREA 80 128.0 64.6   

Total 2.41     198.3   82 

Pond 5.19 POND 100 519.1 100.0   

Total 5.19     519.1   100 
 
 

Table 7. Midnite South Pond Basin Curve Numbers 

Basi
n 

Area 
(acres) Land Use CN CN x A % 

Weighted 
CN 

SP 51.66 DISTURBED 87 4494.3 68.2   

SP 
77.7926.1

4 UNESTABLISHED RECLAIMED AREA 80 
6,223.2209

0.8 
100.03

1.8   
Tota

l 77.79     
6,223.2658

5.1   8085 

E1 12.57 
UNESTABLISHED RECLAIMED 

AREADISTURBED 
808
7 

1,005.6109
3.7 100.0   

Tota
l 12.57     

1,005.6109
3.7   8087 

W1 11.35 DISTURBED 87 987.4 66.8   

W1 17.496.14 UNESTABLISHED RECLAIMED AREA 80 
1,399.2491

.3 
100.03

3.2   
Tota

l 17.49     
1,399.2147

8.7   8085 
Pon

d 11.74 POND 100 
1,174.0117

4.3 100.0   
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Tota
l 11.74     

1,174.0117
4.3   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.and the spreadsheet. 
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.The conceptual spillway shape is 
trapezoidal and dimensions taken from the 90% design drawings are summarized in Table 10. 
Standard trapezoidal broad-crested weir discharge can be estimated as (Bos 1989): 
 

ܳ ൌ ௖ݕௗሼܾ௖ܥ ൅ ଵܪ௖ଶሽሼ2݃ሺݕ௖ݖ െ  ௖ሻሽ଴.ହݕ
 
Where 
 

ܳ ൌ discharge (cfs) 
ܾ௖	= bottom width (ft) 
௖ݕ ൌ	critical depth in spillway (ft) 
௖ݖ ൌ	side slope of traditional trapezoidal geometry (H:V) 
ଵܪ ൌ	reservoir head (ft) 

ௗܥ ൌ 0.93 ൅ 0.1 ∗
ுభ
௟

 

		݈	 ൌ 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 PondConceptual 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 WSDOEWashington State 
Department of Ecology (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 WSDOEWashington State 
Department of Ecology (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 WSDOEWashington State 
Department of Ecology (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 WSDOEWashington State 
Department of Ecology (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 WSDOEWashington State 
Department of Ecology (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 WSDOEWashington State 
Department of Ecology (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 0.28032 69 5,268 31.2 18 

W1 0.0030 80 144 28.3 1 

W2 0.0028 7374 384 32.8 2 

W1 0.0030 74 144 28.3 1

E1 0.0057 8081 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 

E2 0.0055 82 491 29.4 2 
 

Table 12. Midnite South Pond Basin Parameters 

Subbasin Area (mi2) CN Length (ft) 
Average Slope 

(%) 
Lag Time (min) 

SP 0.1216 8085 5,086 23.8 1412 

E1 0.0196 8087 2,052 23.8 75 

W1 0.0273 8085 1,369 20.5 5 
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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 
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 34
7224-hr storm* 

Scenario 43
2472-hr storm(2) 

Hydrologic 
Element 

Drainage 
Area (mi2) 

Peak 
Discharge 

(CFS) 

Peak 
Discharge 

(CFS) 

Peak 
Discharge 

(CFS) 

Peak Discharge 
(CFS) 

WP 0.28023 632.4639.0 215.0217.3 124106.3 105.2125.6 

Pond 0.0081 64.1 12.1 6.7 6.7 

E1 0.00576 31.532.2 7.12 3.74 3.38 

E2 0.0055 31.930.69 6.97.1 3.64 3.27 

W1 0.0030 1614.6 3.74 1.95 1.7 

W2 0.00283 13.47 3.12 1.64 1.46 

Inflow 0.30538 662.8669.5 232.5234.8 138.4115.8 114.7139.8 

West Pond 0.30538 3849.1 1768.8 10275.4 74103.5 

Outflow 0.30538 3849.1 1768.8 10275.4 74103.5 
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 34
7224-hr storm 

* 

Scenario 43 
2472-hr storm(1) 

Hydrologic 
Element 

Drainage 
Area (mi2) 

Peak 
Discharge 

(CFS) 

Peak 
Discharge 

(CFS) 

Peak 
Discharge 

(CFS) 

Peak Discharge 
(CFS) 

SP 0.122 406.6486.0 119.8135.1 68.673.3 63.873.9 

W1 0.027 136.8153.6 33.035.3 17.97 15.719.5 

E1 0.020 85.4115.5 22.426.0 12.813.3 11.114.4 

Pond 0.018 144.9 27.3 15.2 15.2 

Inflow 0.187 619.0754.9 187.8211.2 106.4117.9 102.9120.8 

South Pond 0.187 161194.3 94.9104.5 55.147.8 41.361.5 

Outflow 0.187 161194.3 94.9104.5 55.147.8 41.361.5 
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 34
7224-hr storm * 

Scenario 43
2472-hr storm(2) 

Hydrologic 
Element 

Drainage 
Area (mi2) 

Volume 
(Acre-Feet) 

 

Volume 
(Acre-Feet) 

 

Volume (Acre-
Feet) 

 

Volume (Acre-
Feet) 

 
WP 0.28023 30.14 48.16 60.644.3 43.861.2 

Pond 0.0081 1.8 2.5 2.93 2.39 

E1 0.00576 0.8 1.2 1.51 1.15 

E2 0.0055 0.8 1.2 1.41 1.15 

W1 0.0030 0.4 0.6 0.85 0.67 

W2 0.00283 0.3 0.5 0.65 0.57 

Inflow 0.30538 34.25 54.17 49.9 68.5 

West Pond 0.30538 34.25 54.17 67.849.9 49.468.5 

Outflow 0.30538 34.25 54.17 49.9 49.468.5 
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 34
7224-hr storm * 

Scenario 43
2472-hr storm(1)

Hydrologic 
Element 

Drainage 
Area (mi2) 

Volume 
(Acre-Feet) 

Volume 
(Acre-Feet) 

Volume (Acre-
Feet) 

Volume 
 (Acre-Feet) 

SP 0.122 17.019.1 25.928.5 26.3 23.834.7 

W1 0.027 4.3.8 5.86.4 7.25.9 5.47.8 

E1 0.020 3.2.7 4.28 5.24.4 35.8 

Pond 0.018 4.1 5.6 6.65.3 5.36.6 

Inflow 0.187 27.630.7 41.645.2 50.941.8 38.354.9 

South Pond 0.187 27.630.7 41.645.2 50.941.8 38.354.9 

Outflow 0.187 27.630.7 41.645.2 50.941.8 38.354.9 
Notes:  (1) *SCS Type 1A Rainfall Distribution 
 
  

Merged Cells

Merged Cells
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Rain-on-snow peak flow results for West and South Ponds are summarized in Tables 1721 and 
1822, 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 266.2288.5 157.1183.9 138.4191.5 

West Pond 221.7241.5 120.6149.1 104.8160.6 

Outflow 221.7241.5 120.6149.1 104.8160.6 
Notes: (1) West Pond results are preliminary due to potential soil cover and configuration revisions during 

    Construction Phase III 
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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 214.3243.8 123.4150.5 106153.4 

South Pond 125.9144.7 6589.9 64.1103.8 

Outflow 125.9144.7 6589.9 64.1103.8 

 
Rain-on-snow runoff volume results for West and South Ponds are summarized in Tables 1923 
and 2024, 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 7791.8 71.191.4 102.597.45 

West Pond 7791.8 71.191.4 97.4102.5 

Outflow 7791.8 71.191.4 97.4102.5 
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 67.855.98 51.467.1 68.880.1 

South Pond 67.855.98 51.467.1 68.880.1 

Outflow 55.967.8 51.467.1 68.880.1 

 
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 
crestimated by combining rainfall and corresponding snowmelt runoff as a single inflow 
hydrograph to each pond. Table 2125 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. 
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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)* 662.8669.5 3849.1 4.1 619.0754.9 161194.3 2.68 5 

Scenario 2 232.5234.8 1768.8 2.7 187.8211.2 94.9104.5 1.92.0 5

Scenario 3 138.4139.8 102.4103.5 2.0 106.4120.8 55.161.5 1.45 15 

Scenario 4 114.7115.8 74.575.4 1.6 102117.9 41.347.8 1.13 5 

Scenario 5 266.2288.5 221.7241.5 3.02 214.3243.8 125.9144.7 2.24 5 

Scenario 6 157.1183.9 120.6149.1 2.24 123.4150.5 6589.9 1.58 5 

Scenario 7 138.4191.5 104.8160.6 2.05 106153.4 64.1103.8 1.52.0 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 ftm 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 
onin Figures 1817 to 2423. 
 

 

 
Figure 1817. West Pond WSDOE Short Duration Storm Inflow and Outflow Hydrographs 
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Figure 18.Figure 19.  West Pond WSDOE Intermediate Duration Storm Inflow and Outflow 

Hydrographs 
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Figure 19. Figure 20. West Pond WSDOE Long Duration Storm Inflow and Outflow 

Hydrographs 
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Figure 20. Figure 21. West Pond SCS Type 1A 24-hour Duration Storm Inflow and Outflow 

Hydrographs 
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Figure 22.  
Figure 21. West Pond WSDOE 18-hour Rain-on-Snow Inflow and Outflow Hydrographs 
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Figure 23.  
Figure 22. West Pond SCS Type 1A 24-hour Rain-on-Snow Inflow and Outflow 

Hydrographs 
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Figure 2423. 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 
onin Figures 2524 to 3130. 
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Figure 24.Figure 25.  South Pond WSDOE Short Duration Storm Inflow and Outflow 

Hydrographs 
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Figure 25. Figure 26. South Pond WSDOE Intermediate Duration Storm Inflow and 

Outflow Hydrographs 
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Figure 26. Figure 27. South Pond WSDOE Long Duration Storm Inflow and Outflow 

Hydrographs 
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Figure 27. Figure 28. South Pond SCS Type 1A 24-hour Duration Storm Inflow and 

Outflow Hydrographs 
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Figure 28. Figure 29. South Pond WSDOE 18-hour Rain-on-Snow Inflow and Outflow 

Hydrographs 
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Figure 30.  
Figure 29. South Pond SCS Type 1A 24-hour Rain-on-Snow Inflow and Outflow 

Hydrographs 
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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 crestimated using the Washington State Department of Ecology (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 crestimated 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.(MWH 2014a). Total storm depths utilized in this analysis are summarized 
in Table 2226. 

 
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 3330 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 1.322.53 inches occurs from the 24-hour, Design Step 
4 precipitation event of 5.38 inches. Table 2327 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 1.442.26 

  Long 72 1.802.53 

SCS Type 1A: 24-hour 24 1.322.53 

 
Runoff and peak flow estimates were determined using HEC-HMS utilizing the design rainfall 
and snowmelt distribution established for the site. The NRCS Curve Number (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 
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topography after cleaning up the 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 be finalized28. 
 

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) 662.8669.5 3849.1 97.4102.5 4.1 
South 619.0754.9 161194.3 68.880.1 2.68 

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 Pondwest 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,: Design Flow Estimates for Spillways Design; the 4-hour, short 
duration storm event (Scenario 1 in Attachment E-9) 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 2.68 ft water rise respectively above the spillway 
invertcrest 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 heightsamounts of 
water level rise are considered to be conservative, since in that they are based on assumed 
upon the assumption that the ponds will be full pond conditions, with pond water levels at the 
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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.  
 

Table 1.  Design Peak Discharges1 

Pond 
Inflow 
(ft3/s) 

Outflow 
(ft3/s) 

Peak Water 
Rise 
(ft) 

West 662.8669.5 3849.1 4.1 
South 619.0754.9 161194.3 2.68 

Notes: 1 Attachment E-9: Design Flow Estimates for Spillways Design 
 

The West Pond Bypass Channel has the capacity to conveyconveys 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 discharges 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: 
 

ܳ ൌ
1.486
݊

 ଶ/ଷܵଵ/ଶܴܣ

 
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) 
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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 West and South Pond Overflow Spillways, respectively.  Both spillways 
discharge to existing natural drainages with slopes of approximately 9.511 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)ACB 0.015 
Riprap 0.040 
Natural or excavatedcut 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 the bed 
slopes of 25 and 3540 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.  Although not presented below, the 
analysis of various slopes determined that a minimum slope of approximately 2.0 percent was 
required in order to maintain supercritical flow.      
 

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 / 

(50.939.8 / 
(66.6) 

8.7 / (10.9.6 / 
(12.2) 0.7 / (1.0.9) 

48.5 / 
(58.350.1 / 

(61.2) 

10.9 / (11.36 / 
(12.1) 

Grouted riprap 0.8 / (1.87) 
16.8 / 

(25.820.9 / 
(32.3) 

3.5 / (3.84.4 / 
(4.9) 

1.2 / (1.76) 25.0 / 
(29.7)26..3 / 

(31.2) 

4.6 / (4 / 
(4.5.8) 

ACB 0.5 / (1.1) 
29.2 / 

(46.236.3 / 
(57.8) 

79.6 / 
(8.510.7) 

0.87 / (1.0) 44.1 / 
(53.046.3 / 

(55.6) 

9.5 / (9.910.1 
/ (10.6) 
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Riprap 0.9 / (1.9) 
1519.1 / (29.4 

/ (23.5) 
3.1 / (9 / 
(4.3.4) 

1.3 / (1.8) 22.8 / (2724.0 
/ (28.4) 

3.8 / (4.01 / 
(4.3) 

Natural or cut bedrock 0.9 / (1.9) 
1519.1 / (29.4 

/ (23.5) 
3.1 / (9 / 
(4.3.4) 

1.3 / (1.8) 22.8 / (2724.0 
/ (28.4) 

3.8 / (4.01 / 
(4.3) 

 
As shown in Table 3, concrete and ACB linings produce very highlarge 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): 
 

݀ହ଴ ൌ
଴.଺ଽଶሺ௄௏ሻమ

ଶ௚ቀ
ംೞషംೢ
ംೢ

ቁ
   

 
 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=2436” 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= 4872” 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 excavatednatural cut 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.available onsite.  If competent bedrock is not 
encountered during spillway excavationavailable onsite, then grouted riprap should be used.  If 
neither bedrock nor cut bedrock are feasible options, concrete lining should be used. Based 
upon the current foundation bedrock information of bedrock location, 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 2.68 ft for the West and South ponds, respectively.. These levels, 
and the estimated pond outflows, assume that the water level wouldmanagement ponds will be 
atfull to the spillway invert elevation when the design storm event occurs.  This assumption is 
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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 channelwater 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 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 consistent channel depth for both spillways and 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 Ppond spillway channel apron and a d50 = 24 inches” for 
the Ssouth 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 inwill promote 
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 
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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, 
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 
zoneranging 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.   
 

ௗభఱ	ೠ೛೛೐ೝ
ௗఴఱ	೗೚ೢ೐ೝ

൏ 5            5 ൏
ௗభఱ	ೠ೛೛೐ೝ
ௗభఱ	೗೚ೢ೐ೝ

൏ 40        
ௗఱబ	ೠ೛೛೐ೝ
ௗఱబ	೗೚ೢ೐ೝ

൏ 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 



 

Page 7 

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 

   

4.0 SUMMARY AND RECOMMENDATIONS  

 
It is recommended that the West Pond Emergency Spillway Channels be lined with grouted 
riprap unless excavated in competent bedrock.  The d50 for the grouted riprap should have a 
median size (d50) of be 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 layera 
thickness should beof 48” or 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 channel 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.   
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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  In addition, supercritical flow is maintained through 
all 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).reaches at the 
design flow.   
 
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 
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 Ppond spillway channel apron and a 
d50 = 24 inches” for the Ssouth Pond spillway channel apron.    Although a d50 of 18 inches” can 
be provided for the West Pond spillway channelSpillway 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  

Manning’s 
n 

Channel 
Depth (ft) 

Slope (%) 
Pond Outflow Design Flow Pond Inflow Design Flow
Flow 

Depth (ft) 
Velocity 

(ft/s) 
Froude 

No. 
Flow 

Depth (ft) 
Velocity 

(ft/s) 
Froude 

No. 
West Pond Control Structure(1)  Concrete 0.013 5.0 2.0 1.6 18.6 2.9 2.1 21.9 3.0 

West Pond Outlet(1) 
Grouted 
Riprap 

0.035 5.0 
2.0 2.7 9.2 1.2 3.6 10.7 1.2 

West Pond Spillway Chute(1)  
Grouted 
Riprap 

0.035 5.0 
36.7 1.2 25.5 4.5 1.7 30.2 4.6 

West Pond Spillway Outlet(1)  Riprap 0.040 5.0 2.0 2.9 8.4 1.0 3.9 9.7 1.1 
South Pond Control Structure(2)  Concrete 0.013 5.0 2.0.5 2.41.1 14.94.49 0.62.8 4.92.3 22.6.4 3.0.6 

South Pond Outlet(2)  
Grouted 
Riprap 

0.035 5.0 
2.0.5 2.61.9 4.27.5 0.51.1 5.03.9 6.211.1 0.61.2 

South Pond Outlet(2) 
Natural Cut 

Bedrock 
0.040 5.0 0.5 2.5 4.3 0.6 4.8 6.5 0.6 

South Pond Spillway Chute(2)  

Natural Cut 
BedrockGrout

ed Riprap 

0.040035 5.0 
22.637.9 0.98 20.5 2.94.3 2.01.8 2231.7 3.24.7 

South Pond Spillway Outlet(2)  Riprap 0.040 5.0 9.511.0 1.53 12.74 2.41 2.67 20.318.6 2.83 

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 
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