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EXECUTIVE SUMMARY 

Montana Resources, LLP (MR) operates an open pit copper and molybdenum mine located within 
the northeastern part of Butte, Montana. The operation includes a mill throughput of roughly 
50,000 short tons per day and a small-scale leaching operation. The Yankee Doodle Tailings 
Impoundment (YDTI) is the tailings storage facility for the mine. The YDTI was originally constructed 
in 1963 and has been continuously expanded to EL. 6,400 ft. The YDTI comprises a valley-fill style 
impoundment created by a continuous rockfill embankment that for descriptive purposes is divided 
into three embankments according to the geometry of each limb of the continuous embankment. 

Property boundaries, topography, and groundwater conditions along the west side of the YDTI 
necessitated construction of the West Embankment. This report describes the design basis and 
design features of the West Embankment, including the tailings seepage management features 
supporting continued construction of the YDTI that were incorporated into the initial detailed design 
of the West Embankment up to a crest of EL. 6,400 ft. This report provides supporting information 
relevant to continued construction of the YDTI and should be read in conjunction with the other 
reports supporting the permit amendment application. 

The groundwater elevations are shown to be depressed within a saddle in the central portion of the 
West Ridge as indicated by the groundwater level measurements. This area of depressed water 
levels is considered the critical section for the design. 

The embankment will be constructed along the eastern side of the West Ridge at the margin of the 
current tailings pond. The position of the West Embankment in this manner (instead of closer to the 
catchment divide) limits the potential for impact to the groundwater system in the ridge. The West 
Embankment will incorporate an upstream seepage collection drain, the West Embankment Drain 
(WED), and several other seepage control features to maintain a groundwater piezometric surface 
similar to current conditions on the western boundary of the impoundment, thereby relying on 
hydraulic confinement by maintaining elevated groundwater pressures within the West Ridge, along 
with an easterly hydraulic gradient towards the YDTI. 

The WED will consist of a subsurface aggregate drain located along the upstream toe of the 
West Embankment. The drain has been designed to allow it to passively drain by gravity from the 
northern extent of the West Embankment southward and through a rock cut beyond the topographic 
boundary known as ‘Rocky Knob’. The WED will connect and work in conjunction with other seepage 
management features of the West Embankment, including the Extraction Pond, Extraction Basin, 
contingency drain pods, and secondary seepage collection drains. 

An Extraction Pond will be constructed at the end of the WED on the southern side of Rocky Knob, 
at the toe of the East-West Embankment. The Extraction Pond will form the gravity outlet of the 
WED. A pump system will be installed in the pond to redirect the recovered seepage to the YDTI. 

An Extraction Basin will be constructed adjacent to the WED alignment. The Extraction Basin is 
located in a topographic low that coincides with the area of the locally depressed water table on the 
West Ridge. The WED will flow by gravity to the Extraction Pond where continuous pumping will be 
maintained up to the design flow rate. However, an Extraction Basin was also included in the design 
to have an operations ready alternative pumping option as a redundant seepage water recovery 
system. 

▲R1 



MONTANA RESOURCES, LLP 

YANKEE DOODLE TAILINGS IMPOUNDMENT 

 

WEST EMBANKMENT DRAIN DESIGN 
REPORT 

i of iii VA101-126/13-3 Rev 2
September 6, 2017

 

TABLE OF CONTENTS 

PAGE 

EXECUTIVE SUMMARY ........................................................................................................................ I 

TABLE OF CONTENTS ......................................................................................................................... I 

1 – INTRODUCTION ............................................................................................................................. 1 

1.1  PURPOSE AND SCOPE ...................................................................................................... 1 

1.2  ENGINEER OF RECORD ..................................................................................................... 1 

1.3  COORDINATE SYSTEM ...................................................................................................... 2 

2 – WEST RIDGE HYDROGEOLOGIC CONDITIONS ........................................................................ 3 

3 – WEST EMBANKMENT DESCRIPTION .......................................................................................... 5 

4 – WEST EMBANKMENT DRAIN DESIGN BASIS ............................................................................. 9 

4.1  DESIGN FLOW ..................................................................................................................... 9 

4.2  CROSS SECTIONAL AREA AND FLOW VELOCITY ........................................................ 10 

5 – WEST EMBANKMENT DRAIN DESIGN DETAILS ...................................................................... 11 

5.1  GENERAL ........................................................................................................................... 11 

5.2  WEST EMBANKMENT DRAIN ........................................................................................... 11 

5.2.1  Drain Cross Section Zoning ................................................................................... 11 

5.2.2  Hydraulic Grade Lines ........................................................................................... 14 

5.2.3  Design Flow Capacity Sensitivity ........................................................................... 17 

5.2.4  Drain Construction Sequencing ............................................................................. 18 

5.3  EXTRACTION POND ......................................................................................................... 18 

5.3.1  Extraction Pond Design Criteria ............................................................................. 18 

5.3.2  Pumping System .................................................................................................... 18 

5.4  EXTRACTION BASIN ......................................................................................................... 19 

5.4.1  Location and Purpose ............................................................................................ 19 

5.4.2  Pumping System .................................................................................................... 19 

5.5  CONTINGENCY DRAIN PODS .......................................................................................... 19 

5.6  SECONDARY SEEPAGE COLLECTION DRAINS ............................................................ 20 

6 – AGGREGATE SPECIFICATIONS AND SOURCES ..................................................................... 21 

7 – REFERENCES .............................................................................................................................. 22 

8 – CERTIFICATION ........................................................................................................................... 23 

▲R1 

▲R1 

▲R1 

▲R1 

▲R1 

▲R1 

▲R1 

▲R1 



MONTANA RESOURCES, LLP 

YANKEE DOODLE TAILINGS IMPOUNDMENT 

 

WEST EMBANKMENT DRAIN DESIGN 
REPORT 

ii of iii VA101-126/13-3 Rev 2
September 6, 2017

 

FIGURES 

Figure 2.1  Water Level Measurements in MW12-16 ....................................................................... 3 

Figure 2.2  West Ridge Groundwater Contours and Flow Directions ............................................... 4 

Figure 3.1   West Embankment General Arrangement – EL. 6,400 ft Crest ..................................... 7 

Figure 3.2   West Embankment General Arrangement – EL. 6,450 ft Crest ..................................... 8 

Figure 4.1  Horseshoe Bend Historical Flow Rates .......................................................................... 9 

Figure 5.1  Typical Drain Cross Section ......................................................................................... 11 

Figure 5.2  Fill Material Specifications ............................................................................................ 13 

Figure 5.3  Definition of Allowable Hydraulic Head ........................................................................ 15 

Figure 5.4  West Embankment Drain Hydraulic Grade Lines ......................................................... 16 

Figure 5.5  Flow Capacity Sensitivity of the WED .......................................................................... 17 

APPENDICES 

Appendix A Select Design Drawings 

Appendix B Select Knight Piésold Ltd Correspondence 

Appendix B1 VA15-02953 - West Embankment Drain Aggregate Durability Testing 

Appendix B2 VA15-03359 - West Embankment Drain External Borrow Source 
Recommendations 

Appendix B3 VA15-03405 - West Embankment Drain Pipestone Quarry Aggregates 
Acceptance 

Appendix B4 VA16-00195 - West Embankment Drain - Construction Staging for 
Water Management 

  



MONTANA RESOURCES, LLP 

YANKEE DOODLE TAILINGS IMPOUNDMENT 

 

WEST EMBANKMENT DRAIN DESIGN 
REPORT 

iii of iii VA101-126/13-3 Rev 2
September 6, 2017

 

ABBREVIATIONS 

ACC ............................................................................................... Anaconda Copper Company 
CMP .......................................................................................... Construction Management Plan 
DBR ............................................................................................................ Design Basis Report 
DEQ .................................................................. Montana Department of Environmental Quality 
EOR .............................................................................................................. Engineer of Record 
GPM ............................................................................................................... gallons per minute 
GPS ................................................................................................... Global Positioning System 
HsB ................................................................................................................... Horseshoe Bend 
KP .................................................................................................................. Knight Piésold Ltd. 
MCA .................................................................................................... Montana Code Annotated 
MR ...................................................................................................... Montana Resources, LLP 
MW ....................................................................................................................... monitoring well 
NRCS ..................................................... United States Natural Resource Conservation Service 
TAC ...................................................................................................... The Anaconda Company 
WED  .................................................................................................... West Embankment Drain 
XRD  ................................................................................................................. X-Ray Diffraction 
YDTI ................................................................................Yankee Doodle Tailings Impoundment 

 



MONTANA RESOURCES, LLP 

YANKEE DOODLE TAILINGS IMPOUNDMENT 

 

WEST EMBANKMENT DRAIN DESIGN 
REPORT 

1 of 23 VA101-126/13-3 Rev 2
September 6, 2017

 

1 – INTRODUCTION 

1.1 PURPOSE AND SCOPE 

Montana Resources, LLP (MR) operates an open pit copper and molybdenum mine located within 
the northeastern part of Butte, Montana. The operation includes a mill throughput of roughly 
50,000 short tons per day and a small-scale dump leaching operation. 

The Yankee Doodle Tailings Impoundment (YDTI) is the tailings storage facility for the mine. The 
YDTI was originally constructed in 1963 using rockfill obtained from Berkeley Pit stripping operations 
and has been continuously expanded to EL. 6,400 ft using rockfill from the Berkeley Pit (until 1982) 
and from the Continental Pit (beginning in 1986). The YDTI comprises a valley-fill style impoundment 
created by a continuous rockfill embankment that for descriptive purposes is divided into three rockfill 
embankments according to the general geometry of each limb of the continuous embankment. 
These embankments are the: 

 North-South Embankment - The North-South Embankment forms the eastern to southeastern 
limb of the YDTI and runs approximately north to south in orientation. The North-South 
Embankment abuts onto the base of Rampart Mountain, forming the eastern limit of the MR 
mine site. 

 East-West Embankment - The East-West Embankment forms the southwestern limb of the YDTI 
and runs approximately east to west in orientation. The East-West Embankment is constructed 
upstream of Horseshoe Bend and the Berkeley Pit. 

 West Embankment - The West Embankment forms the western limb of the YDTI and runs 
approximately north to south in orientation. The West Embankment is constructed into the side 
of the West Ridge and forms the western battery limit of the facility. 

Property boundaries, topography, and groundwater conditions along the west side of the YDTI 
necessitated construction of the West Embankment. This report, prepared by Knight Piésold Ltd 
(KP), describes the design basis and design features of the West Embankment, including the tailings 
seepage management features supporting the continued construction of the YDTI that were 
incorporated into the initial detailed design of the West Embankment up to a crest of EL. 6,400 ft. 
This report provides supporting information relevant to the YDTI construction and should be read in 
conjunction with the other reports supporting the permit amendment application. The proposed 
permit amendment considers the YDTI with embankments constructed to a crest elevation of 6,450 ft 
and commencing operation of the West Embankment Drain (WED). 

Select detailed design drawings for the West Embankment and WED are provided in Appendix A. 

Select KP correspondence pertaining to the design and specifications for the West Embankment and 
WED are provided in Appendix B. 

1.2 ENGINEER OF RECORD 

The requirement for an Engineer of Record (EOR) for the YDTI is described in Montana Code 
Annotated (MCA) Title 82 Chapter 4 Part 3 Section 75 (MCA 82-4-375). The EOR is required to be a 
Professional Engineer licensed in the State of Montana. The EOR for the YDTI is Mr. Ken Brouwer, 
P.E., of Knight Piésold Ltd. 
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The EOR is responsible for the following: 

 Review the design and other documents pertaining to the tailings storage facility. 

 Certify and seal designs or other documents pertaining to the tailings storage facility submitted to 
the Department of Environmental Quality (DEQ). 

 Complete an annual inspection of the tailings storage facility. 

 Notify the operator when credible evidence indicates the tailings storage facility is not performing 
as intended. 

 Immediately notify the operator and the DEQ when credible evidence indicates that the tailings 
storage facility presents an imminent threat or a high potential for imminent threat to human 
health or the environment. 

1.3 COORDINATE SYSTEM 

The design of the YDTI references the site coordinate system known as the ‘Anaconda Mine Grid’ 
established by The Anaconda Company (TAC) in 1957. The Anaconda Mine Grid is based on the 
Anaconda Copper Company (ACC) Datum established in 1915. All elevations are stated in 
Anaconda Mine Grid coordinates with respect to the ACC Vertical Datum unless specifically 
indicated otherwise. The Montana Resources GPS Site Coordinate System is based on the 
‘Anaconda Mine Grid’ and utilizes International Feet. 
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2 – WEST RIDGE HYDROGEOLOGIC CONDITIONS 

The design basis of West Embankment and seepage management features is to maintain a 
groundwater piezometric surface similar to current conditions thereby preventing seepage from the 
YDTI migrating west past the property boundaries. Controlling the hydraulic gradient is the only 
preventative measure to manage hydrogeological risks on the West Ridge, making it the best 
available technology (KP, 2016a). All other options would include varying amounts of expected 
unrecoverable seepage and would increase the potential for offsite water quality impacts. The 
seepage control features will be incorporated in the foundation to provide drained conditions within 
the West Embankment. 

The presence of the mounded water table in the groundwater system along the West Ridge has 
been the subject of several site investigation programs and is a focus of ongoing groundwater 
monitoring by MR. The site investigation programs are described in the Site Characterization Report 
(KP, 2016b). The current supernatant pond elevation within the YDTI is EL. 6,340 ft, and the pond 
generally rises at a rate of approximately 6 ft per year. 

A detailed description of the interpreted hydrogeological conditions of the West Ridge is provided in 
the Site Characterization Report (KP, 2016b). The groundwater elevations are shown to be 
depressed within a saddle in the central portion of the West Ridge as indicated by the groundwater 
level measurements. This area of depressed water levels is considered the critical section for the 
design. The water level monitoring data indicates that the lowest water level was in monitoring well 
MW12-16, and was approximately elevation 6,379 ft as of July 2015. A plot of the water level 
measurements collected to date in MW12-16 is shown on Figure 2.1. The conceptual groundwater 
potentiometric surface and inferred groundwater flow directions in the West Ridge area are shown on 
Figure 2.2. The current pond elevation is below the lowest water level within the West Ridge, 
therefore the hydraulic gradient continues to prevent seepage migration to the west from the YDTI. 

 

Figure 2.1 Water Level Measurements in MW12-16 
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3 – WEST EMBANKMENT DESCRIPTION 

The West Embankment is a zoned earthfill and rockfill embankment that extends along the 
West Ridge in a north to south orientation and forms the western boundary of the YDTI. The 
West Embankment at the ultimate configuration will be approximately 7,000 ft long. 

The embankment will be constructed along the eastern side of the West Ridge at the margin of the 
present day tailings pond, and the ridge will act as a buttress to the downstream slope of the 
embankment. The position of the West Embankment in this manner (instead of closer to the 
catchment divide) limits the potential for impact to the groundwater system in the ridge, and also 
decreases the storage capacity of the YDTI. The West Embankment design incorporates multiple 
independent systems to contain water within the YDTI. This is a ‘defense in depth’ (Peck, 1990) 
approach with specific seepage control features to maintain hydraulic containment of YDTI contact 
water within the valley. 

The pond elevation within the future YDTI will rise to approximately elevation 6,428 ft at the 
proposed embankment crest elevation of 6,450 ft. If the tailings were allowed to accumulate against 
the natural topography higher up, the hydraulic gradient could reverse in this area and seepage from 
the impoundment could migrate to the west of the property boundary. In order to counter this 
potential effect, the West Embankment has been designed to incorporate an upstream seepage 
collection drain, the West Embankment Drain (WED), and several other seepage control features to 
locally depress the water table on the western boundary of the impoundment, thereby maintaining 
the easterly hydraulic gradient within the West Ridge towards the YDTI. The design of these 
seepage control features is the topic of this report. 

Figure 3.1 shows the general arrangement of the West Embankment with an embankment crest of 
EL. 6,400 ft. Figure 3.2 shows the future configuration of the West Embankment with an 
embankment crest of EL. 6,450 ft. The seepage management features included in the design of the 
West Embankment are described below. 

Potential changes to the current West Ridge groundwater system are limited by positioning the West 
Embankment at the margin of the present day tailings pond, minimizing the footprint area of the YDTI 
to the maximum practical extent. 

The West Embankment will be comprised of a free draining upstream zone (Zone U) and less 
permeable downstream zone (Zone D1). Zone U will be constructed in a manner that promotes 
infiltration of seepage into the WED. Zone D1 will be constructed to act as an impediment to 
drainage and horizontal migration of perched seepage flow towards the downstream face of the 
embankment and to encourage free draining behavior in Zone U such that seepage flows are 
ultimately collected in the WED. The Zone U material will be placed in a manner that is consistent 
with the placement methodology of the rockfill zones for the existing embankment. Zone U rockfill will 
be hauled and end-dumped by 240-ton haul trucks in approximately 50 ft thick horizontal lifts. 
Segregation will occur as the rockfill is end-dumped at the crest of each lift. The finer particles tend 
to accumulate near the top of the lift and the cobbles and boulders roll further down the slope and 
accumulate at the toe. Therefore, a segregated cobble and boulder layer typically forms along the 
bottom of the lift. The Zone D1 material will comprise a finer gradation rock fill compared with the 
Zone U material. This will allow the material to be compacted with either a vibratory roller or 240-ton 
haul truck traffic in thinner lifts up to a maximum thickness of 5 ft. The Zone D1 material will be 
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selectively sourced from the Continental Pit. Further detail relating to material specifications and 
construction quality control protocols is provided in the Construction Management Plan (KP, 2016c). 

The WED is positioned along the upstream toe of the West Embankment and below where future 
tailings will be deposited. The WED hydraulically connects the entire upstream side of the West 
Embankment with the extraction facilities described below. 

The permanent ‘Extraction Pond’ is positioned on the southern side of Rocky Knob at the end of the 
WED. Seepage collected within the WED will drain by gravity to the Extraction Pond. A pump system 
will be installed in the Extraction Pond to pump back the recovered flows to the YDTI. 

The ‘Extraction Basin’ is a specially constructed high permeability feature that is positioned within a 
topographic depression along the West Embankment and is connected to the WED. Submersible 
pumping systems can be installed within the Extraction Basin if required to maintain a depressed 
water table in the WED by pumping back captured flows to the YDTI. 

The pumping systems for the Extraction Basin and Extraction Pond are each designed to manage 
the full design flow of the WED, and can operate independently or collaboratively to dewater the 
WED and to maintain drained conditions within the West Embankment. 

Two contingency ‘drain pods’ are positioned in topographic depressions along the West 
Embankment and connected to the WED. The drain pods are designed so that they can be drilled 
into later to install pumping systems and increase the amount of extraction pumping from the WED. 
These contingency features will not be utilized unless the performance of the systems in the 
Extraction Pond and Extraction Basin are inadequate to meet the design objectives, or if the 
objectives are altered by unforeseen circumstances. 

The ‘Secondary Seepage Collection Drains’ comprise several ‘finger drains’ running perpendicular to 
the embankment alignment and connect the Zone D1 and Zone U boundary of the 
West Embankment to the WED. These secondary drains encourage free draining behavior in Zone U 
so that flows are ultimately collected in the WED. 

The West Embankment design drawing package for crest EL. 6,400 ft is included as Appendix A. 
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4 – WEST EMBANKMENT DRAIN DESIGN BASIS 

4.1 DESIGN FLOW 

The WED is designed to transmit 4,500 gallons per minute (gpm) without allowing the piezometric 
surface within the West Embankment to exceed the minimum groundwater elevation on the 
West Ridge in order to provide hydraulic confinement to preclude seepage migration through the 
ridge to the west. This minimum groundwater elevation was estimated to be EL. 6,379 ft as recorded 
periodically in monitoring well MW12-16 on the West Ridge as shown previously on Figure 2.2. 

The WED design flow has been selected based on historic seepage flow rates recorded at 
Horseshoe Bend (HsB). A conservative assumption has been made that the WED will have 
adequate flow capacity to transfer the total peak seepage flows from the YDTI. 

A histogram of historical flow rates recorded at HsB is provided on Figure 4.1. The design flow rate 
of 4,500 gpm is equal to approximately the 98th percentile of the historic flows recorded at HsB since 
the year 2000. Seepage flow rates during operations typically are in the range of 3,000 to  
4,000 gpm. Seepage reduced to below 3,000 gpm during a temporary period of suspended 
operations between Years 2000 and 2003, which is representative of early closure conditions. 

 

Figure 4.1 Horseshoe Bend Historical Flow Rates 
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4.2 CROSS SECTIONAL AREA AND FLOW VELOCITY 

The design cross sectional area for the WED was determined from the design basis flow of 
4,500 gpm. The design contemplates a flow-through rockfill drain with a shallow design slope 
following the Wilkins equation for non-Darcy flow through porous media (Wilkins, J.K., 1956). 
Considerations for application of the Wilkins equation to rockfill drain design were further 
investigated and limitations of the methods described by the Department of Civil Engineering at The 
University of Ottawa (V.K. Garga et al., 1990). 

The Wilkins equation is formulated in metric units and is described below. 

N
VOIDS imWV /15.0   

Where: 
VVOIDS  = velocity of flow in the voids 
W  = Wilkins empirical constant = 5.243 
m  = hydraulic mean radius 
i  = effective hydraulic gradient = drain slope = 0.25% 
N = empirically derived parameter between 1 and 2, typically = 1.852 

The following additional equations are required to use the above Wilkins equation to determine the 
drain cross sectional area: 

e

VOIDS

r

De
m

AnVQ








6

 

Where: 
Q  = design flow = 4,500 gpm = 0.284 m3/sec  
n  = porosity (%) = 35% = 0.35 
A  = drain cross sectional area 
e  = void ratio, where e = n / (1 - n) = 0.538 
D  = D50 of the rock drain material = 10 inches = 0.254 m 
re  = particle surface area efficiency ratio = 1.15 

Reorganizing the equations to solve for the cross sectional area of the drain: 

NimWn

Q
A

/15.0 
  

 
The design cross sectional area of the drain was determined to be approximately 300 ft2 (28 m2) with 
a porosity of 35% to support a design flow of 4,500 gpm (284 L/s). The velocity of the flow in the 
voids for this drain cross section at a 0.25% grade was estimated to be 0.1 ft/s (3 cm/s). The drain 
can operate partially full at lower flows, with flow conveyed in the drain at a similar velocity. 
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5 – WEST EMBANKMENT DRAIN DESIGN DETAILS 

5.1 GENERAL 

The WED will consist of a subsurface aggregate drain located along the upstream toe of the 
West Embankment. The drain will be approximately 7,000 ft long and graded at a decline from north 
to south of approximately 0.25%. The drain was designed to allow it to passively drain from the 
northern extent of the West Embankment (from the area known as ‘Bum Town’) southward along the 
West Embankment and through a rock cut beyond the topographic boundary known as  
‘Rocky Knob’. 

The WED will connect with and work in conjunction with other seepage management features of the 
West Embankment, including the Extraction Pond, Extraction Basin, contingency drain pods, and 
Secondary Seepage Collection Drains. The design details of the WED and associated seepage 
management features are described in this section of the report. 

5.2 WEST EMBANKMENT DRAIN  

5.2.1 Drain Cross Section Zoning 

The typical drain cross section to achieve a drain rock cross sectional area of 300 ft2 is shown on 
Figure 5.1. The drain rock zone will be approximately 7 ft thick and 43 ft wide on average including 
the sloped sides of the drain. The drain rock zone will be covered by a two stage filter to limit the 
ingress of tailings and rockfill fines to the drain zone. The drain will be placed over a non-woven 
geotextile and a bedding layer of gravel to prevent ingress of fines from the foundation and to protect 
geotextile from damage during placement of the angular drain rock.  

The length of the drain located south of the Rocky Knob cut, within historic rockfill, will be lined with 
an HDPE geomembrane to contain and prevent the collected seepage from migrating downstream of 
the embankment. The typical drain section will be maintained through this section. 

 

Figure 5.1 Typical Drain Cross Section 

The WED fill material zones are indicated on Figure 5.1 and described below. The fill material 
specifications including gradation envelopes for Zone 3A, Zone 2B, and Zone 2A are included on 
Figure 5.2. 

Zone 3A - Drain Rock 

▲R1 
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The drain zone of the WED is drain rock comprised of uniformly graded, durable, erosion resistant 
boulders and cobbles. The coarse limit has a maximum particle (D100) size of 24 inches and the fine 
limit has a particle (D10) size specification of 3 inches. 

Zone 2B - Transition Zone 
A transition zone will surround the Zone 3A - Drain Rock. The Zone 2B – Transition Zone is 
comprised of durable, well graded, cobbles and gravels. The Zone 2B – Transition Zone is typically 
1 ft thick over the base and 2 ft thick over the top and exposed sides of the drain zone. The coarse 
limit has a maximum particle (D100) size of 6 inches and the fine limit has a particle (D5) size 
specification of ½ inch. 

Zone 2A - Filter Zone 
A filter zone will typically be placed above the transition zone to provide a filter relationship that will 
prevent tailings ingress into the Zone 3A – Drain Rock. The Zone 2A - Filter Zone consists of a well 
graded sand and gravel. The filter zone is designed to be free draining to maintain recharge of the 
drain and to promote the development of a well-drained tailings mass above the WED. The 
Zone 2A – Filter Zone has been designed in general accordance with the US Natural Resource 
Conservation Service (NRCS) filter design requirements (NRCS, 1994). 

Zone UA – Protective Cap 
The WED will be protected from construction damage during the placement of the overlying 50 ft lifts 
of Zone U Rockfill. This will be achieved by the placement of a select zone of mined rockfill specified 
as Zone UA – Protective Cap material. Zone UA – Protective Cap will be placed in a 5 ft thick lift. It 
will also be placed as a protective layer over the secondary seepage collection drains. 
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5.2.2 Hydraulic Grade Lines 

Two potential conditions in the filter zone above the drain could have the potential to impact the 
inflow into the WED. The first condition is that the filter zone is free draining and encourages drained 
conditions in the overlying fill materials. This condition is consistent with drained conditions observed 
within the rockfill embankments in other areas of the YDTI, and would not inhibit drain function. The 
second condition considered is if the filter zone functioned in a manner that was not free draining and 
then limited flow into the drain. This condition would generate hydrostatic pore pressures (and an 
increase in hydraulic head) above the filter zone in order to recharge the drain. 

The second condition is the critical condition requiring further analysis with respect to seepage 
control at the groundwater low on the West Ridge. The minimum groundwater elevation of the West 
Ridge was measured in MW12-16. There have been seasonal fluctuations; however, the minimum 
observed water elevation was 6,379 ft as described previously. A conceptual cross section of this 
critical area is included as Figure 5.3. 

The elevation of the drain crown in this section is approximately 6,362 ft, and represents the top of 
the filter zone. The difference in elevation between the lowest recorded water level in MW12-16 and 
the drain crown is 17 ft. An increase in hydraulic head above the drain crown of 17 ft in this area 
could have the potential to impact the hydraulic gradient of the West Ridge piezometric surface. A  
17 ft increase in hydrostatic head above the drain is defined as the critical maximum (ΔHCRITICAL) 
above which hydraulic confinement is potentially impacted. 

The design adopts a lesser allowable increase in hydrostatic head (ΔHALLOWABLE) to provide an 
additional safety factor for design to manage uncertainty associated with the long-term groundwater 
levels in the West Ridge. A 10 ft increase in hydrostatic head above the drain crown is defined as the 
allowable maximum for design as indicated on Figure 5.3. 

A limiting value of hydraulic conductivity (permeability) of the filter zone was determined to support 
the design by establishing a critical and measurable control to achieve the maximum allowable 
hydraulic head at the design flow rate. The hydraulic conductivity establishes a minimum 
permeability of the filter zone for reliable drain recharge without the potential for adverse impacts to 
the piezometric surface within the embankment and West Ridge. The minimum allowable 
permeability (kMIN.) for the filter zone was determined to be 2 x 10-04 cm/s (~8 x 10-06 ft/s). 

The allowable hydraulic grade line (effective hydraulic gradients) for the design flow of 4,500 gpm 
and a filter zone permeability of 2 x 10-04 cm/s has been superimposed onto the WED profile on 
Figure 5.4 to demonstrate the predicted piezometric surface along the drain alignment relative to the 
water levels in the West Ridge. The figure demonstrates that the allowable hydraulic grade line is 
maintained below the minimum groundwater elevation in the West Ridge. The hydraulic grade line 
represents a conservative operating scenario when there is gravity flow to the Extraction Pond only, 
with no pumping taking place from the Extraction Basin. 

The allowable hydraulic grade line is essentially a 10 ft increase in hydraulic head above the drain 
crown for the entire length of the drain. The actual hydrostatic pressure on the filter zone and 
hydraulic head above the drain crown, if any, will depend on the actual hydraulic conductivity (k) of 
the filter zone in any area. There is expected to be limited hydrostatic pressure above the drain at the 
design flow for k = 10-03 cm/s and negligible hydrostatic pressure for k = 10-02 cm/s with free draining 
conditions governing.   
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5.2.3 Design Flow Capacity Sensitivity 

The flow velocity in the drain is controlled primarily by the hydraulic gradient (slope) of the drain and 
material characteristics of the drain material. The slope of the drain is fixed by topographical 
limitations and groundwater piezometric conditions described previously. A sensitivity analysis was 
prepared to evaluate the sensitivity of the flow capacity of the drain to certain drain material 
characteristics assuming the design cross sectional area of 300 ft2. 

The flow capacity of the WED is sensitive to the gradation and porosity of the rockfill aggregate 
comprising the drain zone. The most suitable and appropriate way to meet the drain design flow 
requirements is to control the size and quality of the aggregate within the drain. 

Considering the equations presented in Section 4.2, the porosity of the drain effects both the 
determination of hydraulic mean radius used to determine the velocity in the voids and the 
calculation of flow within the drain. The flow capacity of the drain will increase and decrease with the 
porosity of the drain. The porosity of the drain material was estimated to be 35% for the specification 
of the drain cross section and fill materials. A porosity of 35% is consistent with typical values for 
rock armouring and riprap with a ratio between the D85 and D15 particle sizes of greater than 2 
(Look, B.G, 2007), which is consistent with the fill material specifications on Figure 5.2. Porosity was 
varied between 25% and 45% for the sensitivity analysis presented on Figure 5.5. 

The D50 particle size also influences the flow capacity of the drain through the determination of the 
hydraulic mean radius. The fill material specifications presented on Figure 5.2 include an acceptable 
D50 range between 14 inches for the coarse limit and 6 inches for the fine limit with a median value of 
10 inches. The median size of 10 inches was used for the design of the rock drain (blue line below) 
with a porosity of 35% as described above. The flow capacity of the drain for a porosity of 35% could 
range between 3,500 and 5,300 gpm depending on the actual D50 particle size. 

 

Figure 5.5 Flow Capacity Sensitivity of the WED 
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The flow capacity in the drain could be between 2,000 and 3,000 gpm even if the porosity of the 
drain was as low as 25%, and the flow capacity could be substantially higher if the actual porosity is 
greater than the estimate of 35%. 

5.2.4 Drain Construction Sequencing 

The WED will be constructed in two stages. Stage 1 of the drain construction will involve the 
construction of approximately 4,900 ft of the drain from start of the drain to a temporary extraction 
pond located on the northern side of Rocky Knob. Stage 2 will comprise the completion of the drain 
construction from the temporary extraction pond to the permanent Extraction Pond south of Rocky 
Knob. Stage 2 of the drain construction will involve a rock cut through Rocky Knob and will be 
approximately 2,100 ft in length. Staging the drain construction will assist with temporary water 
management during excavation and placement of the drain. Stage 2 of the WED will allow passive 
drainage by gravity over the long-term in closure if this is desirable, or the collected flows at the 
Extraction Pond can continue to be pumped to the YDTI. A memorandum describing the planned 
construction sequencing for the WED in further detail is provided in Appendix B4. 

5.3 EXTRACTION POND 

An Extraction Pond will be constructed on the southern side of Rocky Knob, at the toe of the 
East-West Embankment. The Extraction Pond will form the gravity outlet of the WED. The Extraction 
Pond will be excavated partially in native material, and partially in rockfill already placed for the 
East-West Embankment. Seepage collected within the WED will gravity drain back to the Extraction 
Pond. A pump system will be installed in the pond to redirect the recovered seepage back to the 
YDTI. 

Detailed design of the Extraction Pond is in progress and only conceptual drawings are available at 
this time. 

5.3.1 Extraction Pond Design Criteria 

The pond will be designed to store 12 hours of the design seepage inflow rate of 4,500 gpm 
(16,100 yd3 of seepage volume), plus the 1 in 10 Year 24-hour rainfall event and snowmelt of the 
pond area. Snowmelt was estimated based on information presented in the Design Basis Report 
(KP, 2016d). Diversion berms or ditches will surround the pond to divert non-contact water. The total 
additional storage volume of the pond is approximately 17,900 yd3. 

The pond will include a spillway to pass the design seepage rate of 4,500 gpm, plus the 1 in 
200 Year 24-hour rainfall event including snowmelt. The spillway will consist of a rectangular weir 
inlet and channel to release the flows to beyond the pond in emergency conditions. 

5.3.2 Pumping System 

The seepage water from the WED collected within the pond will be managed and pumped back to 
the YDTI using two independent pumping units. Each pump will have a capacity that exceeds 
2,250 gpm (half of the design flow rate) and will be connected to a stainless steel suction line housed 
within a screened HDPE well. The suction lines of the pumps will be located within a depressed zone 
of the pond to allow for full drainage, if required. The HDPE and stainless steel components will be 
specified to transport the potentially acidic seepage water. 

▲R1 

▲R1 

▲R1 
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The configuration of the pump and pipeline system will be further developed in future design 
packages. 

5.4 EXTRACTION BASIN 

5.4.1 Location and Purpose 

An Extraction Basin will be constructed adjacent to the alignment of the WED. The Extraction Basin 
is located in a topographic low at station 18+68 along the WED. This area generally coincides with 
the area of the locally depressed water table on the West Ridge identified in MW12-16. 

The Extraction Basin will be constructed from Zone 3A – Drain Rock backfilled around two wells that 
will extend to the crest of the West Embankment. A submersible pump can be installed in each well. 
This will allow seepage to be extracted from the basin and returned to the YDTI. 

The WED was designed to operate with continuous pumping at the Extraction Pond at a design flow 
rate of 4,500 gpm. However, the Extraction Basin was included in the design to have an operations 
ready alternative pumping option for several reasons: 

 The Extraction Basin doubles the total installed extraction capacity for the drain to 9,000 gpm 
when combined with the pumping system at the Extraction Pond. 

 The Extraction Basin can operate separately or collaboratively with the Extraction Pond, and 
provides an alternative pumping location if maintenance is required for the Extraction Pond. 

 Pumping from the Extraction Basin can reduce hydraulic pressure in this critical area of the West 
Embankment, if hydraulic head is approaching the maximum allowable hydraulic head. 

5.4.2 Pumping System 

The Extraction Basin design includes two submersible pumps, and each pump will have a capacity 
that exceeds 2,250 gpm (half of the design flow rate). The submersible pumps connect to a stainless 
steel suction line housed within a screened HDPE DR11 well extending from the Extraction Basin 
base to the embankment crest. The system includes a pressure transducer and a combination air 
release valve and flow meter. The submersible pump systems are designed to be installed at the 
6,400 ft crest elevation and progressively raised to match the embankment crest elevation as the 
embankment construction is completed. Seepage pumped from the Extraction Basin will be pumped 
back to the YDTI via HDPE discharge pipelines. 

5.5 CONTINGENCY DRAIN PODS 

The WED includes two contingency drain pods (Drain Pods 1 and 2). The purpose of the drain pods 
is to provide the capacity to further control the piezometric surface within the West Embankment in 
the unlikely event of a blockage or flow constriction within the WED. Blocking of the drain is 
considered unlikely based on the observed performance of aggregate testing described in Section 6. 

The drain pods are located in topographic lows along the WED alignment and are hydraulically 
connected to the WED in a similar manner as the Extraction Basin. The drain pods are constructed 
from Zone 3A – Drain Rock. Pumping from the drain pods will be achieved, if necessary, by drilling a 
series of 12-inch diameter drillholes from the West Embankment crest to the base of the drain pod. A 
screened well with a submersible pump system would be installed in each drillhole. Seepage 
entering the drain pods would be extracted in a manner similar to the Extraction Basin and conveyed 
into the YDTI. A conceptual design for the contingency pump wells is provided in Appendix B5. 

▲R1 
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5.6 SECONDARY SEEPAGE COLLECTION DRAINS 

A series of secondary finger drains comprised of Zone 2B – Transition material surrounded by a 
non-woven geotextile fabric will be constructed in the topographic lows of the West Embankment 
footprint. The purpose of the secondary seepage collection drains is to direct any seepage that 
accumulates at the interface between Zone D1 and Zone U to the WED. 
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6 – AGGREGATE SPECIFICATIONS AND SOURCES 

Durability and mineralogical testing was undertaken at the direction of KP to assess the suitability of 
a number of aggregate sources for use in the construction of the WED. The following sources were 
assessed: 

 Pipestone Quarry. 

 Bonneville Quarry. 

 Mungas Contracting LLC waste stockpile. 

The testing undertaken included Los Angeles (LA) Abrasion testing and chemical compatibility 
analysis using acidic seepage water obtained from HsB. LA Abrasion testing was undertaken on split 
samples of the aggregates before and after saturation of the samples in the seepage water. The 
testing was intended to model the worst case chemical environment that would be encountered 
within the WED in order to assess the potential for degradation of the aggregates following long-term 
exposure to acidic conditions. X-Ray Diffraction (XRD) testing was also undertaken to assess the 
mineralogy of the aggregate sources. 

A memorandum detailing the prescribed testing program is provided in Appendix B1. The results of 
the testing are summarized as follows: 

 The XRD testing indicates that the Mungas samples have approximately 10% Calcite. The 
calcite may react with the acidic seepage water and dissolve over time changing its 
characteristics and also potentially resulting in precipitation of solids and potential plugging. 

 The results of the LA Abrasion testing showed reasonable losses of approximately 27% to 30% 
for the Mungas and Bonneville samples and losses around 12% for the Pipestone material. The 
data did not show significantly different losses depending on whether the sample was exposed 
to the acidic seepage water or not. 

A memorandum detailing the results and conclusions of the aggregate source assessment is 
provided in Appendix B2. KP provided the following recommendations regarding the suitability of the 
assessed borrow sources: 

 The ‘Pipestone’ borrow source was considered the preferred borrow source for the WED 
materials. The Pipestone borrow source was considered a suitable source for the 
Zone 2A - Filter, Zone 2B - Transition, and Zone 3A – Drain Rock. 

 The ‘Bonneville’ borrow source was considered a suitable source for the Zone 3A – Drain Rock 
only. 

 The ‘Mungas’ borrow source was not considered an acceptable borrow source for either the 
Zone 2A – Filter, Zone 2B – Transition or Zone 3A – Drain Rock due to the high calcium 
carbonate content of the material. 

MR produced aggregate from the Pipestone Quarry following the recommendations provided by KP. 
MR completed a series of control gradation tests prior to hauling the material to the mine site. The 
material gradations were accepted by KP and deemed to be compliant with the gradation 
specifications. A memorandum detailing acceptance of the Pipestone material is provided in 
Appendix B3. 
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