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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. 
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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. 

▲R1 
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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 

▲R1 
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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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MEMORANDUM 

To: Steve Czehura 
 

Date: August 07, 2015 

Copy To: Nolan Smith File No.: VA101-00126/13 

From: Angus Robb, Steven Lange Cont. No.: VA15-02953 

Re: Yankee Doodle Tailings Impoundment 
West Embankment Drain Materials 
Laboratory Durability Testing 
 

The West Embankment Drain (WED) is an aggregate drain to be constructed along the upstream toe area of the 
West Embankment. The WED comprises three zones of material, a Filter Zone – Type 2A, Transition Zone – 
Type 2B and the Drain Rock – Type 3A. Material specifications for the drain materials are provided in drawing 
MR-C0011 attached. 

Montana Resources (MR) are currently assessing the suitability of borrow sources for the WED materials. It is 
our understanding that the Drain Rock – Type 3A and Transition Zone – Type 2B will be sourced from the 
‘Bonneville’ gravel pit. A preferred source for the Filter Zone – Type 2A material has yet to be confirmed, 
however it is understood the material may be sourced from the either the ‘Bonneville’ gravel pit, or another sand 
and gravel source currently being investigated by MR. 

Seepage water quality testing indicates that the seepage water expected to be carried by the WED will be acidic 
(pH around 3) with an Oxidation-Reduction Potential (ORP) around 400 mv. Laboratory durability testing is 
required in order to assess the durability of the WED materials following contact with the seepage water. 

The following describes the laboratory testing that is required on the WED material sources prior to approval for 
use in the WED. 

1 – SAMPLE PREPARATION  

1.1 DRAIN ROCK - TYPE 3A AND TRANSITION ZONE – TYPE 2B 

An indicative sample of the source material for the Drain Rock – Type 3A and Transition Zone – Type 2B is to be 
prepared. 

Sampling shall be undertaken in accordance with ASTM D75 and ASTM C702 and the sample shall conform to 
the grading specifications as identified in drawing MR-C0011 for the Transition Zone – Type 2B material.  Only a 
sample conforming to the specifications for the Transition Zone – Type 2B specification is required as the larger 
surface area of this finer grained material (compared with the Drain Rock – Type 3A material) will provide a 
conservative assessment of the durability of both materials. 

Three split samples shall be prepared from the larger sample. Approximately 10 kg of material is required for 
each split sample. Particle size gradation testing shall be undertaken on each of the split samples in accordance 
with ASTM C136. 

1.2 FILTER ZONE – TYPE 2A 

An indicative sample of the source material for the Filter Zone – Type 2A material is to be prepared. Should MR 
wish to assess the suitability of more than one source for the Filter Zone – Type 2A material, one sample should 
be prepared for each material source. 

Sampling shall be undertaken in accordance with ASTM D75 and ASTM C702 and the sample shall conform to 
the grading specifications as identified in drawing MR-C0011 for the Filter Zone – Type 2A material. Three split 
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MEMORANDUM 

To: Mr. Steve Czehura Date: November 9, 2015 

Copy To: Mark Thompson, Josh Shutey, Nolan Smith, Steve 
Walsh 

File No.: VA101-00126/13-A.01 

From: Angus Robb, Ken Brouwer Cont. No.: VA15-03359 

Re: West Embankment Drain External Borrow Sources 

1 – INTRODUCTION 

The West Embankment Drain (WED) is an aggregate drain to be constructed along the upstream toe area of the 
West Embankment. The WED comprises three zones of material, a Filter Zone – Type 2A, Transition Zone – 
Type 2B and the Drain Rock – Type 3A. 

The seepage water to be carried by the drain will initially have a chemistry that is similar to the alkaline water of 
the impoundment supernatant pond however over time the seepage water is anticipated to become acidic with a 
high Oxidation Reduction Potential (ORP). Water quality testing conducted on seepage water collected at the 
Horseshoe Bend outflow indicates a pH as low as 3. Laboratory testing was required to assess the durability of 
the WED materials following contact with the seepage water in order to maintain effective long term operations 
of the drain. The laboratory testing was completed at the direction of Knight Piésold (KP), see KP memo  
VA15-02953 dated August 7, 2015. Three potential borrow materials, designated ‘Bonneville’, ‘Mungas’ and 
‘Pipestone’ were tested to evaluate their suitability for use in constructing the WED. 

The Bonneville material is sourced from the Centennial Concrete Bonneville Quarry, a local concrete aggregate 
quarry. The Mungas material comprises boulders and cobbles that are scalped from the excavation for a local 
sewer construction project. The Pipestone material is sourced from the Pipestone Quarry, a local quarry, 
recently acquired by Montana Resources (MR). The Bonneville and Mungas materials are described as mixed 
metamorphic / volcanics, and the Pipestone is andesite. 

The laboratory testing included mineralogical determination by Semi-Quantitative X-Ray Diffraction (XRD), Major 
Element concentration and Los Angeles (LA) Abrasion Testing. 

The samples were subjected to exposure to anticipated field conditions expected for the WED prior to the LA 
Abrasion testing. The exposure conditions included: 
1. A sample was simply collected from the borrow site and tested with no contact with the acidic seepage water 
2. A sample was placed in a flow weir (Weir 10) for 28 days while the acidic seepage water was constantly 

flowing through the sample bucket 
3. A sample was placed in a closed bucket (anoxic conditions) containing the acidic seepage water 

2 – LABORATORY TEST RESULT SUMMARY 

The results of the testing were provided to KP by MR during October 2015. The results are appended to this 
memorandum in Attachment 1 and 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 loses around 12% for the Pipestone material. The data did not show significantly 
different loses depending on whether the sample was exposed to the acidic seepage water or not. 
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Montana Resources, LLP (406) 496-3200  
600 Shields Ave.  (406) 723-9542  fax 
Butte, Montana           www.montanaresources.com 
USA  59701   
 

 
MEMORANDUM 

 
TO:   Steve Czehura  
 
FROM:  Nolan Smith      
 
DATE:   October 22th, 2015 
 

SUBJECT:  Aggregate Study – Bonneville Pit 
 

 

Bonneville Pit 

The Bonneville pit located outside of Anaconda is owned and operated by Centennial Concrete (CC).  

This pit is on private property and is composed of mixed metamorphic and volcanic rocks, rounded 

cobbles and sand.  Filter and transition materials have been submitted for testing along with drain rock.  

Marty Salusso from CC submitted pricing for all three products fob pit, and delivered to MR. Preliminary 

testing indicates CC may be able to meet specifications for drain rock and transition material, but 

appears to be out of spec for filter material due to the presence of fine calcareous sands.  A large spread 

of crushing and screening equipment is owned by CC, and they have assured us they can produce the 

volume of aggregate MR requires.  Trucking does not appear to be a concern of CC as they have a small 

fleet of trucks with pup trailers.  

Resistance to degradation (LA Abrasion) results for this rock is moderate at 27‐28% loss.  Acid resistance 

testing in the #10 weir was 28% loss.  Anoxic testing was 28‐31% loss.  Attached is supporting 

documentation. Pulps for semi quantitative analysis were submitted to SGS on 10/2/2015, with results 

expected to be returned by the end of October. 
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YDTI Material Testing Plan  10/19/15

ID # Material Type Location Date Time Test Test Notes

T-10-2 Bonneville Transition ASTM C136 ASTM C131 A Lithology 6/25/2015

8/5/2015 8/5/2015

T-10-3 Bonneville Transition closed bucket 8/24/2015 15:20 ASTM C136 ASTM C131 A&B

9/25/2015 10:12 10/13/2015 10/13/2015  

T-10-4 Bonneville Transition ASTM C136 ASTM C131 A  

10/5/2015 10/5/2015

F-10-1 Bonneville Filter #10 seep 8/24/2015 14:56 ASTM C136 ASTM C131 A&B

9/25/2015 14:37 10/13/2015 10/13/2015  

F-10-2 Bonneville Filter closed bucket 8/24/2015 15:20 ASTM C136 ASTM C131 A&B

9/25/2015 10:12 10/13/2015 10/13/2015  

D-10-4 Bonneville Drain Rock ASTM C136 ASTM C535 1  

10/5/2015 10/5/2015

YDTI L.A. Abrasion Test Results  10/19/15

ID # Material Type Location Loss % Revolutions ASTM Grading Notes

 

T-10-2 Bonneville Transition 27 500 C131 A

T-10-3 Bonneville Transition closed bucket 28 C131 A&B

T-10-4 Bonneville Transition 28 500 C131 A

F-10-1 Bonneville Filter #10 seep 28 C131 A&B

F-10-2 Bonneville Filter closed bucket 31 C131 A&B

D-10-4 Bonneville Drain Rock 27 500 C535 1
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1309 COLE AVE.   HELENA, MT 59601PH :  406.443.6053   FX :  406.443.8584WWW.PIONEER -TECHNICAL.COMHEADQUARTERS:  PO BOX 3445   BUTTE, MT 59702 

August 5, 2015 
 
Mr. Nolan Smith   
Montana Resources, LLP 
600 Shields Ave 
Butte, MT 59701 
 
RE: Montana Resources Material Testing 
 Pioneer Technical Services, Inc. Project No. 1503028 
 
Dear Mr. Smith, 
 
On July 27, a sample from the Bonneville Pit was delivered to our Butte-based materials testing 
laboratory. The sample was referenced as "Bonneville Transition" and given Lab No. BU15153. The 
testing was performed in general accordance with the following Standard: 

   
•   Sieve Analysis of Coarse and Fine Aggregate (ASTM C136); and 
•   Resistance to Degradation of Small-Size Coarse Aggregate L.A. Abrasion (ASTM C131, Grading A). 
 

Table 2 – LA Abrasion Testing Results 

Lab No. Material Description Loss After 500 Revolutions (%) 

BU15153 Bonneville Transition 27 

 
The grain-size distribution curve is included with this report.  We thank you for using Pioneer Technical 
Services, Inc. for your geotechnical and materials testing requirements.  If you have any questions 
regarding these results, please contact Kevin Mock at (406) 443-6053. 
 
Sincerely, 
PIONEER TECHNICAL SERVICES, INC. 

         
Kevin Mock          
Materials Testing Supervisor       
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7-28-15

(no specification provided)
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Bonneville Gravel Pit 
Lithology Description 
 
Sample Report BN +3/4” up to 4” 

 
 

Rock Type Approximate 
percentage 

Granite Gneiss 
-Rounded to sub-rounded clasts, pebbles to cobbles ~2-7cm 
-quartz  > feldspars, overall buff to light 
-biotite: foliated, pressure-controlled metamorphic growth 
-surface oxides of iron and/or manganese “dendrites”, surface carbonates 
-grain size variable 

 
 
54% 

Biotite Gneiss (and/or muscovite) 
-up to ~30% phyllosilicates, almost a “schist”  
-quartz and plagioclase abundant, iron rich 
-tabular banded clasts to 5cm 

 
10% 

 Argillite & Quartzite 
-banded, green-gray, surface carbonates 
-clasts to 4cm 

 
10% 

“Augen” Gneiss 
-feldspar eyes to 5mm, distinct foliation,  
-clasts to 4cm 

 
5% 

Fresh granitic intrusives 
-quartz, plagioclase, k-feldspar, biotite, +/- muscovite 
-clasts to 4cm 

 
5% 

Quartz vein or quartz-rich metamorphics 
-no visible sulfides, no limonite, some foliation/lineation 

5% 

Altered granite or granite gneiss 
-heavy iron oxide staining, void spaces, biotite alteration to chlorite(?) 

5% 

Carbonate breccia, with carbonate cement 
-a single flattened clasts, max dimension 5cm 

3% 

Sediment, arkosic sandstone 
-quartz and feldspar-rich, hematite/limonite stained, coarse “arkosic” sandstone 
-poorly cemented, sub-rounded/semi angular clasts to 3cm 

 
2% 

Sediment, quartzite 
-red/buff , weak hematite staining 
-Belt: Mt Shields? 
-sub-rounded/semi angular clasts to 3cm 

 
1% 

            
            

    
NS/KE     
6/25/2015 
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Sample Report BN -3/4” + No.8 

 
 
 

Rock Type Approximate 
percentage 

Granite Gneiss, and biotite gneiss (minor) 
-sub-rounded and rounded clasts 
-likely represents pre-Belt metamorphic suite 

 
35% 

Fresh granite 
-quartz, plagioclase, k-feldspar, biotite, +/- muscovite 
-sub-rounded to angular clasts 
-proximal source? 

 
30% 

“Belt rocks” ; Proterozoic metasediments 
-sub-rounded clasts; varying shades of red, green, and brown 
-quartzites, meta-pelites, and meta-conglomerates 
-carbonates and carbonate cemented clastic sediments 

 
 
20% 

Volcanics; distinctly porphyritic, poss. hypabyssal or dike rocks 
-sub-rounded to rounded clasts 
-phenocrysts: feldspar, biotite, quartz 

 
5% 

Chert; from Proterozoic belt rocks or younger sediments 
-cryptocrystalline silica of varying colors 
-sub-rounded to angular clasts 

 
5% 

Other sediments: 
-misc. sandstones and conglomerates 
-sub-rounded 

 
5% 

 
            
 Note: Many clasts exhibit a carbonate surface coating up to 0.5mm.  This sediment could potentially offer a 

small amount of acid neutralization capacity.        
 
    

 
NS/KE  
6/26/2015 
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Sample Report BN - No.8 
 
 
 
 
 

Rock Type / Mineral Type Approximate 
percentage 

Quartz 
-abundant angular fragments to 3mm 
-minor beta quartz – from volcanics? 

 
50% 

Granite and granite gneiss 
-sub-rounded to angular clasts to 3mm 

20% 

Feldspar 
-sub-rounded to angular clasts of plagioclase and k-feldspar to 3mm 

10% 

“Belt rocks” ; Proterozoic metasediments, clasts to 3mm 
-sub-rounded to angular clasts; varying shades of red, green, and brown 
-quartzites, meta-pelites, and meta-conglomerates 

 
10% 

Biotite and other  phyllosilicates 
-muscovite, chlorite 

3% 

Clay and silt 
-includes fine carbonates 

6% 

Magnetite <1% 
Other: 
-organics 
-zircon 
-garnet 
-olivine 
-corundum 

 
Minor 
Trace 
Trace 
Trace 
Trace 

 
            
 Note: This sediment reacts vigorously with HCl, and could potentially offer some amount of acid 

neutralization capacity.        
    

 
 
NS/KE  
6/26/2015 
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Montana Resources, LLP (406) 496-3200  
600 Shields Ave.  (406) 723-9542  fax 
Butte, Montana           www.montanaresources.com 
USA  59701   
 

 
MEMORANDUM 

 
TO:   Steve Czehura  
 
FROM:  Nolan Smith      
 
DATE:   October 20th, 2015 
 

SUBJECT:  Aggregate Study – Effluent Analysis 
 

 

Weir #10 

Throughout the course of the aggregate testing program buckets of test materials from different sources 

have been immersed in the flowing effluent of the #10 weir.  Buckets are filled with aggregate, holes 

drilled below the rim, and immersed in the flow for 30 days.  Upon removal samples are subjected to LA 

abrasion testing.  The water in the #10 weir is highly acidic (pH 2.5-3.5) with a high Iron content as well 

as various dissolved metals (see following analysis).   To date three buckets have completed testing with 

a fourth bucket currently undergoing abrasion testing.    

Anoxic Testing 

At the request of K-P, anoxic testing was conducted on the various aggregate source materials.  This test 

consists of placing aggregate in 5 gallon buckets, filling the bucket completely with seep effluent, sealing 

the bucket and allowing it to stand at room temperature for 30 days.  Upon completion of the testing 

the effluent from the bucket was sampled and the aggregate subjected to LA abrasion testing. To date 

three buckets have completed testing with a third scheduled to be completed on 10/25/2015.  Analysis 

of the effluent after thirty days shows an increase in pH of 1-2 s.u., with all the dissolved iron removed 

from solution, and a portion of the sulfates (1000 mg/l) also was removed from solution.    

Hydrometrics has conducted all of the water sampling. 

Anoxic samples are as follows: 

 T-10-3:  Bonneville Transition Material 

 D-10-1:  Mungas Drain Rock 

 F-10-2:   Bonneville Filter Material 

 

Please refer to the following pages for individual analysis.    
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ANALYTICAL SUMMARY REPORT

The analyses presented in this report were performed by Energy Laboratories, Inc., 3161 E. Lyndale Ave., Helena, 
MT 59604, unless otherwise noted.  Any exceptions or problems with the analyses are noted in the Laboratory 
Analytical Report, the QA/QC Summary Report, or the Case Narrative. 

The results as reported relate only to the item(s) submitted for testing. 

If you have any questions regarding these test results, please call.

Lab ID Client Sample ID Collect Date Receive Date Matrix Test

Report Approved By:

H15080444-001 MR-1508-100 08/24/15 10:10 08/25/15 Aqueous Rare Earth Metals, Dissolved
Rare Earth Metals, Total Recoverable
Metals by ICP/ICPMS, Dissolved
Metals by ICP/ICPMS, Tot. Rec.
Acidity, Total as CaCO3
Anion - Cation Balance
Conductivity
Mercury, Dissolved
Mercury, Total Recoverable
Fluoride
Anions by Ion Chromatography
pH
Metals Digestion by EPA 200.2
Digestion, Mercury by CVAA
Solids, Total Dissolved
Solids, Total Suspended

H15080444-002 MR-1508-101 08/24/15 10:30 08/25/15 Aqueous Same As Above

H15080444-003 MR-1508-102 08/24/15 10:45 08/25/15 Aqueous Same As Above

Hydrometrics Inc

Project Name: 12020 Montana Resources

Work Order: H15080444

3020 Bozeman Ave

Helena, MT  59601

October 01, 2015

H1136Quote ID:

Energy Laboratories Inc Helena MT received the following 3 samples for Hydrometrics Inc on 8/25/2015 for analysis.

Page 1 of 40

Digitally signed by
Amanda B. Blackburn
Date: 2015.10.01 14:43:33 -06:00
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Project: 12020 Montana Resources

CLIENT: Hydrometrics Inc

Work Order: H15080444 CASE NARRATIVE

09/10/15Report Date:

Revised Date: 10/01/15

Tests associated with analyst identified as ELI-B were subcontracted to Energy Laboratories, 1120 S. 27th St., Billings, MT, 
EPA Number MT00005.

Client would like the same metals as total recoverable for dissolved.  wj 9/23/15Prep Comments for Sample H15080444-
001B, Test PRP-HG-245.1:  The prep hold time was exceeded by 2.92 days. Prep Comments for Sample H15080444-002B, 
Test PRP-HG-245.1:  The prep hold time was exceeded by 2.90 days. 

Client contacted laboratory and requested the same metals as the Total Recoverable for the Dissoved Metals.  Attached is 
the revised report.  wj 9/23/15

Page 2 of 40
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LABORATORY ANALYTICAL REPORT

Client: Hydrometrics Inc

Project: 12020 Montana Resources

Lab ID: H15080444-001

Client Sample ID: MR-1508-100

Collection Date: 08/24/15 10:10

Matrix: Aqueous

Report Date: 09/10/15

DateReceived: 08/25/15

Revised Date: 10/01/15
Prepared by Helena, MT Branch

Analyses Result Units Analysis Date / ByRL Method

MCL/

QCLQualifiers

PHYSICAL PROPERTIES

H 08/26/15 09:10 / SRW0.1s.u.3.1pH A4500-H B

08/26/15 09:10 / SRW1umhos/cm5020Conductivity @ 25 C A2510 B

08/26/15 13:33 / SRW10mg/LNDSolids, Total Suspended TSS @ 105 C A2540 D

D 08/26/15 13:38 / SRW20mg/L5890Solids, Total Dissolved TDS @ 180 C A2540 C

INORGANICS

08/27/15 09:17 / SRW4.0mg/L1500Acidity, Total as CaCO3 A2310 B

08/27/15 14:56 / SRW1mg/L11Chloride E300.0

D 08/27/15 14:56 / SRW2mg/L4040Sulfate E300.0

08/31/15 11:34 / SRW0.1mg/L0.2Fluoride A4500-F C4

METALS, DISSOLVED

08/26/15 11:21 / sld0.03mg/L134Aluminum E200.7

09/24/15 17:30 / dck0.0005mg/LNDAntimony E200.8

09/24/15 17:30 / dck0.001mg/L0.020Arsenic E200.8

09/24/15 17:30 / dck0.1mg/LNDBoron E200.8

09/24/15 17:30 / dck0.00003mg/L0.739Cadmium E200.8

08/26/15 11:21 / sld1mg/L424Calcium E200.7

09/25/15 11:47 / dck0.001mg/L0.017Chromium E200.8

08/26/15 11:21 / sld0.005mg/L52.1Copper E200.7

08/26/15 11:21 / sld0.02mg/L84.0Iron E200.7

09/24/15 17:30 / dck0.0003mg/L0.0018Lead E200.8

08/26/15 11:21 / sld0.1mg/L0.1Lithium E200.7

08/26/15 11:21 / sld1mg/L215Magnesium E200.7

08/26/15 11:21 / sld0.001mg/L78.0Manganese E200.7

H 09/24/15 16:16 / dck5E-06mg/LNDMercury E245.1

09/24/15 17:30 / dck0.0001mg/L0.0044Molybdenum E200.8

09/25/15 11:47 / dck0.002mg/L0.350Nickel E200.8

09/30/15 12:54 / eli-b0.0001mg/L0.0205Rubidium E200.8

08/26/15 11:21 / sld1mg/L14Potassium E200.7

09/24/15 17:48 / dck0.001mg/L0.005Selenium E200.8

08/26/15 11:21 / sld0.1mg/L26.4Silicon E200.7

09/24/15 17:30 / dck0.0002mg/LNDSilver E200.8

08/26/15 11:21 / sld1mg/L90Sodium E200.7

08/26/15 11:21 / sld0.01mg/L0.97Strontium E200.7

09/24/15 17:30 / dck0.0002mg/L0.0003Thallium E200.8

D 09/30/15 12:54 / eli-b0.002mg/LNDTungsten E200.8

09/24/15 17:30 / dck0.0002mg/L0.246Uranium E200.8

09/25/15 11:47 / dck0.1mg/LNDVanadium E200.8

09/30/15 00:23 / sld0.008mg/L222Zinc E200.7

METALS, TOTAL RECOVERABLE

D 08/27/15 20:46 / sld0.03mg/L137Aluminum E200.7

09/01/15 07:36 / dck0.0005mg/LNDAntimony E200.8

Report

Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.

QCL - Quality control limit. ND - Not detected at the reporting limit.

D - RL increased due to sample matrix. H - Analysis performed past recommended holding time.

Page 3 of 40

No. 10 Seep

Field pH=2.79

Field SC=4606

Water Temp=14.6C

DO=6.99 mg/L
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LABORATORY ANALYTICAL REPORT

Client: Hydrometrics Inc

Project: 12020 Montana Resources

Lab ID: H15080444-001

Client Sample ID: MR-1508-100

Collection Date: 08/24/15 10:10

Matrix: Aqueous

Report Date: 09/10/15

DateReceived: 08/25/15

Revised Date: 10/01/15
Prepared by Helena, MT Branch

Analyses Result Units Analysis Date / ByRL Method

MCL/

QCLQualifiers

METALS, TOTAL RECOVERABLE

09/01/15 07:36 / dck0.001mg/L0.024Arsenic E200.8

08/27/15 20:46 / sld0.1mg/LNDBoron E200.7

09/01/15 07:36 / dck0.00003mg/L0.768Cadmium E200.8

09/01/15 07:36 / dck0.001mg/L0.017Chromium E200.8

D 08/27/15 20:46 / sld0.008mg/L53.8Copper E200.7

08/27/15 20:46 / sld0.02mg/L94.7Iron E200.7

09/01/15 07:36 / dck0.0003mg/L0.0019Lead E200.8

08/27/15 20:46 / sld0.1mg/L0.1Lithium E200.7

08/27/15 20:46 / sld0.01mg/L83.5Manganese E200.7

09/02/15 12:23 / rgk5E-06mg/LNDMercury E245.1

09/01/15 07:36 / dck0.0001mg/L0.0047Molybdenum E200.8

09/01/15 07:36 / dck0.002mg/L0.341Nickel E200.8

09/02/15 11:32 / eli-b0.0001mg/L0.0181Rubidium E200.8

09/01/15 07:36 / dck0.001mg/L0.003Selenium E200.8

08/27/15 20:46 / sld0.1mg/L27.3Silicon E200.7

09/01/15 07:36 / dck0.0002mg/LNDSilver E200.8

08/27/15 20:46 / sld0.02mg/L1.03Strontium E200.7

09/01/15 07:36 / dck0.0002mg/L0.0003Thallium E200.8

D 09/02/15 11:32 / eli-b0.0005mg/LNDTungsten E200.8

09/01/15 07:36 / dck0.0002mg/L0.252Uranium E200.8

09/01/15 07:36 / dck0.1mg/LNDVanadium E200.8

08/27/15 20:46 / sld0.008mg/L208Zinc E200.7

Report

Definitions:   

RL - Analyte reporting limit. MCL - Maximum contaminant level.

QCL - Quality control limit. ND - Not detected at the reporting limit.

D - RL increased due to sample matrix.

Page 4 of 40
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Montana Resources, LLP (406) 496-3200  
600 Shields Ave.  (406) 723-9542  fax 
Butte, Montana           www.montanaresources.com 
USA  59701   
 

 
MEMORANDUM 

 
TO:   Steve Czehura  
 
FROM:  Nolan Smith      
 
DATE:   October 27th, 2015 
 

SUBJECT:  Aggregate Study – L.A. Abrasion - update 
 

 

Pipestone Quarry 

Abrasion testing has been conducted on the andesite source from the Pipestone Quarry over the course 

of many years.  Data provided to MR from Pipestone Quarry, LLC has shown LA Wear percent loss values 

around 10% for most materials produced.  Sampling conducted recently by MR and lab work by Pioneer 

Technical returned results from 11-13 %.  The sample from the #10 weir was measured at a 13% loss.  

The anoxic test sample has been submitted to Pioneer Technical for abrasion testing.  

Bonneville Pit 

Testing is complete on Centennials Bonneville aggregate. Transition material returned LA abrasion 

results of 27 & 28 % loss, with anoxic transition returning 28% loss.  Testing of filter material indicated a 

loss of 28% in the seep, and 31% loss in the anoxic test.  Drain rock was measured at a 27% loss with no 

exposure to acidic waters.      

Mungas Pit  

Abrasion testing is complete on Mungas’s aggregate drain rock source near Anaconda. Drain rock 

returned a LA abrasion result of 16 % loss, with anoxic testing returning a 23% loss.  

 

Attached is a summary of the abrasion test results. 
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Montana Resources, LLP (406) 496-3200  
600 Shields Ave.  (406) 723-9542  fax 
Butte, Montana           www.montanaresources.com 
USA  59701   
 

 
MEMORANDUM 

 
TO:   Steve Czehura  
 
FROM:  Nolan Smith      
 
DATE:   October 13th, 2015 
 

SUBJECT:  Aggregate Study – Mungas Pit 
 

 

Mungas Pit 

Mungas Company, Inc. (MCI) is in the process of constructing a municipal sewer system in the West 

Valley outside of Anaconda.  During excavation large boulders (3‐5 ft.) are encountered and scalped off 

at about one foot to produce suitable backfill.  This scalped product is generally mixed metamorphic and 

volcanic rock coated with caliche.   Resistance to degradation (LA wear) results for this rock is low at 

16%.  Acid resistance testing in the #10 weir was 23% loss.  Attached is supporting documentation. Pulps 

for semi quantitative analysis were submitted to SGS on 10/2/2015, with results expected to be 

returned by the end of October. 

Mungas has offered this drain rock to MR at their cost for transportation as it in the way of operations in 

their laydown area.  They will probably generate 2,000 tons of this rock before completing their project 

by the end of the year. 
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YDTI Material Testing Plan  10/19/15

ID # Material Type Location Date Time Test Test Notes

D-10-1 Mungas Drain Rock closed bucket 8/24/2015 15:20 ASTM C136 ASTM C535 Spilt Net Analysis  8/28/2015

9/25/2015 10:12 10/13/2015 NS Lithology 8/21/2015

 

D-10-2 Mungas Drain Rock #10 seep 8/25/2015 13:40 ASTM C136 ASTM C535 2

9/25/2015 14:37 10/13/2015 10/13/2015  

D-10-3 Mungas Drain Rock ASTM C136 ASTM C535 1  

10/5/2015 10/5/2015

YDTI L.A. Abrasion Test Results 10/19/15

ID # Material Type Location Loss % Revolutions ASTM Grading Notes

 

D-10-1 Mungas Drain Rock closed bucket NS

D-10-2 Mungas Drain Rock #10 seep 23 C535 2

D-10-3 Mungas Drain Rock 16 500 C535 1
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Client Montana Resources Contact Brian GaryBrian GaryBrian GaryBrian Gary

Date 8/28/2015 Email Bgary@SplitEng.com

Images 26 Phone 520-256-3396

Units Inch

Test aggregate-2 DSCF0192

Size % Passing % Passing

75.00 100.00 100.00

50.00 100.00 100.00

25.00 93.00 93.00

15.00 71.46 71.46

10.00 55.25 55.25

8.00 48.84 48.84

6.00 42.67 42.67

4.00 34.10 34.10

2.00 23.22 23.22

1.00 15.79 15.79

.75 13.45 13.45

.50 10.72 10.72

.38 9.12 9.12

.25 7.26 7.26

.19 6.16 6.16

.08 3.79 3.79

Test aggregate-2 DSCF0192

% Passing Size Size

10 .44 .44

20 1.53 1.53

30 3.17 3.17

40 5.34 5.34

50 8.37 8.37

60 11.46 11.46

70 14.53 14.53

80 17.96 17.96

90 22.47 22.47

 Top Size(99.95%) 37.43 37.43

Fines Cutoff 6.06 6.06

Fines Factor 50 50
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Client Montana Resources Contact Brian GaryBrian GaryBrian GaryBrian Gary

Date 8/28/2015 Email Bgary@SplitEng.com

Images 26 Phone 520-256-3396

Units Inch

Test aggregate-1 DSCF0191

Size % Passing % Passing

75.00 100.00 100.00

50.00 100.00 100.00

25.00 98.97 98.97

15.00 82.99 82.99

10.00 67.38 67.38

8.00 60.03 60.03

6.00 52.53 52.53

4.00 44.88 44.88

2.00 33.32 33.32

1.00 24.71 24.71

.75 21.81 21.81

.50 18.29 18.29

.38 16.13 16.13

.25 13.52 13.52

.19 11.91 11.91

.08 8.17 8.17
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Test aggregate-1 DSCF0191

% Passing Size Size

10 .13 .13

20 .61 .61

30 1.57 1.57

40 3.06 3.06

50 5.26 5.26

60 7.99 7.99

70 10.75 10.75

80 13.84 13.84

90 18.40 18.40

 Top Size(99.95%) 26.44 26.44

Fines Cutoff 4.88 4.88

Fines Factor 50 50
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VA15-03405 - WEST EMBANKMENT DRAIN PIPESTONE QUARRY AGGREGATES 
ACCEPTANCE 
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Knight Piésold Ltd. | Suite 1400 – 750 West Pender St, Vancouver, BC Canada V6C 2T8 | p. +1.604.685.0543  f. +1.604.685.0147 

MEMORANDUM 

To: Mr. Steve Czehura Date: November 20, 2015 

Copy To: Steve Walsh, Mark Thompson, Josh Shutey File No.: VA101-00126/13-A.01 

From: Angus Robb, Ken Brouwer Cont. No.: VA15-03405 

Re: West Embankment Drain Construction 
Pipestone Quarry Aggregates Acceptance 
 

Knight Piésold Ltd. (KP) have reviewed the control gradation test data provided by Montana Resources (MR) for 
the Pipestone Quarry ‘Reject’ aggregate, and the Pipestone Quarry ‘Ballast’ aggregate. The suitability of the 
aggregates has been assessed with reference to the material specifications for the West Embankment Drain, 
provided attached in drawing MR-C0011 r1. 

The stockpiled Pipestone Quarry ‘Reject’ aggregate is acceptable for use as the Zone 2A – Filter and the 
stockpiled Pipestone Quarry ‘Ballast’ aggregate is acceptable for use as the Zone 2B – Transition. 

Further control gradation testing shall be completed at frequencies to be agreed upon by MR and KP to verify 
the quality of the produced aggregates. Should further control testing of the aggregates indicate that an 
unacceptable proportion of the sample shows a gradation that falls outside the specification envelope, the 
suitability of the material source may need to be reassessed. 

A plot of the control test data provided to KP is provided in Figure 1 and Figure 2. 

 

Figure 1 Pipestone Quarry ‘Reject’ Material Control Gradation Test Results 
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MEMORANDUM 

To: Mr. Josh Shutey Date: October 25, 2016 

Copy To: Mark Thompson File No.: VA101-00126/15-A.01 

From: Daniel Fontaine Cont. No.: VA16-00195 

Re: West Embankment Drain - Construction Staging for Water Management 

This memorandum describes the considerations for staging of the West Embankment Drain (WED) to provide 
control of water flows during the construction period. The question of “how water will be controlled during 
construction of the gravity drain” was raised during the weekly meeting between KP and MR on 
January 26, 2016. The intent of this memorandum is to provide information to consider in planning the 
construction of the WED. 

The supernatant pond was at approximately elevation (EL.) 6,334 ft at the end of 2015, indicating a gain of 
approximately 7.5 ft over the calendar year. The elevation is indicative of accumulation of additional water in the 
pond for the winter period, and is not expected to sustain that rate of rise over the next several years if a steady 
pond volume is maintained. Table 1 indicates the tailings discharge elevations and pond elevations that are 
expected over the next five years assuming that the pond volume remains steady. 

Table 1  Tailings Discharge and YDTI Pond Elevations 

End of Year 
Tailings Discharge 

Elevation (ft) 
YDTI Pond Elevation 

(ft) 
Minimum Crest 

Elevation (ft) 

2016 6,365 6,338 6,370 

2017 6,369 6,342 6,374 

2018 6,372 6,349 6,377 

2019 6,375 6,356 6,381 

2020 6,382 6,362 6,387 

NOTES: 
1. SUMMARIZED FROM FILLING CURVE FIGURE IN KP TRANSMITTAL VA15-03514. 
2. MINIMUM CREST ELEVATION IS APPROXIMATE, AND IS EITHER 5 FT ABOVE THE TAILINGS DISCHARGE ELEVATION OR 25 FT 

ABOVE THE POND ELEVATION, WHICHEVER IS A GREATER ELEVATION. 

The intent of the WED is to provide drained conditions within the West Embankment and to maintain a 
groundwater potentiometric surface similar to current conditions thereby preventing seepage from the YDTI 
migrating west past the property boundaries. The primary driver of the design of the WED has been the elevation 
of groundwater in monitoring well MW12-16, which is approximately EL. 6,380 ft. Additional evaluation of 
vibrating wire piezometric data at the West Ridge is in progress. The WED will not need to perform its intended 
function for several years when the YDTI pond elevation begins to approach the water level measured in 
MW12-16. 

The WED invert will be EL. 6,352 ft at Station 0+00 (Bumtown) and EL. 6,340 ft at Station 50+00 (Rocky Knob). 
The invert of the permanent Extraction Pond at Station 68+00 will be approximately 6,325 ft. Drainage from 
precipitation and groundwater discharge occurring along the West Ridge presently collects in several low areas 
along the drain alignment where the planned extraction basin and drain pods are located. These conditions are 
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expected to persist until these low areas are dewatered and backfilled. Groundwater will then fill the void space 
and saturate the drain pods and extraction basin until the drain invert is reached and the drain begins to convey 
flow. This flow should not be substantial based on conditions encountered during site preparation. 

The pond elevation will not be high enough to potentially impact drain construction between Bumtown and Rocky 
Knob until mid to late 2017 when the pond exceeds EL. 6340 ft. However, there is a substantial horizontal width 
of rockfill separating the current tailings surface from the WED alignment. This width presently ranges from  
200 to 600 ft. Tailings beach development will further isolate the pond from the WED once tailings discharge 
begins in this area in 2017 and will further limit the potential for flow of seepage from the YDTI pond to the WED. 
The WED will not see substantial flow from the YDTI pond until several years from now. 

Vertical infiltration of water to the WED during tailings deposition may occur if the discharge location along the 
West Embankment is positioned vertically above or close to the WED alignment. This has the potential to be the 
primary driver of any higher flows in the near term. 

The flow rate in the WED is not expected to exceed 1,000 gpm if construction is completed by the end of 2017, 
once tailings beaches are established along the extent of the West Embankment, and the pond volume remains 
steady. The estimated flow rate ranges from 10 gpm to 1,000 gpm depending on the conditions considered. 
Runoff from storm events was not considered in the estimate. 

The presence of Rocky Knob provides a substantial benefit to staging construction of the drain. The existing 
East-West Embankment and the new West Embankment can be constructed to an elevation of 6,380 ft or 
potentially higher through this area without impacting the extents of the rock excavation required to cut the drain 
through Rocky Knob. The bedrock will limit groundwater flow in the excavation through this section. The WED 
construction can be split into two stages in order to take advantage of the presence of Rocky Knob. This will 
spread both the construction schedule and the capital expenditures over a two year period. 

The two attached drawings show Stage 1 of the drain and the temporary works to control water during 
construction. 
 Drawing MR-C1208 (Rev 1) shows the entire drain alignment in plan and profile. The drain will be 

constructed during 2016 to approximately Station 51+30. The drain can be fully constructed through this 
section, and embankment fill can progress above the drain to reach the minimum crest elevation shown in 
Table 1 or the final design crest of EL. 6400 ft. An access ramp should remain to extend access to the 
temporary extraction pond beyond to allow for construction water management. 

 Drawing MR-C1280 (Rev 1) shows the temporary extraction pond between Stations 51+30 and 52+00. The 
temporary extraction pond will dead end in the start of the Rocky Knob excavation. Surface dewatering 
pumps will be positioned adjacent to the pond to direct inflows from the temporary pond to the tailings 
impoundment for storage. 

Construction of the Stage 2 WED can commence in 2017 from the other side of Rocky Knob to connect to Stage 
1 of the drain.  Stage 2 can also include the permanent Extraction Pond at the end of the drain. The benefits of 
separating the WED into two stages are as follows: 
 Focus for construction in 2016 will be on the section of the drain that is on the critical path for construction of 

the West Embankment. 
 Prevents the possibility of an undesired release of water from the drain beyond Rocky Knob during the 

current construction season. 
 Excavation of the temporary extraction pond will provide preliminary information on conditions to be 

encountered during the Stage 2 excavation through Rocky Knob. 
 Construction schedule and capital expenditures will be spread over two year period, including deferring the 

large rock excavation to 2017. 
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