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1.0 Introduction  

This technical memorandum explains the methodologies and assumptions used to create a 
water balance model that has been developed for the Eagle Gold Heap Leach Facility. The 
intent of the water balance model is to determine the monthly freshwater make-up requirements 
for the Heap Leach Facility.  

The water balance model accounts for a three phase Heap Leach Pad and a 100-day stockpile, 
with an ore production rate of 29,500 tons per day for 350 days a year. For 250 days (March-
November), ore will be processed through three stages of crushing and stacked on the heap 
leach pad. For the remaining 100 days (November-February), ore will be sent through the 
primary crusher only and stored on the 100-day stockpile. When the 250 day stacking period 
begins the following year, the ore from the stockpile will be sent through remaining crushers 
(secondary and tertiary) and stacked on the heap leach pad.  

The water balance model incorporates all inflows and outflows to this system described above 
and determines the amount of water available for recycle. The recycle water is assumed to be 
available for application to the ore in order to reach optimal leaching water content. The 
remaining water requirements will be fulfilled using freshwater, with monthly and yearly 
quantities summarized.  

2.0 Water Balance Model 

The Heap Leach Facility water balance model is shown in Figure 1. Ore is assumed to be mined 
350 days year at a constant rate of 29,500 tons per day. For 250 days beginning in March of the 
first year, 29,500 tons of raw ore each day goes through three (3) stages of crushing, then is 
stacked on the heap leach pad. Halfway through November of the first year, stacking of the 
heap will cease and the same rate of ore will go through primary crushing only and will be 
placed on a stockpile for 100 days. The stockpile exists for the purpose of storing partially 
crushed ore in the wintertime (November-February), when snowpack on the heap leach pad 
interferes with stacking and the heap leaching. Beginning in March of the second and every 
subsequent year, the 29,500 tons of ore mined each day will return to the three stages of 
crushing, followed by stacking. In addition, the ore stockpiled during the previous winter will also 
go through the last two stages of crushing and will be stacked during the same 250 days. It is 
assumed that the stockpiled ore will be moved to the heap at 11,800 tons per day (an even rate 
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over the 250 stacking days.) Thus, a total of 41,300 tons of ore per day is added to the heap 
from March through part of November beginning in year 2.  

All water movement into, out from or within the entire water balance system (characterized by 
the large green box) is represented by arrows in Figure 1. Red arrows signify ore movement 
and the associated water content that naturally occurs with it, which is considered an input to 
the water balance. Crushing is assumed to neither contribute nor take water from the ore, 
therefore it is assumed that ore water content stays constant during the crushing process. Ore 
from the stockpile is assumed to have an altered water content due to environmental exposure, 
however this will also stay constant during crushing after storage. Blue arrows represent water 
solutions that are added or removed from the system at will of the process operators, such as 
leaching solution and make-up water. Environmental contributions are highlighted using purple 
arrows, and symbolize the amount of water that is added or removed from the stockpile and 
heap due to exposure to the environment.  

Environmental contributions change seasonally, therefore a monthly time step was used in the 
water balance model to reflect the changes. For the heap leach water balance analysis, only 
average climate conditions (precipitation, evaporation and sublimation) were simulated for each 
month. The Event Ponds were not modeled as part of the water balance system as it is was 
designed only to store extreme event conditions. The Event Ponds, however, may be used as 
temporary storage for excess solution for wet months in which the heap experiences excess 
rainfall or serve as temporary storage for recycle water. 

Make-up water is assumed to be added to the crushed ore after being stacked on the heap, as 
shown in Figure 1. It is defined as the amount of water required to meet the optimal water 
content for leaching ore, as specified in the Process Design Criteria (Wardrop, 2011b). The 
make-up water is composed of two parts: recycle water and freshwater. This water balance 
determines the amount of excess water that accumulates in the heap, which is assumed to be 
entirely available for reuse. After the amount of available recycle water is found, the freshwater 
make-up can be determined to complete the water balance.  

The stockpile and the heap leach pad are the two areas of primary focus, because they are the 
areas mainly affected by the inflows and outflows of the water balance. Because stockpiling and 
stacking take place in different locations, at different rates and during different times of the year, 
the two areas must be treated as two separate parts that contribute to the entire water balance.  

3.0 Water Balance Inflows and Outflows 

Figure 1 includes a visual representation of the water balance inputs and outputs that will be 
considered for this model.  

System inflows include: 

 Ore Water – Water that naturally occurs in the mined ore.   

 Rainfall – Rainfall that is collected within each contributing area (further defined in 
Section 4.3). The watersheds are bound by the diversion channels and natural 
topography.  

 Snowmelt – Snow accumulates over the winter, but is not released into the system 
as water until it melts during the warmer months. Snowfall within the contributing 
areas (further defined in Section 4.3) is considered input into the water balance. This 
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is distributed each month as a percent of total yearly snowmelt. The snowfall and 
snowmelt distribution percentages over the year can be found in Attachment A. 

 Leaching Application Solution – The solution applied to the heap to leach the ore.  

 Make-up Water – The water that will be applied to the ore to raise the water content 
of the ore to the optimal leaching water content. It consists of a mix of recycle water 
from the heap and freshwater.  

System outflows are:  

 Evaporation (from precipitation) – Precipitation that vaporizes on the top surface area 
of the ore due to high temperatures. Evaporation varies with area and is assumed to 
only occur on the top area of the heap leach pad and stockpile.  

 Evaporation (from leaching solution) – Percent of leaching solution that vaporizes 
upon application.  

 Sublimation – Water that vaporizes from the winter snowpack, reducing snowpack 
available for snowmelt. This is estimated at 20% of the snowpack (Knight Piesold, 
2012). 

 Recovered Leachate Solution – Solution that contains minerals extracted from the 
ore after the leaching process.  

The total amount of water available after the leachate has been recovered is assumed to be 
available for recycle in the make-up water. This also assumes that ore being leached at any 
given time does not retain water from environmental contributions. Lastly, any water not 
completely used in a given month is assumed to be available for use in the following month. 
This excess water may possibly be temporarily stored in the Event Ponds or as determined by 
Victoria Gold.  
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Figure 1 Heap Leach Facility Water Balance Model Schematic  
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4.0 Water Balance Model Assumptions 

4.1 Heap Ore Properties 

The water content of the raw ore when removed from the pit, before processing is 5.0% 
(Wardrop, 2011a). All ore processed and sent to the heap leach pad during the 250 stacking 
days contributes 5.0% water content into the water balance. 

All water accumulated on the stockpile is assumed to contribute to the total water content of the 
ore stockpile. The sum of all contributing water for the entire year is divided evenly per cubic 
meter of ore, assuming an even distribution of the accumulated water.  

The water content for ideal leaching was determined to be 13.3% (Wardrop, 2011a). This 
consists of accumulated water in the heap that is available for recycle and freshwater. It is 
assumed that this makeup water will be added to the ore after all crushing and being stacked on 
the heap leach pad. The ideal leaching water content of 13.3% is assumed to occur only under 
the active leaching area. Over time, the ore water content of previously leached areas will 
eventually decrease to about 5% water content. 

The “Water Content” worksheet in Attachment B shows the calculations for the water quantities 
listed above. The ore input values are (Wardrop, 2011a): 

 As-delivered ore water content = 5.0%; 

 Optimal ore water content = 13.3%; 

 Ore bulk density = 1,800 kg/m3. 

4.2 Heap Ore Stacking and Stockpiling 

Stacking and stockpiling rates are based on an ore production rate of 29,500 tons of ore per day 
for 350 days a year, and stockpiling takes place for 100 of those days. Figure 1 reflects the 
following stacking and stockpiling information and assumptions: 

 29,500 tons/day of ore is processed through three stages of crushing and stacked on 
the heap leach pad for 250 days (March through part of November every year); 

 29,500 tons/day of ore is processed through the primary crusher and placed on the 
stockpile for 100 days (the last part of November through February every year 
beginning in November of the first year); 

 11,800 tons/day of partially crushed ore from the stockpile is sent through the 
secondary and tertiary crushers and is stacked on the heap leach pad for 250 days 
(March through part of November after the first year); 

 41,300 tons/day of fully processed (crushed) ore is placed on the heap for 250 
stacking days (March through part of November after the first year).  

For the purposes of this water balance, March 1, 2013 is assumed to be the beginning of the 
250 day stacking season in the first year. 
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4.3 Heap Leach Pad and Stockpile Design/Contributing Area 

The heap leach pad will be constructed and stacked in three phases, determined from 
preliminary stacking plans developed by Tetra Tech. It is assumed that temporary diversion 
channels will be placed upstream of each lined pad phase area. These diversion channels serve 
as a boundary to identify the contributing watershed areas. Since each area is lined, all 
precipitation that falls within that area is assumed to add to the water balance. 

The stockpile area also contributes to the water balance, and will remain constant during the life 
of the mine. All precipitation that falls within the stockpile area is assumed to add to the water 
balance. It is also assumed that all precipitation runoff from higher elevations will be diverted 
from the stockpile area.  

The contributing areas that collect precipitation for each phase of the Heap Leach Pad and 100 
day stockpile are as follows: 

 Phase 1:     410,007 square meters; 

 Phase 2:     940,920 square meters; 

 Phase 3:     1,134,970 square meters; 

 100-day Stockpile:    185,425 square meters. 

Evaporation from the heap leach pad is calculated using only the top area of the current lift, 
which changes incrementally. These top areas of the heap were estimated using the preliminary 
stacking plans. The stockpile areas were estimated using an approximate footprint and 
contributing area, and are assumed to increase evenly during the 100 days of stockpiling. 
Similarly, the stockpile area is assumed to decrease incrementally during 250 stacking days. As 
more information becomes available on the physical geometry and layout of the stockpile, the 
water balance may be adjusted.  

4.4 Climate Data Input 

Monthly climate data was provided by Knight Peisold (2012) for a site near the proposed heap 
leach facility. Averages were calculated from the entire dataset, collected between October 
2006 and June 2011. This data includes monthly values for: 

 Precipitation (rainfall and snowfall); 

 Snowmelt; and 

 Evaporation. 

Only evaporation values were included in the provided data, not pan evaporation values, 
therefore it is assumed that any pan evaporation coefficients are not necessary for the 
calculations. The climate data input can be found in Attachment A. 

4.5 Solution Application 

Solution application and solution recovery are represented using two blue line arrows as shown 
in Figure 1. Evaporation calculations from the leaching solution drip emitters is included on the 
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“Environmental Contribution Water” sheet in Attachment C. Except for this evaporation, it is 
assumed that the amount of leaching solution and recovered leachate solution are equal, 
therefore are not included in the calculations.  

5.0 Results 

Calculated monthly freshwater make-up requirements are displayed graphically in Figures 2, 3, 
and 4, representing Phases 1, 2, and 3, respectively. The numeric data can be found in 
Attachment C in the “Monthly Makeup Water Requirements” table. Each section discusses the 
results for each phase.  

5.1 Phase 1 Results 

Phase 1 (Figure 2) exhibits roughly the same pattern in freshwater demand each year. In the 
first year, the water demand appears smaller than the subsequent years due to not having a 
contributing stockpile from the previous winter. The make-up water peaks in August only during 
the first year, with another peak in March. The primary peak in year two occurs during March, 
corresponding with the month that stacking begins on the heap leach pad. Make-up water 
decreases in April of both years, when precipitation begins to contribute larger amounts to the 
water balance. By May, most of the winter snowpack has melted, resulting in a large quantity of 
water available for recycle. From June through October, water demand rises again and remains 
high, as ore stacking continues but water available for recycle decreases. November always 
experiences a smaller demand for freshwater due to stacking only occurring for half of the 
month. December through February does not exhibit any demand for water, because there is no 
stacking on the heap.  
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Figure 2     Phase 1 Freshwater Make-up Requirements 

 
 

Year 1 monthly water demand extremes are:  

 Maximum freshwater make-up requirement of 70,174 m3 occurring in August 2013; 

 Minimum freshwater make-up requirement of 32,860 m3 occurring in May 2013; 

 Yearly minimum freshwater make-up requirement of 0 m3 occurring in December 
2013. 

Phase 1 monthly water demand extremes:  

 Maximum freshwater make-up requirement of 88,748 m3 occurring in March 2014; 

 Minimum freshwater make-up requirement of 32,860 m3 in May 2013; 

 Yearly minimum freshwater make-up requirement of 0 m3 in December 2013 and 
2014, and January and February 2014 and 2015. 

5.2 Phase 2 Results 

Freshwater demand shows the same pattern year to year during Phase 2 (Figure 3). The water 
demand peaks each year in March and decreases slightly in April, similar to Phase 1. In May, 
however, freshwater demand drops to zero, due to the notably larger Phase 2 area collecting 
more precipitation in the warmer months. In most years, the water available for recycle collected 
in May and often June is greater than the water demand, resulting in extra recycle water 
available for subsequent months. From July through November, water demand rises again as 
snowmelt reduces, revealing a second yearly peak in October. December through February 
again do not exhibit any demand for water, because there is no stacking on the heap.  
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Figure 3     Phase 2 Freshwater Make-up Requirements 

 
 

Phase 2 monthly water demand extremes:  

 Maximum freshwater make-up requirement of 88,748 m3 occurring in March 2015 
through 2019; 

 Secondary peak maximum freshwater make-up requirement of 66,028 m3 occurring 
in October 2018; 

 Minimum freshwater make-up requirement of 0 m3 occurring in May 2015 through 
2018, and June 2015 through 2016; 

 Yearly minimum freshwater make-up requirement of 0 m3 occurring in December 
2015 through 2018, and January and February 2016 through 2019. 

5.3 Phase 3 Results 

Freshwater demand exhibits the same pattern again year to year during Phase 3 (Figure 4), 
with water demand peaks each year in March, followed by decreases in April. In May, 
freshwater demand drops to zero similar to Phase 2, but remains at zero through July, August 
or September. This is due to the increase of the Phase 3 area, which in turn increases 
precipitation and recycle water available. The second yearly peak occurs in October of each 
year, as it did during Phase 2. December through February again do not exhibit any demand for 
water, because there is no stacking taking place.  
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Figure 4     Phase 3 Freshwater Make-up Requirements 

 
 

Phase 3 monthly water demand extremes:  

 Maximum freshwater make-up requirement of 88,748 m3 occurring in March 2020 
and 2021; 

 Secondary peak maximum freshwater make-up requirement of 61,157 m3 occurring 
in October 2019; 

 Minimum freshwater make-up requirement of 0 m3 occurring in May through July 
2019 through 2021, and August and September 2021; 

 Yearly minimum freshwater make-up requirement of 0 m3 occurring in December 
2019 through 2020, and January and February 2020 and 2021. 
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5.4 Total Freshwater Required 

Overall, water available for reuse increases every year, resulting in a decreasing need for 
freshwater make-up. Minus the initial freshwater requirements, year 2014 requires the greatest 
amount of water, at over 676,000 cubic meters for the year. This decreases to only 243,000 
cubic meters in year 2021. Twenty-four (24) months of rinsing following operations are also 
included.  

The one month initial water requirement assumes that an initial amount of water is required to 
bring the ore from its as delivered water content (5.0%) to the optimal leaching content (13.3%) 
and that it takes approximately one month for this solution to travel through one month’s worth 
of stacked ore (29,000 tons/day for 31 days) and be available for recycle.   

Rinsing estimates assume that the same application rate (2,770 m3/hr) comprised of clean water 
from the treatment plant is applied over the heap. The rinsing makeup water estimate assumes 
that no rewetting of ore is required to bring the rinsing area up to water content of 13.3%. Thus, 
no additional fresh makeup water is required as the clean water used for rinsing will come from 
recycle water that has gone through the treatment plant.  

Table 1     Total Freshwater Volume Requirements 

Mine Phase Year 
Makeup 
Moisture 

Yearly 
Makeup 
Moisture 

Mine Phase 
Water Demand 

Summary 

(m
3
) (m

3
) (m

3
) 

1 Month Initial Water Requirement 
2013 

72,000 
585,727 

3,835,118 

10 Months Operation 513,727 

12 Months Operation 2014 676,139 676,139 

12 Months Operation 2015 386,302 386,302 

12 Months Operation 2016 403,404 403,404 

12 Months Operation 2017 456,127 456,127 

12 Months Operation 2018 466,864 466,864 

12 Months Operation 2019 323,226 323,226 

12 Months Operation 2020 294,647 294,647 

11 Months Operation 
2021 

242,682 
242,682 

1 Month Closure (Rinsing)  0 

0 12 Months Closure (Rinsing)  2022 0 0 

11 Months Closure (Rinsing)  2023 0 0 
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6.0 Conclusion 

Each phase exhibits similar trends in the demand for freshwater make-up requirements. All 
phases require the most make-up water in March of every year, when stacking on the heap 
leach pad begins and before most of the winter precipitation melts and is available for recycle. 
The maximum in March is about the same for each phase, around 89,000 cubic meters. Phase 
2 and Phase 3 both have zero minimum water requirements during the stacking season due to 
the larger areas that catch greater quantities precipitation, which in turn increase the amount of 
water available for recycle.  

Makeup water requirements are greatest in 2014, or year two of operations, calling for over 
676,000 cubic meters for the entire year. After year two, however, makeup water requirements 
generally decrease every year as water available for recycle increases. This is due to the 
excess of recycle water that accumulates in the Phase 2 and Phase 3 increasingly larger 
watersheds from rainfall and snowmelt during stacking months. By the end of Phase 3, water 
requirements are under 243,000 cubic meters for the last year, with the need for makeup water 
only spanning five to six months a year. At closure there is no additional freshwater required for 
rinsing. 
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ATTACHMENT A 
HEAP LEACH WATER BALANCE CALCULATIONS 

MODEL INPUTS  
 

 



Attachment A to the Technical Memorandum titled

Eagle Gold Heap Leach Facility Water Balance

Input Data

Ore Production Rate = 29,500 11,800 41,300 tons/day

16,389 6,556 22,944 m
3
/day

Heap Leach Pad Ore Stockpile

Heap Contributing Area (phase 1)= 410,007 185,425 m
2

assumes diversion channels in place upstream of Pad

Heap Contributing Area (phase 2)= 940,920 m2

Heap Contributing Area (phase 3)= 1,134,970 m2

Ore Bulk Density 1.8 t/m
3

Density of Water 1,000 kg/m3

Solution Application 66,480 m3/day

As-Delivered Ore Water Content 5.0%

Sublimation losses 20.0%

Optimal Water Content 13.3%

# Stockpiling days # heap days

Jan 29.75

Feb 26.75

Mar 29.75

Apr 28.75

May 29.75

Jun 28.75

Jul 29.75

Aug 29.75

Sep 28.75

Oct 29.75

Nov 13.75 15

Dec 29.75

100 250

Year Round

Mar - Oct from

stockpile

April - Oct

Total



Attachment A to the Technical Memorandum titled

Eagle Gold Heap Leach Facility Water Balance

Average Monthly Climate Data

Month Rainfall Snowfall SWE

Snowmelt

Distribution per

month Evaporation

Est. Emitter

Evaporation

(mm) (mm) (%) (mm) (%)

Jan 0.00 26.04 0.00% 0.00 0.0%

Feb 0.00 20.50 0.00% 0.00 0.0%

Mar 0.00 26.79 0.00% 0.00 0.0%

Apr 0.17 23.28 8.02% 5.65 0.0%

May 23.26 7.69 67.88% 46.88 1.0%

Jun 84.16 2.11 8.42% 77.14 1.3%

Jul 99.96 0.00 0.00% 81.34 1.2%

Aug 72.49 0.56 0.23% 61.84 1.0%

Sep 52.47 13.65 5.67% 24.71 0.6%

Oct 4.28 47.00 9.77% 1.60 0.0%
Nov 0.00 36.55 0.00% 0.00 0.0%

Dec 0.00 36.32 0.00% 0.00 0.0%

Total 336.79 240.49 299.15
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ATTACHMENT B 
HEAP LEACH WATER BALANCE CALCULATIONS 

STOCKPILE WATER AND 
ORE WATER CONTENT 

 



Attachment B to the Technical Memorandum titled

Eagle Gold Heap Leach Facility Water Balance

Stockpile Precipitation and Sublimation Calculations

Heap Leach Pad

Stockpile Contributing Area (all phases)= 185,425 m2 assumes diversion channels in place upstream of Pad

Sublimation losses 20.0%

Date Rainfall Snowfall SWE

Snowmelt

Distribution per

month Top Area

Rain on Heap

Area

Snowfall SWE

on Heap Area

Sublimation

from Snowpack

Snowfall SWE

Minus

Sublimation Snowmelt

Stockpile

Precipitation and

Sublimaiton

(mm) (mm) (%) (m2) (m3) (m3) (m3) (m3) (m3) (m3)

Jan 0.0 26.0 0.0% 108,242 0 4,828 966 3,863 0 0

Feb 0.0 20.5 0.0% 160,624 0 3,801 760 3,041 0 0

Mar 0.0 26.8 0.0% 174,392 0 4,968 994 3,974 0 0

Apr 0.2 23.3 8.0% 152,697 32 4,317 863 3,453 2,861 2,893

May 23.3 7.7 67.9% 131,003 4,313 1,426 285 1,141 24,216 28,529

Jun 84.2 2.1 8.4% 109,308 15,605 391 78 313 3,004 18,609

Jul 100.0 0.0 0.0% 87,613 18,535 0 0 0 0 18,535

Aug 72.5 0.6 0.2% 65,548 13,441 104 21 83 80 13,522

Sep 52.5 13.7 5.7% 43,853 9,729 2,531 506 2,025 2,023 11,752

Oct 4.3 47.0 9.8% 22,158 794 8,715 1,743 6,972 3,485 4,279

Nov 0.0 36.6 0.0% 18,311 0 6,777 1,355 5,422 0 0
Dec 0.0 36.3 0.0% 53,078 0 6,735 1,347 5,388 0 0

Totals 240.5 44,593 35,674 98,118

Climate Data



Attachment B to the Technical Memorandum titled

Eagle Gold Heap Leach Facility Water Balance

Stockpile Water

Mar-Oct Mar

Input Data

Ore Production Rate = 29,500 11,800 tons/day

16,389 6,556 m
3
/day

Total Stockpile Area 185,425 m2 assumes diversion channels in place upstream of Pad

As-Delivered Ore Water 0.09 m
3
/ m3 ore from Water Content Sheet

Total Stockpiling Days 100

Ore Destination Date

# days per

month

# Stockpiling

days # Heap days

Evaporation

Data

Average

Stockpile Area Ore Water

Precipitation

and

Sublimation Evaporation

Monthly

Stockpile Water

(mm) (m
2
) (m

3
) (m

3
) (m

3
) (m

3
)

Stockpile Jan 31 30 0 0.0 108,242 41,792 0 0 41,792

Stockpile Feb 28 27 0 0.0 160,624 37,577 0 0 37,577

Heap Mar 31 0 30 0.0 174,392 0 0 0 -

Heap Apr 30 0 29 5.6 152,697 0 2,893 862 2,031

Heap May 31 0 30 46.9 131,003 0 28,529 6,141 22,388

Heap Jun 30 0 29 77.1 109,308 0 18,609 8,431 10,178
Heap Jul 31 0 30 81.3 87,613 0 18,535 7,127 11,408

Heap Aug 31 0 30 61.8 65,548 0 13,522 4,053 9,468

Heap Sep 30 0 29 24.7 43,853 0 11,752 1,083 10,669

Heap Oct 31 0 30 1.6 22,158 0 4,279 36 4,243

Stockpile/Heap Nov 30 14 15 0.0 18,311 19,315 0 0 19,315

Stockpile Dec 31 30 0 0.0 53,078 41,792 0 0 41,792

Yearly Totals 100 250 210,861

Leaching (250 days) 36400



Attachment B to the Technical Memorandum titled

Eagle Gold Heap Leach Facility Water Balance

Water Content

Ore Water Content, as delivered w 5.00% Densities Stockpile Inputs
Bulk, initial γb 1800 kg/m3 Ore added to stockpile 16,389 m3/day

Optimal Water Content w 13.30% Water γw 1000 kg/m3 Total Ore 1,638,889 m3

Dry γd 1714.29 kg/m3 Total Water in Stockpile 210,861 m3

Specific Gravity** Gs 2.7 Water per m3 ore

Name Variable Amount Units Name Variable Amount Units Name Variable Amount Units

Weights* Weights Weights

Solid, per 1 m3 ore Ws 1714.29 kg Solid, per 1 m3 ore Ws 1714.29 kg Solid, per 1 m3 ore Ws 1714.29 kg

Water, per 1 m3 ore Ww 85.7143 kg Water, per 1 m3 ore Ww 228 kg Water, per 1 m3 ore Ww 128.661 kg

Volumes Volumes Volumes

Water, per 1 m3 ore Vw 0.09 m3 Water, per 1 m3 ore Vw 0.23 m3 Water, per 1 m3 ore Vw 0.13 m3

Solid, per 1 m3 ore*** Vs 0.63 m3 Solid, per 1 m3 ore Vs 0.63 m3 Solid, per 1 m3 ore Vs 0.63 m3

Air, per 1 m3 ore Va 0.28 m3 Air, per 1 m3 ore Va 0.14 m3 Air, per 1 m3 ore Va 0.24 m3

Void (Water + Air), per 1 m3 ore Vv 0.37 m3 Void (Water + Air), per 1 m3 ore Vv 0.37 m3 Void (Water + Air), per 1 m3 ore Vv 0.37 m3

Porosity n 0.37 Porosity n 0.37 Porosity n 0.37

Void Ratio e 0.575 Void Ratio e 0.575 Void Ratio e 0.575

Saturation S 23.48% Saturation S 62.45% Saturation S 35.24%

Stockpile Water Content w 7.51%

*weight of air is negligible Water Content Equations:
**using assumed value for Gs (Budhu, 2007) γd = γb / (1 + w)

***Solid volume calculated using specific gravity Ww = w * Ws
Vw = Ws / γw

Vs = Ws / (Gs * γw)

Va = 1 - Vs - Vw

V = Va + Vw + Vs = 1

Vv = Va + Vw

n = Vv / V

Ore properties provided by Wardrop (Wardrop, 2011).

The same calculations were used in Tetra Tech's In-Heap Pond, Spillway and Event Ponds Sizing Memo, December 23, 2011.

INITIAL CONDITIONS, VOLUME OF WATER IN ORE WATER VOLUME FOR OPTIMAL LEACHING STOCKPILE WATER VOLUME
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ATTACHMENT C 
HEAP LEACH WATER BALANCE CALCULATIONS 

HEAP LEACH PAD MAKE-UP WATER 
REQUIREMENTS 

 

 



Attachment C to the Technical Memorandum titled

Eagle Gold Heap Leach Facility Water Balance

Phase 1 Precipitation and Sublimation Calculations

Heap Leach Pad Phase 1

Heap Contributing Area (phase 1)= 410,007 m2 assumes diversion channels in place upstream of Pad Phase 2

Sublimation losses 20.0% Phase 3

Date Rainfall Snowfall SWE

Snowmelt

Distribution per

month

Rain on Heap

Area

Snowfall SWE

on Heap Area Sublimation

Snowfall SWE

Minus

Sublimation Snowmelt

Precipitation and

Sublimation, Phase

1

(mm) (mm) (%) (m3) (m3) (m3) (m3) (m3) (m3)

Jan 0.0 26.0 0.0% 0 10,677 2,135 8,541 0 0

Feb 0.0 20.5 0.0% 0 8,405 1,681 6,724 0 0

Mar 0.0 26.8 0.0% 0 10,984 2,197 8,787 0 0

Apr 0.2 23.3 8.0% 70 9,545 1,909 7,636 6,326 6,396

May 23.3 7.7 67.9% 9,537 3,153 631 2,522 53,545 63,082

Jun 84.2 2.1 8.4% 34,506 865 173 692 6,642 41,148

Jul 100.0 0.0 0.0% 40,984 0 0 0 0 40,984

Aug 72.5 0.6 0.2% 29,721 230 46 184 178 29,899

Sep 52.5 13.7 5.7% 21,513 5,597 1,119 4,477 4,473 25,986

Oct 4.3 47.0 9.8% 1,755 19,270 3,854 15,416 7,707 9,462

Nov 0.0 36.6 0.0% 0 14,986 2,997 11,989 0 0
Dec 0.0 36.3 0.0% 0 14,891 2,978 11,913 0 0

Yearly Totals 78,882 216,957

Climate Data



Attachment C to the Technical Memorandum titled

Eagle Gold Heap Leach Facility Water Balance

Phase 2 Precipitation and Sublimation Calculations

Heap Leach Pad Phase 1

Heap Contributing Area (phase 2)= 940,920 m2 assumes diversion channels in place upstream of Pad Phase 2

Sublimation losses 13.0% Phase 3

Date Rainfall Snowfall SWE

Snowmelt

Distribution per

month

Rain on Heap

Area

Snowfall SWE

on Heap Area Sublimation

Snowfall SWE

Minus

Sublimation Snowmelt

Precipitation and

Sublimation, Phase

2

(mm) (mm) (%) (m3) (m3) (m3) (m3) (m3) (m3)

Jan 0.0 26.0 0.0% 0 24,502 3,185 21,316 0 0

Feb 0.0 20.5 0.0% 0 19,289 2,508 16,781 0 0

Mar 0.0 26.8 0.0% 0 25,207 3,277 21,930 0 0

Apr 0.2 23.3 8.0% 160 21,905 2,848 19,057 15,789 15,949

May 23.3 7.7 67.9% 21,886 7,236 941 6,295 133,632 155,518

Jun 84.2 2.1 8.4% 79,188 1,985 258 1,727 16,576 95,764

Jul 100.0 0.0 0.0% 94,054 0 0 0 0 94,054

Aug 72.5 0.6 0.2% 68,207 527 68 458 443 68,650

Sep 52.5 13.7 5.7% 49,370 12,844 1,670 11,174 11,162 60,532

Oct 4.3 47.0 9.8% 4,027 44,223 5,749 38,474 19,234 23,261

Nov 0.0 36.6 0.0% 0 34,391 4,471 29,920 0 0
Dec 0.0 36.3 0.0% 0 34,174 4,443 29,732 0 0

Yearly Totals 196,865 513,728

Climate Data



Attachment C to the Technical Memorandum titled

Eagle Gold Heap Leach Facility Water Balance

Phase 3 Precipitation and Sublimation Calculations

Heap Leach Pad Phase 1

Heap Contributing Area (phase 3)= 1,134,970 m2 assumes diversion channels in place upstream of Pad Phase 2

Sublimation losses 13.0% Phase 3

Date Rainfall Snowfall SWE

Snowmelt

Distribution per

month

Rain on Heap

Area

Snowfall SWE

on Heap Area Sublimation

Snowfall SWE

Minus

Sublimation Snowmelt

Precipitation and

Sublimation, Phase

2

(mm) (mm) (%) (m3) (m3) (m3) (m3) (m3) (m3)

Jan 0.0 26.0 0.0% 0 29,555 3,842 25,713 0 0

Feb 0.0 20.5 0.0% 0 23,267 3,025 20,242 0 0

Mar 0.0 26.8 0.0% 0 30,406 3,953 26,453 0 0

Apr 0.2 23.3 8.0% 193 26,422 3,435 22,987 19,045 19,238

May 23.3 7.7 67.9% 26,399 8,728 1,135 7,593 161,192 187,591

Jun 84.2 2.1 8.4% 95,519 2,395 311 2,083 19,995 115,514

Jul 100.0 0.0 0.0% 113,452 0 0 0 0 113,452

Aug 72.5 0.6 0.2% 82,274 636 83 553 535 82,809

Sep 52.5 13.7 5.7% 59,552 15,492 2,014 13,478 13,464 73,016

Oct 4.3 47.0 9.8% 4,858 53,344 6,935 46,409 23,200 28,058

Nov 0.0 36.6 0.0% 0 41,483 5,393 36,090 0 0
Dec 0.0 36.3 0.0% 0 41,222 5,359 35,863 0 0

Yearly Totals 237,466 619,677

Climate Data
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Eagle Gold Heap Leach Facility Water Balance

Environmental Contribution Water

Phase 1

Phase 2

Solution Application 66,480 m
3
/day Phase 3

Date # days per month Top Area Evaporation Data

Est. Emitter

Evaporation

Precipitation and

Sublimation

Evaporation from

Precipitation

Solution Application

Drip Emitter

Evaporation

Monthly

Environmental

Contribution Water

(m2) (mm) (%) (m3) (m3) (m3) (m3)

Mar-13 31 53,597 0.0 0.0% 0 0 0 0

Apr-13 30 87,616 5.6 0.0% 6,396 495 0 5,901

May-13 31 127,130 46.9 1.0% 63,082 5,959 20,609 36,514

Jun-13 30 127,130 77.1 1.3% 41,148 9,806 25,927 5,415

Jul-13 31 163,164 81.3 1.2% 40,984 13,272 24,731 2,981

Aug-13 31 163,164 61.8 1.0% 29,899 10,090 20,609 -800

Sep-13 30 161,291 24.7 0.6% 25,986 3,985 11,966 10,034

Oct-13 31 161,291 1.6 0.0% 9,462 258 0 9,203
Nov-13 30 160,047 0.0 0.0% 0 0 0 0

Dec-13 31 160,047 0.0 0.0% 0 0 0 0

Jan-14 31 160,047 0.0 0.0% 0 0 0 0

Feb-14 28 160,047 0.0 0.0% 0 0 0 0

Mar-14 31 160,047 0.0 0.0% 0 0 0 0

Apr-14 30 157,319 5.6 0.0% 6,396 888 0 5,508

May-14 31 157,319 46.9 1.0% 63,082 7,374 20,609 35,099

Jun-14 30 140,759 77.1 1.3% 41,148 10,857 25,927 4,363

Jul-14 31 140,759 81.3 1.2% 40,984 11,450 24,731 4,804

Aug-14 31 146,193 61.8 1.0% 29,899 9,041 20,609 250

Sep-14 30 146,193 24.7 0.6% 25,986 3,612 11,966 10,407

Oct-14 31 155,955 1.6 0.0% 9,462 250 0 9,212

Nov-14 30 155,955 0.0 0.0% 0 0 0 0

Dec-14 31 155,955 0.0 0.0% 0 0 0 0

Jan-15 31 155,955 0.0 0.0% 0 0 0 0

Feb-15 28 155,955 0.0 0.0% 0 0 0 0

Mar-15 31 161,644 0.0 0.0% 0 0 0 0

Apr-15 30 161,644 5.6 0.0% 15,949 912 0 15,036

May-15 31 163,991 46.9 1.0% 155,518 7,687 20,609 127,222

Jun-15 30 163,991 77.1 1.3% 95,764 12,649 25,927 57,187

Jul-15 31 163,991 81.3 1.2% 94,054 13,340 24,731 55,984

Aug-15 31 179,184 61.8 1.0% 68,650 11,081 20,609 36,961

Sep-15 30 179,184 24.7 0.6% 60,532 4,427 11,966 44,139

Oct-15 31 193,864 1.6 0.0% 23,261 311 0 22,950

Nov-15 30 193,864 0.0 0.0% 0 0 0 0

Dec-15 31 193,864 0.0 0.0% 0 0 0 0

Jan-16 31 193,864 0.0 0.0% 0 0 0 0

Feb-16 29 193,864 0.0 0.0% 0 0 0 0

Mar-16 31 193,864 0.0 0.0% 0 0 0 0

Apr-16 30 211,800 5.6 0.0% 15,949 1,196 0 14,753

May-16 31 211,800 46.9 1.0% 155,518 9,928 20,609 124,981

Jun-16 30 211,800 77.1 1.3% 95,764 16,337 25,927 53,500

Jul-16 31 236,072 81.3 1.2% 94,054 19,203 24,731 50,121

Aug-16 31 236,072 61.8 1.0% 68,650 14,599 20,609 33,443

Sep-16 30 236,072 24.7 0.6% 60,532 5,833 11,966 42,733

Oct-16 31 258,226 1.6 0.0% 23,261 414 0 22,847

Nov-16 30 258,226 0.0 0.0% 0 0 0 0

Dec-16 31 258,226 0.0 0.0% 0 0 0 0

Jan-17 31 258,226 0.0 0.0% 0 0 0 0

Feb-17 28 258,226 0.0 0.0% 0 0 0 0

Mar-17 31 258,226 0.0 0.0% 0 0 0 0

Apr-17 30 258,226 5.6 0.0% 15,949 1,458 0 14,491

May-17 31 282,871 46.9 1.0% 155,518 13,260 20,609 121,650

Jun-17 30 282,871 77.1 1.3% 95,764 21,819 25,927 48,017

Jul-17 31 282,871 81.3 1.2% 94,054 23,010 24,731 46,314

Aug-17 31 315,199 61.8 1.0% 68,650 19,492 20,609 28,550

Sep-17 30 315,199 24.7 0.6% 60,532 7,788 11,966 40,778

Oct-17 31 315,199 1.6 0.0% 23,261 505 0 22,756

Nov-17 30 315,199 0.0 0.0% 0 0 0 0

Dec-17 31 315,199 0.0 0.0% 0 0 0 0

Jan-18 31 315,199 0.0 0.0% 0 0 0 0

Feb-18 28 315,199 0.0 0.0% 0 0 0 0

Mar-18 31 315,199 0.0 0.0% 0 0 0 0

Apr-18 30 335,503 5.6 0.0% 15,949 1,894 0 14,055

May-18 31 335,503 46.9 1.0% 155,518 15,727 20,609 119,182

Jun-18 30 335,503 77.1 1.3% 95,764 25,879 25,927 43,958

Jul-18 31 335,503 81.3 1.2% 94,054 27,291 24,731 42,033

Aug-18 31 337,429 61.8 1.0% 68,650 20,867 20,609 27,175

Sep-18 30 337,429 24.7 0.6% 60,532 8,337 11,966 40,229

Oct-18 31 337,429 1.6 0.0% 23,261 541 0 22,720

Nov-18 30 337,429 0.0 0.0% 0 0 0 0

Dec-18 31 337,429 0.0 0.0% 0 0 0 0

Jan-19 31 337,429 0.0 0.0% 0 0 0 0

Feb-19 28 337,429 0.0 0.0% 0 0 0 0

Mar-19 31 337,429 0.0 0.0% 0 0 0 0

Apr-19 30 320,368 5.6 0.0% 19,238 1,808 0 17,429

May-19 31 320,368 46.9 1.0% 187,591 15,017 20,609 151,965

Jun-19 30 320,368 77.1 1.3% 115,514 24,712 25,927 64,875

Jul-19 31 320,368 81.3 1.2% 113,452 26,060 24,731 62,661

Aug-19 31 291,352 61.8 1.0% 82,809 18,017 20,609 44,182

Sep-19 30 291,352 24.7 0.6% 73,016 7,198 11,966 53,851

Oct-19 31 291,352 1.6 0.0% 28,058 467 0 27,591

Nov-19 30 258,618 0.0 0.0% 0 0 0 0

Dec-19 31 258,618 0.0 0.0% 0 0 0 0

Jan-20 31 258,618 0.0 0.0% 0 0 0 0

Feb-20 29 258,618 0.0 0.0% 0 0 0 0

Mar-20 31 258,618 0.0 0.0% 0 0 0 0

Apr-20 30 258,618 5.6 0.0% 19,238 1,460 0 17,778

May-20 31 225,308 46.9 1.0% 187,591 10,561 20,609 156,421

Jun-20 30 225,308 77.1 1.3% 115,514 17,379 25,927 72,207

Jul-20 31 225,308 81.3 1.2% 113,452 18,327 24,731 70,394

Aug-20 31 193,152 61.8 1.0% 82,809 11,944 20,609 50,255

Sep-20 30 193,152 24.7 0.6% 73,016 4,772 11,966 56,278

Oct-20 31 159,887 1.6 0.0% 28,058 256 0 27,802

Nov-20 30 159,887 0.0 0.0% 0 0 0 0

Dec-20 31 159,887 0.0 0.0% 0 0 0 0

Jan-21 31 159,887 0.0 0.0% 0 0 0 0

Feb-21 28 159,887 0.0 0.0% 0 0 0 0

Mar-21 31 125,841 0.0 0.0% 0 0 0 0

Apr-21 30 125,841 5.6 0.0% 19,238 710 0 18,527

May-21 31 102,182 46.9 1.0% 187,591 4,790 20,609 162,192

Jun-21 30 71,381 77.1 1.3% 115,514 5,506 25,927 84,080

Jul-21 31 10,201 81.3 1.2% 113,452 830 24,731 87,891

Aug-21 31 10,201 61.8 1.0% 82,809 631 20,609 61,569

Sep-21 30 10,201 24.7 0.6% 73,016 252 11,966 60,798

Oct-21 31 10,201 1.6 0.0% 28,058 16 0 28,042

Nov-21 30 10,201 0.0 0.0% 0 0 0 0
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Eagle Gold Heap Leach Facility Water Balance

Monthly Summary and Makeup Water Requirements

Year Round -

Crusher 1 From Stockpile

Ore Production Rate = 29,500 11,800 41,300 tons/day

16,389 6,556 22,944 m3/day

Solution Application 66,480 m3/day

Solution Recovery 0 m3/day

As-Delivered Ore Water from Pit 0.09 m3/ m3 ore from Water Content Sheet Phase 1

Optimal Operating Water 0.23 m3/ m3 ore from Water Content Sheet Phase 2

As-Delivered Ore Water from Stockpile 0.13 m3/ m3 ore from Water Content Sheet Phase 3

Date

# days per

month # Heap Days

Ore Water from

Pit

Ore Water from

Stockpile

Optimal

Operating Water

Water Needed to

Reach 13.3% WC

Environmental

Contribution

Water

Monthly Water

Summary

Makeup Water

Required

(m3) (m3) (m3) (m3) (m3) (m3) (m3)

Mar-13 31 30 41,792 111,166 (69,374) 0 (69,374) 69,374
Apr-13 30 29 40,387 107,429 (67,042) 5,901 (61,141) 61,141

May-13 31 30 41,792 111,166 (69,374) 36,514 (32,860) 32,860

Jun-13 30 29 40,387 107,429 (67,042) 5,415 (61,628) 61,628

Jul-13 31 30 41,792 111,166 (69,374) 2,981 (66,393) 66,393

Aug-13 31 30 41,792 111,166 (69,374) -800 (70,174) 70,174

Sep-13 30 29 40,387 107,429 (67,042) 10,034 (57,008) 57,008

Oct-13 31 30 41,792 111,166 (69,374) 9,203 (60,171) 60,171

Nov-13 30 15 21,071 56,050 (34,979) 0 (34,979) 34,979

Dec-13 31 0 0 0 0 0 0 0

Jan-14 31 0 0 0 0 0 0 0

Feb-14 28 0 0 0 0 0 0 0

Mar-14 31 30 41,792 25,092 155,632 (88,748) 0 (88,748) 88,748

Apr-14 30 29 40,387 24,249 150,401 (85,765) 5,508 (80,257) 80,257

May-14 31 30 41,792 25,092 155,632 (88,748) 35,099 (53,649) 53,649

Jun-14 30 29 40,387 24,249 150,401 (85,765) 4,363 (81,401) 81,401

Jul-14 31 30 41,792 25,092 155,632 (88,748) 4,804 (83,944) 83,944

Aug-14 31 30 41,792 25,092 155,632 (88,748) 250 (88,498) 88,498

Sep-14 30 29 40,387 24,249 150,401 (85,765) 10,407 (75,358) 75,358

Oct-14 31 30 41,792 25,092 155,632 (88,748) 9,212 (79,536) 79,536

Nov-14 30 15 21,071 12,652 78,470 (44,747) 0 (44,747) 44,747

Dec-14 31 0 0 0 0 0 0 0 0

Jan-15 31 0 0 0 0 0 0 0 0

Feb-15 28 0 0 0 0 0 0 0 0

Mar-15 31 30 41,792 25,092 155,632 (88,748) 0 (88,748) 88,748

Apr-15 30 29 40,387 24,249 150,401 (85,765) 15,036 (70,729) 70,729

May-15 31 30 41,792 25,092 155,632 (88,748) 127,222 38,474 0

Jun-15 30 29 40,387 24,249 150,401 (85,765) 57,187 (28,578) 0

Jul-15 31 30 41,792 25,092 155,632 (88,748) 55,984 (32,764) 22,868

Aug-15 31 30 41,792 25,092 155,632 (88,748) 36,961 (51,787) 51,787

Sep-15 30 29 40,387 24,249 150,401 (85,765) 44,139 (41,626) 41,626

Oct-15 31 30 41,792 25,092 155,632 (88,748) 22,950 (65,798) 65,798

Nov-15 30 15 21,071 12,652 78,470 (44,747) 0 (44,747) 44,747

Dec-15 31 0 0 0 0 0 0 0 0

Jan-16 31 0 0 0 0 0 0 0 0

Feb-16 29 0 0 0 0 0 0 0 0

Mar-16 31 30 41,792 25,092 155,632 (88,748) 0 (88,748) 88,748

Apr-16 30 29 40,387 24,249 150,401 (85,765) 14,753 (71,012) 71,012

May-16 31 30 41,792 25,092 155,632 (88,748) 124,981 36,233 0

Jun-16 30 29 40,387 24,249 150,401 (85,765) 53,500 (32,265) 0

Jul-16 31 30 41,792 25,092 155,632 (88,748) 50,121 (38,627) 34,660

Aug-16 31 30 41,792 25,092 155,632 (88,748) 33,443 (55,305) 55,305

Sep-16 30 29 40,387 24,249 150,401 (85,765) 42,733 (43,032) 43,032

Oct-16 31 30 41,792 25,092 155,632 (88,748) 22,847 (65,901) 65,901

Nov-16 30 15 21,071 12,652 78,470 (44,747) 0 (44,747) 44,747

Dec-16 31 0 0 0 0 0 0 0 0

Jan-17 31 0 0 0 0 0 0 0 0

Feb-17 28 0 0 0 0 0 0 0 0

Mar-17 31 30 41,792 25,092 155,632 (88,748) 0 (88,748) 88,748

Apr-17 30 29 40,387 24,249 150,401 (85,765) 14,491 (71,274) 71,274

May-17 31 30 41,792 25,092 155,632 (88,748) 121,650 32,901 0

Jun-17 30 29 40,387 24,249 150,401 (85,765) 48,017 (37,747) 37,747

Jul-17 31 30 41,792 25,092 155,632 (88,748) 46,314 (42,434) 42,434

Aug-17 31 30 41,792 25,092 155,632 (88,748) 28,550 (60,198) 60,198

Sep-17 30 29 40,387 24,249 150,401 (85,765) 40,778 (44,987) 44,987

Oct-17 31 30 41,792 25,092 155,632 (88,748) 22,756 (65,992) 65,992

Nov-17 30 15 21,071 12,652 78,470 (44,747) 0 (44,747) 44,747

Dec-17 31 0 0 0 0 0 0 0 0

Jan-18 31 0 0 0 0 0 0 0 0

Feb-18 28 0 0 0 0 0 0 0 0

Mar-18 31 30 41,792 25,092 155,632 (88,748) 0 (88,748) 88,748

Apr-18 30 29 40,387 24,249 150,401 (85,765) 14,055 (71,710) 71,710

May-18 31 30 41,792 25,092 155,632 (88,748) 119,182 30,434 0

Jun-18 30 29 40,387 24,249 150,401 (85,765) 43,958 (41,807) 41,807

Jul-18 31 30 41,792 25,092 155,632 (88,748) 42,033 (46,715) 46,715

Aug-18 31 30 41,792 25,092 155,632 (88,748) 27,175 (61,573) 61,573

Sep-18 30 29 40,387 24,249 150,401 (85,765) 40,229 (45,536) 45,536

Oct-18 31 30 41,792 25,092 155,632 (88,748) 22,720 (66,028) 66,028

Nov-18 30 15 21,071 12,652 78,470 (44,747) 0 (44,747) 44,747

Dec-18 31 0 0 0 0 0 0 0 0

Jan-19 31 0 0 0 0 0 0 0 0

Feb-19 28 0 0 0 0 0 0 0 0

Mar-19 31 30 41,792 25,092 155,632 (88,748) 0 (88,748) 88,748

Apr-19 30 29 40,387 24,249 150,401 (85,765) 17,429 (68,336) 68,336

May-19 31 30 41,792 25,092 155,632 (88,748) 151,965 63,217 0

Jun-19 30 29 40,387 24,249 150,401 (85,765) 64,875 (20,890) 0

Jul-19 31 30 41,792 25,092 155,632 (88,748) 62,661 (26,087) 0

Aug-19 31 30 41,792 25,092 155,632 (88,748) 44,182 (44,566) 28,325

Sep-19 30 29 40,387 24,249 150,401 (85,765) 53,851 (31,913) 31,913

Oct-19 31 30 41,792 25,092 155,632 (88,748) 27,591 (61,157) 61,157

Nov-19 30 15 21,071 12,652 78,470 (44,747) 0 (44,747) 44,747

Dec-19 31 0 0 0 0 0 0 0 0

Jan-20 31 0 0 0 0 0 0 0 0

Feb-20 29 0 0 0 0 0 0 0 0

Mar-20 31 30 41,792 25,092 155,632 (88,748) 0 (88,748) 88,748

Apr-20 30 29 40,387 24,249 150,401 (85,765) 17,778 (67,987) 67,987

May-20 31 30 41,792 25,092 155,632 (88,748) 156,421 67,673 0

Jun-20 30 29 40,387 24,249 150,401 (85,765) 72,207 (13,558) 0

Jul-20 31 30 41,792 25,092 155,632 (88,748) 70,394 (18,354) 0

Aug-20 31 30 41,792 25,092 155,632 (88,748) 50,255 (38,493) 2,732

Sep-20 30 29 40,387 24,249 150,401 (85,765) 56,278 (29,487) 29,487

Oct-20 31 30 41,792 25,092 155,632 (88,748) 27,802 (60,946) 60,946

Nov-20 30 15 21,071 12,652 78,470 (44,747) 0 (44,747) 44,747

Dec-20 31 0 0 0 0 0 0 0 0

Jan-21 31 0 0 0 0 0 0 0 0

Feb-21 28 0 0 0 0 0 0 0 0

Mar-21 31 30 41,792 25,092 155,632 (88,748) 0 (88,748) 88,748

Apr-21 30 29 40,387 24,249 150,401 (85,765) 18,527 (67,238) 67,238

May-21 31 30 41,792 25,092 155,632 (88,748) 162,192 73,444 0

Jun-21 30 29 40,387 24,249 150,401 (85,765) 84,080 (1,684) 0

Jul-21 31 30 41,792 25,092 155,632 (88,748) 87,891 (857) 0

Aug-21 31 30 41,792 25,092 155,632 (88,748) 61,569 (27,179) 0

Sep-21 30 29 40,387 24,249 150,401 (85,765) 60,798 (24,967) 0

Oct-21 31 30 41,792 25,092 155,632 (88,748) 28,042 (60,706) 41,949

Nov-21 30 15 21,071 12,652 78,470 (44,747) 0 (44,747) 44,747
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1.0 Introduction 

This technical memorandum explains the methodology and assumptions used in sizing the In-
Heap Pond and Event Ponds associated with the Eagle Gold Heap Leach Facility (HLF). The In-
Heap Pond is the storage volume created within the pore space of the ore, directly upstream of 
the Confining Embankment (Embankment). The In-Heap Pond will store solution within the pore 
space of the ore to facilitate maximum recovery of solution and allow for leaching operations 
during the winters’ freezing temperatures. The Event Ponds, which consist of two (2) adjacent 
ponds located down gradient of the Heap Leach Facility and Embankment, will store solution 
and/or storm event runoff in excess of the capacity of the In-Heap Pond. The capacity of the In-
Heap Pond is a function of the height of the Embankment and the porosity of the ore. Incoming 
flows in excess of the In-Heap Pond capacity will spill over the Embankment into the Event 
Ponds via the Heap Leach Facility Spillway (Spillway). Accordingly, this memorandum will 
determine the necessary height and volume requirements of the Confining Embankment, the 
design dimensions of the Spillway, and the volume requirements of the Event Ponds.  

The construction timing and phasing of HLF will ultimately have an effect on the contributing 
areas and precipitation volumes reporting to the In-Heap Pond. As the Eagle Gold Project 
advances and more detailed phasing information becomes available, the HLF design can be 
optimized. The design as presented is based on the current information/design criteria available 
at the time and may be subject to change as the information/design criteria is updated. 

The In-Heap Pond and the Event Ponds were sized to provide storage for leaching solution and 
selected precipitation events. Sizing the In-Heap Pond assumed that all precipitation that falls 
upstream of the Embankment and downstream of the Phase 1 temporary diversion channels 
contributes to the In-Heap Pond. The Phase 1 configuration of the HLF was selected as the 
critical scenario as it will experience the largest lined area with the smallest amount of ore on 
the pad (largest runoff potential). As the pad increases to Phases 2 and 3, the entire pad will 
become hydraulically connected by the liner, however, this will not have significant effects on 
the In-Heap Pond volume. The contributing areas of Phases 2 and 3 will have minimal effects 
on the In-Heap Pond storage volume because the ore height will increase as well, this will 
significantly attenuate the infiltration of precipitation events.   
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2.0 In-Heap Pond Volume Requirements 

The In-Heap Pond volume requirements were determined assuming a combination of events 
were to occur simultaneously. This approach was taken to ensure adequate storage volume 
under the worst of conditions. Thus, the In-Heap Pond will provide containment storage for the 
following summation of events: 

 Minimum Operational Volume – the minimum operational volume is the minimum 
amount of solution required in the pond to supply the gold recovery plant for 48 hours 
at a nominal rate of 2,770 m3/hr. Thus, the minimum operational volume required for 
the In-Heap Pond is 132,960 m3. 

 Snowmelt Runoff Volume – the snowmelt runoff volume is the volume required for 
snowmelt runoff. The estimated maximum average snowpack depth is 164 mm 
(Wardrop, 2011a) which is assumed to contribute uniformly over the Phase 1 
contributing area of 399,200 m3. Thus, the snowmelt volume reporting to the In-Heap 
Pond is 65,469 m3 which assumes direct runoff (no initial losses).  

 Heap Draindown Volume – in the event of a power loss (pumps stop operating), 
pump malfunction, or pump maintenance, the pond must be able to accommodate 
the draindown from the Heap. For conservatism, the largest possible draindown rate 
over a 72-hour period was used. The largest possible draindown volume is the 
nominal application rate of 2,770 m3/hr (Wardrop, 2012) multiplied by 72 hours which 
equates to 199,440 m3. It is assumed that the mine will be able to restore/repair or 
supply backup pumps within the 72 hours to prevent larger draindown volumes from 
accumulating. Should larger draindown volumes accumulate, they can be conveyed 
into the Events Ponds via the Spillway.  

 Freeboard – 1.0 m of freeboard below the ultimate Embankment crest is required. 
The 1.0 m of freeboard is added above the corresponding stage-storage volume that 
provides the required total volume. 

The summation of the In-Heap Pond volume requirements are summarized in Table 1 below. 
The In-Heap Pond must provide 397,869 m3 of solution storage capacity, excluding freeboard. 

Table 1. In-Heap Pond Volume Requirements Summary 

Volume Requirement Volume (m3) 

Minimum Operational Volume 132,960 

Snowmelt Runoff Volume 65,469 

Heap Draindown Volume 199,440 

Total  397,869 

 
The solution storage capacity of the In-Heap Pond excludes the runoff volume generated from 
the 100-year, 24-hour rainfall event. If the 100-year, 24-hour rainfall event were to occur 
simultaneously with the events described above, flows would be routed to the Event Ponds 
through the Spillway. If the 100-year, 24-hour rainfall event were to occur under normal 
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conditions (not simultaneously with the events described), the runoff can be stored in the In-
Heap Pond.  

3.0 Confining Embankment Height 

In order to determine the required ultimate Embankment height, a gross stage-storage curve 
based on the proposed Embankment and Heap Leach Pad grading was created. The actual net 
capacity (storage volume within the ore pore space) of the In-Heap Pond was determined by 
multiplying the gross storage volume by the ore storage solution factor of 0.1371 (0.1371 m3 of 
solution/m3 of ore). This factor was determined by assuming an initial ore moisture content of 
5.0%, an ore bulk density of 1.8 tons/m3, an ore specific gravity of 2.7, and an ore leaching 
moisture content of 13.3% (Wardrop, 2011b). Detailed calculations for derivation of the solution 
storage factor can be found in Attachment A.  

The total required In-Heap Pond volume (397,869 m3) was compared to the net stage-storage 
curve to obtain a corresponding elevation that will provide the necessary storage volume. Based 
on the net stage-storage curve for the In-Heap Pond, an elevation of 887 m (rounded to the next 
highest meter) will provide the required volume with an estimated net capacity of 414,652 m3. 
To account for uncertainty in snowpack depth and snowmelt estimates, elevation 889 m was 
selected because it will provide an additional factor of safety to account for possible decreases 
in storage capacity. Decreases in storage capacity may also occur as a result of consolidation 
due to the loads from stacking as well as migration of fine particles into the pore space of the In-
Heap Pond (i.e., agglomeration effects). However, these effects were not quantified for this level 
of design. 

The final Embankment crest elevation will be at 891 m (2 m above the required elevation). The 
overflow spillway invert will be at elevation 889 m. The Spillway will be sized to allow up to 0.5 
m of hydraulic head, allowing for 0.5 m of freeboard with respect to the crest of the 
Embankment. The ultimate storage capacity of the In-Heap Pond up to the final Embankment 
crest elevation (891 m) is estimated at 507,184 m3. The In-Heap net stage-storage curve is 
presented in Figure 1 below (stage-storage calculations can be found in Attachment A). At its 
maximum, (downstream side of the embankment) the Embankment will have a height of 
approximately 63 m. 
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Figure 1.  In-Heap Pond Stage-Storage – Net Volume 

 

4.0 In-Heap Pond Spillway 

The In-Heap Pond Spillway was designed in accordance with the Canadian Dam Association 
(CDA) guidelines for a “Very High” consequence dam. According to the CDA (2007) guidelines     
a dam classification of Very High suggests a design flood of 2/3 between the 1,000 year event 
and the Probable Maximum Flood (PMF). At this stage of the project, the 1,000 year rainfall 
event has not been firmly established for the site, thus, the design capacity for the spillway was 
increased to the full PMF. The PMF rainfall event for the Project site has been established by 
Knight Piesold (2011). According to the CDA, the PMF corresponds to an “Extreme” dam 
classification. As a result, the spillway capacity is conservatively estimated. Once the 1,000 year 
rainfall event has been established the spillway can be reduced to its required capacity.  

The Spillway was sized to accommodate the PMF although the Event Ponds can only receive 
runoff volumes up to the 100 year, 24-hour event. The spillway’s larger capacity was selected in 
order to eliminate the possibility of the Embankment being overtopped. Overtopping of the 
Embankment could compromise its stability resulting in Embankment failure. Failure of the 
Embankment would be an even more catastrophic event as it would result in a much larger 
volume of solution to be released. A higher capacity spillway will ensure that any flows in excess 
of the In-Heap Pond capacity can be routed downstream.  

A worst case scenario was developed for calculating the largest peak flow to be experienced by 
the spillway. The scenario assumed that Phase 1 of the pad is constructed, Phases 2 and 3 are 
being cleared and grubbed for construction, and the pad is loaded with ore to elevation 889 m 
(roughly at the spillway invert - below the Embankment crest). The scenario also assumed that 
the ore is loaded to this elevation, and is completely saturated when the PMF occurs. The HLF 
temporary diversion channels (sized for the 100-year, 24-hour event) were assumed to have 

In-Heap Pond Storage Capacity – 459,349 m3 
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failed resulting in the entire upstream watershed contributing to the peak flow. Details of the 
hydrology calculations performed for sizing the Spillway are provided in the following sections. 

4.1 Hydrology Methodology Overview 

According to Knight Piesold (2011) the PMF can be modeled using a National Resource 
Conservation Service (NRCS) Type I curve with a 24-hour duration. Thus, the NRCS Method 
was selected to perform hydrologic calculations. The NRCS method described herein is based 
on two (2) components, the NRCS curve number approach (to determine initial losses and 
excess precipitation) and the unit hydrograph method (to derive the hydrograph resulting from 
excess rainfall).   

The NRCS method was performed using the U.S. Army Corps of Engineer’s Hydrologic 
Modeling System (HEC-HMS). HEC-HMS is a hydrologic modeling software package developed 
for general applications. HEC-HMS allows for the analysis of complex/integrated systems; i.e., 
multiple sub-basins, reservoir and channel routing, etc. Embedded in HEC-HMS are the NRCS 
method and unit hydrograph method.  

4.2 Rainfall Distribution 

The NRCS has developed synthetic hyetographs for the geographic U.S. for 24-hour storm 
events, called “type curves”. The U.S. is divided into four (4) regions where specific “type 
curves” can be applied depending on the geographic location and on precipitation patterns. 
Since the project site is beyond the geographic borders of the U.S., the use of “type curves” in 
the Yukon Territory assumes that similar storm distribution patterns are prevalent at the project 
site. According to Knight Piesold (2011), a Type I curve is appropriate for the project site and 
can be used to model the PMF. A Type I storm is described as the Pacific maritime climate with 
wet winters and dry summers. According to Knight Peisold (2011), a PMF occurring from June 
to September was estimated to generate 256 mm of rainfall over a 24-hour period. 

4.3 Rainfall Losses – Curve Number 

The NRCS has developed a widely used curve number procedure for estimating runoff from 
storm events. The NRCS method incorporates this curve number procedure. 

Rainfall initial losses depend primarily on soil characteristics and on land use (surface cover). 
The NRCS method uses a combination of soil conditions and land use to assign runoff factors 
(known as runoff curve numbers). Curve Numbers (CN) represent the runoff potential of a soil 
type (i.e., the higher the CN, the higher the runoff potential). 

For practical purposes and due to the high likelihood of extreme rainfall events occurring during 
snowmelt, it was assumed that snowmelt has saturated the soil resulting in Antecedent Moisture 
Condition (AMC) III. AMC III increases the CN assuming a saturated soil condition. The worst 
case conditions were assumed in selecting the CN. It was assumed that the entire Heap Leach 
Pad has been cleared and grubbed (prior to construction of the pad) and the storm occurs. A 
CN of 86 was chosen to model this scenario, it corresponds with a hydrologic soil group of B 
and characterized as a “newly graded area” with no vegetation (Mays, 2005). Applying AMC III 
results in a CN of 93 which was used as input into the HEC-HMS model.   
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4.4 Rainfall Run-off Volume 

The NRCS method determines rainfall runoff volume using the following relationship: 

SP

SP
Q

8.0

)2.0( 2




  

Where: 

Q = the accumulated runoff volume in millimeters (mm); 

P = the accumulated precipitation in millimeters (mm); 

S = the maximum soil water retention parameter ( 10
1000


CN

S ) in 

millimeters (mm); and 

CN = the curve number. 

The calculated PMF runoff volume for the watershed upstream of the Heap Embankment was 
estimated to be 302,000 m3 (see Attachment B).   

4.5 Time of Concentration / Lag Time 

The time of concentration (Tc) used for the NRCS method was determined using an average of 
the Tc’s as recommended by Coulson (1991). Two methods for calculating Tc were taken from 
the Manual of Operational Hydrology in British Columbia; one (1), the Hathaway formula, which 
a function of basin slope, roughness and stream length; and two (2), the Tc based on the area 
and steepness of the basin taken from a chart. The calculated Tc’s were then converted to lag 
time which is defined by the NRCS method as 0.6*Tc. The average Tc value calculated was 33.6 
minutes. This was used as input into the HEC-HMS model. 

4.6 Spillway Peak Flow 

The calculated peak flow for the PMF using HEC-HMS and the methods mentioned above is 
estimated to be 26.7 m3/s. The summary of hydrology calculations can be found in Attachment 
B. 

5.0 In-Heap Pond Spillway Hydraulics 

Using the PMF peak flow calculated in the previous section, the flow capacity of the Spillway 
was estimated using two methods; the weir equation and Manning’s equation for open channel 
flow.  

5.1 Weir Equation 

The spillway inlet capacity can be estimated using a weir equation as taken from Mays (2005) 
which is defined as: 
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2/3CLHQ   

Where: 

Q =  the channel flow rate, in cubic meters per second (m3/s); 

C =  the discharge coefficient (a conservative value of 3.0 was used); 

L =  the effective length of the crest, in meters (m); and 

H =  the head water on the crest, in meters (m). 

Using a peak flow of 26.7 m3/s, the selected dimensions to meet the required flows were a 
length of 5 m and a head water of 1.5 m. A spillway with a 2 m depth will allow a freeboard of 
0.5 m. 

5.2 Manning’s Equation 

The capacity of the shallowest sloping portion (inlet and outlet) of the Spillway was also 
estimated using Manning’s Equation taken from Mays (2005): 

2/13/21
SAR

n
Q   

Where: 

Q =  the channel flow rate, in cubic meters per second (m3/s); 

A =  the cross sectional area of flow, in square meters (m2); 

R =  the hydraulic radius of flow, in meters (m); 

S =  the longitudinal slope of the flow path for the channel, in millimeters over 
millimeters (m/m); and 

n = Manning’s roughness coefficient for the channel, (unitless). 

Using the minimum slope on the spillway profile (0.5%), a roughness coefficient of 0.013 
(concrete) and the rectangular dimensions calculated in Section 5.3, Manning’s equation gives a 
flow depth of 1.15 m. This gives 0.85 m of freeboard in the Spillway. 

5.3 Spillway Dimensions 

Based on Spillway hydraulic calculations, the weir equation governs the Spillway dimensions. 
Thus, the Spillway will be rectangular with a width of 5.0 m and a depth of 2.0 m. The spillway 
will have an invert of 889 m. This configuration allows a 0.5 m of freeboard from the maximum 
anticipated water surface elevation to the crest of the Embankment.  
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6.0 Event Ponds Volume Requirements 

The capacity of the Event Ponds are dependent on the events retained in the In-Heap Pond as 
described in section 2.0. The Event Ponds serve as an overflow containment area that provides 
additional storage in case the In-Heap Pond capacity is exceeded, or may also serve as a 
temporary storage area during ”wet” months when excess recycle water is available from 
leaching operations as determined in the heap leach facility water balance (Tetra Tech, 2012). 
The Event Ponds are sized to provide containment storage for the following: 

 100-year, 24-hour Rainfall – the Event Ponds will provide storage for the 100-year, 
24-hour rainfall event. The 100-year, 24-hour rainfall event rainfall depth was 
estimated to be 103.2 mm (Knight Piesold, 2011) which is assumed to contribute 
entirely over the maximum contributing area (Phases 1, 2 and 3) of 1,281,000 m3. 
Thus, the rainfall volume reporting to the Event Ponds is 132,200 m3 which assumes 
direct runoff (i.e. no losses).   

 Freeboard – 1.0 m of freeboard below the crest of the pond is required. 

The Event Ponds must provide 132,200 m3 of solution storage excluding freeboard. The 
configuration of the Event Ponds have a combined operational storage capacity of 
approximately 182,846 m3 excluding freeboard. Event Pond 1 (closest to the Embankment) has 
a storage capacity of 92,153 m3 and Event Pond 2 (farthest from the Embankment) has a 
storage capacity of 90,693 m3. The combined ultimate storage capacity of the Event Ponds 
including 1.0 m of freeboard is 216,713 m3. The stage-storage functions for both ponds are 
provided below (stage-storage calculations can be found in Attachment A).  

7.0 Summary 

The In-Heap Pond will provide a storage capacity of 459,349 m3 at elevation 889m which also 
corresponds to the Spillway invert. The ultimate Confining Embankment crest elevation is 891m 
which corresponds to the ultimate storage capacity of 507,184 m3. The Spillway is sized to 
accommodate the PMF peak flow with 0.5 m of dry freeboard from the Embankment crest, 
additionally. The Event Ponds have a combined storage capacity of 182,845 m3 with 1.0 m of 
dry freeboard. The ultimate storage capacity of the Event Ponds is 216,713 m3 (without any 
freeboard). 
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ATTACHMENT A 
IN-HEAP POND AND EVENT PONDS 
STAGE-STORAGE CALCULATIONS 



Attachment A to the Technical Memorandum titled

In-Heap Pond, Spillway and Event Pond Sizing

In-Heap Pond Ore Solution Storage Calculations

Equations:

assuming 1 m
3

of ore

Initial Conditions (Ore as Delivered)

Specific Gravity Gs = 2.7

Density of Water (γw) = 1000 kg/m
3

Water Content as Delivered (w) = 5.00%

Ore Density (γbulk) = 1,800 kg/m
3

Ore Density (γdry) = 1714.29 kg/m
3

Weight of Water (Ww) = 85.71 kg/m
3

Volume of Water (Vw) = 0.0857 m
3

Volume of Solids (Vs) = 0.6349 m
3

Volume of Air (Va) = 0.2794 m
3
/m

3
of ore

porosity (n) = 0.3651

void ratio (e) = 0.5750

Saturation (S) = 23.48%

Leaching Conditions/Ore Solution Storage Capacity

Water content (w) = 13.30%

Weight of Water (Ww) = 228.00 kg/m
3

Volume of Water (Vw) = 0.2280 m
3

Volume of Solids (Vs) = 0.6349 m
3

Volume of Air (Va) = 0.1371 m
3
/m

3
of ore Ore Solution Storage Capacity at 13.3% initial water content

void ratio (e) = 0.5750 check - OK (water required to bring to full saturation S=1)

Saturation (S) = 62.45%

Ore properties provided by Wardrop (2011) in Heap Leach Facility Design Criteria , July, 2011
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Attachment A to the Technical Memorandum titled

In-Heap Pond, Spillway and Event Pond Sizing

ELEV AREA (m^2) INCREMENTAL VOL (m^3) GROSS TOTAL VOL (m^3) NET TOTAL VOL (in Voids)

850 1,056.24 0.0 0.0 0.0

851 4,738.19 2897.2 2897.2 397.2

852 9,397.83 7068.0 9965.2 1366.2

853 15,328.82 12363.3 22328.6 3061.2

854 22,503.36 18916.1 41244.6 5654.6

855 38,575.42 30539.4 71784.0 9841.6

856 41,169.12 39872.3 111656.3 15308.1

857 43,839.58 42504.4 154160.7 21135.4

858 46,586.73 45213.2 199373.8 27334.1

859 49,410.57 47998.7 247372.5 33914.8

860 52,311.09 50860.8 298233.3 40887.8

861 55,313.72 53812.4 352045.7 48265.5

862 58,403.70 56858.7 408904.4 56060.8

863 61,581.05 59992.4 468896.8 64285.7

864 64,846.54 63213.8 532110.6 72952.4

865 68,197.83 66522.2 598632.8 82072.6

866 71,568.12 69883.0 668515.7 91653.5

867 75,031.01 73299.6 741815.3 101702.9

868 78,586.47 76808.7 818624.0 112233.4

869 82,234.53 80410.5 899034.5 123257.6

870 85,975.17 84104.9 983139.4 134788.4

871 89,810.77 87893.0 1071032.4 146838.5

872 93,728.77 91769.8 1162802.1 159420.2

873 97,720.13 95724.5 1258526.6 172544.0

874 101,783.00 99751.6 1358278.1 186219.9

875 105,918.84 103850.9 1462129.1 200457.9

876 109,749.78 107834.3 1569963.4 215242.0

877 113,636.79 111693.3 1681656.7 230555.1

878 117,580.75 115608.8 1797265.4 246405.1

879 121,580.35 119580.6 1916846.0 262799.6

880 125,635.81 123608.1 2040454.1 279746.3

881 129,695.04 127665.4 2168119.5 297249.2

882 133,802.01 131748.5 2299868.0 315311.9

883 137,957.84 135879.9 2435747.9 333941.0

884 142,162.46 140060.2 2575808.1 353143.3

885 146,784.74 144473.6 2720281.7 372950.6

886 152,066.10 149425.4 2869707.1 393436.8

887 157,424.23 154745.2 3024452.3 414652.4

888 162,975.38 160199.8 3184652.1 436615.8

889 168,653.13 165814.3 3350466.3 459348.9

890 174,488.42 171570.8 3522037.1 482871.3

891 180,181.02 177334.7 3699371.8 507183.9

892 186,066.74 183123.9 3882495.7 532290.2

893 192,132.00 189099.4 4071595.1 558215.7

In-Heap Pond Stage-Storage

Elevation-Area Function
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Attachment A to the Technical Memorandum titled

In-Heap Pond, Spillway and Event Pond Sizing

ELEV AREA (m^2) INCREMENTAL VOL (m^3) TOTAL VOL (m^3)

816 5,173.41 0.0 0

817 6,111.88 5642.65 5643

818 7,124.70 6618.29 12261

819 8,211.88 7668.29 19929

820 9,373.41 8792.65 28722

821 10,609.30 9991.36 38713

822 11,919.55 11264.42 49978

823 13,304.15 12611.85 62590

824 14,763.11 14033.63 76623

825 16,296.42 15529.76 92153

826 17,904.09 17100.25 109253

Event Pond 1 Stage-Storage
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Attachment A to the Technical Memorandum titled

In-Heap Pond, Spillway and Event Pond Sizing

ELEV AREA (m^2) INCREMENTAL VOL (m^3) TOTAL VOL (m^3)

806 5,130.00 0.0 -

807 6,048.00 5589 5,589

808 7,038.00 6543 12,132

809 8,100.00 7569 19,701

810 9,234.00 8667 28,368

811 10,440.00 9837 38,205

812 11,718.00 11079 49,284

813 13,068.00 12393 61,677

814 14,490.00 13779 75,456

815 15,984.00 15237 90,693

816 17,550.00 16767 107,460

Event Pond 2 Stage-Storage
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ATTACHMENT B 
SPILLWAY SIZING HYDROLOGY 

HEC-HMS RESULTS 
 
 
 

 



Attachment 1 to the Technical Memorandum Titled

In-Heap Pond, Spillway and Event Ponds Sizing

Eagle Gold Hydrology Calculations Summary

Precipitation
Hathaway Formula (roughness coefficient)

P(100yr,24hr)= 103.20 mm 4.1 in n= 0.3

P(PMP, 24hr)= 256.0 mm 10.1 in

Hydrology Calculations

(m
2
) (km

2
) (mm) (in) (mm) (in) (mm) (in) (mm) (m) (ft) (%) (min) (min) (min) (min) (min) (1000 m

3
) (cms) (1000 m

3
) (1000 m

3
)

Ann Gulch / Spillway 1,281,018 1.28 86 93 18.0 1.628 3.596 0.326 84.375 2.603 235.622 1800 5906 19.2 14.7 24.1 43.2 7.1 22.3 108 9.9 302 26.7

Avg Tc 33.6

Notes:

1) NRCS Lag time equation

2) Hathaway formula from BCMOH for small interior basins

3) Tc estimated from the British Columbia Manual of Operational Hydrology Figure 1. Steep Slope Time of Concentration p. 150

4) Kirpich formula small imperameable catchment from BCMOH

BASIN ID

Watershed Data/HEC-HMS Input

HEC-HMS Results

BASIN AREA

NRCS Parameters Geometry Time of Concentration/Lag Time

CN CN(III) S PMP Volume

PMP Peak

Flow

2
Hathaway

Tlag

3
BCMOH Tlag

Chart
4
Kirpich Tlag Avg

100-yr, 24 hr

Volume

100-yr, 24-hr

Peak FlowIa Q(100,24) Q(PMP,24)

Longest

Watercourse

Average

Watershed Slope
1
NRCS Tlag



 

 

 

Tucson Office 
  3031 West Ina Road  

Tucson, AZ  85741 
Tel 520.297.7723   Fax 520.297.7724     

www.tetratech.com 

 

Technical Memorandum 
 

To: File From: Ronson Chee 

Company:  Date: December 23, 2011 

Re: Dublin Gulch Diversion Channel Design Doc #: 114-320905X-5.3 

CC: Troy Meyer, P.E. (Tetra Tech)   

1.0 Introduction 

This technical memorandum provides the hydrologic and hydraulic design information for the 
Dublin Gulch Diversion Channel (Channel) for the Eagle Gold Project. Construction of the Heap 
Leach Facility will encroach on the natural drainage of Dublin Gulch, this will necessitate 
diversion of Dublin Gulch around the Leaching Facilities (Heap Leach Pad, Confining 
Embankment, and Event Ponds). The diversion channel capacity and armoring is sized primarily 
for the 100-year, 24-hour storm event with adequate freeboard requirements. The channel will 
also have the capacity to convey the 500-year, 24-hour event without freeboard. Armoring will 
not be sized to accommodate the 500-year event. 

In general, the Channel will redirect flow in Dublin Gulch to the south of the proposed Heap 
Leach Facility and will rejoin with Dublin Gulch prior to the existing natural junction with Haggart 
Creek. The Dublin Gulch Diversion Channel is a large structure, and will consist of the following 
major components: 

 A turf reinforced armored “upper channel reach” with a slope of 1.0%. 

 A series of concrete armored stepped “drop structures”. A drop structure consists 
of: an approach inlet channel (1.0% slope); a drop chute channel (50.0% slope), 
an energy dissipation pool (0.0% slope); and an outlet channel (1.0% slope). 

 A turf reinforced armored “lower channel reach” with a slope of 1.0% with 
intermediate drop structures. 

The Channel will receive the majority of its flow at the inlet (flow from Dublin Gulch), in addition, 
it will also intercept overland flow and run-on from Eagle Pup and Stuttle Gulch. The extents of 
the Dublin Gulch Diversion Channel is limited to immediately downstream of the Event Ponds. 
The remainder of the channel is subject to the final placement of facilities downstream and is to 
be completed by others as determined by Victoria Gold. 

The design and armoring material presented in this memorandum is based on the available site 
geotechnical information. The design as presented is subject to change as more site 
geotechnical investigation is conducted. 
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2.0 Hydrologic Design Flows 

Hydrologic peak flows for the 100-year, 24-hour and 500-year, 24-hour events were calculated 
by Knight Piesold (2011) and are summarized in Table 1 below. 

Table 1. Dublin Gulch Diversion Channel Design Flows 

Contributing 

Basin/Gulch  

100-year, 24-hour 

Design Flow (m
3
/s) 

500-year, 24-hour 

Design Flow (m
3
/s) 

Dublin Gulch 8.5 10.3 

Eagle Pup Gulch 1.5 4.9 

Stuttle Gulch 0.6 2.6 

Total Design Flow 10.6 17.8 

 

For practical purposes the total design flow was used to size the entire length of the channel.  

3.0 Channel Armoring Methodology and Calculations 

The Dublin Gulch Diversion Channel was designed using the appropriate hydraulic equations 
for each component of the Channel. Vendor supplied software was used to perform the 
hydraulic calculations to compute flow depth and analyze the stability of the channel armoring.  

3.1 Pyramat® Turf Reinforcement Mat Armoring 

Pyramat® armoring was selected to armor the 1.0% slopes of the channel. Pyramat® by Propex 
Geosynthetics is a three-dimensional, woven polypropylene geotextile turf reinforcement mat. It 
allows vegetation to grow through the mat which increases its stability. Accordingly, two (2) 
channel conditions were analyzed to ensure that the Pyramat® armoring would be stable 
throughout all construction phases; an un-vegetated condition (short term recently constructed) 
and a fully vegetated condition (long term). Erosion Control Design Package (EC-DESIGN) 
2003 was used to perform hydraulic calculations to ensure stability of the Pyramat® Armoring 
for all conditions. EC-DESIGN is a vendor supplied hydraulics program created by SI 
Geosolutions, Inc. and is created specifically to determine the stability of the Pyramat® turf 
reinforcement. The program has embedded shear strength and velocity calculations that 
determine the factory of safety (FS) of Pyramat® for various flow conditions and channel 
configurations. As recommended by the vendor, Propex Geosynthetics would need to verify 
calculations and evaluate site specific applicability of Pyramat® for the Channel. See 
Attachment B for product information. 

The 1.0% portions of the Channel to be armored with Pyramat® will consist of the following from 
bottom to top: 

 A prepared subgrade; 
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 A prepared seedbed and applied seeding; and 

 Pyramat® Turf Reinforcement Mat. 

3.1.1 Un-Vegetated Condition 

The un-vegetated condition of the channel will govern the stability of the Pyramat® under peak 
flow conditions. A recently constructed channel using Pyramat® will allow the water to flow 
faster due to a smoother surface which increases the velocity and shear stress on the mat. For 
the un-vegetated condition a Manning’s “n” roughness coefficient of 0.02 was used. This is the 
recommended minimum roughness coefficient according to Propex Geosynthetics. The stability 
analysis of the mat was conducted for the 100-year and 500-year events. The un-vegetated 
condition is a short lived condition. Construction procedures and scheduling will have to ensure 
that vegetation is established before channel is put into use. Detailed Calculations can be found 
in Attachment A. 

3.1.2 Fully Vegetated Condition 

The fully vegetated condition governs the depth of the channel. A higher vegetation growth in 
the channel will increase the Manning’s “n” value which increases the flow depth in the channel. 
A fully vegetated condition increases the stability of the Pyramat®. It allows the Pyramat® to 
resist higher velocities and withstand higher shear stresses. The NRCS vegetated channel 
classification method which is embedded in the EC-Design software was used to estimate the 
vegetation condition in the channel. A vegetation retardance class of C was estimated (Mays, 
200.  

3.1.3 Pyramat Armoring Results 

The calculated FS for velocity and shear stress stability using the EC-DESIGN software for the 
100-year and 500-year events are presented in Table 2 below. A minimum FS of 1.5 is 
recommended for stability of the Pyramat®. Program output calculations can be found in 
Attachment A. 

Table 2. Pyramat Stability Analysis Results 

Channel 
Condition  

Velocity FS Shear Stress FS 

100-year 500-year 100-year 500-year 

Un-vegetated 1.0 0.9 2.4 1.8 

Fully Vegetated 2.6 1.9 2.8 2.2 

 

As shown, Pyramat® does not meet the required velocity FS for the un-vegetated condition for 
both storm events. For all other conditions and events the Pyramat® exceeds the recommended 
minimum FS. The stability analysis shows that the un-vegetated (recently constructed) condition 
is the most critical stage of the design. Thus, construction staging is critical to ensure that the 
Pyramat® is seeded and has adequate time to establish some vegetation. In order to determine 
the minimum vegetation threshold required for stability, an additional analysis was conducted 
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using a vegetation retardance class of E, which is the lowest vegetation class established by the 
NRCS. A vegetation retardance class of E yields a velocity FS of 2.15 for the 100-year event 
and a velocity FS of 1.8 for the 500-year event. This shows that only a minimal amount of 
vegetation needs to be established to ensure stability of Pyramat® in the channel. 

3.2 Armorflex® Articulated Concrete Block Armoring 

Armorflex® Articulated Concrete Block was selected to armor the 50.0% slopes of the Drop 
Structure. Armorflex® by Armortech/Contech is a flexible matrix of concrete blocks that are 
laced longitudinally with steel revetment cables. The Armorflex® is an open cell concrete block 
that also allows for vegetation to be established. More specifically, the 70-T block class by 
Armortech was selected to as the armament material (see Attachment C for product 
information) which is suited for high velocity applications.  

Appropriate installation is required for Armorflex armoring methods to be effective and is subject 
to the ground conditions encountered at the site. The proposed design and stability calculations 
will need to be verified by Contech to ensure stability in final design.  

Armorflex® Design Software by Armortec Erosion Control Solution (Armortec, 2002) was used 
to perform hydraulic calculations to ensure stability of Armorflex®. Armorflex® Design Software 
is a vendor supplied program and is created specifically to determine the stability of Armorflex® 
in open channel flow. Embedded in the program are stability calculations that take into account 
the over-turning moments created by the moving water on a concrete block. 

The armor on the 50.0% slopes will consist of the following from bottom to top: 

 A prepared subgrade; 

 A site specific geotextile; 

 A minimum of 250 mm of angular drainage rock; 

 A geogrid; and 

 Armorflex® articulated concrete block 

The calculated FS for overturning stability using the Armorflex® Design Software for the 100-
year and 500-year events are presented in Table 3 below. A minimum FS of 1.5 is 
recommended for stability of the Armorflex®. 

Table 3. Armorflex® Stability Analysis Results 

Channel 

Armoring  

FS 

100-year 500-year 

Armorflex® 70-T 

Block Type 
1.5 1.1 

 

As shown, the Armorflex® meets the required FS of 1.5 for the 100-year storm event but does 
not meet the required FS for the 500-year event. A FS of 1.1 suggests that the channel 
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armoring may not necessarily result in failure, but may be subject to damage. Additional design 
features may be incorporated into the design to increase the FS such as; reducing the bed 
slope, reducing the channel sideslopes, and increasing the channel bottom width. 

4.0 Channel Dimensions Results  

4.1 Upper Channel Reach 

The channel will primarily be in cut with the exception of a few fill areas. The upper channel 
reach will have the following dimensions. 

 A bottom width of 4.0 m; 

 A depth of 1.5 m; 

 2H:1V side-slopes; and 

 A slope of 1.0%. 

The upper channel reach will also receive overland flow along the length of the channel. At 
about mid-length of the upper reach, the channel will intercept flow from Eagle Pup basin. At the 
intersection with Eagle Pump the diversion channel will require additional armament where the 
Eagle pup flow enters the channel.   

4.2 Drop Structure 

The Drop Structure segment of the Channel is designed to facilitate the large elevation change 
across the site, and will be armored due to the steep slopes and high velocities in the channel. 
The Drop Structure will create various flow regimes due to the alternating slopes resulting in a 
complex water surface profile. The Drop Structure will require two types of armoring in order to 
effectively protect the Channel and dissipate the energy.  

4.2.1 Inlet and Outlet Channel 

The inlet and outlet channel portion of the drop structure will have the following dimensions: 

 A bottom width that transitions from 4.0 m to 8.0 m; 

 A depth that transitions from 1.5 m to 2.0 m; 

 Side-slopes that range from 2H:1V to 3H:1V; and 

  A slope of 1.0%. 

4.2.2 Drop Chute 

The drop chute portion of the Channel will have the following dimensions: 

 A bottom width of 8.0 m; 
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 A depth of 2.0 m; 

 3H:1V side-slopes; and 

 A slope of 50.0%. 

4.2.3 Energy Dissipation Pool 

Energy Dissipation Pools are used to reduce the energy gained within the water from the 50% 
slopes. Energy is reduced through a hydraulic jump, which will occur when there is an abrupt 
change in channel slope (from steep to shallow), and as the water changes from super critical 
flow to subcritical flow. Additionally, the jump must be fully dissipated, with the flow returning to 
subcritical prior to entering the outlet channel. The pools are designed such that the hydraulic 
jump calculated is retained within the pool and will have dissipated sufficient energy to return 
the flow back to the subcritical flow. Preliminary calculations were performed to determine the 
height and length of the jump which was used to determine the dimensions of the Energy 
Dissipation Pool to ensure that water does not “jump” out of the pool/channel.  

The Energy Dissipation Pools will have the following dimensions: 

 A bottom width of 8.0 m; 

 A depth of 3.0 m; 

 3H:1V side-slopes; and 

 A slope of 0.0%. 

4.3 Lower Channel Reach 

The lower channel reach is similar to the upper channel reach but will have two intermediate 
drop structures to account for abrupt elevation changes along the channel alignment. The 
channel will primarily be in cut with the exception of a few fill areas. The lower channel reach will 
ultimately discharge into Haggart Creek, however, this part of the channel was not designed. 
The lower channel reach will have the following dimensions. 

 A bottom width of 4.0 m; 

 A depth of 1.5 m; 

 2H:1V side-slopes; and 

 A slope of 1.0%. 

4.4 Channel Dimensions Design Summary  

The calculated flow depths and channel dimensions are summarized in Table 4 below. The flow 
depths shown are for the vegetated condition which gives the deepest flow depth. 
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Table 4. Dublin Gulch Diversion Channel Summary 

Diversion Channel 

Segment Armoring 

Channel 

Slope 

(%) 

Bottom 

Width 

(m) 

Side 

slope 

(H:V) 

100-yr 

Flow 

Depth 

(m) 

500-yr 

Flow 

Depth 

(m) 

Channel 

Design 

Depth 

(m) 

Upper Channel Reach Pyramat® 1.0 4.0 2:1 1.02 1.30 1.5 

Drop 

Structure 

Inlet 

Channel 
Pyramat® 1.0 

1
4.0 - 

8.0 

2
2:1 – 

3:1 

1
1.02 – 

0.74 

1
1.3 – 

0.94 

3
1.5 - 

2.0
 

Drop Chute Armorflex® 50.0 8.0 3:1 0.59 0.86 2.0 

Energy 

Dissipation 

Pool 

Armorflex® 0.0 8.0 3:1 
4
2.4 

4
2.7 3.0 

Outlet 

Channel 
Pyramat® 1.0 

1
4.0 - 

8.0 

2
2:1 – 

3:1 

1
1.02 – 

0.74
 

1
1.3 – 

0.94 

3
1.5 - 

2.0
 

4
Lower Channel Reach Pyramat® 1.0 4.0 2:1 1.02 1.30 1.5 

1) Channel transitions between a 4.0 m and 8.0 m bottom width. 

2) Channel side-slope transitions between 2H:1V and 3H:1V. 

3) Channel depth transition from 1.5 m to 2.0 m. 

4) Flow depth in Energy Dissipation pool is estimated by adding the hydraulic jump depth to an 

assumed full pool depth of 1 m. 

The final channel design depth shows that the channel depth accommodates the required flow 
depths for the 100-year and 500-year events. The final channel design depths were selected 
based on the 100-year, 24-hour flow depth in addition to a freeboard of 0.3 m and an estimated 
super elevation effect of water of 0.1 m. The channel depths for the drop chute and energy 
dissipation pools were increased to account for increases in flow depth cause by possible air 
entrainment and wave action effects. These effects were only estimated for this level of design. 

5.0 Conclusion and Considerations 

Except for small fill areas along the channel, the majority of the channel was designed to be in 
cut in order to minimize construction complications. Final design of the Dublin Gulch Diversion 
Channel will include finalizing and verifying with the suppliers the selection of artificial erosion 
protection and subgrade preparation for the specified armoring materials. This is highly 
dependent on soil conditions along the channel alignment. 

Special construction considerations must be taken into account during construction of the 
diversion channel. The channel must be completed prior to construction of the Confining 
Embankment, Heap Leach Pad and Ponds. The entire channel must have adequate vegetation 
growth established prior to redirecting flows into the channel. 
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The final design of the channel is subject to further site investigation. The proposed armament 
materials and channel design are based on the available data, and additional data such as soil 
conditions and geology along the channel alignment are needed to finalize the design. Rock 
encountered along the alignment may eliminate the need for armament and can alter the 
geometry of the channel or drop structure design.  
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ECDesign® 2003 Channel Analysis Report

Project Information

Project Name:
Description:
City: State: Units:
Notes:

DGDC - 100 year, 24-hour Event

Last Update:  1/2/2012 11:44:44 AM

Metric

Channel Design
Channel Name: 100yr-unvegetated Units: Metric Design Life: 1200 months

Design Criteria

Flow Rate (Q)

Vegetation and Soil

Vegetated No

Vegetation Class

Soil Filled Yes

Channel Geometry

Bed Slope (m/m) 0.01

Req. Freeboard (m)

Channel Length (m) 1000

Bottom Width (m) 4

Channel Depth (m) 1.5

Flow/Velocity

Discharge (m^3/s) 10.6

Flow Duration (hrs) 24

Avg. Velocity (m/s) 3.07

Channel Side Slopes

Left (H:1 V) 2

Right (H:1 V) 2

Channel Bend true

Bend Radius (m) 33

Outside Bend Right

Required Factor of Safety

1.5

Results Avg. Flow Depth (m): 0.64

Lining Materials

Velocity (m/s)

Computed
Maximum 
Allowed

Safety 
Factor

Shear Stress (Pascals)

Computed
Maximum 
Allowed

Safety 
Factor

Pass Quantity

(SM)

Calculation Results

Flow Depth (m) 0.640

Flow Area (m) 3.390

Hydraulic Radius  (m) 0.490

Composite 'n' 0.0200

Left Wetted Perimeter (m) 1.440

Bottom Wetted Perimeter (m) 3.990

Right Wetted Perimeter (m) 1.440

Total Wetted Perimeter (m) 6.870

Avg. Velocity (m/s) 3.070

Avg. Discharge (m^3/s) 10.600

Left PYRAMAT 2.770 3.530 1.270 48.940 181.800 3.710 N 3,354.100

Bottom PYRAMAT 3.420 3.530 1.030 74.680 181.800 2.430 N 4,000.000
Right PYRAMAT 3.010 3.530 1.170 58.050 181.800 3.130 N 3,354.100

EC-DESIGN® 2003 page 1 1/2/2012



Channel Lining Material Costs
Channel Name: 100yr-unvegetated Units: Metric

Estimated Cost per Square (m)
Quantity * Unit Cost % Waste Material CostLining Materials

Left PYRAMAT 3354.1 0.00 0 0.00

Bottom PYRAMAT 4000 0.00 0 0.00

Right PYRAMAT 3354.1 0.00 0 0.00

Total Material Cost: 0.00
* Quanities do not reflect seam overlaps

Installation Costs
Description Quantity Unit Cost Costs per (SM)

Total Installation Cost: 0.00

EC-DESIGN® 2003 page 2 1/2/2012



ECDesign® 2003 Channel Analysis Report

Project Information

Project Name:
Description:
City: State: Units:
Notes:

DGDC - 100 year, 24-hour Event

Last Update:  1/2/2012 11:46:14 AM

Metric

Channel Design
Channel Name: 100yr-vegetated Units: Metric Design Life: 1200 months

Design Criteria

Flow Rate (Q)

Vegetation and Soil

Vegetated Yes

Vegetation Class C

Soil Filled No

Channel Geometry

Bed Slope (m/m) 0.01

Req. Freeboard (m)

Channel Length (m) 1000

Bottom Width (m) 4

Channel Depth (m) 1.5

Flow/Velocity

Discharge (m^3/s) 10.6

Flow Duration (hrs) 24

Avg. Velocity (m/s) 1.7

Channel Side Slopes

Left (H:1 V) 2

Right (H:1 V) 2

Channel Bend true

Bend Radius (m) 33

Outside Bend Right

Required Factor of Safety

1.5

Results Avg. Flow Depth (m): 1.02

Lining Materials

Velocity (m/s)

Computed
Maximum 
Allowed

Safety 
Factor

Shear Stress (Pascals)

Computed
Maximum 
Allowed

Safety 
Factor

Pass Quantity

(SM)

Calculation Results

Flow Depth (m) 1.020

Flow Area (m) 6.180

Hydraulic Radius  (m) 0.720

Composite 'n' 0.0468

Left Wetted Perimeter (m) 2.290

Bottom Wetted Perimeter (m) 3.990

Right Wetted Perimeter (m) 2.290

Total Wetted Perimeter (m) 8.570

Avg. Velocity (m/s) 1.700

Avg. Discharge (m^3/s) 10.600

Left PYRAMAT 1.540 4.800 3.120 79.210 333.070 4.200 Y 3,354.100

Bottom PYRAMAT 1.880 4.800 2.550 118.830 333.070 2.800 Y 4,000.000
Right PYRAMAT 1.670 4.800 2.870 93.970 333.070 3.540 Y 3,354.100

EC-DESIGN® 2003 page 1 1/2/2012



Channel Lining Material Costs
Channel Name: 100yr-vegetated Units: Metric

Estimated Cost per Square (m)
Quantity * Unit Cost % Waste Material CostLining Materials

Left PYRAMAT 3354.1 0.00 0 0.00

Bottom PYRAMAT 4000 0.00 0 0.00

Right PYRAMAT 3354.1 0.00 0 0.00

Total Material Cost: 0.00
* Quanities do not reflect seam overlaps

Installation Costs
Description Quantity Unit Cost Costs per (SM)

Total Installation Cost: 0.00

EC-DESIGN® 2003 page 2 1/2/2012



ECDesign® 2003 Channel Analysis Report

Project Information

Project Name:
Description:
City: State: Units:
Notes:

DGDC - 100 year, 24-hour Event

Last Update:  1/3/2012 3:40:18 PM

Metric

Channel Design
Channel Name: 100yr-vegetated-8m Units: Metric Design Life: 1200 months

Design Criteria

Flow Rate (Q)

Vegetation and Soil

Vegetated Yes

Vegetation Class C

Soil Filled No

Channel Geometry

Bed Slope (m/m) 0.01

Req. Freeboard (m)

Channel Length (m) 1000

Bottom Width (m) 8

Channel Depth (m) 1.5

Flow/Velocity

Discharge (m^3/s) 10.6

Flow Duration (hrs) 24

Avg. Velocity (m/s) 1.6

Channel Side Slopes

Left (H:1 V) 3

Right (H:1 V) 3

Channel Bend true

Bend Radius (m) 33

Outside Bend Right

Required Factor of Safety

1.5

Results Avg. Flow Depth (m): 0.74

Lining Materials

Velocity (m/s)

Computed
Maximum 
Allowed

Safety 
Factor

Shear Stress (Pascals)

Computed
Maximum 
Allowed

Safety 
Factor

Pass Quantity

(SM)

Calculation Results

Flow Depth (m) 0.740

Flow Area (m) 7.530

Hydraulic Radius  (m) 0.590

Composite 'n' 0.0500

Left Wetted Perimeter (m) 2.330

Bottom Wetted Perimeter (m) 8.000

Right Wetted Perimeter (m) 2.330

Total Wetted Perimeter (m) 12.660

Avg. Velocity (m/s) 1.600

Avg. Discharge (m^3/s) 10.600

Left PYRAMAT 1.300 4.800 3.690 60.690 333.070 5.490 Y 4,743.420

Bottom PYRAMAT 1.830 4.800 2.620 120.340 333.070 2.770 Y 8,000.000
Right PYRAMAT 1.680 4.800 2.860 101.080 333.070 3.300 Y 4,743.420

EC-DESIGN® 2003 page 1 1/3/2012



Channel Lining Material Costs
Channel Name: 100yr-vegetated-8m Units: Metric

Estimated Cost per Square (m)
Quantity * Unit Cost % Waste Material CostLining Materials

Left PYRAMAT 4743.42 0.00 0 0.00

Bottom PYRAMAT 8000 0.00 0 0.00

Right PYRAMAT 4743.42 0.00 0 0.00

Total Material Cost: 0.00
* Quanities do not reflect seam overlaps

Installation Costs
Description Quantity Unit Cost Costs per (SM)

Total Installation Cost: 0.00

EC-DESIGN® 2003 page 2 1/3/2012



ECDesign® 2003 Channel Analysis Report

Project Information

Project Name:
Description:
City: State: Units:
Notes:

DGDC - 100 year, 24-hour Event

Last Update:  1/2/2012 11:46:43 AM

Metric

Channel Design
Channel Name: 500yr-unvegetated Units: Metric Design Life: 1200 months

Design Criteria

Flow Rate (Q)

Vegetation and Soil

Vegetated No

Vegetation Class

Soil Filled Yes

Channel Geometry

Bed Slope (m/m) 0.01

Req. Freeboard (m)

Channel Length (m) 1000

Bottom Width (m) 4

Channel Depth (m) 1.5

Flow/Velocity

Discharge (m^3/s) 17.8

Flow Duration (hrs) 24

Avg. Velocity (m/s) 3.59

Channel Side Slopes

Left (H:1 V) 2

Right (H:1 V) 2

Channel Bend true

Bend Radius (m) 33

Outside Bend Right

Required Factor of Safety

1.5

Results Avg. Flow Depth (m): 0.85

Lining Materials

Velocity (m/s)

Computed
Maximum 
Allowed

Safety 
Factor

Shear Stress (Pascals)

Computed
Maximum 
Allowed

Safety 
Factor

Pass Quantity

(SM)

Calculation Results

Flow Depth (m) 0.850

Flow Area (m) 4.880

Hydraulic Radius  (m) 0.620

Composite 'n' 0.0200

Left Wetted Perimeter (m) 1.910

Bottom Wetted Perimeter (m) 4.000

Right Wetted Perimeter (m) 1.910

Total Wetted Perimeter (m) 7.820

Avg. Velocity (m/s) 3.590

Avg. Discharge (m^3/s) 17.800

Left PYRAMAT 3.240 3.530 1.090 65.440 181.800 2.780 N 3,354.100

Bottom PYRAMAT 4.000 3.530 0.880 99.420 181.800 1.830 N 4,000.000
Right PYRAMAT 3.530 3.530 1.000 77.630 181.800 2.340 N 3,354.100

EC-DESIGN® 2003 page 1 1/2/2012



Channel Lining Material Costs
Channel Name: 500yr-unvegetated Units: Metric

Estimated Cost per Square (m)
Quantity * Unit Cost % Waste Material CostLining Materials

Left PYRAMAT 3354.1 0.00 0 0.00

Bottom PYRAMAT 4000 0.00 0 0.00

Right PYRAMAT 3354.1 0.00 0 0.00

Total Material Cost: 0.00
* Quanities do not reflect seam overlaps

Installation Costs
Description Quantity Unit Cost Costs per (SM)

Total Installation Cost: 0.00

EC-DESIGN® 2003 page 2 1/2/2012



ECDesign® 2003 Channel Analysis Report

Project Information

Project Name:
Description:
City: State: Units:
Notes:

DGDC - 100 year, 24-hour Event

Last Update:  1/2/2012 11:47:12 AM

Metric

Channel Design
Channel Name: 500yr-vegetated Units: Metric Design Life: 1200 months

Design Criteria

Flow Rate (Q)

Vegetation and Soil

Vegetated Yes

Vegetation Class C

Soil Filled No

Channel Geometry

Bed Slope (m/m) 0.01

Req. Freeboard (m)

Channel Length (m) 1000

Bottom Width (m) 4

Channel Depth (m) 1.5

Flow/Velocity

Discharge (m^3/s) 17.8

Flow Duration (hrs) 24

Avg. Velocity (m/s) 2.06

Channel Side Slopes

Left (H:1 V) 2

Right (H:1 V) 2

Channel Bend true

Bend Radius (m) 33

Outside Bend Right

Required Factor of Safety

1.5

Results Avg. Flow Depth (m): 1.3

Lining Materials

Velocity (m/s)

Computed
Maximum 
Allowed

Safety 
Factor

Shear Stress (Pascals)

Computed
Maximum 
Allowed

Safety 
Factor

Pass Quantity

(SM)

Calculation Results

Flow Depth (m) 1.300

Flow Area (m) 8.590

Hydraulic Radius  (m) 0.870

Composite 'n' 0.0441

Left Wetted Perimeter (m) 2.910

Bottom Wetted Perimeter (m) 4.000

Right Wetted Perimeter (m) 2.910

Total Wetted Perimeter (m) 9.820

Avg. Velocity (m/s) 2.060

Avg. Discharge (m^3/s) 17.800

Left PYRAMAT 1.880 4.800 2.550 103.460 333.070 3.220 Y 3,354.100

Bottom PYRAMAT 2.270 4.800 2.110 151.280 333.070 2.200 Y 4,000.000
Right PYRAMAT 2.040 4.800 2.350 122.740 333.070 2.710 Y 3,354.100

EC-DESIGN® 2003 page 1 1/2/2012



Channel Lining Material Costs
Channel Name: 500yr-vegetated Units: Metric

Estimated Cost per Square (m)
Quantity * Unit Cost % Waste Material CostLining Materials

Left PYRAMAT 3354.1 0.00 0 0.00

Bottom PYRAMAT 4000 0.00 0 0.00

Right PYRAMAT 3354.1 0.00 0 0.00

Total Material Cost: 0.00
* Quanities do not reflect seam overlaps

Installation Costs
Description Quantity Unit Cost Costs per (SM)

Total Installation Cost: 0.00

EC-DESIGN® 2003 page 2 1/2/2012



ECDesign® 2003 Channel Analysis Report

Project Information

Project Name:
Description:
City: State: Units:
Notes:

DGDC - 100 year, 24-hour Event

Last Update:  1/3/2012 3:41:02 PM

Metric

Channel Design
Channel Name: 500yr-vegetated-8m Units: Metric Design Life: 1200 months

Design Criteria

Flow Rate (Q)

Vegetation and Soil

Vegetated Yes

Vegetation Class C

Soil Filled No

Channel Geometry

Bed Slope (m/m) 0.01

Req. Freeboard (m)

Channel Length (m) 1000

Bottom Width (m) 8

Channel Depth (m) 1.5

Flow/Velocity

Discharge (m^3/s) 17.8

Flow Duration (hrs) 24

Avg. Velocity (m/s) 1.99

Channel Side Slopes

Left (H:1 V) 3

Right (H:1 V) 3

Channel Bend true

Bend Radius (m) 33

Outside Bend Right

Required Factor of Safety

1.5

Results Avg. Flow Depth (m): 0.94

Lining Materials

Velocity (m/s)

Computed
Maximum 
Allowed

Safety 
Factor

Shear Stress (Pascals)

Computed
Maximum 
Allowed

Safety 
Factor

Pass Quantity

(SM)

Calculation Results

Flow Depth (m) 0.940

Flow Area (m) 10.220

Hydraulic Radius  (m) 0.730

Composite 'n' 0.0466

Left Wetted Perimeter (m) 2.980

Bottom Wetted Perimeter (m) 8.010

Right Wetted Perimeter (m) 2.980

Total Wetted Perimeter (m) 13.970

Avg. Velocity (m/s) 1.990

Avg. Discharge (m^3/s) 17.800

Left PYRAMAT 1.620 4.800 2.960 78.980 333.070 4.220 Y 4,743.420

Bottom PYRAMAT 2.260 4.800 2.120 154.060 333.070 2.160 Y 8,000.000
Right PYRAMAT 2.090 4.800 2.300 131.560 333.070 2.530 Y 4,743.420

EC-DESIGN® 2003 page 1 1/3/2012



Channel Lining Material Costs
Channel Name: 500yr-vegetated-8m Units: Metric

Estimated Cost per Square (m)
Quantity * Unit Cost % Waste Material CostLining Materials

Left PYRAMAT 4743.42 0.00 0 0.00

Bottom PYRAMAT 8000 0.00 0 0.00

Right PYRAMAT 4743.42 0.00 0 0.00

Total Material Cost: 0.00
* Quanities do not reflect seam overlaps

Installation Costs
Description Quantity Unit Cost Costs per (SM)

Total Installation Cost: 0.00

EC-DESIGN® 2003 page 2 1/3/2012



ARMORFLEX DESIGN REPORT

ArmorFlex Blocks by ARMORTEC Erosion Control Solutions

4301 Industrial Drive
Bowling Green, Kentucky 42101

Phone (270) 843-4659
Toll free (800) 305-0523

Fax (270) 783-8952

Design Report Printed from Armorflex Design Software
Report Type: Summary

Company: Tetra Tech Client: Victoria Gold
Designer: Ronson Chee Waterway: Dublin Gulch Diversion Channel
Project No.: Project No. not supplied Location: Eagle Gold
Report Date: 1/2/2012 Event: 100-year, 24-hour

Flow Scenario: Trapezoidal Channel
Block Cell Type: Open Cell Block
Block Taper Type: Tapered Block

Design Input for Factor of Safety Calculations

Left Side Slope (_H:1V) = 3
Right Side Slope (_H:1V) = 3
Channel Bottom Width (ft) = 26.248
Channel Bed Slope (ft/ft) = .5
Bend Coefficient = 1
Discharge (cfs) = 374
Projection Height (in.) = 0.2
Vertical Exageration for Plot = 10

Graphical Output of Normal Depth Calculations

Average Top Width = 29.8

Average Depth = 0.6



Output from Factor of Safety Calculations

Block Type n-Value Depth (ft) Velocity (ft/s) Froude No. Shear (psf) Factor of Safety
40-T 0.031 0.59 22.66 5.2 16.44 1
50-T 0.031 0.59 22.66 5.2 16.44 1.2
60-T 0.031 0.59 22.66 5.2 16.44 1.3
70-T 0.031 0.59 22.66 5.2 16.44 1.5



ARMORFLEX DESIGN REPORT

ArmorFlex Blocks by ARMORTEC Erosion Control Solutions

4301 Industrial Drive
Bowling Green, Kentucky 42101

Phone (270) 843-4659
Toll free (800) 305-0523

Fax (270) 783-8952

Design Report Printed from Armorflex Design Software
Report Type: Summary

Company: Tetra Tech Client: Victoria Gold
Designer: Ronson Chee Waterway: Dublin Gulch Diversion Channel
Project No.: Project No. not supplied Location: Eagle Gold
Report Date: 1/2/2012 Event: 500-year, 24-hour

Flow Scenario: Trapezoidal Channel
Block Cell Type: Open Cell Block
Block Taper Type: Tapered Block

Design Input for Factor of Safety Calculations

Left Side Slope (_H:1V) = 3
Right Side Slope (_H:1V) = 3
Channel Bottom Width (ft) = 26.3
Channel Bed Slope (ft/ft) = .5
Bend Coefficient = 1
Discharge (cfs) = 628
Projection Height (in.) = .2
Vertical Exageration for Plot = 10

Graphical Output of Normal Depth Calculations

Average Top Width = 31.5

Average Depth = 0.9



Output from Factor of Safety Calculations

Block Type n-Value Depth (ft) Velocity (ft/s) Froude No. Shear (psf) Factor of Safety
40-T 0.036 0.86 25.13 4.76 24.14 0.8
50-T 0.036 0.86 25.13 4.76 24.14 0.9
60-T 0.036 0.86 25.13 4.76 24.14 1
70-T 0.036 0.86 25.13 4.76 24.14 1.1
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ATTACHMENT B 
PYRAMAT TURF REINFORCEMENT MAT 

PRODUCT INFORMATION 
DATA SHEETS 



P Y R A M A T ® H I G H  P E R F O R M A N C E 
T U R F  R E I N F O R C E M E N T  M A T S

Pyramat® High Performance Turf Reinforcement Mats (HPTRMs) feature our patented woven technology composed of a unique, three-dimensional 
matrix of polypropylene yarns. These yarns are designed in a uniform, dimensionally stable and homogenous configuration of pyramid-like structures, 
and they feature our patented X3® fiber technology specially created to lock soil in place. HPTRMs exhibit extremely high tensile strength as well as 
superior interlock and reinforcement capacity with both soil and root systems. They stand up to the toughest erosion applications where high loading 
and/or high survivability conditions are required, including maintenance access, steep slopes, arid and semi-arid environments, pipe inlets and outlets, 
structural backfills, utility cuts, potential traffic areas, abrasion, high-flow channels and/or areas where greater factors of safety are desired. Pyramat’s 
superior characteristics provide a longer design life than our first and second generation standard TRMs, and meet the definition of HPTRM as defined 
by the U.S. EPA Storm Water Fact Sheet, “Turf Reinforcement Mats” (EPA 832-F-99-002) and FHWA FP-03 Specifications Section 713.8. 

F E A T U R E S  &  B E N E F I T S
     A unique, patented matrix of pyramids formed with X3 fibers that gridlocks soil in place 

under unvegetated, partially vegetated and high-flow conditions

   Ideal for extended ultraviolet (UV) exposure, utility cuts, maintenance equipment traffic, 
pipe inlets and outlets and other high loadings

   X3 cross-sectional area for additional tensile strength, flexibility and seedling emergence

   Holds seed and soil in place on channels and slopes while vegetation grows

   Provides permanent reinforcement to enhance vegetation’s natural ability to filter soil 
particles and prevent soil loss during storm events

  Promotes infiltration which leads to groundwater recharge

   Vegetation solution providing more pleasing aesthetics than conventional methods 
(i.e. rock riprap and concrete paving)

   Greater flexibility to maintain intimate contact with subgrade, resulting in rapid seedling 
emergence and minimal soil loss

   Can be used in arid and semi-arid environments

   Completely interconnected yarns that provide superior UV resistance throughout the HPTRM

  Meets requirement of 5 mm2 or less mesh size to prevent wildlife entanglement in any sensitive habitats

  Superior product testing, performance and design life

P Y R A M A T ®  H P T R M s  P R O d U C T  F A M I l Y  T A B l E

PROdUCT FUNCT IONAl
lONGEV ITY COlOR F IBER  TYPE #  OF  NETS

FP -03 , 
SECT ION  713
COMPl IANCE

PYRAMAT® PERMANENT TAN oR GREEN
PoLYPRoPYLENE

X3® FIBER
TECHNoLoGY

0
(WoVEN)

EXCEEDS
TYPE 5C

Outperforms and is more cost- 
effective than conventional erosion 
control methods, including:

  large rock riprap
  Grouted riprap
  Gabions
  Concrete paving
  Hard roadside shoulders
  Articulated concrete blocks
  Fabric formed revetments



APPl ICAT ION FUNCT IONAl
lONGEV ITY PROdUCT  STYlE INSTAllEd  COST¹ ANCHOR 

SUGGEST IONS 2

1H:1V oR STEEPER

PERMANENT PYRAMAT®
$12.00 - 18.00/yd²
$14.35 - 21.53/m²

2.5 ANCHoRS/yd²
3 ANCHoRS/m²

SHEAR STRESS
UP To 15 lb/ft² (718 N/m²)

VELoCITY
UP To 25 ft/sec (7.6 m/sec)

MoDERATE 
WAVE ACTIoN = 1-2 ft  

(30 - 60 cm)

PIPE INLETS & oUTLETS

A P P l I C A T I O N  S U G G E S T I O N S  F O R  P Y R A M A T® H P T R M s

P Y R A M A T ® H I G H  P E R F O R M A N C E 
T U R F  R E I N F O R C E M E N T  M A T S

CR
IT
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Al
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   Construction: Patented three-dimensional woven matrix makes it 10 times stronger than first generation TRMs, 
with performance unequaled in turf reinforcement.

   Tensile Strength: 4000 lb/ft (58.4 kN/m) tensile strength meets U.S. EPA definition of a High Performance 
Turf Reinforcement Mat.

   UV Resistance: Patented UV protection package provides superior resistance to the damaging effects of 
ultraviolet radiation.

K E Y  P H Y S I C A l  P R O P E R T I E S  O F  P Y R A M A T® H P T R M s

NoTES:    1.  Installed cost estimates range from large to small projects according to material quantity. The estimates include material, seed, labor and equipment. Costs vary greatly in  
different regions of the country.    2. For anchor size and style, please see our HPTRM Installation Guidelines.

*See Propex Engineering Bulletins or EC-DESIGN® software for more information.

S E l E C T 
A P P l I C AT I O N S

dE T E R M I N E 
F U N C T I O N A l 
l O N G E V I T Y

U N dE R S TA N d 
T R A d I T I O N A l 
S O l U T I O N

P R E d I C T 
N O N - H Y dR A U l I C 
S T R E S S E S 
( M A INTEN A NCE S TRE S SE S )

A N T I C I PAT E 
C l I M AT E  
( A RId, SEMI -A RId,  
OR TEMPER ATE )

K N OW 
V E G E TAT I O N 
T Y P E

C A l C U l AT E 
H Y dR A U l I C 
S T R E S S E S

3 4 72

S E V E N  S T E P S  F O R  S U C C E S S F U l  T R M  S E l E C T I O N S *

1 5 6



MATERIAl FUNCT IONAl
lONGEV ITY

SHORT-TERM MAXIMUM  
SHEAR STRESS ANd VElOCITY

MANNING’S  “n”

VEGETATEd 5 PART IAllY 6 UNVEGETATEd 7 0”-6” 6”-12” 12”-24”

PYRAMAT® PERMANENT
15 lb/ft²

718 N/m²
25 ft/sec
7.6 m/sec

10 lb/ft²
478 N/m²

20 ft/sec
6.1 m/sec

6.0 - 8.0 lb/ft²

285-383 N/m²

15 ft/sec

4.6 m/sec
0.035 0.028 0.017

P Y R A M A T® H P T R M  P E R F O R M A N C E  V A l U E S   E N G L I S H  &  M E T R I C  U N I T S

M
EC

H
AN
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Al

PROPERTY TEST 
METHOd VAlUE 2 PYRAMAT®

MASS PER UNIT AREA ASTM D-6566 MARV
13.5 oz/yd2

455 g/m2

THICKNESS ASTM D-6525 MARV
0.4 in

10.2 mm

LIGHT PENETRATIoN ASTM D-6567 TYPICAL 10%

CoLoR VISUAL — GREEN, TAN

TENSILE STRENGTH ASTM D-6818  MARV 4000 x 3000 lb/ft
58.4 x 43.8 kN/m

TENSILE ELoNGATIoN ASTM D-6818 MaxARV 65%

RESILIENCY ASTM D-6524 MARV 80%

FLEXIBILITY/STIFFNESS ASTM D-6575 TYPICAL
0.534 in-lbs

615000 mg-cm

FUNCTIoNAL LoNGEVITY oBSERVED TYPICAL PERMANENT

UV RESISTANCE4 ASTM D-4355 MINIMUM
90%

@ 6000 HoURS

SEEDLING EMERGENCE3 ECTC DRAFT
METHoD #4

TYPICAL 296%

RoLL WIDTH MEASURED TYPICAL
8.5 ft
2.6 m

RoLL LENGTH MEASURED TYPICAL
90 ft

27.4 m

RoLL WEIGHT CALCULATED TYPICAL
76 lb
34 kg

RoLL AREA MEASURED TYPICAL
85 yd2

71 m2
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P Y R A M A T® H P T R M  P R O P E R T Y  T A B l E 1   E N G L I S H  &  M E T R I C  V A L U E S
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NoTES:      1. The listed property values are effective 06/2009 and are subject to change without notice.   2. MARV indicates Minimum Average Roll Value calculated as the typical minus 
two standard deviations. Statistically, it yields a 97.7% degree of confidence that any sample taken during quality assurance testing will exceed the reported value. Maximum 
Average Roll Values (MaxARV) is calculated as typical plus two standard deviations.   3. Calculated as percent increase in average plant biomass with tall fescue grass seed in 
sand 14 days after seeding versus a non-RECP protected control specimen.   4. All components must meet UV resistance values. 
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NoTES:      5. Maximum permissible shear stress has been obtained through fully vegetated (70% to 100% density) testing programs featuring specific soil types, vegetation classes, flow 
conditions and failure criteria. Achieved after 14 weeks of vegetative establishment versus the industry standard of two full growing seasons. These conditions may not be rel-
evant to every project nor are they replicated by other manufacturers. Please contact Propex for further information.   6. Maximum permissible shear stress has been obtained 
through partially vegetated (30% to 70% density) testing programs featuring specific soil types, vegetation classes, flow conditions and failure criteria. These conditions may 
not be relevant to every project nor are they replicated by other manufacturers. Please contact Propex for further information.   7. Maximum permissible shear stress has been 
obtained through unvegetated (0% to 30% density) testing programs featuring specific soil types, vegetation classes, flow conditions and failure criteria. These conditions may 
not be relevant to every project nor are they replicated by other manufacturers. Please contact Propex for further information.
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Geotex®, Landlok®, Pyramat®, X3®, SuperGro®, Petromat® and Petrotac® are registered trademarks of Propex Operating Company, LLC.

THIS PUBLICATION SHOULD NOT BE CONSTRUED AS ENGINEERING ADVICE. WHILE INFORMATION CONTAINED IN THIS PUBLICATION IS ACCURATE TO THE BEST OF OUR KNOWLEDGE, PROPEX DOES 
NOT WARRANT ITS ACCURACY OR COMPLETENESS. THE ULTIMATE CUSTOMER AND USER OF THE PRODUCTS SHOULD ASSUME SOLE RESPONSIBILITY FOR THE FINAL DETERMINATION OF THE SUIT-
ABILITY OF THE INFORMATION AND THE PRODUCTS FOR THE CONTEMPLATED AND ACTUAL USE. THE ONLY WARRANTY MADE BY PROPEX FOR ITS PRODUCTS IS SET FORTH IN OUR PRODUCT DATA 
SHEETS FOR THE PRODUCT, OR SUCH OTHER WRITTEN WARRANTY AS MAY BE AGREED BY PROPEX AND INDIVIDUAL CUSTOMERS. PROPEX SPECIFICALLY DISCLAIMS ALL OTHER WARRANTIES, 
EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION, WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, OR ARISING FROM PROVISION OF SAMPLES, A COURSE OF 
DEALING OR USAGE OF TRADE.                                LL-505     © 2009 Propex Operating Company, LLC      06/09

For downloadable documents like construction specifications, installation guidelines, case studies and other technical information,  
please visit our web site at geotextile.com. These documents are available in easy-to-use Microsoft® Word format. 



BEFORE YOU BEGIN 

Thank you for purchasing high quality Landlok® Turf Reinforcement Mats (TRMs) and Pyramat® High

Performance Turf Reinforcement Mats (HPTRMs) from Propex. We’re committed to offering the best

erosion control products in the industry.

It is important to follow these installation guidelines for a successful project. (Note: Construction shall

be performed in accordance with the specific project bid documents, construction drawings, and

specifications.) In addition, we suggest that a pre-installation meeting be held with the construction

team and a representative from Propex. This meeting shall be scheduled by the contractor with at least

two weeks notice. Also, Propex suggests that installation monitoring of our TRMs and HPTRMs be

performed by a qualified independent third party.

SITE PREPARATION
Grade and compact area of TRM/HPTRM installation as directed and approved by Engineer. Subgrade shall be uniform
and smooth. Remove all rocks, clods, vegetation or other objects so the installed mat will have direct contact with 
soil surface.

Prepare seedbed by loosening the top 2-3 in (50-75 mm) minimum of soil.

Incorporate amendments such as lime and fertilizer and/or wet the soil, if needed.

Do not mulch areas where mat is to be placed.

SEEDING
Apply seed to soil surface before installing mat. Disturbed areas shall be reseeded.

When soil filling, first install the mat, apply seed and then soil-fill per guidelines (see page 8).

Consult project plans and/or specifications for seed types and application rates.

I N S T A L L A T I O N  G U I D E L I N E S
FOR  LANDLOK®  TRMs  AND  PYRAMAT®  HPTRMs



I N S T A L L A T I O N  G U I D E L I N E S
FOR  LANDLOK®  TRMs  AND  PYRAMAT®  HPTRMs

INSTALLATION ON STABLE SOIL  SLOPES
Excavate a 12 x 6 in (300 x 15 mm) minimum longitudinal anchor trench 2-3 ft (600-900 mm) over crest of slope (see Figure 2).

Install top end of mat into trench and secure to bottom using suggested ground anchoring devices (see Tables 1 and 2 on page 7)
spaced every 12 in (300 mm) minimum. Backfill and compact soil into trench (see Figure 2).

Unroll mat down slope. Landlok® 1051 shall have the geotextile on bottom.

Overlaps shall be 6 in (150 mm) minimum and anchored every 18 in (450 mm) minimum along the overlap. Secure using
suggested ground anchoring devices shown in Table 1 for appropriate frequency and pattern. Overlaps are shingled away from
prevailing winds (see Figure 1).

Unroll mat in a manner to maintain direct contact with soil. Secure mat to ground surface using ground anchoring devices 
(see Table 1). Anchors shall be placed in accordance with the Anchor Pattern Guide on page 7.

Excavate a 12 x 6 in (300 x 150 mm) key anchor trench at toe of slope (see Figure 3).

Place bottom end of mat into key anchor trench at toe of slope and secure to bottom of trench using suggested ground anchoring
devices (see Tables 1 and 2) spaced every 12 in (300 mm) minimum. Backfill and compact soil into trench (see Figure 3).

If the potential for standing and/or flowing water exists at the toe of slope, the key anchor trench at the toe detail (see Figure 3)
is not sufficient. Consult the project engineer for the appropriate detail.

Irrigate as necessary to establish/maintain vegetation. Do not over-irrigate.

2

Longitudinal
anchor trench

Key anchor
trench at 
toe of slope

FIGURE  1
Installation of permanent turf
reinforcement mat on slope

• Overlaps 6 in (150 mm) 
minimum

• Space anchors 18 in 
along overlaps down 
the slope

• Anchor pattern shall be 
in accordance with the 
“Anchor Pattern Guide”
found on page 7

2

3
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12˝

12˝
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FIGURE  2
Longitudinal anchor trench at top of slope

• Space anchors 12 in (300 mm) along bottom of trench

FIGURE  3
Key anchor trench at toe of slope 

INSTALLATION IN STORM WATER CHANNELS

Figure 4 shows general installation layout and details for TRMs and HPTRMs in storm water channels.

Excavate an initial anchor trench 12 in (300 mm) minimum deep and 12 in (300 mm) minimum wide across the channel at
downstream end of project (see Figure 5). Deeper initial anchor trench is needed in channels that have the potential for scour.

Excavate longitudinal anchor trenches 12 in (300 mm) minimum deep and 6 in (150 mm) minimum wide along both sides of the
installation to bury edges of mat (see Figure 6). The trench shall be located 2-3 ft (600-900 mm) over crest of slope.

Place roll end into the initial anchor trench and secure with anchoring devices at 12 in (300 mm) minimum intervals 
(see Figure 5). Position adjacent rolls and secure in anchor trench in same manner. Backfill and compact soil into trench.

Unroll mat in the upstream direction over the compacted trench.

Continue installation as described above, overlapping adjacent rolls as follows:

· Roll edge: 6 in (150 mm) minimum with upslope mat on top. Secure with one row of ground anchoring devices on 12 in 
(300 mm) minimum intervals (see Figure 7).

· Roll end: 12 in (300 mm) minimum with upstream mat on top. Secure with two rows of ground anchoring devices staggered 
12 in (300 mm) minimum apart on 12 in (300 mm) minimum intervals (see Figure 8).

Fold and secure mat rolls snugly into intermittent check slots. Lay mat in the bottom and fold back against itself. Anchor through
both layers of blanket or mat at 1 ft (300 mm) intervals then backfill and compact soil (Figure 9). Continue rolling upstream over
the compacted slot to the next check slot or terminal anchor trench. Check slots are placed at 25 to 30 ft (7.6 to 9.1 m) intervals
perpendicular to flow.



I N S T A L L A T I O N  G U I D E L I N E S
FOR  LANDLOK®  TRMs  AND  PYRAMAT®  HPTRMs

FIGURE  5 Initial anchor trench (downstream) detail

FIGURE  6 Longitudinal anchor trench detail (trapezoidal channel)

FIGURE  4 Installation of TRMs & HPTRMs in storm water channels
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An alternate method to the intermittent check slot is the simulated
check slot. This method includes placing two staggered rows of
anchors on 4 in (100 mm) centers at 30 ft (9.1 m) intervals (see
Figure 10).

Excavate terminal anchor trench 12 in wide x 12 in deep (300 x 300
mm) minimum across the channel at the upstream end of the project
(see Figure 11). Deeper terminal anchor trench is needed in channels
that have the potential for scour.

Anchor, backfill and compact upstream end of mat in 12 x 12 in (300
x 300 mm) minimum terminal anchor trench (see Figure 11). Unroll
mat in downstream direction over compacted trench with a minimum
2 ft (600 mm) lap. Secure with anchors in accordance with Figure 8.

Secure mat using suggested ground anchoring devices (see Tables 1
and 2 on page 7) for appropriate frequency and pattern (see Anchor
Pattern Guide on page 7).

Seed and fill with soil for enhanced performance. See Soil Filling
Section on page 8.

When using Landlok® 1051, seed after installing mat and then 
fill with soil.

Irrigate as necessary to establish/maintain vegetation. Do not 
over irrigate.

NOTE: If you encounter roll with factory overlap, install factory seam such that 
it shingles in the direction of the flow of water. Place anchoring devices in
accordance with Figure 8 “Overlap at roll end” on page 5.



FIGURE  8 Overlap at roll end

FIGURE  7 Overlap at roll edge

FIGURE  9 Intermittent check slot (channels)
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FIGURE 10 Simulated check slot

FIGURE 11 Terminal anchor trench (upstream) detail

Anchor devices (typ.)

4˝ max. (typ.)



I N S T A L L A T I O N  G U I D E L I N E S
FOR  LANDLOK®  TRMs  AND  PYRAMAT®  HPTRMs

SPECIAL TRANSITION GUIDELINES
Rock Riprap

• Excavate an anchor trench 12 x 12 in (300 x 300 mm) minimum at the transition between the mat and the rock riprap.

• Place roll end into anchor trench and secure with suggested anchoring devices at 12 in (300 mm) minimum intervals.
Position adjacent rolls and secure in anchor trench in same manner.

• Backfill the anchor trench with rock riprap.

• Place rock riprap as specified, extending approximately 3 ft (1 m) minimum beyond the anchor trench onto the mat.

Concrete

• Alternative 1: Concrete Apron

- Place ready mixed concrete directly onto a 3 ft (0.9 m) wide minimum strip of mat.

• Alternative 2: Concrete Backfill

- Excavate an anchor trench 12 x 12 in (300 x 300 mm) minimum at the edge of the concrete structure.

- Place roll end into anchor trench and secure with suggested anchoring devices at 12 in (300 mm) minimum intervals.
Position adjacent rolls and secure in anchor trench in same manner.

- Backfill trench with concrete slurry.

• Alternative 3: Bolt to Structure (HPTRMs Only)

- Cast threaded dowel in fresh ready mix concrete or install expanding bolt into cured concrete.
Then affix HPTRM with washer (minimum 2 in or 50 mm diameter) or batten strip and bolt.

Pipe Inlets/Outlets (HPTRMs Only)

• Review the construction drawings and project specifications to evaluate the required area to be treated.

• Excavate an anchor trench 12 x 12 in (300 x 300 mm) minimum above the pipe to bury end of HPTRM roll.
The trench shall be located a minimum 2-3 ft (600-900 mm) above the pipe inlet/outlet.

• Backfill and compact soil into trench.

• Cut HPTRM to meet project requirements, slope length and pipe diameter.

• Unroll HPTRM down the slope and secure around pipe circumference with ground anchoring devices spaced 6 in (150 mm) minimum.
Also, the HPTRM can be secured around the pipe in a 12 x 12 in (300 x 300 mm) minimum trench filled with concrete slurry.

GROUND ANCHORING DEVICES
Ground anchoring devices are used to secure the mat to the soil using the suggested anchor device (see Tables 1 and 2 on page 7) at a
minimum frequency and pattern shown on the Anchor Pattern Guide on page 7.

U-shaped wire staples or metal geotextile pins can be used to anchor mat to the ground surface. Wire staples should be a minimum thickness 
of 8 gauge (4.3 mm). Metal pins should be at least 0.20 in (5 mm) diameter steel with a 1 1/2 in (38 mm) steel washer at the head of the 
pin. Wire staples and metal pins should be driven flush to the soil surface. All anchors should be between 6-24 in (150-600 mm) long and 
have sufficient ground penetration to resist pullout. Longer anchors may be required for loose soils. Heavier metal stakes may be required in
rocky soils.
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ANCHOR PATTERN GUIDE
The shaded areas in the diagram provide anchor suggestions
based on slope gradient and/or anticipated flow conditions.
When the correct number of anchors has been determined,
refer to the four illustrations below to establish anchor
pattern. Increased anchoring may be required depending
upon site conditions.
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TABLE 1:  SUGGESTED GROUND ANCHORING DEVICE SELECTION*

TABLE 2:  SUGGESTED LENGTHS OF GROUND ANCHORING DEVICES*

*The performance of ground anchoring devices is highly dependent on numerous site/project specific variables. It is the sole responsibility of the project engineer and/or contractor to select the
appropriate anchor type and length. Anchoring shall be selected to hold the mat in intimate contact with the soil subgrade and resist pullout in accordance with the project’s design intent.
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SOIL  FILLING

Soil filling is suggested for optimum performance.

After seeding, spread and lightly rake 1/2 - 3/4 in (12-19 mm) minimum of fine site soil or topsoil into the mat and completely fill the voids using
backside of rake or other flat tool.

If equipment must operate on the mat, make sure it is of the rubber-tired type. No tracked equipment or sharp turns are allowed on the mat.

Avoid any traffic over the mat if loose or wet soil conditions exist.

Smooth soil-fill in order to just expose the top netting of matrix. Do not place excessive soil above the mat.

Broadcast additional seed and install a Landlok® ECB above the soil-filled mat (if desired).

Hydraulically-applied mulch or seed may be used as an alternate to soil-fill on select applications. Consult manufacturer’s technical
representative for more information.

Consult manufacturer’s technical representative or local distributor for installation assistance, particularly if unique conditions apply (sandy
soils and infertile environments).

MAINTENANCE

All slopes, channels, banks and other transition structures shall be maintained to assure the expected design life of the reinforced vegetated
system. Here are a few tips that should prove helpful:

Monitoring

• Should be conducted semi-annually and after major storm events. This should include: observing the condition of the vegetation; testing the 
irrigation system; checking condition of all permanent erosion control systems; observing sediment and debris deposits that need removal.

Vegetation

• Repair and maintenance of various types of vegetation shall be consistent with their original design intent, including:

- Grass/Turf Areas: applications shall be maintained for adequate cover and height.

- Mowing: grasses shall be mowed according to normal maintenance schedules as determined by local jurisdictions or maintenance 
agreements; operations shall not start until vegetation achieves a minimum height of 6 in (150 mm); mower blades shall be greater 
than 6 in (150 mm) above the mat.

- Unvegetated Areas: shall be re-seeded and soil-filled (if applicable).

Sediment and Debris Deposits

• Accumulation of sediment and debris can reduce the hydraulic capacity of channels, clog inlet and outlet structures and can damage 
existing vegetation. Sediment and debris removal is a vital part of system maintenance.

- Removal: shall be done carefully to avoid damage. When excavation is within 12 in (300 mm) minimum of matting, removal shall be 
done by hand or with a visual “spotter.” If equipment must operate on the mat, make sure it is of the rubber-tired type. No tracked 
equipment or sharp turns are allowed on the mat.

• Alternatively, “stake chasers” or some other form of permanent visual markers can be utilized to provide a visual marker for 
maintenance activities.

Damaged Sections

• Missing or damaged sections of the matting should be replaced per the installation guidelines.

- Repairing Rips or Holes: these should be patched with identical matting material. First, carefully cut out the damaged section with a 
knife. Then replace and compact soil to the elevation of the surrounding subgrade and plant seed. Cut a piece of replacement material
a minimum of 12 in (300 mm) larger than the rip or tear. Use ties to attach the replacement material to the existing material. At 
overlaps, the upstream and upslope material should be on top. Secure the replacement material with ground anchoring devices spaced
every 6 in (150 mm) around the circumference of the repair and at the frequency and spacing shown in the Anchor Pattern Guide on 
page 7. Seed and soil fill replacement area.
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PYRAMAT® high performance turf reinforcement mat (HPTRM) is a three-dimensional, lofty, woven 

polypropylene geotextile that is available in green or tan which is specially designed for erosion 

control applications on steep slopes and vegetated waterways. The matrix is composed of 

polypropylene monofilament yarns featuring X3® technology woven into a uniform configuration of 

resilient pyramid-like projections. The material exhibits very high interlock and reinforcement 

capacity with both soil and root systems, demonstrates superior UV resistance, and enhances 

seedling emergence.   

 

PYRAMAT conforms to the property values listed below1 and is manufactured at a Propex facility having 

achieved ISO 9001:2000 certification. Propex performs internal Manufacturing Quality Control (MQC) 

tests that have been accredited by the Geosynthetic Accreditation Institute – Laboratory Accreditation 

Program (GAI-LAP). 

  MARV2 

PROPERTY TEST METHOD ENGLISH METRIC 

ORIGIN OF MATERIALS 

% U.S. Manufactured Inputs 100% 100% 

% U.S. Manufactured 100% 100% 

PHYSICAL 

Mass/Unit Area ASTM D-6566 13.5 oz/yd2 457.7g/m2 

Thickness ASTM D-6525 0.4 in 10.2 mm 

Light Penetration (% Passing) ASTM D-6567 15% (Max) 15% (Max) 

Color Visual Green or Tan 

MECHANICAL    

Tensile Strength (Grab) ASTM D-6818 4000 x 3000 lb/ft 58.4 x 43.8 kN/m 

Elongation ASTM D-6818 40 x 35% 40 x 35%  

Resiliency ASTM D-6524 80% 80% 

Flexibility ASTM D-6575 0.534 in-lb (avg) 29.6 mg-cm (avg) 

ENDURANCE 

UV Resistance 

% Retained 6000 hrs 
ASTM D-4355 90% 90% 

UV Resistance 

% Retained 10000 hrs 
ASTM D-4355 85% 85% 

PERFORMANCE 

Velocity3 (Fully Vegetated) Large Scale 20 ft/sec 6.1 m/sec 

Velocity3 (65 – 70% Vegetated) Large Scale 16 ft/sec 4.9 m/sec 

Velocity3 (20 – 30% Vegetated) Large Scale 12 ft/sec 3.7 m/sec 

Shear Stress3 (Fully Vegetated) Large Scale 16 lb/ft2 766 Pa 

Shear Stress3 (65 – 70% Vegetated) Large Scale 12 lb/ft2 575 Pa 

Shear Stress3 (20 – 30% Vegetated) Large Scale 5 lb/ft2 239 Pa 

Manning's "n" 4 (Unvegetated) Calculated 0.028 0.028 

Seedling Emergence4 ECTC Draft Method #4 296% 296% 

ROLL SIZES 8.5 ft x 90 ft 2.6 m x 27.4 m 

NOTES: 

1. The property values listed are effective 04/2011 and are subject to change without notice. 

2. MARV indicates minimum average roll value calculated as the typical minus two standard deviations. Statistically, it yields a 97.7% degree of confidence that any sample taken during quality assurance testing will 

exceed the value reported. 

3. Maximum permissible velocity and shear stress has been obtained through vegetated testing programs featuring specific soil ty pes, vegetation classes, flow conditions, and failure criteria. These conditions 

may not be relevant to every project nor are they replicated by other manufacturers. Please contact Propex for further information. 

4. Calculated as typical values from large-scale flexible channel lining test programs with a flow depth of 6 to 12 inches. 

PYRAMAT® 
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Armortec Product Details

Manufacturing Specification
aStM D6684-04

ArmorWedge®

ArmorFlex® - Open Cell

ArmorLoc®

ArmorFlex® - Close Cell

A-Jacks®

ArmorStone® ArmorFlex® OS

ArmorRoad®



4" MIN. DRAINAGE 
MEDIUM (2" ANGULAR 
CRUSHED STONE, TYP.)

SITE SPECIFIC
GEOTEXTILE

GEOGRID
(TENSAR BX1100, TYP.)

ARMORFLEX TAPERED
ARTICULATED CONCRETE BLOCK (TYP.)

NATIVE SOIL

FLOW

NOT TO SCALE

TAPERED BLOCK TYPICAL 
CROSS SECTION

ArmorFlex®

open cell Block close cell Block

tapered Series

(not to scale)

ArmorFlex Unit Specification
Concrete 
Block Class

Open/Closed 
Cell

Nominal Dimensions Gross Area/ 
(sq. ft.)

Block Weight Open 
Area %

L W H lbs lbs/sq. ft.

30s Open 13.0 11.6 4.75 0.98 31-36 32-37 20

50s Open 13.0 11.6 6.00 0.98 45-52 45-53 20

40 Open 17.4 15.5 4.75 1.77 62-71 35-40 20

50 Open 17.4 15.5 6.00 1.77 81-94 46-53 20

70 Open 17.4 15.5 8.50 1.77 120-138 68-78 20

40L Open 17.4 23.6 4.75 2.58 90-106 35-41 20

70L Open 17.4 23.6 8.50 2.58 173-201 67-78 20

45s Closed 13.0 11.6 4.75 0.98 39-45 40-45 10

55s Closed 13.0 11.6 6.00 0.98 53-61 54-62 10

45 Closed 17.4 15.5 4.75 1.77 78-89 43-50 10

55 Closed 17.4 15.5 6.00 1.77 94-108 53-61 10

85 Closed 17.4 15.5 8.50 1.77 145-167 82-98 10

45L Closed 17.4 23.6 4.75 2.58 108-126 42-49 10

85L Closed 17.4 23.6 8.50 2.58 209-243 81-94 10

High Velocity Application Block Classes

40-T Open 17.4 15.5 4.75 1.77 62-71 35-40 20

50-T Open 17.4 15.5 6.00 1.77 81-94 46-53 20

70-T Open 17.4 15.5 8.50 1.77 120-138 68-78 20

L L

WW
H

H

H

H

W

L

top of Slope - Standard Detail

1

1

2 UNIT MIN.

AREA OF COVERAGE

SITE SPECIFIC
GEOTEXILE

BACKFILL WITH 4000 P.S.I.
GROUT, CONCRETE OR
APPROVED EQUAL

1' MIN.

Existing Subgrade

2 UNIT MIN.

TOP OF SLOPE
STANDARD DETAIL

N.T.S.

1

X

tapered Series - cross Section



A-Jacks®
(not to scale)

ArmorWedge®
(not to scale)
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2.1250

A-Jacks Unit Specification

A-JACks L(iN) T(iN)/H(iN) C(iN) VOL(fT3) WT (LBs)

AJ-24 24 4 1.84 0.56 78

AJ-48 48 7.36 3.68 4.49 629

AJ-72 72 11.04 5.52 15.14 2.120

AJ-96 96 14.72 7.396 35.87 5.022

AJ-120 120 18.40 9.20 70.69 9.699

ArmorWedge Unit Specification

UNiT DimeNsiON UNiT 
WeiGHT 
(LBs)

sysTem 
WeiGHT 
(LBs)

UNiT COVerAGe 
(sf)

COmpressiVe 
sTreNGTH 
(psi)

mAximUm 
ABsOrpTiON 
(LBs/fT3)

12x18 40-52 36-40 1.1875 4000 12

ArmorFlex® cont. (not to scale)

typical Mat
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REVETMENT CABLE SLEEVE
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a-Jacks placement profile

a-Jacks unit
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ArmorStone®
(not to scale)

ArmorRoad®
(not to scale)
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ArmorStone Unit Specification
CONCreTe 

BLOCk CLAss
NOmiNAL 

DimeNsiONs (iN.)
UNiT 

COVerAGe 
(sf)

BLOCk OpeN 
AreA 

%L W H UNiT 
WeiGHT 

LBs.

sysTems 
WeiGHTs 
LBs./sf

As 40 Open 18.00 10.00 4.50 1.25 50-54 40-44 25

As 55 Closed 18.00 10.00 4.50 1.25 61-66 49-53 5

ArmorRoad Unit Specification
BLOCk Type L W H sf 

COVerAGe 
per UNiT

WeiGHT 
LBs per 

UNiT

sf per 
TrUCk 
LOAD

mat Closed 18.00 15.60 6.00 1.74 105-109 750

individual Closed 18.00 15.60 6.00 1.74 100-104 750

H

W

L

L

Armortec Minimum Physical Requirements per ASTM 06684-04
miN. DeNsiTy 
(iN Air) LBs/fT3

miN. COmpressiVe 
sTreNGTH psi

mAx WATer  
ABsOrpTiON LBs/fT3

Ave. of         individual 
3 Units             Unit

Ave. of         individual 
3 Units             Unit

Ave. of         individual 
3 Units             Unit

  130           125 4,000         3,500   9.1            11.7

ArmorLoc®
(not to scale)
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SECTION A-A SECTION B-B
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ArmorLoc Unit Specification

BLOCk

TeCHNiCAL DATA DimeNsiONs AND WeiGHTs

specific 
Weight 
lbs/ft3

Compressive 
strength  

psi

max Absorp-
tion, Avg. of 
3 units 10 

lbs/ft3

Thick-
n2ess 
inches 

(H)

Gross 
Area/
Grid 
ft2

Weights/
Grid lbs

Weights/
Area 
lbs/ft2

Open 
Area %

3510 130-150 4000 min 10 4 1.0 30-35 30-35 25

4511 130-150 4000 min 10 5.25 1.1 44-50 40-45 20

B

B

H

A A

SECTION A-A SECTION B-B
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Channel Lining | Shoreline Protection | Dam & Spillway Protection | Levee Stabilization | Bridge Scour

Engineered Hard Armor Solutions
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ArmorFlex Design Software and Guidelines are available through the CONTECH website at www.contech-cpi.com

The industry leader since 1978, ArmorFlex® articulating concrete 
block (ACB) mats make a flexible matrix of concrete blocks with 
uniform size, shape and weight used for hard armor erosion 
control. ArmorFlex blocks have specific hydraulic capacities and 
are laced longitudinally with galvanized steel, stainless steel or 
polyester revetment cables which provide  
ease of handling and installation.

Applications
 • Channel Lining
 • Shoreline Protection
 • Boat Ramps & Access Roads
 • Dam Overtopping Protection
 • Pipeline & Cable Protection
 • Bridge Abutment Protection
 • Retention Basins
 • Levee Stabilization
 • Bridge Scour Protection

ArmorFlex has proven to be an aesthetic and functional alternative 
to dumped stone riprap, gabions, structural concrete and other 
hard armor erosion protection systems. ArmorFlex is easy to install 
and has a low life-cycle cost when compared to other permanent 
solutions. These two benefits can drastically reduce the cost to 
install and maintain the system. ArmorFlex mats are installed on a 
prepared subgrade utilizing conventional construction equipment and 
site-specific filter fabric. While both block types provide protection 
and stability, only the open-cell specifically offers the void space 
necessary for revegetation.

Research Proven Performance 
Armortec has carried out extensive research into wave and open 
channel flow conditions on ArmorFlex in the United States and 
the Netherlands. Design manuals and computer programs are 
available to assist in the proper ArmorFlex block selection for your 
hydraulic conditions.

ArmorFlex: Articulating Concrete Block Mats

BEFORE  

AFTER

Open-Cell Block Closed-Cell Block

Side View End View

Cable



Block and A Half
The latest innovation in ACB technology is the ArmorFlex 
Block and a Half®. This new product introduction increases 
the factor of safety for the overall system while maintaining 
the ease of installation and overall benefits of the typical 
ArmorFlex systems.

Block and A Half Block

ArmorFlex Design Software and Guidelines are available through the CONTECH website at www.contech-cpi.com
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ArmorFlex: Articulating Concrete Block Mats

Tapered Series
Armortec’s unique Tapered Series ArmorFlex block design 
offers superior protection for embankment dams, spillways, 
high velocity channels and down chutes. The essential design 
component of ArmorFlex Tapered series is the 0.5 inch taper 
that virtually eliminates destabilizing impact flow forces, thereby 
providing a high factor of safety. The ArmorFlex Tapered block 
system has been successfully tested under hydraulic jump 
conditions at Colorado State University. Each Tapered series 
design incorporates a four inch rock drainage layer beneath the 
system.

Tapered-Cell Block

Closed-Cell Block

Side View
Flow
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ArmorFlex: Installation

The proper installation of ArmorFlex ACB mats is important to 
achieving the intended hydraulic performance and maintaining 
stability against the erosive forces of flowing water. An ACB 
revetment system consists of a suitably prepared and compacted 
subgrade, a suitable site-specific filter fabric and properly sized 
ACB mattresses placed in “intimate contact” with the filter fabric 
and subgrade. Each individual site will vary, so it is important to 
follow the engineering project drawings as designed and sealed 
by a registered Professional Engineer; particularly as they relate 
to standard termination details. Please refer to the Armortec 
Installation Guide for further instructions on proper material 
handling.

26' Min. Length

2 Part Line

Provided By Others
Must match mat length

Only one 2 part line to be used at a 

time.

The 2 part line shall be attached 

directly above the Hook Tube Assembly 

placement.

20' Min. Length

16' Min. Length

Hook Tube 
Assembly

Main Lifting 
Beam

*16'

* 20'

*26'

*See Table 1 for the 
2640 Series end bar 
increments.

1626 Series

DETAIL A

Bar Increments

Spreader Bar Min. Med. Max.

1626 Series 16' 20' 26'

2640 Series 26' 32' 40'
Table 1

Spreader Bar Rigging Detail



ArmorFlex Design Software and Guidelines are available through the CONTECH website at www.contech-cpi.com
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ArmorFlex Design Software and Guidelines are available through the CONTECH website at www.contech-cpi.com

ArmorRoad
ArmorRoad® was developed 
in the field with input from 
contractors, construction 
managers and owners. The 
result is a flexible product 
that is efficient to install, 
aesthetically pleasing and 
able to withstand heavy traffic 
loads in harsh environments. 
ArmorRoad does not require 
the sand backfill typically 
required of standard pavers 

due to its unmatched durability with 8,000 PSI and 6” thickness. 
In addition, should a problem occur in the subgrade, ArmorRoad 
can be removed quickly and reinstalled.

Applications 
• Durable Driving Surface
• Temporary Road Application
• Heaving and Expanding Subgrade Condition

ArmorRoad Block

ArmorFlex: Installation

Step 1:
ArmorFlex arrives on-site as a system 
of factory-assembled mats. ArmorFlex is 
placed on a site specific geotextile which 
has been placed on a prepared subgrade 
using conventional construction equipment. 

Step 4:
Proper toe trench requires a minimum of 
two rows of block buried below predicated 
soil depth. Tapered series block or mats 
subject to wave attack are required to have 
a bedding layer of crushed stone or gravel.

Step 2:
Mats are supplied on flat bed trailers. Mats 
can be handled with a spreader bar which 
can be rented from CONTECH. 

Step 3:
Above normal waterline mats may be 
topsoiled and seeded to give a vegetated 
effect. 

See Armortec Installation Guide for complete information on how to properly install ArmorFlex.
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ArmorFlex Design Software and Guidelines are available through the CONTECH website at www.contech-cpi.com

ArmorLoc® concrete interlocking 
blocks are specifically designed 
to control erosion. The 
ArmorLoc system provides easy 
and economical installation 
when equipment is not feasible 
or cannot be used due to 
confined or hard to reach 
areas. ArmorLoc is installed 
manually over site-specific filter 
fabric on a prepared surface. 
It improves the landscape and 
promotes drainage from the 
smallest erosion control job to    

 the largest commercial project. 

ArmorLoc is available in two sizes and weight classifications 
that provide excellent performance during light wave and 
open-channel flow conditions. The unique interlocking design 
of ArmorLoc keys each block into four adjacent blocks to hold 
it firmly in position and resist lateral movement. 

Applications
• Retention Basins
• Shoreline Protection
• Drainage Ditch Lining
• Outfall Protection
• Bridge Abutment Protection

ArmorLoc

ArmorLoc Block

ArmorWedge® is a concrete step 
overlay protection system for 
embankment dams and spillways 
that are subject to high forces 
associated with overtopping flow. 
Researchers at Colorado State 
University assessed the stability 
of the blocks by comparing the 
downward (positive) forces of the 
block weight and the pressure 
of the flowing water to the uplift 

(negative) forces. The ArmorWedge system was tested up to  
and including the facility discharge capacity of 40 cf/s/ft. This 
discharge capacity had associated water velocities of 35 ft/sec  
and a shear stress of 22 lbs/sqft. Even at these levels the 
ArmorWedge system remained stable. An effective drainage  
system - allowing water to be removed from beneath the system -  
is essential to the design of the overlay. 

The practicality of ArmorWedge lies in the cost effective ease of 
installation. This is particularly true for projects where the use of 
large machinery is deemed impractical due to confined, hard  
to reach jobsites or environmental impact on the surrounding  
area. ArmorWedge is typically installed by hand over site- 
specific filter fabric and subsequent drainage medium on a  
well compacted surface. 

Applications
• Dam Overtopping
• High Velocity Channels
• Primary and Secondary Spillways

ArmorWedge

ArmorWedge Block



ArmorFlex Design Software and Guidelines are available through the CONTECH website at www.contech-cpi.com
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A-Jacks® are high stability concrete armor units designed to 
interlock into a flexible, highly permeable matrix. A-Jacks can 
be installed either randomly or in a uniform pattern. The voids 
formed within the A-Jacks matrix provide approximately 40% 
open space in the uniform placement pattern. These voids 
provide habitat for fish and other marine life when applied as a 
reef, revetment or as a soil support system in river applications. 
In addition, the voids may be backfilled with suitable soils and 
planted with a variety of vegetation including grasses, shrubs 
and trees above the normal base flow. 

Applications
• Drop Structures
• Weirs
• Energy Dissipation
• Bridge Scour Protection
• Streambank/Toe Stabilization 

Streambank Applications
Streambank erosion often produces steep banks with little or no 
vegetation. These unprotected banks are even more susceptible 
to erosion due to over steepening, loss of ground cover, 
groundwater discharge and stream erosion at the base of the 
bank. A-Jacks concrete armor units provide an alternative which 
when used with bio stabilization technique, develops a cost-
effective solution. 

Bridge Scour Applications
The ability of the A-Jacks system to dissipate energy and resist 
the erosive forces of flowing water allows this system to protect 
channel boundaries from scour and erosion. Extensive laboratory 
research was performed on both model and full scale units in 
order to evaluate the hydraulic properties of the A-Jacks units. An 
A-Jacks Design Manual for the hydraulic design of open-channel 
conveyance ways and pier scour countermeasure is available upon 
request. 

Energy Dissipation
A-Jacks ability to dissipate energy in channel, spillway or culvert 
outfall applications relies on the inherent roughness of the units. 
For A-Jacks, the design value for Manning’s roughness coefficient 
is n=0.1. This value was determined from extensive full and 
quarter scale laboratory testing. The ability of A-Jacks to increase 
roughness creates a hydraulic jump when flow encounters the 
units. Creating the hydraulic jump effectively releases the energy 
associated with high velocity and/or steep embankment flow 
conditions. By releasing the energy, the erosive forces associated 
with the hydraulic jump are also greatly diminished. As the flow 
travels downstream through the A-Jacks matrix, the energy grade 
line slope continues to be reduced until the desired flow conditions 
are obtained downstream of the A-Jacks units. 

A-Jacks: Concrete Armor Units

A-Jacks Unit
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PRODUCT Functional
Longevity

Slopes Channels Bank/Shoreline Stabilization Culvert
Outlets

Installed
Costs2  ($/SY)<1:13 <2:1 <3:1 Typical Velocity 

(ft/s)
Typical Shear 
Stress (lb/ft2) Wave Potential No Wave Potential

TE
M

PO
RA

RY
 B

LA
NK

ET
S

Landlok
(S1) 12 months a 5-6 2.0 1.00 to 1.75

Landlok
(S2) 18 months a 5-6 1.5 1.25 to 1.75

Landlok
(CS2) 24 months a 5-6 2.0 1.75 to 2.25

Landlok
(C2) 36 months a

(≤1.5:1)
5-6 2.3 2.00 to 2.75

PE
RM

AN
EN

T T
UR

F  
RE

IN
FO

RC
EM

EN
T M

AT
S

Landlok 450 Permanent a 8 to 18 2 to 10 6.00 to 8.00

Landlok 300 Permanent a 6 to 20 2 to 12 a a 10.00 to 15.00

Pyramat
Permanent

(up to 50 years) a 6 to 25 2 to 15 a a 15.00 to 20.00

ArmorMax
Anchored Reinforced System

Permanent
(up to 50 years) a 6 to 25 2 to 18 a a 20.00 to 25.00

HA
RD

 A
RM

OR

Armorflex
ACB Revetment System

Permanent a
4” - 11 - 15 
6” - 13 - 29
9” - 17 - 37

4” - 14 - 31 
6” - 19 - 37
9” - 22 - 48

a a
82.50 to 112.50 
90.00 to 127.50
97.50 to 135.00

Armorloc
Hand Placed ACB Revetment 

System

Permanent a
4” - 10 
6” - 12

4” - 8 
6” - 11 a a

52.50 to 82.50 
75.00 to 97.50

A-Jacks Permanent a

24” - 22.0
48” - 31.1
72” - 38.1
96” - 44.0

24” - 38
48” - 76

72” - 114
96” - 152

a a

30 to 45/ea.
375 to 525/ea.

900 to 1350/ea.
1650 to 2250/ea.

Gabions Permanent a 16 20 a a
Basket:: 100 to 125/cy.
Mattress:: 30 to 60/cy.
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EXECUTIVE SUMMARY

This document provides a summary of the seismic hazard analysis performed for Victoria Gold

Corporation’s Dublin Gulch property. This seismic hazard analysis includes results from both

deterministic and probabilistic methods. Deterministic analyses were performed using five equally

weighted attenuation relationships to evaluate seismic hazards for the Goldstrike property resulting

from a maximum credible earthquake (MCE). A MCE, by definition, has no specific recurrence

interval and is the largest reasonably conceivable earthquake that appears possible along a

recognized fault or within a geographically defined tectonic province, under the presently known or

presumed tectonic framework. Theoretically, no ground motion should occur which exceeds that of

the MCE. A deterministic analysis therefore allows for a more conservative approach to the

determination of risks associated with identified seismic hazards. Data published by Natural

Resources Canada (NRCAN) were used in the probabilistic analysis to estimate the probability of

exceedance of peak ground accelerations (PGA) at the site for various return periods.

Considering the level of conservatism inherent in a deterministic analysis, and the added

conservatism discussed in Section 3.1.5, Tetra Tech recommends a design PGA of 0.27g for high

hazard facilities, based on an MCE of moment magnitude 7.0 generated in the Ogilvie Mountains

area. This PGA is anticipated to reflect the current tectonic environment with greater accuracy than

a low probability value based on the very short historic seismic record available, such as a 5,000-

year event would produce. For facilities requiring a PGA based on a return period of 1,000 years or

less, the mean National Building Code of Canada (NBCC) values from Table 3 may be used.

1.0 Introduction

This document provides a summary of a seismic hazard analysis for the Eagle Gold Project at Dublin

Gulch, located approximately 85 km by road north of Mayo, and 20km northwest of Elsa in the Yukon

Territory of Canada. For the purposes of this seismic hazard study, the site is assumed to be

centered at approximately 64.00 N Latitude and 135.90 W Longitude. Access to the site is by way of

http://www.tetratech.com/
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Silver Trail Highway from Mayo, and South McQuesten River Road, which connects to the highway

approximately 39 km northeast of Mayo. The purpose of this document is to provide ground motions

that may be used in design procedures for facilities on the mine site. This updated seismic hazard

analysis includes results from both deterministic and probabilistic analyses.

2.0 Tectonic Setting and Seismicity

Regionally, the site is contained within the northern Canadian Cordillera, which encompasses an

area stretching between approximately Latitudes 55 to 70 N, and Longitudes 110 to 150 W. More

specifically, the site is located in the Selwyn Basin and lies within the Tombstone Thrust and Robert

Service Thrust fault zones (Figure 1), where more than 100 km of structural overlap was

accommodated during the Cretaceous (Mair et al., 2006). Indeed, much of the mineralization

present in the Selwyn Basin is related to collision-related deformation of the Yukon Tanana terrane

onto the ancient continental margin before 100 Ma, followed by the intrusion of granitic magma

around 93 Ma. This new assembly experienced lateral displacement along the Tintina fault (located

south of the site) during the Late Cretaceous (post-85 Ma). During recent geologic history, however,

the Dublin Gulch area has generally been categorized as an area of low seismicity (Colpron, 2011),

compared to other areas in Yukon Territory. These more seismically active areas include, but are not

limited to, the Wernecke and Mackenzie Mountains to the east-northeast, the Ogilvie Mountains to

the west-northwest, the Richardson Mountains to the north, and the Denali Fault zone to the

southwest.

According to Natural Resources Canada (NRCAN), the northern Rocky Mountains region, which runs

along the border of the Yukon and Northwestern Territory before extending westward, is one of the

most seismically active areas in Canada. Earthquakes along the mountain front north and east of the

Ogilvie, Wernecke, and Mackenzie Mountains are related to the northeastward push by the Yakutat

microplate against the St. Elias Mountains in the south.

The largest earthquake recorded in the northern Rocky Mountains area was a magnitude 6.9

earthquake that occurred on December 23, 1985 in the Mackenzie Mountains of the Northwest

Territories, at a distance of approximately 622 km from the site, according to the available records.

Other 6-plus magnitude earthquakes have occurred in the Richardson Mountains of the Yukon

Territory and include: M=6.2 in May, 1940; M=6.5 in June, 1940, and M=6.6 in March, 1955.)

3.0 Seismic Hazard Analysis

Seismic hazard analyses are typically conducted using one of two readily available methods: (1)

deterministic analysis or (2) probabilistic analysis. Evaluating potential ground motions from a

maximum credible earthquake (MCE), which is by definition the largest reasonably conceivable

earthquake possible along a known fault or seismogenic source zone, is a deterministic method.

Probabilistic analyses are commonly used where the earthquakes occur in conjunction with known

structures with known activity rates and in areas of diffuse historic seismicity where large regions of

similar historic seismicity can be assigned characteristic ground motions based on the rate of

historic earthquakes. This type of analysis results in probabilities of occurrence or non-exceedance

versus time or return period. Both approaches were used in this study.
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3.1 Deterministic Analysis

There are four key elements to performing deterministic seismic hazard analyses (DSHA) for use in

project design, namely: (1) determination of seismogenic structures or seismogenic source zones; (2)

definition of the associated characteristic earthquake magnitudes; (3) the distances between the

project site and the seismogenic sources, and; (4) selection of an appropriate attenuation function to

represent the decay of earthquake ground motions with distance and estimate the ground motions

at the project site. The following sections outline these key elements and discuss the assumptions

and methodologies employed in determining each of these elements for the current study.

3.1.1 Earthquake Database

The deterministic seismic hazard analysis conducted for this study included a review of earthquake

records from the Canadian National Earthquake Database (NEDB). A search of the NEDB was

performed for a 150 km radius around a central Latitude and Longitude of 64.00 N and 135.90 W for

Dublin Gulch (Figure 1). The search was restricted to earthquakes with moment magnitudes of 4 or

greater, as magnitudes below this will have little impact on engineering works. Due to the historic,

and even current, paucity of seismograph stations in the region, the database only includes

earthquakes that have occurred since 1985.

The results of the earthquake search included local magnitude (ML), short-wave body magnitude

(mb), and moment magnitude (Mw). These magnitude measurement scales are essentially equal for

moment magnitudes of 6 or less (Idriss, 1985). They were therefore not converted to reflect the

same magnitude scale. The search yielded 19 shallow earthquakes (18 km depth or less) that

occurred within a 150 km radius, 16 between magnitudes 4 and 4.9, and three between magnitude

5 and 5.1. The two largest earthquakes in the 150 km record were located east and southeast of the

site, at distances of 89 km and 148 km, respectively. These earthquakes were both magnitude 5.1,

and occurred on November 25, 1997 and September 24, 2005 in the region of the Mackenzie

Mountains.

3.1.2 Seismogenic Source Zones

Assessment of seismic hazards for the Eagle Gold site requires consideration of potential

earthquake source zones, either identifiable seismogenic faults or larger areas with common

seismogenic characteristics. Once source zones have been identified, maximum earthquakes can be

assigned for each source zone. In the following sections, potential fault sources and source zones

are identified. Considering that ground motions resulting from earthquakes with source-to-site

distances greater than about 150 km are relatively small, the study area for the hazard assessment

was restricted to those sources lying within 150 km of the project site.

Typically deterministic studies are restricted to assessing faults or source zones (large areas with

common seismogenic characteristics) that have shown to or are suspected of having displaced

Quaternary-age (less than approximately 1.8 million years) deposits, and are therefore generally

considered “active.” According to Maurice Colpron of the Yukon Geological Survey (Personal

Communication, 2011), the Dublin Gulch area is not known to contain Quaternary-age faults. The

site-specific search therefore included all known faults near Dublin Gulch, and was performed using

Geographic Information System (GIS) shapefiles provided through the Yukon Geological Survey. The
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search resulted in 3,145 individual fault listings within 150 km of the site. The majority of these

faults do not appear to have been studied in detail, and few details are available concerning type,

orientation, total length, or age. Many of the individual fault segments are part of larger fault

systems. The catalog (Table 1) has therefore been restricted to named faults in the area, most of

which have been studied and can be tracked in a literature search, and includes the longest

individual segments and the segments closest to the site for each fault source. The faults listed in

Table 1 are labeled in Figure 1.
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Table 1: Named Faults Near Dublin Gulch

FAULT
ID

FAULT TYPE FAULT NAME
LENGTH

(km)

NEAREST
DISTANCE TO

SITE (km)

10666 Fault, defined, thrust, upright CALLISON LAKE NORMAL FAULT 8.2 72.1

8011 Fault, defined, thrust, upright CALLISON LAKE THRUST FAULT 1.2 62.6

7388 Fault, defined, thrust, upright CALLISON LAKE THRUST FAULT 7.6 68.4

27530 Fault, approximate, thrust, upright DAWSON THRUST 53.2 44.2

7650 Fault, defined, normal/reverse FOREST FAULT 7.6 116.6

28896 Fault, defined, normal/reverse FOREST FAULT 4.0 109.5

13467
Fault, assumed, movement

undefined JOSEPHINE CREEK FAULT 0.4 53.6

13697
Fault, approximate, movement

undefined JOSEPHINE CREEK FAULT 2.1 53.7

11592
Fault, assumed, movement

undefined KATHLEEN LAKES FAULT 12.0 73.7

27133 Fault, defined, thrust, upright LOWER LAKE CREEK THRUST 9.4 66.7

8457 Fault, defined, thrust, upright LOWER RAE CREEK THRUST 2.7 90.0

9113 Fault, defined, thrust, upright LOWER RAE CREEK THRUST 0.7 82.8

11707 Fault, assumed, thrust, upright Moose Lake Thrust 2.1 89.3

23905 Fault, extrapolated, thrust, upright Moose Lake Thrust 19.7 96.8

8663 Fault, defined, thrust, upright NORTH FORK THRUST FAULT 0.3 123.2

9347 Fault, defined, thrust, upright NORTH FORK THRUST FAULT 13.5 123.5

12284 Fault, assumed, thrust, upright Robert Service Thrust 58.7 32.0

12838 Fault, approximate, thrust, upright ROBERT SERVICE THRUST 3.2 15.2

13138
Fault, assumed, movement

undefined Sideslip Lake Fault 13.2 101.8

23915
Fault, approximate, movement

undefined Sideslip Lake Fault 2.0 95.4

13665 Fault, approximate, normal/reverse SPRAGUE CREEK FAULT 7.5 35.3

13692 Fault, approximate, normal/reverse SPRAGUE CREEK FAULT 0.8 34.7

26882 Fault, extrapolated, dextral TINTINA FAULT 14.9 82.5

26631 Fault, extrapolated, dextral TINTINA FAULT 39.2 104.3

13679 Fault, approximate, thrust, upright
TOMBSTONE STRAIN ZONE UPPER

BOUNDARY 21.6 6.8

27690 Fault, approximate, thrust, upright TOMBSTONE THRUST 29.2 29.3

8273 Fault, defined, thrust, upright UPPER LAKE CREEK THRUST 1.1 67.3

8009 Fault, defined, thrust, upright UPPER LAKE CREEK THRUST 4.8 76.6

10298 Fault, assumed, thrust, upright WERNICKE FAULT 0.2 129.3

9856 Fault, defined, thrust, upright WERNICKE FAULT 8,409 133.7
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The youngest known fault in the vicinity of the site which is large enough to generate strong ground

motions appears to be the Tintina Fault, which is a major strike-slip fault that stretches from British

Columbia to Alaska, and is estimated to have last moved during the Eocene (approximately 54-36

million years ago). Other large historic faults in the area include the Dawson, Tombstone, and

Roberts Service thrust faults, which are Cretaceous in age (approximately 141-65 million years ago).

The remaining faults listed in Table 1 appear to be related to collisional-deformation during the

Cretaceous. It must be emphasized that these structures were active during a very different

seismogenic framework than exists in the area today, and they are therefore not included in the

DSHA. While earthquakes have occurred in the area near Dublin Gulch in the recent past, they do

not appear to be associated with specific geologic structures exhibiting offset or displacement at the

ground surface.

A review of potential earthquake source zones in the project area, based on recent earthquake

history and the existing seismogenic framework, confirms seismic activity related to movement in

nearby mountain ranges. Areas that show a concentration of earthquake activity in the 26 years

covered in NRCAN’s database include the Wernecke/Mackenzie (these mountains are grouped as a

single seismic source for the purposes of this study), and Ogilvie Mountains, as noted previously in

Section 2.0. An MCE associated with one of these sources is likely to control the design PGA. For

purposes of the DSHA, the distance to these two source zones was assumed to approximately

coincide with the base of the mountains at their nearest point to the site. A typical method for

assigning a MCE to site-specific area sources is to add 0.5 to 1.0 magnitude to the maximum

magnitude in the earthquake history. However, due to the short span of the earthquake history, and

considering the earthquake magnitudes on a regional scale (Section 2.0), a conservative magnitude

of 7.0 was assigned to these sources, summarized below:.

 Wernecke/Mackenzie Source Zone, M = 7.0, Epicentral Distance (D) = 60 km

 Ogilvie Source Zone, M = 7.0, D = 30 km

3.1.3 Attenuation Relations

Seismic hazard analyses require an attenuation relationship to represent the decay of earthquake

ground motions with distance, or a combination of weighted attenuation relationships, in order to

produce estimated ground motions for use in project design. Most recently published applicable

attenuation relationships are based on a database of worldwide strong motion recordings provided

by the Pacific Earthquake Engineering Research (PEER) Center for their Next Generation Attenuation

(NGA) project. In general, these attenuation relationships are considered applicable to the western

United States and other tectonically active regions that experience shallow crustal faulting (Campbell

and Bozorgnia, 2007). These attenuation relationships are therefore also considered applicable to

the Dublin Gulch Property.

The NGA project supported five teams in the development of new empirical ground motion models

for the estimation of peak ground accelerations and 5%-damped pseudo-acceleration response

spectra. Each team was given access to the same database and a set of criteria dictating the

limiting parameters of the final product, but otherwise the researchers were allowed to make their

own interpretations. The five NGA model development teams included Abrahamson and Silva

(2008); Boore and Atkinson (2008); Campbell and Bozorgnia (2008); Chiou and Youngs (2008); and

Idriss (2008). In general, the NGA models provide median and aleatory uncertainty values for peak
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ground acceleration (PGA), peak ground velocity (PGV), peak ground displacement (PGD), and

response spectral acceleration (PSA) and displacement (SD) for oscillator periods ranging from 0.01

to 10.0 seconds. The models are valid for earthquake magnitudes ranging from 4.0 to 8.0, and

distances ranging from 0 to 200 km. A Microsoft Excel spreadsheet published by Dr. Linda Al Atik in

September, 2009, includes the five NGA attenuation models and allows for the calculation of

averages weighted at the user’s discretion. The spreadsheet is available through the PEER website

(http://peer.berkeley.edu/ngawest/index.html ) and, according to Dr. Atik, has been compared with

success to other calculation files (Al Atik, Linda, 2010).

3.1.4 Attenuation Model Input

The NGA spreadsheet requires earthquake magnitude, and specific fault parameters be input,

namely geometry-related values such as: site-to-source distances, fault rupture depth, fault rupture

width, and dip of rupture plane; depths to 1.0 km/s and 2.5 km/s shear wave velocity horizons;

average shear wave velocity in the upper 30 m of the foundation materials (Vs30); sense of fault

movement (i.e., normal, reverse, strike-slip, or unspecified); and, whether the site lies on the hanging

wall (hanging wall factor) or foot wall, in the case of normal or reverse faults. This last factor is

meant to account for the fact that ground motions on the hanging wall are typically higher than those

observed on the footwall of a fault.

According to Cassidy et al. (2005), large earthquakes that have occurred in the Mackenzie

Mountains are generally shallow thrust faults that often do not have a surface expression. This is

assumed to be the case for earthquakes in the Wernecke and Ogilvie Mountains as well, based on

the tectonic framework of the area and the northeasterly movement of the Yukatat microplate. Both

source zones were modeled assuming movement on a thrust fault dipping to the southwest. This is

a conservative assumption, as this puts the Dublin Gulch Property on the hanging wall for both

source zones. In addition, a shallow dip of 30 degrees and a depth of 6 km were assumed, based on

the earthquake history and the gentle to moderate dip described for historic shallow thrust faults in

the area (Mair et al., 2006). Empirical relationships by Wells and Coppersmith (1994), which relate

segment lengths to magnitude, and magnitude to rupture area, were used to back-calculate segment

lengths, and then, based on the segment lengths, estimate rupture widths. Depths to 1.0 km/s and

2.5 km/s shear wave velocity horizons are not known, but as this is the expected case for most

analyses, default values are provided by the NGA models; these values were used for the Dublin

Gulch Property. The average shear wave velocity in the upper 30 m of the foundation (Vs30) was

assumed to be 750 m/s, a typical value for the National Building Code of Canada (NBCC) “firm

ground” soil class C.

3.1.5 Notes on Deterministic Model Conservatism

Conservative assumptions for this portion of the study mainly relate to magnitude and source

orientation, and the method of analysis itself (deterministic using the MCE). MCE events are the

largest possible earthquake that could reasonably be associated with a seismogenic structure under

the presently known or presumed tectonic framework with no consideration given to the probability

that such an event will occur. The MCE is also conservatively assumed to occur at the closest point
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of the source zone to the project site. Theoretically, no ground motion should occur which exceeds

that of the MCE.

The value used for shear wave velocity in the upper 30 m of the foundation was based on a regional

average used in the NBCC. Considering the shallow depth to bedrock at the site, the actual value

may well be higher, which would lead to a lower anticipated PGA. However, raising it to 1100 m/s

(i.e., soft rock), only reduces the PGA by 0.01g to 0.03g from the PGA values reported (Table 2).

3.1.6 Deterministic Peak Ground Accelerations

A primary result of deterministic seismic hazard analysis is an estimate of peak ground acceleration

(PGA) that can be expected at the site given the various geological and seismological parameters of

the region. Table 2 presents a comparison of PGA estimates for the two sources expected to

contribute the greatest potential ground motions within the 150 km radius of the Eagle Gold

property. All PGA estimates presented in Table 2 reflect an average value derived from applying

equal weights to the 2008 NGA models discussed previously.

Table 2: Deterministic Peak Ground Acceleration Estimates for Dublin Gulch

Seismic Source PGA (g) Distance from Site (km) MCE

Wernecke/Mackenzie Source Zone 0.10 60 7.0

Ogilvie Source Zone 0.27 30 7.0

3.2 Probabilistic Analysis

A consequence of deterministic analyses is that there is no consideration of probability or risk

associated with the identified hazards. Ground motions associated with MCE are discrete values,

whereas ground motions derived from probabilistic analyses, by definition, have likelihoods of

occurrence associated with them. For instance, interpolation of the NRCAN 2005 National Building

Code of Canada Seismic Hazard data indicates a ground motion of 0.19g at Dublin Gulch (Table 3)

has a 10 percent chance of exceedance in 50 years. This equates to a risk of an earthquake

occurring that exceeds 0.19g approximately every 475 years. A probabilistic analysis is included in

order to assist Victoria Gold Corp. with quantification of the risks associated with seismic hazards at

the Eagle Gold property.

The probabilistic analysis was initially conducted using the NRCAN 2005 National Building Code

Seismic Hazard website http://earthquakescanada.nrcan.gc.ca/hazard-alea/interpolat/index-

eng.php to determine the peak horizontal ground acceleration (PGA) for various return periods. The

website is a tool developed by NRCAN to calculate probabilistic response spectra with different

hazard levels for spectral periods up to 2.0 seconds at any location (the equivalent spectral

response period for peak ground acceleration is 0.0 seconds). The on-line calculator uses an

average shear wave velocity in the upper 30 meters (Vs30) that corresponds to NBCC 2005 soil class
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C (360-750 m/s). The median (50th percentile) peak ground accelerations for 10%, 5%, and 2%

probabilities of exceedance in 50 years were calculated using the on-line calculator. For

comparison, Stephen Halchuk of NRCAN (Personal Communication, 2011) provided mean values for

the same probabilities. Both are shown in Table 3.

Table 3: Probabilistic Ground Motions for Dublin Gulch

NRCAN 2005 National Building Code of Canada Seismic Hazard Interpolation

Probability of Exceedance in
50 years (%)

Approximate
Equivalent Return

Period (yrs)

Median Peak
Ground

Acceleration (g)

Mean Peak
Ground

Acceleration (g)

10% 475 0.14 0.19

5% 975 0.18 0.25

2% 2475 0.25 0.35

4.0 Discussion

The design PGA should be chosen based on regulatory requirements and the level of tenable risk to

the project. The Yukon Water Board Licensing Guidelines reference use of the MCE, but also defer to

the 2007 Canadian Dam Association (CDA) guidelines for water management structures. The CDA

requires a mean (rather than median) 1 percent in 50 yrs probability of exceedance (approximate

return period of 5,000 yrs) PGA for high hazard water management structures. For the moment, it is

unclear which regulatory guidelines will take precedent for the various engineering works at the

Eagle Gold mine site. However, a PGA corresponding to a 5,000-year event is not available through

NRCAN, as this probability category is beyond the intended purpose of the NBCC models (Personal

Communication with Stephen Halchuck, 2011). Extrapolating a value for this low probability ground

motion, according to NRCAN recommendations, results in a PGA of 0.48g (Figure 2). This mean

value is larger than the MCE ground motions, which implies an event with a larger moment

magnitude than the MCE may reasonably be expected to occur. This is contrary to the definition of

an MCE. The large difference between the extrapolated 5,000-yr PGA and the MCE PGA can be

explained by the fact that the 5,000-yr extrapolation is not constrained by the current tectonic

environment. In addition, NRCAN emphasizes that low probability values extrapolated from their

models can be given little credence, and should only be used as a screening tool to determine if a

site-specific seismic hazard assessment is warranted. The site specific hazard study has shown that

there is a very short earthquake history for the area, and, in particular, there have been very few

earthquakes large enough to formulate a meaningful site-specific earthquake forecast model, which

would be required to perform a site-specific probabilistic analysis. Such an analysis would result in a

prediction for a 5,000-year event based on only 26 years of available earthquake history.
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Figure 2: Extrapolation of NRCAN Mean Probabilistic PGA Values to a 5,000-year Event

(0.0002 Annual Probability of Exceedance)

Considering the level of conservatism inherent in a deterministic analysis, and the added

conservatism discussed in Section 3.1.5, Tetra Tech recommends a design PGA of 0.27g based on

an MCE of moment magnitude 7.0.

5.0 Conclusions and Recommendations

This memorandum provides a summary of a seismic hazard analysis performed for Victoria Gold

Corporation’s Eagle Gold project, located near Dublin Gulch in the Yukon Territory, Canada. Peak

ground accelerations were developed for both deterministic analyses and probabilistic analyses. A

Microsoft Excel spreadsheet that applies a weighted average to five attenuation relationships

developed through the PEER NGA project was used for the deterministic analyses, while data

published by NRCAN was used to determine probabilistic site ground motions and their

corresponding probabilities of occurrence. These results are summarized in Tables 2 and 3.

Tetra Tech recommends a design PGA of 0.27g for high hazard facilities, as determined using an

MCE of moment magnitude 7.0. For facilities requiring a PGA based on a return period of 1,000

years or less, the mean NBCC values from Table 3 may be used.
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Technical Memorandum

To: File From: Troy Meyer, P.E., P Eng

Company: Tetra Tech Date: 24 October 2011

Re: Eagle Gold HLF – Embankment Filter
Design

Project #: 114-201045X

CC:

Introduction

This memo presents the detailed design for the filter zone that is located between the subliner

material and the embankment structural fill.

The Eagle Gold Heap Leach Facility (HLF) has been designed as a fully lined pad with internal

solution pond. The feasibility-level design of the HLF embankment consists of the following

elements, from the top down:

1. A zone of crushed and agglomerated ore,

2. Over Drain Fill (ODF) consisting of a 1000 mm thickness of permeable granular material

(minus 38 mm crushed durable gravel) and perforated pipes.

3. A linear low density polyethylene (LLDPE) upper geomembrane liner.

4. A high load drainage net

5. A linear low density polyethylene (LLDPE) upper geomembrane liner.

6. A low permeability compacted liner bedding fill above the prepared foundation subgrade.

The liner bedding material must be filter compatible with the filter zone, preventing

migration of the solids (piping) in the unlikely event of hydraulic head transferring

through an opening in the liner system.

7. A filter zone.

8. Embankment structural fill.

Filter Design

The filter design and resulting filter zone material specification is based on U.S. Dept. of

Agriculture National Resource Conservation Service (NRCS 1994) filter selection criteria and

the grain size distribution of the tailings material from laboratory test work conducted by BGC

(2010) and Golder Associates (1995). The following steps were performed:

http://www.tetratech.com/


Step 1 – Plot grain size curve of base soil (see Figure 1). These gradations represent

the range of expected materials from the identified borrow sources.

Step 2 – Proceed to Step 4 if the base soil contains no gravel (+4.76 mm)

Step 3 – (this step is skipped since tailings contains no gravel)

Step 4 – Determine base soil category based on fines content (percent finer than 0.074

mm).

Base soil contains 91 – 94% fines.

Soil category 1 – Fine Silt and Clays

Step 5 – Determine maximum D15 of the filter for filtration requirements.

Base soil category 1: D15,max  9 x D85 but not less than 0.2mm



D15,max  0.495 mm

Step 6 and 7 – Determine minimum D15 of the filter for permeability requirements.

Step 6 does not apply. The minimum D15 is not a requirement for the HLF

embankment since the seepage from a potential leak through the double liner

system is expected to be is very small compared to the capacity of the drain

Also, since D15,max/D15,min < 5, adjustment of filter band width (Step 7) does not

apply. Based on the gradational data, the following was chosen:

D15,min  0.1 mm

Step 8 – Coefficient of Uniformity (Cu) to prevent gap grading.

Coefficient of uniformity (Cu) of less than 6 will be specified for the drain material

to ensure gap-graded materials and not used. For the purposes of providing a

specification, the following was chosen:

D60,min  0.5 mm

Step 9 – Determine minimum D5 & maximum D100 of the Filter Material from NRCS Table

26-5.

The D5 value is not a factor since the tailings permeability is 10-7 cm/s and

overdrain permeability is 10-3 cm/s. The D100 was chosen from the table as

follows:

D50,min = .075 mm

D100,max  3 inches (75 mm)

Step 10 – Determine maximum D90 for the Filter Material based on D10,min and NRCS

Table 26-6

 from Table 26-6 D90,max = 20 mm



Step 11 – Connect the points to form the design for the filter band. Extrapolate to
complete the curves.

Figure 2 presents the filter design based on NRCS criteria with gradation curves for

representative liner bedding material.

Based on the filter design, the suggested gradational specifications for the filter are shown in

Table 1.

Table 1 – Specification for Filter Material

US Sieve Size % Passing by Weight

3 inch (75 mm) 100

No. 4 70-100

No. 40 15-60

No. 200 0-5

Note: Coefficient of uniformity (Cu) shall be less than 6.
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CC:

Introduction

This section presents the heap leach drain pipe sizing results for the Eagle Gold Projects’

(Project) Heap Leach Pad. The designed heap leach pad will contain a piping network that will

be distributed throughout the limits of the facility and will accommodate the volumes from a 100-

year, 24-hour storm in addition to 150% of the flow generated from the applied leaching

solution. The drain pipes are located within the free-draining Overliner Drain Fill (ODF) material

placed above the pad liner and will collect and convey the stormwater and Pregnant Leach

Solution (PLS) to the designated pond. Drain pipe sizing calculations are provided in

Attachment 1.

The following parameters were used in the Heap Leach Pad drain pipe sizing calculations.

These parameters were based on the design criteria provided by Wardrop (2011) and on

standard engineering practice.

 The 100-year, 24-hour storm event precipitation is 103.5 mm.

 The leaching solution application flow rate is 2770 m3/hr.

 Total flow capacity to be accounted for in the pads’ drainage pipe system was comprised of
the 100-year, 24-hour storm event plus 1.5 times the design leaching application flow rate
(4155 m3/hr). Collector pipe spacing is based on the unit leaching rate (10 l/hr/m2)

 Manning’s “n” of 0.014 was selected for the perforated ADS N12 pipes to account for the
roughness of the manufactured perforations and for wear over time.

 Flow conditions assumed pipes were 85% full for maximum conveyance under gravity.

 Drainage sections were divided and grouped in terms of similar average slopes over the
length of the entire section area.

 The ODF permeability is equivalent to 2 x 10-2 cm/sec or greater under a 91 m maximum ore
heap load.

 The drain system design conservatively assumed no moisture absorption or retention losses
in the ore material.



The calculations assumed that the ODF has been placed over the entire pad footprint and that

the 103.5 mm of precipitation is evenly distributed throughout the 24-hours of the storms

duration; therefore resulting in no peak flow occurrences. Pipe capacities were calculated using

Manning’s equation shown below (Chow, 1959).

Q = (1/n) x A x (R)2/3 x (S)1/2 where:

Q = discharge (cms)

n = Manning’s roughness coefficient

A = cross sectional area of the pipe (m2)

(R)2/3 = hydraulic radius at 85% capacity (m)

(S)1/2 = pipe slope (m/m)

Note: Pipe design slopes were obtained from the design contours within the Heap Leach Pad limits.

In order to maximize the efficiency of the ore’s drainage and to minimize the potential for

leakage through the pads’ liner system, the hydraulic head above the liner was designed to be

less than a maximum height of 1.0 m. (within the ODF layer). Drain pipe spacing was

determined by the equation below for estimating the peak hydraulic head on the pads’ liner

system between drain pipes (McWhorter and Sunada, 1977).

H = (L/2) x (W / K) 0.5 where:

H = maximum desired hydraulic head on the liner of 2.0 m

L = drain pipe spacing (to be determined)

W = unit application rate of (10 l/hr/m2)

K = hydraulic conductivity (permeability) of pad drain material (2 x 10-

2 cm/sec)

Calculating the hydraulic head using the assumed values indicates that a minimum secondary

pipe spacing of 17 m on center will limit hydraulic head on the liner to less than 1.0 m.

The ODF shall consist of free-draining granular material with 38-mm maximum particle size and

a maximum of 5 percent fines passing the No. 200 ASTM sieve size (0.075-mm). The material

shall be free of organic matter and soft, friable particles in quantities objectionable to the

Engineer. The minimum in place hydraulic conductivity of the ODF will be 2x10-4 m/s. The

design criteria specified an ODF permeability and maximum ore heap load to ensure both

reasonable spacing of the drain pipes and fully drained heap conditions.

The Heap Leach Pads’ drain pipes will consist of 450, 375, 250, and 100 mm diameter

corrugated, dual-wall, perforated ADS N-12 pipes. The pipe network to be constructed consists

of a series of 100 mm secondary drain pipes, spaced every 50 m on center and arranged in a

“herringbone” pattern around the larger pipes that will convey the collected fluid, i.e., PLS and

stormwater flows. The larger pipes mentioned consist of 250 mm collector pipes transmitting

their flows to the 375 mm primary pipes which ultimately drain their collected and transmitting

fluid to the 450 mm header pipes.



For design purposes the Heap Leach Pad was divided into East and West Regions. The

dividing line for these two (2) Regions was based on the design ground contours. Each East

and West Region was again further subdivided into smaller Sections based on similar slopes

from the design contours. Pipes were individually sized by Section to account for the different

slopes from each contributing Collector, Primary, and Header area. The East Region consisted

of Header, Primary, and Collector Sections. The West region consisted of Header and Primary

Sections. The contributing land areas from each of these Regions and Sections are summarized

in the table below.

Table 1.1 – Heap Leach Pad Land Area Breakdown

Heap Leach

Region

Total Region

Area (m
2
)

Heap Leach

Section

Total Section

Area (m
2
)

East 525,874

Header 146,524

Primary 38,423

Collector 162,270

West 717,253

Header 67,080

Primary 599,838

The total combined (100-year, 24-hour storm plus 150% of the applied leaching solution) flows

for each of these section areas are summarized in the table below.

Table 1.2 – Summary of Total Combined Flows

Heap Leach

Region

Header Section

Total Flow

(m
3
/hr)

Primary Section

Total Flow

(m
3
/hr)

Collector Section

Total Flow

(m
3
/hr)

East 5,652 5,020 4,855

West 7,031 6,742 N/A

Note: For reference, see Attachment 1.

The results summarized in Table 1.3 below are the minimum quantities of pipes needed to

satisfy the stated design criteria for each Region of the Heap Leach Pad and assumes that 100

mm secondary drainage pipes will be arranged in a herringbone pattern and spaced 50 m on

center with one another.



Table 1.3 – Summary of Minimum Pipe Quantities

Heap Leach

Region

Quantity of

450mm Header

Pipes

Quantity of

375mm Primary

Pipes

Quantity of

250mm Collector

Pipes

East 2 3 5

West 2 3 N/A

Table 1.4 – Summary of Total Average Pipe Lengths Required

Heap Leach

Construction

Phase

Average

Required Length

(m) of 450mm

Header Pipe

Average

Required Length

(m) of 375mm

Primary Pipe

Average

Required Length

(m) of 250mm

Collector Pipe

Average

Required Length

(m) of 100mm

Secondary Pipe

Phase 1 1,652 1,559 N/A 8,515

Phase 2 N/A 279 1,117 8,152

Phase 3 N/A 814 2,174 6,624

References

Chow, V.T. Open-Channel Hydraulics, McGraw Hill, New York, 1959.

McWhorter, David B. & Sunada, Daniel K. Ground-water Hydrology and Hydraulics. Water

Resources Publication, 1977.



Client: Eagle Gold Feasibility Study Job No.: 114-201045X

Subject: Heap Leach Facility By: TLM

Details: Pipe Sizing Calculations Date: February 10, 2012

Avg. Solution Outflow Rate (m
3
/hr): 2770.00 (From Design Criteria, Wardrop 2012)

100-Year 24-Hour Precipitation (mm): 103.50 (From Design Criteria, Wardrop 2012)

Header Area (m
2
)

Header Pipe East

Slope (m/m)

Header Pipe West

Slope (m/m)
Location Area (m

2
)

East: 146524.00 0.13 0.13 East: 525,874

West: 67080.00 West: 717,253

Total Header Area: 213604.00 Total Area (m
2
): 1243126.32

Header Pipes - N 12 Perforated Pipe

150% PLS Solution + 100_Year Storm

Area
PLS Flow

(m
3
/hr)

Storm Flow

(m
3
/hr)

Combined Storm

Flow (m
3
/hr)

Total Flow

(m
3
/hr)

Total Flow

(m
3
/s)

No. Pipes
Pipe Diameter

(mm)

East 4,155 631.9 1497.4 5652.4 1.6 2 450

West 4,155 289.3 2876.1 7031.1 2.0 2 450

Primary Area (m
2
)

Primary Pipe East

Slope (m/m)

Primary Pipe West

Slope (m/m)

East: 38423.00 0.13 0.16

West: 599838.00

Total Primary Area: 638261.00

Primary Pipes - N 12 Perforated Pipe

150% PLS Solution + 100_Year Storm

Area
PLS Flow

(m
3
/hr)

Storm Flow

(m
3
/hr)

Combined Storm

Flow (m
3
/hr)

Total Flow

(m
3
/hr)

Total Flow

(m
3
/s)

No. Pipes
Pipe Diameter

(mm)

East 4,155 165.7 865.5 5020.5 1.4 3 375

West 4,155 2586.8 2586.8 6741.8 1.9 3 375

Collector Area (m
2
)

Collector Pipe East

Slope (m/m)

East: 162270.00 0.29

Total Collector Area: 162270.00

Collector Pipes - N 12 Perforated Pipe

150% PLS Solution + 100_Year Storm

Area
PLS Flow

(m
3
/hr)

Storm Flow

(m
3
/hr)

Total Flow

(m
3
/hr)

Total Flow

(m
3
/s)

No. Pipes
Pipe Diameter

(mm)

East 4,155 699.8 4854.8 1.3 5 250



CLIENT: Eagle Gold Feasibility Study

PROJECT: Heap Leach Facility JOB NO: 114-320905X

SUBJECT: Pipe Spacing Calculations BY: TLM

DETAILS Pipe Spacing - McWhorter & Sunada, 1977 Date: February 10, 2012

Units: Metric Application Rate: 0.0041 gpm/ft
2

Application Rate: 0.24 m^3/day/m^2 10.00 l/hr/m
2

Maximum Desired Head on the Liner: 1.0 m 0.0100 m
3
/hr/m

2

Hydraulic Conductivity: 17.28 m/day 0.24 m
3
/day/m

2

8.47 ft
3
/day/ft

2

Pipe Spacing: 17.0 m

Average Hydraulic Head on Liner: 0.4 m

Hydraulic Conductivity 0.0200 cm/s

56.69 ft/day

17.28 m/day

Where:

H = Maximum Hydraulic Head on Liner at Midpoint between Pipes

L = Drain Pipe Spacing

W = Application Rate

K = Hydraulic Conductivity

1) Permeability in drain layer of 2 x 10
-2

cm/s for a fully loaded scenario

Results

Required Pipe Spacing: 17.0 meters

Design Pipe Spacing: 17.0 meters

Pipe Spacing Application Rate Converter

Hydraulic Conductivity Converter

5.0
*

2
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Technical Memorandum

To: File From: Kanyembo Katapa

Company: Date: August 30, 2011

Re: Heap Leach Facility Settlement
Assessment

Doc #:

CC: Marvin Silva, Joel Carrasco

1.0 Introduction

This Technical Memorandum provides a summary of Tetra Tech’s one dimensional settlement
assessment of the Heap Leach Facility (HLF) at the proposed Eagle Gold Mine Project
(Project).

The assessment of the foundation conditions has been carried out as part of the preliminary
design of the HLF. The construction of the HLF would apply loads to the foundation soils which
would result in total and differential settlements. These settlements will impact the performance
of the proposed liner system and collection pipe network at the base of the HLF pad. In addition,
the settlements would impact the stability of the confining embankment and the performance of
other facilities directly associated with the embankment such as the conveyor belt and the in-
heap pond.

This assessment has been conducted using data collected from previous geotechnical site
investigations and site information obtained by others. Tetra Tech did not conduct any additional
geotechnical investigations prior to completing this settlement assessment.

2.0 Site Conditions

2.1 Current Site Conditions and Proposed Development

The planned development at the Eagle Gold mine calls for construction of a heap leach facility
in the Ann Gulch area (see Figure 1). The primary structures of the HLF include the heap leach
pad and the confining embankment. The heap leach pad covers an area of approximately 128
hectares. The impoundment area is sloping down at a slope of approximately 18%. A confining
embankment at the down-slope toe of the leach pad will be constructed to provide lateral
containment of the pregnant leach solution and form the in-heap pond.

The change in elevation from the toe of the confining embankment to the top of the heap pad is
approximately 380 m, with a maximum thickness at any location of approximately 150 m. The
maximum changes in pressure applied to the foundation soil and embankment are subsequently
expected to be in the order of 2,700 kPa.

It is understood that current site conditions consist of a thin cover of organic soil and vegetation
underlain by colluvium and variably weathered bedrock. Some areas of the site have been
disturbed from previous mining activities. Alluvial sediments, glacial till or ‘placer’ tailings (fill)
are present in or near the valley bottom close to Dublin Gulch. Ground conditions throughout the
project site are highly variable.



It is recommended that all surficial organic soil must be removed prior to construction.
Therefore, the presence of the organic layer, although noted on borehole logs, is neglected in
this settlement assessment.

2.2 Existing Subsurface Conditions

Subsurface conditions at the HLF site were inferred from geotechnical investigations previously
carried out by others across the proposed location of the HLF (BGC 2009 and 2010). Borehole
and test pit data from these investigations were provided to Tetra Tech. The previous
geotechnical investigations consist of 15 boreholes and 31 test pits. Groundwater monitoring
wells were installed in four of the 15 boreholes.

Based on the previous site investigation results, the subsurface soil stratigraphy across the HLF
generally consists of the following:

 Organic Layer

 Placer Tailings (Fill)

 Colluvium

 Highly Weathered to Moderately Weathered Bedrock

 Slightly Weathered Bedrock

The previous site investigation reports characterized these subsurface layers as follows:

Organic cover consists of vegetative rootmat, moss, silt and sand, and organic matter. The
thickness was typically in the order of 0.2 m and was not present in previously disturbed areas.

The fill materials were encountered in the south areas of the HLF site in the lower elevations.
The fill consists of placer tailings material from previous mining activities. The bulk of the fill is
loose to compact sand and gravel with variable amounts of silt, cobbles and boulders. The fill is
also characterized with considerable variability in material gradation and compactness. Average
SPT N-values for tests performed on placer tailings ranged from 4 to 32.

Colluvium material was generally encountered on sloping ground and near the ground surface
below the organic cover and was not present in previously disturbed areas. The colluvium
consists of loose to compact angular gravel with occasional cobbles in a silt and sand matrix,
derived from transported weathered metasedimentary bedrock. The colluvium may also include
variable amounts of organics, which are often observed in distinct layers within the colluvium.

A horizon of variably weathered rock was observed across the entire site. The bedrock
encountered at the HLF site is generally classified as metamorphosed sedimentary rock, with a
variably deep weathering profile. Bedrock at the mine site has been subdivided into three broad
categories – Type 1, Type 2 and Type 3 based on the rockmass quality and inferred
engineering behavior. A summary of the typical characteristics on the three rock types are
summarized in the Table 1.

Table 1 Bedrock Characteristics
Parameter Type 1 Type 2 Type 3

Unconfined Compressive Strength >25 MPa 5 to 25 MPa 1 to 5 MPa

Geological Strength Index >20 15 to 25 15 to 25

Weathering Grade
Slightly to

Moderately
Weathered

Moderately to
Highly Weathered

Highly Weathered

Groundwater



Seven groundwater wells have been installed in the general area of the HLF. Data from these
wells show an average groundwater depth of approximately 12 m in the upland and 2.5 m in the
valley bottom.

Permafrost

Frozen ground was encountered in the upper part of the HLF footprint. Frozen ground was
typically encountered within colluvial gravels, and gravels and sands with depths varying
between 0.6 m to 2.8 m, and occasionally included excess ice. Frozen ground was not
encountered in the valley bottom nor on the southern edge of the proposed heap leach pad, but
localized pockets of frozen ground may be present in these areas. One thermistor string with
multiple temperature-measuring beads was installed in the HLF area to the depth of 10 m.
Temperature data measured in August, September and October of 2009 do not show freezing
temperatures within the 10 m zone, indicating an absence of permafrost at this location.
Permafrost has been confirmed using thermistor data in other locations of the mine site. The
thermistor data show the permafrost to be warm, at close to 0° C.

Existing Laboratory Tests Data

Laboratory testing conducted on select samples included: moisture content tests, Atterberg
limits, grain size analysis (sieves and hydrometers), specific gravity, and modified proctor. Not
all samples tested were from the HLF area. However, in certain cases, the test results are
considered to be representative of similar soils within the HLF area.

Moisture content test results were used in this evaluation to estimate the total moisture content
of frozen soil.

The laboratory test data are contained in the respective references noted above.

3.0 Settlement

3.1 Thaw Consolidation

Frozen soil was encountered within the colluvium layer at the HLF site. The colluvium is
classified as gravel in a silt and sand matrix. Gravels are generally not considered to be highly
susceptible to frost heave and thaw consolidation settlement. The potential for thaw
consolidation settlement due to the silt and sand matrix was investigated using the oedometer
test data for silts and sand from several sites along the Mackenzie River presented by
(Andersland & Ladanyi, 2004). Moisture content data from the tests pits and boreholes in which
frozen soil was reported was analyzed to determine the representative moisture content of the
frozen soil. An estimate of the thaw settlement was determined by comparing the representative
moisture content to the plot of moisture content versus thaw settlement, presented by
Andersland and Ladanyi (2004), shown in Illustration 1.0..

The average moisture content from boreholes and test pits from which frozen soil was reported
was calculated to be 12.2 %. The thaw settlement corresponding to this moisture content is very
low (Illustration 1.0). Thaw consolidation at the HLF was considered to be negligible. It is
therefore, not expected that thaw consolidation will contribute significantly to the HLF total and
differential settlements.



Illustration 1.0 Thaw settlement versus total water content for some Mackenzie
Valley soils (From Andersland & Ladanyi 2004)

3.2 Elastic Settlement Prediction Method

Foundation elastic settlements were calculated using the Schmertmann strain influence method.
Originally proposed by Schmertmann (1970) and modified by Schmertmann, Hartmann, and
Brown (1978), this method was developed to estimate foundation settlements in cohesionless
soils. This procedure provides settlement compatible with field measurements in many different
areas. The analysis assumes that the distribution of vertical strain is compatible with a linear
elastic half space subjected to a uniform pressure. To use this method, the subsurface is broken
into sub layers. Each layer has a constant value of strain and soil modulus. The soil
parameters used in the settlement calculation were selected based on the results of the
geotechnical investigations referenced above. Settlement is calculated by summing the
influence of all layers, as calculated by equation (1).

∆H = CଵCଶ∆p∑ ቀ ୍

౩
ቁ୬

୧ୀଵ ∆z୧ (1)

where:
C1 = embedment correction factor = 1 – 0.5(σ’od/Δp) ≥ 0.5   
C2 = creep correction factor = 1 + 0.2 log (10t)

 σ’od = overburden pressure at foundation level or depth d, tsf
 ΔP = net foundation pressure increase = q – σ’od, tsf

t = lapsed time in years
Izi = influence factor of soil layer i
Esi = elastic modulus of soil layer i, 0.2B, tsf

 Δzi = depth increment i, inches

Schmertmann developed the diagram shown in Illustration 2.0 to determine the appropriate
strain influence factor, Iz, for each layer within the profile. Two distributions are shown: one for
square or circular footings (L/B=1, axisymmetric), and a second for strip footings (L/B>10, plane
strain). Both are triangular distributions, and the one for square or circular footings begins at a
value of 0.1 at the base of the footing, while the one for strip footings begins at a value of 0.2 at
the base of the footing.



Illustration 2.0 Strain Influence Factors for Schmertmann’s Approximation (From
Engineer Manual No. 1110-1-1904, USACOE, 30 Sep 90, page 3-8)

The maximum strain factor, Izp, occurs at a depth equal to B/2 for square footings and B for strip
footings, and is calculated using equation (2)

I୮ = 0.5 + 0.1ට
∆

ᇱ౦
(2)

where:
 σ’Izp = initial effective stress at the depth of maximum strain influence

    Axisymmetric:  σ’Izp = 0.5Bγ’ + Dγ’ 
    Plane strain:  σ’Izp = Bγ’ + Dγ’ 
where:
 γ’ = effective unit weight, tcf 

B = footing width, ft
D = excavated or embedded depth, ft

In this evaluation, the plane strain distribution was used. The strain factors Iz, any given depth
within the soil (i.e. not peak strain factor) profile were computed using equations (3) and (4).

For zf = 0 to B ௭ܫ = 0.2 + ቀ
௭


ቁ൫ܫ௭ − 0.2൯ (3)

For zf = B to 4B ௭ܫ = ௭ቀ4ܫ0.333 −
௭


ቁ (4)



where:

zf = depth from bottom of leach pad to midpoint of layer

Iz = strain influence factor

Values of soil modulus, Es, for the fill (placer tailings) and the colluvium were established using
the following relationships (NAVFAC 1986):

Table 2 Soil Modulus/SPT-N Value Relationship
Soil Type Es/N

silts, sands silts, slightly cohesive silt-sand mixtures 4

clean, fine to med, sands & slightly silty sands 7

coarse sands & sands with little gravel 10

sandy gravels and gravel 12

where:

Es = Soil modulus in tons per square foot (tsf)

N = corrected blow count from standard penetration tests (SPT)

For this evaluation, based on the grain size analyses results and the descriptions of the
subsurface profile at the HLF site, the fill was classified as coarse sand with little gravel and the
colluvium was classified as sandy gravel. This classification of the fill and colluvium resulted in
Es/N values of 10 and 12 respectively.

The results of SPTs performed in the fill material show that the blow counts range from 4 to 36.
The lowest blow counts recorded were N = 3.5 at a depth of 8 m. Based on the lowest blow
count, the N value for the fill was assumed to be 4. SPTs were not performed in the colluvium.
Based on the soil classification and the characterization of the colluvium consistency, the N-
value for the colluvium was assumed to be equal to 8.

Values of rock modulus were established using the following relationship (Marinos and Hoek,
2001):

ܧ = ට
ߪ

100
× 1000 × 10

(ீௌூି ଵ)
ସ

where:

Em = modulus of deformation in mega pascals (MPa)

 σci = the uniaxial compressive strength of the intact rock pieces

GSI = Geological Strength Index

A stress increase approximately equal to the height of the leach material multiplied by the unit
weight of the ore was applied to the heap leach foundation soils to model the ultimate loading
due to the heap. The height of the leach material at each borehole location was obtained from
the proposed site plans (Tetra Tech 2011). The borehole locations at which the settlement
assessment was performed are shown on Figure 1. The unit weight of the ore is 18 kN/m3

(BGC, 2011). The estimated settlement at each of the borehole locations within the HLF is
presented in Table 3.



Table 3 Settlement Evaluation Results Summary

Area Borehole ID
Consolidation

Settlement
(mm)

HLF Impoundment BH-BGC10-AG3 716

BH-BGC10-AG5 533

BH-BGC10-1 82

BH-BGC10-2 1,357

BH-BGC10-3 809

BH-BGC10-4 2,142

BH-BGC10-5 42

BH-BGC10-6 673

DH-BGC09-AG3 123

MW09-AG2
A

1,898

HLF Embankment BH-BGC10-16 67

BH-BGC10-17 297

BH-BGC10-23 572

DH-BGC09-DG-1 766
AThe boring log for this borehole was not available, only depth to rock was reported. Material
above the rock was assumed to be colluvium based on logs from the surrounding boreholes.

3.3 Criteria for Determining Acceptable Settlements

The maximum allowable strain on the liner system is controlled by the strain tolerance of the
LLDPE and the GCL components. The allowable yield strain for the proposed 60 mil double-
side textured LLDPE is 12 percent and the elongation at break is 250 percent. There is
additional concern when a geomembrane is exposed to tension perpendicular to seams. In
these cases, a general rule-of-thumb is that the allowable strain on the geomembrane is about
half the value of the un-seamed sheet material (Giroud et al. 1995). For this reason, horizontal
seams are not allowed on side slopes. Tensile stresses applied to a geomembrane parallel to
the seams are generally not a large concern, provided that the seams are good quality, and
were installed in accordance with the specifications. For these reasons, strains of up to 12
percent will be considered acceptable for the proposed LLDPE geomembrane.

For GCL materials, the yield strain is not typically included on standard specifications. For
these materials, the yield strain is typically controlled by the geotextile layers on the top and
bottom of the clay. Geotextiles generally have yield strains in excess of 50 percent. The
bentonite component of GCLs also has a high strain tolerance, and can heal cracks (if they
occur) over time. If the GCL were to experience such large strains, thinning of the bentonite
layer (and a corresponding increase in permeability) would likely be the primary concern. A
second concern would be the GCL panel overlap. To avoid separation of panels caused by
strain on the liner system, project specifications include required overlaps twice as large as
typical manufacturer recommended overlaps.

In summary, the least strain-tolerant component of the liner system is the LLDPE
geomembrane. Accordingly, the maximum acceptable strain on the liner system is 12 percent,
which is the allowable yield strain of the LLDPE component.

The settlement calculations show that the differential settlement on the foundation liner system
caused by the ore material will be most critical between MW09-AG2 and BH-BGC10-1.
Settlement at the two boreholes was calculated to be 1,898 mm and 82 mm respectively. The
two boreholes are 150 m apart. This differential settlement will produce an increase in the liner



system length of 0.011 m, which is equivalent to a strain of 0.007 percent. Therefore, according
to the criteria set previously, the liner system will not be damaged by differential settlement
induced by the weight of the ore material.

4.0 Summary and Conclusions

Subsurface soil information from previous geotechnical investigations has been used in this
settlement assessment in spite of limitations in terms of the amount of data. Subsurface layer
moduli were conservatively inferred from the limited SPT-N value data and from empirical
correlations.

Based on these conservative estimates of strength parameters, the settlement calculations
show that significant settlement may be expected in areas with deep fill (placer tailings) and
colluvium. Settlement within the slightly weathered bedrock was considered negligible.

Ground settlements of up to 2,000 mm can be expected in area with large thicknesses of fill
and/or colluvium. In areas of shallow bedrock and low imposed loads from the ore, settlements
as low as 50 mm can be expected. Settlements at the embankment can be expected to range
from 760 mm to 60 mm. The settlement could potentially impact the performance of the
embankment, the in-heap pond and the conveyor belt.

The results of this settlement evaluation support the previous subgrade preparation
recommendations by BGC, 2011:

1. Surficial organics should be removed from all foundation subgrades.

2. Frozen materials containing excess ice should be removed from all foundation and
replaced with structural fill as required to build the grades up to design elevations.

3. Shallow colluvium should be removed to expose Type 3 (or better) rock. Where
colluvium is exposed as HLF subgrade, it should be proof-rolled to identify weak zones
for removal and replacement with structural or rock fill.

4. All placer tailings should be removed from all foundation subgrades to expose Type 3 (or
better) rock. Structural or rock fill can be used to build the grade up to design foundation
elevations.
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NOTES: 
1. PROPOSED INFRASTRUCTURE LAYOUT RECEIVED FROM WARDROP 
    AUG.10, 2011.
2. EXISTING ACCESS ROAD LOCATIONS RECEIVED FROM WARDROP
    AUG.10, 2011.
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APPENDIX A
SETTLEMENT VERSUS DEPTH PLOTS
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Borehole ID Change in Stress Material
Thickness,

(m)
Classification

BH-BGC09-AG2

BH-BGC09-AG3 Colluvium 1.6 SW/GW

-- 4.8 SP

3.1 Quartzite

Rock 3.02 Biotite Schist

BH-BGC10-1 -- 1.8 --

Moderately

Weathered Rock
18.6

BH-BGC10-2 -- 7.3 --

Very Weathered Rock 13.1 --

BH-BGC10-3 Fill 7.2

Colluvium 0.9

Moderately

Weathered Rock
42.6

BH-BGC10-4 Fill 8.7

Moderately

Weathered Rock
22.3

BH-BGC10-5 Fill 4.3

Moderately

Weathered Rock
16.7

BH-BGC10-6 Till 16.4

Moderately

Weathered Rock
12.5

BH-BGC10-16 -- 8.8

Moderately

Weathered Rock
12.2

BH-BGC10-17 Fill 7.3

Moderately

Weathered Rock
30

BH-BGC10-23 Fill 6

BH-BGC10-23 Placer Taillings 4.5 SW/GW

Colluvium? 1.6 GP

Weathered Bedrock 1.5 CL

Metasedimentary 5.2 Rock



Area Borehole ID

Consolidation

Settlement

(mm)

HLF Impoundment BH-BGC10-AG3 716

BH-BGC10-AG5 533

BH-BGC10-1 82

BH-BGC10-2 1,357

BH-BGC10-3 809

BH-BGC10-4 2,142

BH-BGC10-5 42

BH-BGC10-6 673

DH-BGC09-AG3 123

MW09-AG2 1,898

HLF Embankment BH-BGC10-16 67

BH-BGC10-17 297

BH-BGC10-23 572

DH-BGC09-DG-1 766


