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4 .8  S U R F A C E  WA T E R  A N D  GR O U N D W A T E R  QU A N T I T Y  
This section addresses potential effects to surface water quantity, groundwater quantity, and 
water rights that could result from implementation of the Stibnite Gold Project (SGP). It 
specifically addresses potential change in volumes of water within the analysis area from water 
management and use. Effects upon the habitat provided by surface water features are outside 
of the scope of this analysis and are addressed separately in Section 4.11, Wetlands and 
Riparian Resources, and Section 4.12, Fish Resources and Fish Habitat. 

4.8.1 Effects Analysis Indicators and Methodology of 
Analysis 

Analysis of surface water and groundwater quantity effects is guided by the following issues and 
indicators: 

Issue: The SGP may cause changes in the quantity of surface water and groundwater in all 
drainages within the analysis area. 

Indicators: 
• Stream flow characteristics (daily, seasonal, annual).

• The extent, magnitude, and duration of changes in groundwater levels.

Issue: The SGP may affect water rights. 

Indicators: 

• Change in water rights availability in the SGP area.

• New water rights needed.

The surface water and groundwater quantity effects analysis primarily used information provided 
in the modeling reports prepared for the SGP by Midas Gold Idaho, Inc. (Midas Gold), or their 
contractors, but also included scientific literature. 

The analysis for water rights was performed by gathering existing pertinent data related to 
surface water and groundwater resources; and existing and proposed water rights in the 
analysis area. The analysis then considered the timing, place of use, and impact of the 
proposed new water rights. At the time of new water right application, the Idaho Department of 
Water Resources (IDWR) would determine if the proposed water rights would impact 
downstream senior rights. 

4.8.1.1 Surface Water and Groundwater Modeling 
A hydrologic model was the principal tool used to evaluate the potential effects to surface water 
and groundwater quantity that could result from implementation of the action alternatives. An 
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independent, critical evaluation of the surface water and groundwater modeling approach and 
its assumptions is summarized in Section 4.8.8, Uncertainty Associated with Model Predictions; 
additionally, Environmental Resource Management completed a more thorough, independent 
review of the contents of the model reports (Environmental Resource Management 2019). That 
review did not include the model auditing, which would involve opening the model files, 
inspecting model inputs, running verification simulations, and several other tasks. 

Environmental consequences related to surface water and groundwater quantity are evaluated 
by comparing the effects of Alternatives 1 through 4 to the existing conditions (summarized in 
Section 3.8), using indicators listed above. Evaluation of Alternative 5 takes into account 
historical mining impacts already present at the mine site. Likely legacy water quantity impacts 
are associated with the following historical mining structures: 

• Underground mine workings; 

• Multiple open pits; 

• Development rock dumps, piles, and tailing deposits; 

• Spent ore disposal areas, including heap leach pads and spent heap leach ore piles; 

• Mill and smelter facilities; 

• A ruptured Blowout Creek (also known as East Fork Meadow Creek) water dam; and 

• An abandoned water diversion tunnel. 

Brown and Caldwell developed general versions of the model for simulating surface water flow 
in the analysis area: one for representing existing conditions (Brown and Caldwell 2018a), and 
the other for simulating the effects on surface water as a result of Alternative 1 (Brown and 
Caldwell 2018b), and the various action alternatives with different mine site configurations (i.e., 
Alternatives 2 and 3) (Brown and Caldwell 2019a,b). Brown and Caldwell also completed a 
separate model sensitivity analysis to evaluate the response of varying selected input 
parameters on the model results (Brown and Caldwell 2019c). 

Note that the model does not represent underground mine workings, exploration drilling, or 
faults. The workings occupy a limited area and space and their presence was judged to exert 
only a limited influence upon the groundwater system. The effects of exploration drilling upon 
the groundwater system are likely much smaller and more local than the effects of the presence 
of unabandoned mine workings.  

Implications of not representing the faults in the model are discussed in Sections 4.8.1.1.1 
(Existing Conditions Hydrologic Model), in Section 4.8.2 (Direct and Indirect Effects) and in 
Section 4.8.8, (Uncertainty Associated with Model Predictions, sub-section 4.8.8.2 “Main 
Sources of Predictive Uncertainty for the Proposed Action Hydrologic Model”). 
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4.8.1.1.1 EXISTING CONDITIONS HYDROLOGIC MODEL 
The existing conditions model was developed by combining a spreadsheet-based long-term 
meteoric water balance (that tracks precipitation, snow accumulation, and melt) with a numerical 
groundwater/surface water flow model developed using MODFLOW-NWT. 

The principal climate data used to develop the meteoric water balance were precipitation, 
temperature, and evapotranspiration. Midas Gold has been collecting meteorological data in the 
analysis area, including air temperature, barometric pressure, wind speed, and precipitation, 
since August 2011. However, climate data collected at the site is only representative of the last 
few years and is not sufficient for assessing long-term statistics or trends. To address that 
limitation, the Water Resources Summary Report (Brown and Caldwell 2017) presents an 
analysis of long-term regional climate parameters developed using the Parameter-Elevation 
Regressions on Independent Slopes Model (PRISM). The PRISM interpolates a database of 
climate records onto a spatial grid covering the U.S. Next, it calculates a climate elevation 
regression for each grid location, using data from nearby climate stations (where long-term 
records are available) and a digital elevation model. Factors considered in the regression used 
for interpolation of climate parameters include: location, elevation, coastal proximity, 
topographic facet orientation, vertical atmospheric layer, topographic position, and orographic 
effectiveness of the terrain. 

Simulation of surface water flows and interactions between surface water and groundwater was 
one of the primary objectives of the model analysis. Stream flow data were collected from U.S. 
Geological Survey (USGS) gages. A primary goal of the model calibration was to simulate both 
peak stream flow events (from runoff estimates developed in turn from the meteoric water 
balance model) and stream base flows (from simulated groundwater/surface water interactions). 

Simulation of groundwater elevations and flow was another principal objective for the hydrologic 
model. The model was set up using available geological, geophysical, and hydrogeological data 
collected at the proposed mine site. Midas Gold has been systematically measuring 
groundwater levels at monitoring points within the mine site water modeling boundary since 
November 2011 (see Section 3.8.3.2.2, Groundwater Levels, Gradients, and Flow Directions). 
Midas Gold also completed an assessment of the thickness of the soil, colluvial, and alluvial 
overburden (to be represented in the model, along with bedrock, as the model layers and 
“property zones”) utilizing geologic logging and surface geophysical data. The model does not 
explicitly represent the faults present in the SGP area – discussion of model predictive 
uncertainties associated with such lack of representation is provided in Section 4.8.8, 
Uncertainty Associated with Model Predictions. 

The model was set up to simulate monthly stress periods, which were considered sufficient for 
capturing variations in groundwater flow conditions and stream base flows in response to long-
term changes in recharge and surface runoff. Model simulations initially followed monthly time 
steps for the 122-year (1895 through 2016) historical period, including the 2011 through 2016 
calibration period. Once general calibration was achieved, the model simulation focused on the 
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period between 1985 and 2016. The 1985 through 2016 model was used for fine-tuning the 
model calibration. 

The model setup included: 1) discretization of the model domain into a three-dimensional grid, 
2) setting boundary conditions that control the addition and removal of water to and from the 
model domain, and 3) setting hydraulic parameters that control the flow of water within the 
model domain. 

The model grid consists of 224 rows, 145 columns, and 3 vertical layers (Figures 4.8-1  
and 4.8-2). Layer 1 represents the alluvial aquifer and overburden, Layer 2 represents fractured 
near-surface bedrock, and Layer 3 represents less fractured (and therefore less permeable) 
bedrock at depth. The lateral extent of the grid coincides with the “analysis area” defined in 
Section 3.8.1.1.1, Analysis Area. Horizontal grid spacing ranges from a minimum of 30 feet 
(around the Hangar Flats pit) to a maximum of approximately 330 feet in other parts of the 
model domain. The adopted design of the grid considered limitations of the software used to 
build the model. Professional experience shows that such design limits the size of the model, 
which improves computational efficiency (this is an important aim for large models), and 
increases precision of the model predictions for the area with the greatest concentration of 
SGP-related impacts.  

Water is simulated to enter the model domain primarily through surface recharge (see 
Figure 4.8-3 showing recharge zones set in the model) and exit the model domain via 
discharges to surface streams. Water consumed by evapotranspiration is accounted for in the 
meteoric water balance described above and is not directly simulated in the model. Monthly 
recharge rates from the meteoric water balance are added to the model using the MODFLOW 
Recharge Package. Flows in surface streams and creeks are simulated using the MODFLOW 
Surface Flow Routing package.  

The modelers developed hydraulic conductivity estimates using available data to represent 
regional-scale and SGP site-specific aquifer conditions. Figures 4.8-4 and 4.8-5 show hydraulic 
conductivity zones as set in the model. For flow in unconfined model layers (Layer 1 and, 
seasonally, Layer 2), MODFLOW-NWT uses a “total” storage approach, adding confined 
(specific) storage to the specific yield. For confined flow, the model uses specific storage only. 
The model uses constant values of specific yield (0.15, based on model calibration) and specific 
storage (1 x 107 ft-1) for Layer 1. Less fractured bedrock represented by Layer 2 in upland areas 
is assigned a specific yield value of 0.001, while model domain parts representing a more 
weathered and fractured bedrock underneath valleys and stream courses use a higher specific 
yield of 0.01. Specific storage for all bedrock layers (Layers 2 and 3) is set to a value of  
1 x 107 ft-1. All final values of aquifer parameters were developed through model calibration. 
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Figure Source: Brown and Caldwell 2018a Figure 4-2 

Figure 4.8-1 Existing Conditions Model Grid  
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Figure Source: Brown and Caldwell 2018a, Figure 4-5 

Figure 4.8-2 Groundwater Model Grid - Cross Section through Model Column 60 
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Figure Source: Brown and Caldwell 2018a, Figure 3-2 

Figure 4.8-3 Groundwater Model Recharge Zones  
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Figure Source: Brown and Caldwell 2018a, Figure 4.7 

Figure 4.8-4 Model Layer 1 Hydraulic Conductivity  
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Figure Source: Brown and Caldwell 2018a, Figure 4-8 

Figure 4.8-5 Model Layer 2 Hydraulic Conductivity  
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The model was calibrated to groundwater levels and surface water flow data collected within the 
analysis area. Model calibration concentrated on accomplishing the following: 

• Reasonably accurate simulation of seasonal wetting and drying of upland overburden 
during annual snowmelt periods; 

• Reasonably accurate simulation of observed groundwater elevations; and 

• Reasonably accurate simulation of observed stream flow conditions, focusing on late-
season base flow conditions. 

Among the data used for the model calibration was the information collected during a 31-day- 
long Gestrin Airstrip well aquifer test. The Gestrin well was completed in alluvium but monitoring 
wells used to collect groundwater level data during the aquifer test of the well were completed in 
both alluvium (four wells) and shallow bedrock (three wells). 

The following parameter groups were adjusted during the model calibration: 1) meteoric water 
balance parameters, 2) aquifer physical parameters, 3) streambed conductivity, and 
4) application of recharge. The final calibration represents a balance between the set calibration 
objectives (Brown and Caldwell 2018a). 

As part of the existing conditions model calibration, the model also was used to simulate the 
Gestrin well test performed in December 2013. Graphs 5-13 and 5-14 provided in the Brown 
and Caldwell’s Existing Conditions Report (Brown and Caldwell 2018a) show a close 
correspondence between the model-simulated changes in groundwater levels (in response to 
pump test) and groundwater levels measured in the wells (monitored during that test). 

4.8.1.1.2 PROPOSED ACTION HYDROLOGIC MODEL 
The existing conditions hydrologic model (Brown and Caldwell 2018a) was adjusted to assess 
changes in hydrologic conditions within the analysis area that would occur when implementing 
Alternative 1 (Brown and Caldwell 2018b). Additional model versions also were created to 
simulate conditions considered under the other action alternatives (Brown and Caldwell 
2019a,b). The final output from the existing conditions model was the starting point for 
simulations of future conditions that include the proposed SGP-related activities. 

The existing conditions model was modified to simulate changes in the hydrologic system during 
mining operations and during the reclamation/post closure periods. Two separate groundwater 
flow model sub-versions were developed for Alternatives 1, 2, and 3: one for the mine 
operational period (mine years -2 through 12), and one for post closure conditions (from mine 
year 13 through 112). The Brown and Caldwell modeling reports construction as negative years 
(-3, -2, and -1) counting down to when operations began at the site. This use of timing is 
repeated throughout this discussion of the modeling results below. The mine timeline based on 
the start of construction is presented in Figure 2.3-3. 

Adjustments to the model to simulate hydrologic changes that would occur during the mine 
operational period included: 1) representations of mine dewatering, 2) changes in recharge 
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around the tailings storage facility (TSF) and development rock storage facilities (DRSFs), and 
3) rerouting of streams around mine facilities. The model input files also were adjusted to 
simulate the annual sequence of proposed mine activities and the timing of facility development. 
The model analysis assessed climatic variation by simulating precipitation sequences from the 
meteoric water balance representing: 1) historical average, 2) historical above average, and 
3) historical below average periods (with regard to precipitation). 

Similar to the existing conditions model, the mine operational period was simulated using 
168 monthly stress periods over the 14-year simulation. Each stress period included 
10 simulated time steps. Simulated groundwater level (head) conditions at the end of the 
existing conditions calibration period served as initial head conditions for the mine operational 
period model. 

To simulate the rate of groundwater inflow into the pits during the mine operations, the average 
topographic elevation was first calculated for each model cell representing part of a proposed 
mine pit, and then a drain package cell was assigned with a reference elevation placed ten feet 
below the average topographic elevation of the pit bottom. The modelers updated drain 
reference elevations for each year of the model simulation to reflect the advancing mine pit. 

Because mine operations would result in changes to surface conditions and affect recharge to 
groundwater, the modelers evaluated those changes for different SGP-related elements, and 
adjusted values of recharge. Those adjustments included simulations of the TSF, DRSFs, and 
rapid infiltration basins (RIBs). 

Surface water management during mine operations would include a number of stream 
diversions. Where the streams are proposed to be diverted and/or lined, it was assumed that 
the streams would no longer interact with underlying groundwater, but rather surface flows 
would be fully routed from the upstream to downstream portion of the lined section. This lack of 
interaction was represented in the model by setting the stream width parameter to an arbitrarily 
small value of 1 x 10-6 ft., leading to a near zero value of conductance.  

Separate model versions were developed for Alternatives 1, 2, and 3 to simulate changes in the 
hydrologic system that would occur after mining has ceased. The post closure model versions 
were used to simulate development of pit lakes, long-term changes in surface recharge, and 
restoration of streams. The modelers developed a post closure model to simulate a 100-year 
period utilizing historical climate data, representing mine year 13 through mine year 112. The 
100-year period was chosen to include climate variations observed in the historical record. Like 
the existing conditions and mine operational period model versions, the post closure model 
versions simulate monthly stress periods using surface runoff and recharge to groundwater 
estimates developed from the long-term PRISM dataset in the meteoric water balance model. 
The 100-year post closure simulation utilized the previous 100 years of PRISM data, 
representing 1918 through 2017. That period encompasses: 1) the average, 2) above average 
(wet), and 3) below average (dry) climate condition sequences. 
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The modelers utilized the Lake package linked to the MODFLOW-NWT model to simulate: 
1) the effects of seepage between the pit lakes and surrounding groundwater system, 
2) interactions between local streams and the pit lakes, and 3) the overall lake water budgets 
during and after filling of the pit lakes. The post closure model versions were developed from the 
mine operations model versions by adding the pit lakes and adjusting recharge to various areas 
that would be subject to reclamation, modification, and changing stream routing. 

4.8.2 Direct and Indirect Effects 
The following analysis of direct and indirect effects associated with surface water and 
groundwater quantity are considered in the overall context of the local and regional hydrological 
and hydrogeological conditions of the affected environment. The following are the main 
characteristics of those conditions: 

• The mine site and surrounding area (i.e., the analysis area) consists of mountainous 
terrain dissected by narrow valleys with steep slopes. 

• The hydrology of the analysis area is strongly influenced by seasonal patterns of snow 
accumulation during the winter, and snowmelt in the spring and early summer. 

• Water entering the analysis area as precipitation migrates as surface runoff and shallow 
groundwater down the mountain slopes and along the valley bottoms in an alluvial 
aquifer formed by unconsolidated Quaternary deposits. The alluvial aquifer is 
documented to be the most groundwater-transmissive formation in the analysis area; it is 
typically more than 50 feet thick (reaching a thickness of 250 feet at some locations), 
and is represented in the model by Layer 1. 

• Groundwater in the alluvial aquifer eventually discharges to surface streams. However, 
at some locations, surface water recharges shallow groundwater during periods of high 
stream stage. 

• Groundwater supports many seep-, spring- and wetland ecosystems referred to as 
groundwater dependent ecosystems (GDEs). 

• A portion of groundwater flow occurs through a network of fractures in shallow bedrock 
and through fracture zones (encountered in boreholes) and faults (interpreted to be 
present from the results of geophysical surveys – Brown and Caldwell 2017) in deeper 
bedrock. Shallow bedrock is documented to be less transmissive than the alluvial 
aquifer, but more fractured and transmissive than deeper bedrock, particularly along the 
main surface drainages and underneath overburden material on hillslopes. This shallow 
bedrock is represented in the model as Layer 2; model Layer 3 represents nearly 
impermeable bedrock at depth. Faults are not implicitly represented in the model (see 
discussion provided in Section 4.8.8, Uncertainty Associated with Model Predictions). 

• There are four existing water rights held by Midas Gold in the vicinity of the mine site 
that are related to historical mining use, but there are no immediate downstream 
consumptive-use water rights on the East Fork South Fork Salmon River (EFSFSR). 
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The analysis in this section focuses on elements of the alternatives that have the potential to 
affect: 1) stream flow characteristics; 2) groundwater levels; and 3) water rights and availability 
of water resources subject to such rights. 

4.8.2.1 Alternative 1 
The Alternative 1 model was used to assess the direct and indirect effects of Alternative 1 on 
surface water and groundwater quantity. Two separate versions of the model were developed to 
simulate Alternative 1: 1) the mine operational period model, covering a 14-year period 
representing mine construction and operations (mine years -2 through 12); and 2) the post-
closure model (mine years 13 through 112) (based on the Brown and Caldwell timing using 
negative numbers for construction years) to simulate conditions during reclamation and post 
closure (Brown and Caldwell 2018b). These model versions also were used to simulate three 
precipitation conditions representing the average, above average, and below average climate 
periods. The results of predictive simulations generated by the Alternative 1 model also were 
used to inform water quality modeling, as described in Section 4.9, Surface Water and 
Groundwater Quality. 

4.8.2.1.1 SURFACE WATER QUANTITY 

4.8.2.1.1.1 Changes in Stream Flow Characteristics (Daily, 
Seasonal, Annual) 

The changes in surface water flow described in this section for Alternative 1 are compared to 
those of the simulated existing conditions. Changes in surface water flows in the analysis area 
are expected to result primarily from the proposed development of three open pits (Yellow Pine, 
Hangar Flats, and West End), which would require dewatering during mining operations. 

Groundwater drawdown associated with dewatering of the pits would result in decreasing 
surface water flow, impacting downgradient surface water resources. Additionally, further 
reductions in surface water flow could result from lining additional lengths of rerouted stream 
segments, thus preventing groundwater discharge to the lined streams. The primary focus of the 
effects analysis is on predicted stream flows in Meadow Creek between the TSF and Hangar 
Flats pit; Meadow Creek downstream of the Hangar Flats diversion but upstream of the 
confluence with the EFSFSR; the EFSFSR at USGS Gaging Stations 13310800, 13311000, and 
13311250; the EFSFSR downstream of Sugar Creek; and Sugar Creek at the USGS Gaging 
Station 13311450.  

Construction and Operations 
The model version developed to simulate the mine construction and operational period was 
used to simulate three precipitation conditions representing average, above average, and below 
average climate periods (Brown and Caldwell 2018b). These model simulations resulted in 
similar streamflow predictions for the three climate periods; therefore, the analysis here focuses 
on the average climatic condition. Streamflow simulations were performed for various locations 
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potentially affected by mining operations, including locations of the USGS gaging stations in the 
analysis area (Figure 3.8-2). 

In Meadow Creek, the model predicts reductions in late-season average monthly low flows 
between the TSF and Hangar Flats pit (Figure 4.8-6). This section of Meadow Creek is 
simulated as lined, preventing groundwater from discharging to the creek. Monthly average 
seasonal low flows under the No Action scenario average 2.7 cubic feet per second (cfs), 
compared to 2.3 cfs for the Alternative 1 scenario simulated by the mine operational period 
model (Brown and Caldwell 2018b). This represents a 15 percent reduction in monthly average 
seasonal low flows. 

Effects to both seasonal monthly average peak and low flows are noted for Meadow Creek 
below the Hangar Flats diversion, but above the EFSFSR (Figure 4.8-7). These model- 
simulated effects are a result of dewatering the Hangar Flats pit. Between mine years 7 and 10, 
simulated seasonal low flows at that location are predicted to average 3.8 cfs for the No Action 
conditions, versus 2.1 cfs for the Alternative 1 scenario (45 percent reduction). The maximum 
simulated base flow reduction impact would occur at mine year 10, with a predicted flow 
reduction of 1.9 cfs. Simulated seasonal monthly average peak flows also would be impacted, 
primarily between mine years 7 and 10. Average peak flows for these years are predicted to be 
approximately 57 cfs for the No Action scenario, versus 53 cfs for the Alternative 1 scenario. 
The simulated reductions in average peak and low flows are caused by water table depression 
in the direct vicinity of the Hangar Flats pit, which reduces base flow and increases stream 
losses in Meadow Creek directly downstream of the lined diversion (Brown and Caldwell 
2018b). 

Late-season stream flow decreases also would occur under average climate conditions during 
the mine operational period in areas beyond the RIB influence. Such impacts are predicted at 
USGS Gaging Station 13311250 (EFSFSR above Sugar Creek) (Figure 4.8-8), with simulated 
seasonal monthly average low flows for the No Action Alternative scenario averaging 10.9 cfs, 
compared to 8.9 cfs for the Alternative 1 scenario. The maximum difference in late-season 
monthly average low flows at this station would occur during mine year 3, with a difference of 
approximately 3.4 cfs. These simulated late-season flow reductions are attributed to lower 
groundwater rates of discharge into the river, and/or increased stream seepage as a result of 
dewatering the Yellow Pine pit (Brown and Caldwell 2018b). 

Simulated impacts to monthly average seasonal low flows in the EFSFSR downstream of the 
Sugar Creek confluence (Figure 4.8-9) are generally similar to those at USGS Gaging 
Station 13311250. Under the No Action scenario, the simulated monthly average seasonal low 
flows are predicted to average 19.2 cfs, versus 16.9 cfs for Alternative 1, a 12 percent reduction. 
The maximum difference in late-season low flows would occur during mine year 5, with a 
difference of approximately 3.5 cfs between the No Action and Alternative 1 simulations (Brown 
and Caldwell 2018b). 
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Simulations for other USGS Gaging Stations (13310800, 13311000, and 13311450) indicate 
minimal impact to streamflow at these locations as a result of mine dewatering (Figures 4.8-10 
through 4.8-12). 

In summary, the mine operational period model version results indicate that implementing 
Alternative 1 would impact stream flows. The simulated flows vary from no predicted change or 
minimal change (USGS Gaging Stations 13310800, 13311000, and 13311450) to a 45 percent 
reduction in low flows (Meadow Creek below the Hangar Flats diversion), depending on the 
stream location and the mine year. These impacts would occur during the 14-year mine 
operational period, and extend through post closure (discussed in the Closure and Reclamation 
section below). The extent of the predicted impacts to peak/base flows is expected to be mainly 
localized around the pits where dewatering indirectly effects downgradient surface water flow 
through groundwater drawdown. Modeling results also indicate that the impacts would extend to 
the downgradient limits of the analysis area, with an average of 12 percent reduction in annual 
low flows at EFSFSR downstream of Sugar Creek. Reductions in the EFSFSR base flow farther 
downstream (of Sugar Creek) are expected to be less pronounced due to inflows of additional 
surface water and groundwater.  

 

Figure Source: Brown and Caldwell 2018b, Graph 4-27 
Figure Notes: 
Existing conditions are represented as Simulated No Action – Average Climate Conditions on the graph. Alternative 1 conditions are 
represented as Simulated Mine Operational Period – Average Climate Conditions on the graph. 

Figure 4.8-6 Simulated Flow at Meadow Creek Between TSF and Hangar Flats Pit 
(Logarithmic) for the Mine Operational Period 
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Figure Source: Brown and Caldwell 2018b, Graph 4-29 
Figure Notes: 
Existing conditions are represented as Simulated No Action – Average Climate Conditions on the graph. Alternative 1 conditions are 
represented as Simulated Mine Operational Period – Average Climate Conditions on the graph. 

Figure 4.8-7 Simulated Flow at Meadow Creek Downstream of the Hangar Flats 
Diversion but Upstream of the Confluence with EFSFSR (Logarithmic) for 
the Mine Operational Period 

 

 

Figure Source: Brown and Caldwell 2018b, Graph 4-23 
Figure Notes: 
Existing conditions are represented as Simulated No Action – Average Climate Conditions on the graph. Alternative 1 conditions are 
represented as Simulated Mine Operational Period – Average Climate Conditions on the graph. 

Figure 4.8-8 Simulated Flow at USGS Gaging Station 13311250, EFSFSR above Sugar 
Creek (Logarithmic) for the Mine Operation Period  
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Figure Source: Brown and Caldwell 2018b, Graph 4-31 
Figure Notes: 
Existing conditions are represented as Simulated No Action – Average Climate Conditions on the graph. Alternative 1 conditions are 
represented as Simulated Mine Operational Period – Average Climate Conditions on the graph. 

Figure 4.8-9 Simulated Flow at EFSFSR Downstream of Sugar Creek (Logarithmic) for 
the Mine Operation Period 

 

 

Figure Source: Brown and Caldwell 2018b, Graph 4-19 
Figure Notes: 
Existing conditions are represented as Simulated No Action – Average Climate Conditions on the graph. Alternative 1 conditions are 
represented as Simulated Mine Operational Period – Average Climate Conditions on the graph. 

Figure 4.8-10 Simulated Flow at USGS Gaging Station 13310800, EFSFSR above Meadow 
Creek (Logarithmic) for the Mine Operation Period  
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Figure Source: Brown and Caldwell 2018b, Graph 4-21 
Figure Notes: 
Existing conditions are represented as Simulated No Action – Average Climate Conditions on the graph. Alternative 1 conditions are 
represented as Simulated Mine Operational Period – Average Climate Conditions on the graph. 

Figure 4.8-11 Simulated Flow at USGS Gaging Station 13311000, EFSFSR at Stibnite 
(Logarithmic) for the Mine Operation Period 

 

 

Figure Source: Brown and Caldwell 2018b, Graph 4-25 
Figure Notes: 
Existing conditions are represented as Simulated No Action – Average Climate Conditions on the graph. Alternative 1 conditions are 
represented as Simulated Mine Operational Period – Average Climate Conditions on the graph. 

Figure 4.8-12 Simulated Flow at USGS Gaging Station 13311450, Sugar Creek near 
Stibnite (Logarithmic) for the Mine Operation Period  
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The relative increase in flow along the EFSESR at different points of the river is illustrated by 
the flow statistics presented in Table 3.8-2. The mean flow at USGS Gaging Station 13311500 
(EFSFSR approximately at the downgradient limit of the modeling boundary) was 50.39 cfs for 
the 13-year period from 1928 to 1941, and the mean flow at the USGS Gaging Station 
13312000 (EFSFSR approximately 8 miles downstream of the downgradient limit of the 
modeling boundary) was 142.40 cfs over the same 13-year period. The minimum flows for the 
same stations and time period were 10.00 cfs and 28.00 cfs respectively (Brown and Caldwell 
2017). This represents an approximate 180 percent increase in mean flow and minimum flow 
over the monitored points along an 8-mile distance of the river.  

The EFSFSR is gradually gaining flow as a result of discharge of tributary streams and of 
groundwater, contributions of surface water runoff and of direct precipitation. The model 
simulations indicate an average of 12 percent reduction in annual low flows at EFSFSR 
downstream of Sugar Creek – which is the most downgradient point of the EFSFSR within the 
analysis area (which embraces the SGP area). Consequently, the percentage of flow reduction 
outside of the analysis area would be less than 12 percent.  

Note that the model simulations do not take into account surface water discharge via Idaho 
Pollutant Discharge Elimination System (IPDES) permitted surface water outfalls, which would 
have a minor mitigating effect to surface water quantity by compensating for surface water 
reductions due to dewatering. This includes discharge associated with the Alternative 1 water 
treatment plant at the ore processing area and domestic wastewater treatment discharge from 
the worker housing facility to the EFSFSR.  

Comparison of Stream Flow Characteristics for the Construction and 
Operations Period between Average, Below Average and Above Average 
Climate Conditions 
The above discussion summarizes the results of the model simulations assuming average 
climate conditions. The model simulations of stream flows assuming the above average (wet) 
and below average (dry) climate conditions showed that “In general, there is little variation 
(between climate conditions) during seasonal low flows at any of the gages, with some lower 
monthly seasonal low flows simulated during mine year -1. Variation in simulated surface flows 
are evident during monthly average seasonal peak flow periods, as expected, given that most 
precipitation differences (between climate conditions) occur as variations in snowpack 
contributing to spring runoff. r example, monthly average flows at gage 13311000 (EFSFSR at 
Stibnite) for mine year 5 are predicted to peak at approximately 33 cfs for the below average 
period, 155 cfs for the average period, and 186 cfs for the above average period. Variations in 
peak flows are noted throughout the mining period at all gages because of variations in the 
simulated climate sequences” (Brown and Caldwell 2018b). Graphs 4-32 through 4-35 of the 
Brown and Caldwell Hydrologic Model Proposed Action Report (2018b) present a comparison of 
flows from the average, above average, and below average periods at the principal USGS 
gaging stations (within the analysis area), while Appendix D of that report provides the 
simulated monthly average stream flows for all climate conditions. Similar pattern of differences 
is expected for all the action alternatives. 



4 ENVIRONMENTAL CONSEQUENCES 
4.8 SURFACE WATER AND GROUNDWATER QUANTITY 

Stibnite Gold Project Draft Environmental Impact Statement 4.8-20 

Closure and Reclamation 
The post closure period model version was used to assess potential changes in surface flows 
after mining activities cease (Brown and Caldwell 2018b). The model simulated the flow 
conditions for 100 years after cessation of mining activities (equivalent to mine years 13 
through 112). The principal objective of closure model simulations was to estimate the rate and 
timing of groundwater and surface water flows around the three principal locations where pit 
lakes would develop (Hangar Flats, West End, and Midnight Area). The model also was 
designed to assess the return of long-term surface water and groundwater flows back to a 
stable seasonal pattern, similar to pre-mining conditions. 

The lined segment of Meadow Creek upstream of the Hangar Flats diversion would be restored 
in post closure year 6 to route surface flows into the Hangar Flats pit lake once the lake fills with 
water. After the creek segment is routed into the pit lake, the seasonal flow pattern for this 
segment is predicted to be similar to existing conditions for the remainder of the post closure 
period (Figure 4.8-13). Downstream of the Hangar Flats diversion, but upstream of the 
confluence with the EFSFSR, flow reductions are predicted to persist during the post closure 
period, with the stream simulated as being nearly dry during seasonal low-flow periods for the 
first 3 years after mining. The predicted stream flows generally begin to approximate existing 
conditions after post closure year 10, and thereafter remain in a long-term, stable seasonal 
pattern (Figure 4.8-14). 

For the EFSFSR upstream of Sugar Creek, late-season low flows also are predicted to be lower 
at USGS Gaging Station 13311250 during the first decade of the post closure period as 
groundwater levels recover from pit dewatering. After post closure year 10, the stream flows are 
predicted to return to a stable long-term seasonal pattern similar to existing conditions 
(Figure 4.8-15). 

Similar reductions in average monthly flows are predicted to persist for the first decade of the 
post closure period downstream of Sugar Creek (Figure 4.8-16), as groundwater levels recover 
from dewatering and backfilling of the Yellow Pine pit. The stream flows and groundwater levels 
are predicted to recover by post closure year 10, to approximate existing conditions. The flows 
would thereafter exhibit a long-term, stable seasonal pattern. Above Meadow Creek, the 
EFSFSR (USGS Gaging Station 13310800) model simulations indicate that very little impact is 
expected to streamflow at this location, with simulated seasonal peak and low flows covering a 
range similar to those for the existing conditions model (Figure 4.8-17). Simulated flows for the 
EFSFSR at USGS Gaging Station 13311000 are generally lower in the early years of the post 
closure period. 

Both seasonal peak and low flows are predicted to be reduced in post closure years 0 through 7 
before recovering to a stable seasonal pattern similar to existing conditions (Figure 4.8-18). 
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Figure Source: Brown and Caldwell 2018b, Graph 5-24 
Figure Notes: 
Existing conditions are represented as Simulated Flow - No Action on the graph. Alternative 1 conditions are represented as 
Simulated Flow – Proposed Action on the graph. 

Figure 4.8-13 Simulated Flow at Meadow Creek Upstream of Hangar Flats Diversion 
(Logarithmic) for the First 20 Years of Post Closure 

 

 

Figure Source: Brown and Caldwell 2018b, Graph 5-28 
Figure Notes: 
Existing conditions are represented as Simulated Flow - No Action on the graph. Alternative 1 conditions are represented as 
Simulated Flow – Proposed Action on the graph. 

Figure 4.8-14 Simulated Flow at Meadow Creek Upstream of EFSFSR (Logarithmic) for 
the First 20 Years of Post Closure  
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Figure Source: Brown and Caldwell 2018b, Graph 5-16 
Figure Notes: 
Existing conditions are represented as Simulated Flow - No Action on the graph. Alternative 1 conditions are represented as 
Simulated Flow – Proposed Action on the graph. 

Figure 4.8-15 Simulated Flow at USGS Gaging Station 13311250, EFSFSR above Sugar 
Creek (Logarithmic) for the First 20 Years of Post Closure 

 

 
Figure Source: Brown and Caldwell 2018b, Graph 5-32 
Figure Notes: 
Existing conditions are represented as Simulated Flow - No Action on the graph. Alternative 1 conditions are represented as 
Simulated Flow – Proposed Action on the graph. 

Figure 4.8-16 Simulated Flow at EFSFSR Downstream of Sugar Creek (Logarithmic) for 
the First 20 Years of Post Closure  
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Figure Source: Brown and Caldwell 2018b, Graph 5-8 
Figure Notes: 
Existing conditions are represented as Simulated Flow - No Action on the graph. Alternative 1 conditions are represented as 
Simulated Flow – Proposed Action on the graph. 

Figure 4.8-17 Simulated Flow at USGS Gaging Station 13310800, EFSFSR above Meadow 
Creek (Logarithmic) for the First 20 Years of Post Closure 

 

 
Figure Source: Brown and Caldwell 2018b, Graph 5-12 
Figure Notes: 
Existing conditions are represented as Simulated Flow - No Action on the graph. Alternative 1 conditions are represented as 
Simulated Flow – Proposed Action on the graph. 

Figure 4.8-18 Simulated Flow at USGS Gaging Station 13311000, EFSFSR at Stibnite 
(Logarithmic) for the First 20 Years of Post Closure  



4 ENVIRONMENTAL CONSEQUENCES 
4.8 SURFACE WATER AND GROUNDWATER QUANTITY 

Stibnite Gold Project Draft Environmental Impact Statement 4.8-24 

For Sugar Creek above the EFSFSR (USGS Gaging Station 13311450), model simulations 
indicate that very little impact is expected to streamflow at this location, with simulated seasonal 
peak and low flows for Alternative 1 covering a range similar to those of existing conditions 
(Figure 4.8-19). 

 

Figure Source: Brown and Caldwell 2018b, Graph 5-20 
Figure Notes: 
Existing conditions are represented as Simulated Flow - No Action on the graph. Alternative 1 conditions are represented as 
Simulated Flow – Proposed Action on the graph. 

Figure 4.8-19 Simulated Flow at USGS Gaging Station 13311450, Sugar Creek near 
Stibnite (Logarithmic) for the First 20 Years of Post Closure 

 

In summary, the model simulations indicate that implementation of Alternative 1 would result in 
some impacts to the post closure stream flow. The simulated flows vary from minimal to no 
predicted change at USGS Gaging Stations 13310800 and 13311450, to a 100 percent 
reduction (dry) in Meadow Creek upstream of the EFSFSR, depending on the stream and the 
mine year. 

Surface flows are generally predicted to recover to the existing pre-mine conditions within 
approximately 10 years after mining operations have ceased. The predicted impacts to 
peak/base flows are expected to be limited to areas around the pits. Modeling simulations 
indicate that notable impacts would be limited to the analysis area. Farther downstream, base 
flow reductions are expected to be smaller due to incremental inflows of surface water and 
groundwater along the run of the river. 

4.8.2.1.2 GROUNDWATER QUANTITY 
The model was the main tool used to assess the effects of implementing Alternative 1 on 
groundwater quantity (Brown and Caldwell 2018b). Groundwater quantity effects are defined 
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here as changes to the groundwater flow system. The effects analysis is focused on assessing 
the extent, magnitude, and duration of groundwater level changes. Changes to the groundwater 
system also could affect the surface water system, as groundwater supplies water to surface 
water streams (see discussion provided above in Section 4.8.2.1.1, Surface Water Quantity). 

4.8.2.1.2.1 Construction and Operations 
Three model simulations were completed to assess potential changes to the groundwater and 
surface water flow systems during the mine operational period for Alternative 1. Those 
simulations were completed for the 14-year average, above average, and below average 
climate condition periods. The primary objectives for the mine operational period model were to 
quantify dewatering rates required to develop the open pits, assess local effects of dewatering 
on groundwater levels and stream flows, and evaluate ranges of surface water and groundwater 
flows at different locations and for different SGP facility footprints. The results of those model 
simulations also were used to evaluate potential impacts upon GDEs (see sub-section 
Groundwater-Dependent-Ecosystems Potentially Affected by Drawdown below). 

Although in practice pumping wells would be used to dewater all the mine pits, Brown and 
Caldwell (2018b) used model drain cells to estimate average pit dewatering rates, which is a 
standard practice in groundwater modeling. 

Yellow Pine Pit 
The model-simulated dewatering rates for the Yellow Pine pit for average climatic conditions 
(called “climate periods” in the modeling report; Brown and Caldwell 2018b) are shown on 
Figure 4.8-20. Most dewatering flows produced from the Yellow Pine pit beginning in mine 
year 1 would be derived from fractured bedrock on the valley floor, with minor contributions from 
overlying alluvium, uplands overburden, and un-fractured rock. Dewatering flows for the Yellow 
Pine pit would reach a peak rate of approximately 1,800 gallons per minute (gpm) in mine 
year 7. After mine year 7, backfilling of the Yellow Pine pit would be initiated, and simulated 
dewatering rates would be substantially reduced by mine year 10 as a result of the backfill. The 
years presented are based on the Brown and Caldwell model which assumes construction 
years as -3, -2, and -1 and Year 1 is the start of mining. 

The rates of dewatering simulated for above- (wet) and below-average (dry) climatic conditions 
are similar to the simulated average conditions. Similarity between average and above-average 
conditions is explained by the fact that higher precipitation years generally result in high spring 
snowpack. Because the maximum recharge rate to groundwater is limited by the hydraulic 
conductivity of surface material, higher snowpack results primarily in greater surface runoff, not 
additional recharge to groundwater. 

The below-average climate period does result in some reductions in simulated dewatering flows 
for the Yellow Pine pit. For example, the model-computed total dewatering rates are 
approximately 200 to 250 gpm lower for the below average climate simulation for mine year 4 
and mine year 6, suggesting that snowmelt in those years was insufficient to fully refill the 
groundwater system. Years with sufficient snowpack to produce the maximum recharge rates to 
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groundwater show generally similar dewatering rates for all three climate conditions (Brown and 
Caldwell 2018b). 

 

Figure Source: Brown and Caldwell 2018b, Graph 4-1 

Figure 4.8-20 Simulated Dewatering Rates for the Yellow Pine Pit—Average Climate 
Conditions 

 

Hangar Flats Pit 
The model-simulated dewatering rates for the Hangar Flats pit for average climate condition 
periods are shown on Figure 4.8-21. Most simulated dewatering flows are produced beginning 
in mine year 7 (based on the years as presented by Brown and Caldwell), as mining progresses 
below the local alluvial water table. Hangar Flats pit dewatering flows are derived primarily from 
valley alluvium (up to 70 percent), with some flow (up to 30 percent) derived from fractured 
bedrock on the valley floor underlying the alluvium. Minor flows (less than 1 percent) are derived 
from unfractured bedrock and upland overburden. 

Spikes in simulated dewatering rates occur at the beginning of mine years 7 and 8, with total 
rates above 2,800 gpm occurring in mine year 8. These spikes can be interpreted to represent 
worst-case predictions, and are an artifact of instantaneous, step wise changes in drain 
elevations set in the model to represent changes in planned end of year topography of the pit. 
This step wise change results in a model simulating increased groundwater inflows into the 
drains due to steep hydraulic gradients – gradients that would not exist in the real system in 
which the pit bottom elevations would be changing gradually throughout the period of mining. A 
more likely estimate of peak dewatering flows from Hangar Flats pit is approximately 2,100 gpm 
during mine year 8 (Brown and Caldwell 2018b). 
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For the Hangar Flats pit dewatering, there is very little variation simulated between the average, 
wet, and dry climate conditions. Like in the case of Yellow Pine pit, this is because most of the 
precipitation variation occurs as snowpack contributing to changes in surface runoff, not 
groundwater recharge (Brown and Caldwell 2018b). 

 

Figure Source: Brown and Caldwell 2018b, Graph 4-5 

Figure 4.8-21 Simulated Dewatering Rates for the Hangar Flats Pit—Average Climate 
Conditions 

 

West End Pit 
Simulated dewatering rates for the West End pit for average climatic conditions are shown on 
Figure 4.8-22. The model-simulated dewatering flows do not begin until mine year 10 (based on 
mine years as presented by Brown and Caldwell), when the proposed pit topography would 
extend below the current elevation of West End Creek, encountering groundwater along the 
stream valley. As shown on Figure 4.8-22, total dewatering flows peak at approximately 
440 gpm in mine year 12. Dewatering flows at West End pit are primarily derived from fractured 
bedrock underlying West End Creek, with minor flows from unfractured bedrock. 

As in the case of Yellow Pine pit and Hangar Flats pit, the model-simulated dewatering rates are 
similar for the above average and average climatic conditions. However, when simulating dry 
climatic conditions, the peak dewatering rates are approximately 100 gpm lower than the other 
climate scenarios in mine year 12, while producing similar results during most other periods 
(Brown and Caldwell 2018b). 
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Figure Source: Brown and Caldwell 2018b, Graph 4-9 

Figure 4.8-22 Simulated Dewatering Rates for the West End Pit—Average Climate 
Conditions 

 

Drawdown 
Drawdown refers to a decline in groundwater elevation due to pumping and removal of 
groundwater faster than the rate of natural replenishment. When groundwater levels are 
lowered, even for a short period of time, it may indirectly impact other resources that are 
sustained by groundwater discharge, such as surface water flows, springs, seeps and wetlands, 
which may potentially support GDEs – see discussion below under the sub-section 
Groundwater-Dependent-Ecosystems Potentially Affected by Drawdown. 

The Alternative 1 mine operational period model version was developed to simulate the 
depression of the water table in response to dewatering of the three proposed open pits. 
Figures 4.8-23, 4.8-24, and 4.8-25 show drawdown in model Layer 1 (representing valley 
alluvium plus thin upland overburden) at the end of mine years 6, 7, and 12, respectively (mine 
years as presented in the modeling report). These years were chosen as generally 
representative of the maximum drawdowns associated with each pit, based on a review of 
simulated water levels throughout the mine operational period. 

The contours show the extent of simulated drawdowns greater than 5 feet (in model Layer 1) for 
the average climate period model. Drawdowns less than 5 feet are within the natural variation of 
seasonal water table fluctuations, and are therefore not considered a potential impact on the 
local hydrologic system.  

The maximum extent of alluvial drawdown in the Yellow Pine pit area is predicted to occur at the 
end of mine year 6 (Figure 4.8-23). The cone of depression induced by dewatering of the 
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Yellow Pine pit (and defined by drawdown greater than or equal to 5 feet) would extend 
approximately 2,100 feet north of the pit and approximately 1,700 feet to the southeast in the 
Midnight Creek valley. 

Alluvial drawdown near the West End pit along West End Creek would result from rerouting the 
creek around the pit. The maximum extent of drawdown from the stream rerouting would occur 
at the end of mine year 12, with an elliptical cone of depression approximately 3,000 feet long 
that would parallel the original West End Creek valley (Figure 4.8-25). A separate spur of the 
cone of depression also would extend to the northeast into the valley of Sugar Creek. 

The maximum alluvial drawdown near the Hangar Flats pit would occur at the end of mine year 
10, when mining at that pit would end. Although graphical drawdown results are not available for 
that year in the Brown and Caldwell (2018b) report, the simulated groundwater contours for 
mine year 12, depicted on Figure 4.8-25, provide the closest approximation of the maximum 
predicted drawdowns for the pit. As shown on that figure, the cone of depression during mine 
year 12 would extend beyond the western, southern, and eastern pit boundaries. Downstream 
of the pit, the extent of drawdown would be limited by infiltration from the RIBs, which would 
maintain high groundwater levels along Meadow Creek and at the confluence of Meadow Creek 
with the EFSFSR. The maximum drawdown in mine year 12 is predicted to occur beneath the 
southeastern part of Hangar Flats pit, and would be as much as 200 feet below the static water 
table surface. The cone of depression is predicted to extend approximately 5,700 feet along the 
Meadow Creek Valley, and would be as much as 3,700 feet wide. 

The predicted drawdown in model layer 2 (representing valley floor fractured bedrock and un- 
fractured bedrock below) for the average climate period is presented on Figures 4.8-26, 4.8-27, 
and 4.8-28 for the end of mine years 6, 7, and 12, respectively. Drawdown in the bedrock is 
expected to be greater than in the overlying alluvium, as the pits are proposed to be mined 
hundreds of feet into bedrock. As shown on the figures, the effects of dewatering would create 
one continuous cone of depression around the Yellow Pine and West End pits. At the end of 
mine year 7 (Figure 4.8-27), the simulated drawdown associated with the Yellow Pine and West 
End pits is predicted to extend approximately 1,400 feet to the west of the pits beneath areas of 
high topographic relief, approximately 3,300 feet to the south beneath the EFSFSR, and 
approximately 2,000 feet east of the West End pit. By mine year 12 (Figure 4.8-28), the 
simulated drawdown also would extend approximately 3,000 feet to the north across Sugar 
Creek. The timing of the maximum predicted drawdown would generally coincide with the end of 
mining in each pit. For example, maximum bedrock drawdowns are predicted to exceed 
500 feet beneath the Yellow Pine pit after mine year 7 (drawdown is defined as a difference 
between groundwater levels simulated by the model calibrated to existing conditions, and 
groundwater levels simulated by the model predictive simulations), and may exceed 600 feet 
beneath the West End pit after Mine Year 12 (Brown and Caldwell 2018b). 
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The maximum bedrock drawdown associated with Hangar Flats pit also would occur around the 
end of mine year 12, when drawdowns in the central pit area are predicted to exceed 500 feet 
(Figure 4.8-28). At that time, the cone of depression around the pit would extend approximately 
1,600 feet to the west beneath areas of high topographic relief, approximately 1,600 feet to the 
southwest towards the Hangar Flats DRSF and TSF, and approximately 1,000 feet to the north 
beneath areas of high topographic relief. The extent of bedrock drawdown to the northeast and 
east of the pit would be controlled to some extent by infiltration into the RIBs and by rerouting of 
streamflow to the north side of the pit. 

Groundwater Dependent Ecosystems Potentially Affected by Drawdown 
Dewatering of the mine pits could potentially affect nearby seeps, springs, and wetlands, and 
the GDEs they support. Figure 4.8-29 shows which of those features (as catalogued during the 
hydrology field survey completed by HydroGeo in 2012) are within the model-computed areas of 
water table drawdown larger than 5 feet. The 5-foot drawdown contour is represented on 
Figure 4.8-29 by the blue contour lines. Section 3.10, Vegetation, and Section 3.11, Wetlands 
and Riparian Habitat, of this environmental impact statement (EIS) provide a discussion of the 
plant species, animal species and ecosystems that could be affected by lowering groundwater 
levels. Using the 5-foot drawdown contour for delineating the areas of potential dewatering 
impacts upon the GDEs is justified because: 1) groundwater levels seasonally fluctuate within 
the analysis area from approximately 2 to 20 feet (Section 3.8.3.2.2, Groundwater Levels, 
Gradients, and Flow Directions), and 2) most of the seeps, springs and wetlands are likely not 
dependent upon groundwater only. Other sources of water that potentially support the GDEs 
include surface runoff and water migrating at shallow depths above the water table, such as 
interflow and through-flow. Finally, it would be difficult to attempt using a regional-scale 
groundwater model (simulating this dynamic, seasonally fluctuating system) to reliably estimate 
water table drawdowns smaller than 5-feet. Groundwater level data show that water table 
elevations fluctuate seasonally from two to 20 feet. Lowering water table less than five feet 
would likely impact the GDEs only part of the year, thus limiting impacts to those types of 
ecosystems.  

All the limitations of and uncertainties associated with the model simulations and available 
measurement data point out to the possibility that the area within which GDEs could be 
potentially impacted by the Proposed Action may by somewhat larger than presented on 
Figure 4.8-29. GDEs near the pits should be subject to long-term monitoring. 

Figure 4.8-29 illustrates that only a small fraction of the GDEs catalogued to be present within 
the analysis area are at risk of dewatering impact. Such impacts would occur only in cases 
where the hydrology of the seeps, springs, and wetlands affected is dominated, or largely 
influenced by groundwater discharge. However, since hydrology of the GDEs has not been 
characterized, the GDEs at risk should be subject to monitoring requirements 
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Figure Source: Brown and Caldwell 2018b, Figure 4-4 

Figure 4.8-23 Simulated Alluvial Drawdown End of Year (EOY) 6  
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Figure Source: Brown and Caldwell 2018b, Figure 4-5 

Figure 4.8-24 Simulated Alluvial Drawdown EOY 7  
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Figure Source: Brown and Caldwell 2018b, Figure 4-6 

Figure 4.8-25 Simulated Alluvial Drawdown EOY 12  
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Figure Source: Brown and Caldwell 2018b, Figure 4-7 

Figure 4.8-26 Simulated Bedrock Drawdown EOY 6  
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Figure Source: Brown and Caldwell 2018b, Figure 4-8 

Figure 4.8-27 Simulated Bedrock Drawdown EOY 7  
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Figure Source: Brown and Caldwell 2018b, Figure 4-9 

Figure 4.8-28 Simulated Bedrock Drawdown EOY 12  
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Figure Source: AECOM 2020, modified from HydroGeo 2012a, Figure 1-3 

Figure 4.8-29 GDEs Potentially Affected by Drawdown   
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Underdrain Flow 
Fiddle DRSF and West End DRSF are designed with systems to collect and convey any 
groundwater underneath the facilities. The TSF design includes a drain system underneath the 
liner, while each DRSF includes a drain system to be placed in the surface channels prior to 
placement of overlying development rock. The mine operational period model included drain 
cells to simulate flows from these underdrains. 

Figures 4.8-30 and 4.8-31 show simulated flows from the TSF and Fiddle DRSF underdrains 
for the average, above average, and below average periods. Simulated flow from the West End 
DRSF underdrain was zero for all simulated periods. Simulated flows from the TSF underdrain 
(Figure 4.8-30) follow a seasonal pattern and range from approximately 900 to 1,300 gpm 
(roughly 2 to 3 cfs, similar to observed natural base flow conditions in Meadow Creek prior to 
mining). These flows are simulated as freely draining into Meadow Creek downstream of the 
TSF. Only minor (less than 5 percent) variations in simulated flow from the TSF are noted 
between the average, above average, and below average climate periods. 

Simulated flow from the Fiddle DRSF underdrain (Figure 4.8-31) is initiated in mine year 2 and 
also follows a seasonal pattern, ranging from approximately 200 to 600 gpm (roughly 0.5 to 
1.5 cfs). These flows are assumed to be collected in the DRSF toe drain and are removed from 
the simulated groundwater system (Brown and Caldwell 2018b). Like in the case of the TSF, 
only minor (less than 5 percent) variations in simulated flow are noted between the average, 
above average, and below average periods (Brown and Caldwell 2018b). 

Placement of underdrains would most likely result in lowering groundwater levels around the 
drains. The contents of model-generated figures of drawdown (Figures 4.8-23 through 4.8-28) 
indicate that such drawdowns would be less than 5 feet. 
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Figure Source: Brown and Caldwell 2018b, Graph 4-39 

Figure 4.8-30 Simulated TSF Underdrain Flow for Average, Above Average, and Below 
Average Climate Conditions 

 

 

Figure Source: Brown and Caldwell 2018b, Graph 4-40 

Figure 4.8-31 Simulated Fiddle DRSF Underdrain Flow for Average, Above Average, and 
Below Average Climate Conditions 
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Summary of Alternative Groundwater Quantity Effects During 
Construction and Operation 
Figure 4.8-32 presents the total simulated dewatering rates from all three open pits during the 
mine operational period for average climate conditions. The model-simulated dewatering rates 
for below average and above average climate conditions are very similar to the rates calculated 
by the model simulating average climate conditions. Dewatering of the Yellow Pine pit provides 
all flows between mine years 1 and 6, with dewatering at the Hangar Flats pit providing the most 
flows during the rest of the mine operational period. Spikes in simulated dewatering rates occur 
at the beginning of mine years 7 and 8, with total rates of approximately 4,500 gpm occurring in 
mine year 8. These spikes can be interpreted to represent worst-case predictions, and are an 
artifact of instantaneous, step wise changes in drain elevations set in the model to represent 
changes in planned end of year topography of the pit. In reality, the pit bottom elevations would 
change gradually throughout the period of mining. A more likely estimate of peak dewatering 
flows is approximately 3,900 gpm in mine year 8 (Brown and Caldwell 2018b). 

 

Figure Source: Brown and Caldwell 2018b, Graph 4-13 

Figure 4.8-32 Total Simulated Dewatering Rates—All Pits—Average Climate Condition 
 

Dewatering of the pits would lower groundwater levels in the alluvial and bedrock formations 
during the mining period, and would subsequently reduce flows in surface water streams that 
receive groundwater discharge. The maximum extent of alluvial drawdown in the Yellow Pine pit 
area would occur at the end of mine year 6, with the cone of depression extending 
approximately 2,100 feet north of the pit and approximately 1,700 feet to the southeast. The 
maximum extent of drawdown associated with the West End pit would occur at the end of mine 
year 12, with an elliptical cone of depression approximately 3,000 feet long paralleling the West 
End Creek valley. Finally, the maximum alluvial drawdown associated with Hangar Flats pit 
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would occur at the end of mine year 10, when the drawdown in the southeastern part of the pit 
would exceed 200 feet, and the cone of depression would be more than 5,700 feet long by 
3,700 feet wide. 

Drawdown in the bedrock aquifer is expected to be greater than in the overlying alluvium, as the 
pits are proposed to be mined hundreds of feet into the bedrock formations. At the end of mine 
year 7, the simulated bedrock drawdown associated with the Yellow Pine and West End pits is 
predicted to extend approximately 1,400 feet to the west of the pits beneath areas of high 
topographic relief, approximately 3,300 feet to the south beneath the EFSFSR, and 
approximately 2,000 feet to the east. By mine year 12, the simulated drawdown also would 
extend approximately 3,000 feet to the north across Sugar Creek. At Hangar Flats pit, the 
bedrock cone of depression in mine year 12 would extend approximately 1,600 feet to the west 
beneath areas of high topographic relief, 1,600 feet to the southwest towards the Hangar Flats 
DRSF and TSF, and approximately 1,000 feet to the north. The timing of the maximum 
predicted drawdown would generally coincide with the end of mining in each pit. 

The drawdown caused by pit dewatering is predicted to reduce surface flows during the mine 
operational period in Meadow Creek and the EFSFSR to its confluence with Sugar Creek 
(Brown and Caldwell 2019b). Simulations of the average climate period model version indicate 
that the pit dewatering caused flow reductions would mainly occur during the seasonal low flow 
period. Exceptions include stream segments such as the EFSFSR just below the Meadow 
Creek confluence, where return flow from the RIBs would help maintain (or even increase) late 
season flows. The pit dewatering also could impact springs, seeps, and wetlands (and the 
GDEs they support) near the pits, as described in the subsection Groundwater Dependent 
Ecosystems Potentially Affected by Drawdown. 

4.8.2.1.2.2 Closure and Reclamation 
Te post closure model version was used to run a single predictive simulation of flow conditions 
for 100 years after cessation of mining activities (equivalent to mine years 13 through 112). The 
principal objective of the post closure modeling was to simulate the rate and timing of 
groundwater and surface water flows around the three locations where pit lakes would develop: 
Hangar Flats, West End, and Midnight Area. The model also was designed to assess the return 
of long-term surface water and groundwater flows back into a stable seasonal pattern, 
approaching the pre-mining conditions. 

Pit Lake Development 

Hangar Flats Pit Lake 
The model simulations show that Hangar Flats pit would fully fill to create a lake in 6 years and 
10 months after cessation of mining. Water filling the pit would be sourced from groundwater 
inflows, direct precipitation, and surface water runoff. After the lake is full, surface flows from 
Meadow Creek and Blowout Creek would be routed into the lake, creating through-flow 
conditions. The lake was simulated as being stable at the spillover point elevation of 6,540 feet 
above mean sea level for the rest of the 100-year simulation period.  
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Net groundwater inflows into the Hangar Flats pit lake were simulated at a high of approximately 
2,500 gpm at the initiation of filling, to a long-term seasonal pattern ranging from approximately 
500 to 750 gpm. Net inflows would occur primarily from valley alluvium (simulated by model 
Layer 1), with minor flows from valley floor fractured bedrock (model Layer 2) in the first 2 years 
of filling. Over the long term, the vast majority of pit inflows would be from valley alluvium 
(Brown and Caldwell 2018b). 

West End Pit Lake 
West End pit lake would be situated primarily in bedrock and would not receive substantial 
groundwater inflows. The primary sources of water filling the lake would be direct precipitation 
and surface water runoff. The lake is predicted to fill slowly over 41 years, with a seasonal 
pattern of increased lake stage from spring runoff followed by seasonal declines as water 
evaporates and flows from the lake back into the local bedrock groundwater system. The model 
simulated the lake would spill over during short seasonal periods only, between post closure 
years 42 and 66. 

The Midnight pit area of the West End pit would be a small pit located in the southern part of the 
main West End pit, and is simulated to fill primarily from precipitation and surface runoff. The pit 
lake would spill over at an elevation of 6,980 feet above mean sea level beginning in post 
closure year 10. The pit was simulated to spill over into Midnight Creek, with seasonal and 
longer periods of net loss to evaporation and to the groundwater system. This would result in a 
seasonal decline in lake stage, with subsequent spill over during spring runoff periods (Brown 
and Caldwell 2018b). 

Formation of these two pit lakes would have a negligible impact on the groundwater system, 
because the lakes would be fed primarily by direct precipitation and surface water runoff. 

Post Closure Groundwater Flow 
The investigators used the post closure model version to simulate long-term groundwater flow 
conditions after mining operations have ceased. 

The Hangar Flats pit is predicted to fill with water in 6 years 10 months after the cessation of 
mining, and the Midnight Area of the West End pit would be fully filled in post closure year 10. 
The West End pit is predicted to fill more slowly over 41 years because it would be mined 
primarily into bedrock and would not receive substantial alluvial groundwater inflow (Brown and 
Caldwell 2018b). 

Outside of the mine pit areas, groundwater levels would rebound during the post closure period 
even more quickly than near the pits (Brown and Caldwell 2018b). Figures 4.8-33 and 4.8-34 
present simulated hydrographs for monitoring wells MWH A-07 (Meadow Creek drainage) and 
MWH-A10 (EFSFSR drainage).  
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Figure Source: Brown and Caldwell 2018b, Graph 5-36 

Figure 4.8-33 Simulated Water Level Hydrograph for Well MWH-A07—Post Closure 
Years 1 through 100 

 

 

Figure Source: Brown and Caldwell 2018b, Graph 5-37 

Figure 4.8-34 Simulated Water Level Hydrograph for Well MWH-A10—Post Closure 
Years 1 through 100 
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As shown on Figure 4.8-33, groundwater levels in MWH-A07 would initially decline in response 
to cessation of infiltration into the nearby RIBs, followed by water table recovery from the 
moment dewatering ends, back to a long-term stable condition. Water levels would be 
increasing through post closure year 3, and would then reach a stable seasonal pattern with 
higher water levels after spring recharge, followed by lower water levels late in the winter. This 
pattern would continue for the remainder of the post closure simulation, returning to 
approximately pre-mining conditions. 

Water levels in MWH-A10 (Figure 4.8-34) show a long-term stable pattern similar to the pre- 
mining condition documented between 2012 and 2017. The pre-mining baseline dataset 
indicates that the groundwater level at MWH-A10 varies over a range of approximately 13 feet, 
with an average elevation of around 6,425 feet above mean sea level (Brown and Caldwell 
2018a). The average post closure groundwater level simulated in MWH-A10 is 10 feet lower at 
around 6,415 feet above mean sea level.  

Figure 4.8-35 shows the simulated water table elevation contours for July of post closure 
year 50. The groundwater flow pattern in the figure shows that flow directions are predicted to 
be only minimally affected by the presence of the pit lakes. Groundwater in areas away from the 
lakes would return to stable conditions, with seasonal responses to recharge followed by low 
winter water levels. The simulated groundwater levels and seasonal changes are similar to pre-
mining conditions simulated by the existing conditions model. 

The presence of DRSFs and the TSF would alter groundwater levels more permanently, as 
these structures would reduce or eliminate groundwater recharge across the areas of their 
footprints and lower groundwater levels. In addition, the TSF and DRSF underdrains would 
locally lower groundwater levels beneath these facilities, further altering hydraulic gradients near 
the drains. The presence of pit lakes would also result in long-term changes (relative to existing 
conditions) to water table elevations and reduction of horizontal hydraulic gradients around the 
lakes. Such changes would occur as a result of implementation of any of the action alternatives.  
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Figure Source: Brown and Caldwell 2018b, Figure 5-1 

Figure 4.8-35 Model - Simulated Water Table Contours during Post Closure Period – 
Year 50   
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4.8.2.1.3 WATER RIGHTS 
Impacts to water rights would be the same for all action alternatives (1 through 4). The analysis 
of the action alternatives assumes IDWR will grant the proposed water right applications. 

4.8.2.1.3.1 Impacts Common to All Action Alternatives 
Additional water rights would be needed for the SGP and are intended to be secured through 
direct permit application for approval of such rights from the IDWR. Midas Gold currently has 
0.7 cfs in existing groundwater rights. Preliminary hydrologic modeling indicates that an 
estimated additional 2.39 cfs and 1,730 acre-feet of groundwater rights would need to be 
secured to support ore processing during the life of the SGP (approximately 15 years of ore 
processing). Under certain conditions (prolonged severe drought occurring early in operations), 
an estimated temporary seasonal withdrawal of up to 5.63 cfs over the present water right may 
be required to maintain ore processing operations. Such peak withdrawals would be uncommon 
and limited in duration.  

Midas Gold plans to apply for a permit seeking a maximum diversion rate of approximately 
5.63 cfs from groundwater sources to support mining and ore processing. This maximum 
diversion rate would be to maintain ore processing operations during prolonged severe drought 
and withdrawal of the dull 5.63 cfs would be expected to be uncommon and limited in duration. 
Additionally, Midas Gold plans to submit an application to divert 3.47 cfs of surface (contact) 
water and store 500 acre-feet. Therefore, applications for permits to appropriate/divert up to 
9.1 cfs of groundwater and diffuse runoff (i.e., contact water), to store up to 500 acre-feet of 
diffuse runoff for industrial use, and to divert the 500 acre-feet of stored water to industrial use 
would be submitted. The applications would include a mitigation plan to protect existing 
instream water rights on the South Fork Salmon River and the Salmon River. 

The SGP plans to use more of the water pumped from the pits and return less water for 
infiltration via the RIBs. Graph 4-17 of the Brown and Caldwell Proposed Action modeling report 
(Brown and Caldwell 2018b) (Simulated Surface Flows at USGS Gaging Station 13311000; with 
and without RIB Infiltration) shows the model-simulated flows conditions with and without 
discharge via the RIBs. Not infiltrating water via the RIBs would notably reduce low flows in the 
EFSFSR. However, such peak withdrawals would be uncommon, limited in duration and most 
likely lower than 5.63 cfs. 

Midas Gold has proposed an approach in which wells currently anticipated for dewatering would 
be listed on the water right application for industrial purposes. At the time of well construction, 
Midas Gold can determine whether the constructed well would be used for industrial purposes 
or for dewatering purposes. The determination would be based on water quality, well location, 
yield, and other factors. 

Groundwater use for potable water supply would require drilling wells at the Landmark 
Maintenance Facility and Stibnite Gold Logistics Facility. At each facility, a well with a capacity 
of 18 gpm (0.04 cfs) is proposed. Separate water rights applications would be submitted for 
each well, seeking a permit to authorize diversion of 0.04 cfs for domestic and industrial 
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purposes at the Landmark Maintenance Facility, and a permit authorizing diversion of 0.04 cfs 
for domestic and commercial purposes at the Stibnite Gold Logistics Facility.  

Domestic water use at the truck shop and mill facilities also would be supplied from a potable 
water system. Midas Gold anticipates submitting an application for permit seeking 0.06 cfs of 
groundwater for this use.  

Domestic use at the Worker Housing Facility also would be supplied by groundwater. The 
authorized point of diversion for water right 77-7141 (0.20 cfs and 11.4 acre-feet for domestic 
use) would be modified for this purpose through an application for transfer. In addition, Midas 
Gold anticipates submitting an application for permit to appropriate 0.20 cfs of groundwater to 
supplement the 11.4 acre-feet volume authorized under 77-7141. These additional groundwater 
appropriations for potable water supply total 0.34 cfs.  

After a water right application has been filed, IDWR would perform an analysis to determine if 
the application would infringe on any existing downstream water rights, or if it would detract from 
the wild and scenic values of the EFSFSR and instream flows of water rights on the South Fork 
Salmon River and the Salmon River. Instream rights on the South Fork Salmon River are 
subordinate to 20.6 cfs; maximum diversions proposed by Midas Gold would be 9.1 cfs. 

Minimum instream flow in the Salmon River water rights is 1,200 cfs, over 60 miles downstream 
from the SGP area. IDWR would be responsible for determining the impacts of the water right 
application. 

It should be noted that no water right with a junior priority date can deplete the water needed to 
maintain the minimum streamflow water right on the EFSFSR (Water Right 77-14190), unless 
allowed as a condition of approval of the proposed junior water right. All the existing water rights 
at the mine site predate the priority date of April 1, 2005 associated with Water Right 77-14190. 
Any new water rights permits would have a junior priority date, but the minimum stream right 
(77-14190) on the EFSFSR is subordinate to all future domestic, commercial, municipal, and 
industrial uses, and up to 8.2 cfs of new non- domestic, commercial, municipal, and industrial 
uses. 

Groundwater Rights 
Midas Gold owns all existing groundwater wells and permanent groundwater rights at the mine 
site. Current water withdrawals from groundwater (0.7 cfs in water rights) in the analysis area or 
surrounding area do not affect groundwater rights of any other parties and have a negligible 
impact on surface water flow rates in nearby streams (HDR, Inc. 2017). Midas Gold proposes to 
request the additional 2.39 cfs and 1,730 acre-feet groundwater right for mining activities, and 
the additional 0.34 cfs and 10 acre‐feet for potable water supply over the present water right. 
Midas Gold also plans to apply for a permit seeking a maximum diversion rate of approximately 
5.63 cfs from groundwater sources to maintain ore processing operations during prolonged 
severe drought. Such peak withdrawals would be uncommon and limited in duration. 
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Given that Midas Gold owns all groundwater rights at the mine site, it is unlikely that any current 
groundwater rights would be affected. Alluvial groundwater systems are connected to surface 
water resources, and therefore groundwater withdrawals would reduce surface water volumes. 
The greatest concern regarding downstream water rights would be in times of drought, when 
groundwater resources are reduced, which is when Midas Gold proposes in the water right 
application to increase diversions from the local groundwater systems. 

As part of the water rights application process, IDWR would perform an analysis to determine if 
additional groundwater withdrawals associated with the new water rights would infringe on state 
and federal downstream water rights; specifically, the instream flow right on the EFSFSR, the 
South Fork Salmon River, and the Salmon River. If IDWR concludes that the new water right 
would not infringe on downstream water rights, including the wild and scenic nature of the 
EFSFSR, the South Fork Salmon River, and the Salmon River, IDWR would grant the water 
right. If, however, IDWR concludes that it may infringe on downstream water rights, the 
application would be denied. If the agency approves the water right, then IDWR has concluded 
that there is no impact on downstream water rights. 

Surface Water Rights 
Base flows in the EFSFSR below Sugar Creek are approximately 17 cfs, and 60 cfs in Johnson 
Creek. The maximum diversion rate under existing surface water rights is 0.58 cfs, which is 
approximately 3.4 percent of the base flow in the EFSFSR and 0.8 percent of the combined 
flows of the EFSFSR and Johnson Creek. Current Midas Gold surface water right diversions are 
negligible compared to the combined EFSFSR and Johnson Creek flows and would not impact 
downstream consumptive water rights. Midas Gold also plans to apply for a water right to divert 
an additional 3.47 cfs of surface (contact) water and to store up to 500 acre-feet for industrial 
use. Storage of water is not covered under the subordinations of federal water rights 77-11941 
and 75-13316 and may require mitigation. During mine operations, the additional diversion of 
3.47 cfs would decrease flows in the EFSFSR below Sugar Creek by an average of 12 percent 
during the seasonal low flow period (Section 4.8.2.1.1.1, Changes in Stream Flow 
Characteristics). If IDWR determines that this reduction would not impact downstream water 
rights, they would approve the water rights application. If they find that the additional 
withdrawals would significantly impact downstream water rights, they would reject the 
application. 

4.8.2.2 Alternative 2 
The model used to assess the direct and indirect effects of Alternative 1 on surface water and 
groundwater quantity was modified to represent the changes proposed under Alternative 2. The 
following components were incorporated into the hydrologic model to represent Alternative 2: 

• Eliminate West End DRSF; 

• Backfill Midnight pit; 

• Partially backfill Hangar Flats pit; 
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• Divert Hennessy Creek in an open channel; 

• Retain Meadow Creek interim diversion around Hangar Flats pit post closure; 

• Extend Meadow Creek liner; 

• Divert portion of Meadow Creek flow to accelerate pit lake fill; and 

• Extend timing for flow to RIBs until Hangar Flats pit lake is filled. 

Results of the modeling are detailed in the Modified Plan of Restoration and Operations 
Alternative Modeling Report (Brown and Caldwell 2019a). The following sections describe the 
predicted direct and indirect effects on surface water quantity and groundwater quantity 
associated with Alternative 2 for the phases of the SGP. 

4.8.2.2.1  SURFACE WATER QUANTITY 

4.8.2.2.1.1 Changes in Stream Flow Characteristics (Daily, 
Seasonal, Annual) 

The changes in surface water flow described in this section for Alternative 2 are compared to 
those of the simulated existing conditions (referred to as No Action in graphics below) and to 
Alternative 1. The effects analysis primarily focusses on predicted stream flows in the EFSFSR 
at USGS Gaging Stations 13310800, 13311000, and 13311250, Sugar Creek at the USGS 
Gaging Station 13311450, and on Meadow Creek upstream of the EFSFSR. 

Construction and Operations 
The monthly average stream flows at the USGS Gaging Station 13310800 (EFSFSR above 
Meadow Creek) are predicted to be similar to Alternative 1 and to the existing condition 
(Figure 4.8-36). There is a slight increase in flows for Alternative 2, compared to existing 
conditions, due to additional recharge supplied by the RIBs. Stream flows at USGS Gaging 
Station 13311000 (EFSFSR at Stibnite), which is downstream of the confluence with Meadow 
Creek, are simulated as slightly increased for the Alternative 2 scenario relative to Alternative 1 
and existing conditions (Figure 4.8-37). The increased stream flow predictions for this 
alternative are primarily a result of the Meadow Creek liner extension. For the EFSFSR above 
Sugar Creek (USGS Gaging Station 13311250), the simulated stream flows are slightly higher 
for Alternative 2 than for Alternative 1, but still lower than the existing conditions scenario 
(Figure 4.8-38). Simulated seasonal monthly average low flows were 10.9 cfs for the existing 
conditions scenario and 9.4 cfs for the Alternative 2 scenario, which is a 14 percent decrease for 
Alternative 2 relative to the existing conditions. The Alternative 2 simulation predicts higher low-
flows than under Alternative 1 for mine years 7 through 12. 

Model simulations predict no substantial differences in stream flows at the Sugar Creek USGS 
Gaging Station 13311450 between Alternative 2 and existing conditions (Figure 4.8-39). 

The model also was used to estimate stream flows for Meadow Creek downstream of Hangar 
Flats pit to the confluence with the EFSFSR (Figure 4.8-40). Along this reach, predicted stream 
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flows for Alternative 2 are higher than the low flows under Alternative 1 by over a factor of 2 
during mine years 7 through 12. Across these years, the average monthly flow reduction relative 
to the existing conditions was predicted to be 32 percent for Alternative 2 and 47 percent for 
Alternative 1. These predictions of increased streamflow for Alternative 2 relative to 
Alternative 1 are a direct result of extending the Meadow Creek liner and supplying additional 
dewatering flows to the RIBs. Although predicted stream flows for this stream reach are higher 
under the Alternative 2 scenario compared to Alternative 1, they are still lower than the model-
estimated flows under existing conditions during the low-flow season by up to approximately 
2.5 cfs. 

 

Figure Source: Brown and Caldwell 2019a, Figure 3-5 
Figure Notes: 
Existing conditions are represented as No Action on the graph. Alternative 1 conditions are represented as Proposed Action on the 
graph. Alternative 2 conditions are represented as Modified PRO on the graph. Alternative 3 conditions are represented as EFSFSR 
TSF Alternative on the graph. 

Figure 4.8-36 Simulated Flow at USGS Gaging Station 13310800, EFSFSR above Meadow 
Creek (Logarithmic) for the Mine Operation Period 
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Figure Source: Brown and Caldwell 2019a, Figure 3-6 
Figure Notes: 
Existing conditions are represented as No Action on the graph. Alternative 1 conditions are represented as Proposed Action on the 
graph. Alternative 2 conditions are represented as Modified PRO on the graph. Alternative 3 conditions are represented as EFSFSR 
TSF Alternative on the graph. 

Figure 4.8-37 Simulated Flow at USGS Gaging Station 13311000, EFSFSR at Stibnite 
(Logarithmic) for the Mine Operation Period 

 

Figure Source: Brown and Caldwell 2019a, Figure 3-7 
Figure Notes: 
Existing conditions are represented as No Action on the graph. Alternative 1 conditions are represented as Proposed Action on the 
graph. Alternative 2 conditions are represented as Modified PRO on the graph. Alternative 3 conditions are represented as EFSFSR 
TSF Alternative on the graph. 

Figure 4.8-38 Simulated Flow at USGS Gaging Station 13311250, EFSFSR above Sugar 
Creek (Logarithmic) for the Mine Operation Period 
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Figure Source: Brown and Caldwell 2019a, Figure 3-8 
Figure Notes: 
Existing conditions are represented as No Action on the graph. Alternative 1 conditions are represented as Proposed Action on the 
graph. Alternative 2 conditions are represented as Modified PRO on the graph. Alternative 3 conditions are represented as EFSFSR 
TSF Alternative on the graph. 

Figure 4.8-39 Simulated Flow at USGS Gaging Station 13311450, Sugar Creek near 
Stibnite (Logarithmic) for the Mine Operation Period 

 

Figure Source: Brown and Caldwell 2019a, Figure 3-9 
Figure Notes: 
Existing conditions are represented as No Action on the graph. Alternative 1 conditions are represented as Proposed Action on the 
graph. Alternative 2 conditions are represented as Modified PRO on the graph. Alternative 3 conditions are represented as EFSFSR 
TSF Alternative on the graph. 

Figure 4.8-40 Simulated Flow for Meadow Creek downstream of Hangar Flats Pit to the 
Confluence with the EFSFSR (Logarithmic) for the Mine Operation Period 
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Alternative 2 also would include water treatment applied to limit surface water quality impacts, 
which would involve temporarily storing mine contact water for active and passive treatment. 
Storing mine contact water in equalization ponds as proposed in the Water Quality Management 
Plan (Brown and Caldwell 2020) during the construction and operation periods could result in 
additional small changes to stream flows that have not been quantified above. The impounded 
contact water would likely represent a small percentage of the runoff contributing to predicted 
operational streams flows. It also should be noted that during mine operations, recharge to the 
RIBs would be the same with or without water treatment because mine pit dewatering water 
would be routed directly to the water treatment plant with no intermediate storage prior to 
treatment and after treatment routed to the RIBs. Thus, the segments of Meadow Creek and the 
EFSFSR influenced by RIB recharge would continue to flow at predicted levels during mine 
operations (Brown and Caldwell 2020). The only difference in RIB operation between the water 
treatment and non-treatment scenarios would be the chemistry of the water discharged through 
the RIBs. Effects of the discharge chemistry changes on surface water quality are discussed in 
Section 4.9, Surface Water and Groundwater Quality.  

In summary, model simulations for Alternative 2 predict a slight increase in streamflow for the 
EFSFSR at locations above and below Meadow Creek, relative to existing conditions, due to 
additional recharge supplied by the RIBs. The model-predicted potential effects to streamflow 
under the Alternative 2 scenario were similar to those predicted for Alternative 1, indicating that 
implementing Alternative 2 would impact stream flows relative to existing conditions. Above 
Sugar Creek (USGS Gaging Station 13311250), the simulated stream flows for the EFSFSR are 
slightly higher for Alternative 2 than for Alternative 1, but still lower than the existing conditions 
scenario with a simulated 14 percent decrease in seasonal monthly average low flows. A 
considerable difference between Alternative 2 and Alternative 1 scenarios was estimated for 
Meadow Creek downstream of Hangar Flats pit to the confluence with the EFSFSR, where 
predicted stream flows for Alternative 2 would be higher than the low flows under Alternative 1 
by over a factor of 2 during mine years 7 through 12. However, it still results in an average 
monthly flow reduction of 32 percent relative to the existing conditions for the period. The 
predicted increased streamflow at this location is a direct result of extending the Meadow Creek 
liner and supplying additional dewatering flows to the RIBs. Although predicted stream flows for 
Meadow Creek downstream of Hangar Flats pit to the confluence with the EFSFSR would be 
higher under Alternative 2 than those estimated for Alternative 1, they are still lower than under 
the existing conditions scenario during the low-flow season by up to approximately 2.5 cfs in the 
later mine operations period. 

Closure and Reclamation 
The model-simulated post closure monthly average stream flows at the USGS Gaging 
Station 13310800 (EFSFSR above Meadow Creek) are predicted to be similar for 
Alternatives 1, 2, and the existing condition (Figure 4.8-41). At USGS Gaging Station 13311000 
(located on EFSFSR downstream of the confluence with Meadow Creek), the Alternative 2 
simulation predicts lower high flows than for existing conditions and Alternative 1 for mine 
years 13 and 14 (Figure 4.8-42). This is attributed to diversion of Meadow Creek streamflow to 
the Hangar Flats pit lake during periods of high streamflow to accelerate the pit lake filling. 
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Modeling of Alternative 2 predicts similar low flows to existing conditions in mine years 13 
through 19, with higher predicted low flows than Alternative 1. This indicates that the Meadow 
Creek liner extension, additional RIB recharge, and accelerated pit lake filling would reduce 
streamflow reductions predicted under Alternative 1. Predicted flows for Alternatives 1, 2, and 
existing conditions are similar from mine year 19 onward. For the EFSFSR above Sugar Creek 
(USGS Gaging Station 13311250), the simulated stream flows for mine years 13 through 19 are 
similar for Alternative 2 and existing conditions (Figure 4.8-43). 

In Sugar Creek at USGS Gaging Station 13311450, model simulations predict no substantial 
differences in stream flows under Alternative 2 compared to existing conditions (Figure 4.8-44). 

Predicted low flows in Meadow Creek downstream of Hangar Flats pit to the confluence with the 
EFSFSR are higher under Alternative 2 than Alternative 1, but slightly lower than existing 
conditions (Figure 4.8-45). Alternative 2 is predicted to increase streamflow relative to 
Alternative 1 during mine years 13 and 14, and would increase streamflow to near the existing 
condition from mine year 15 onward. The minimum predicted streamflow under Alternative 2 in 
mine years 13 and 14 is approximately 3 cfs, which is a 26 percent flow reduction relative to the 
existing conditions. The Modified Plan of Restoration and Operations Alternative Modeling 
Report (Brown and Caldwell 2019a) suggests that the higher stream flows simulated for 
Alternative 2 are primarily due to the Meadow Creek liner extension; additional infiltration from 
the RIBs; diversion of Meadow Creek peak flows to the pit lake during high runoff periods; and 
the partial backfill of Hangar Flats pit. The partial backfill would significantly reduce the time it 
takes to fill the Hangar Flats pit lake. 

The Water Quality Management Plan (Brown and Caldwell 2020) identifies five mine contact 
water sources that are expected to require treatment during the post closure period: TSF 
supernatant pond water, TSF consolidation water, Fiddle DRSF toe seepage, Hangar Flats pit 
lake overflow, and West End pit lake overflow. Midas Gold proposes to treat these contact water 
sources using a mixture of active and passive treatment technologies. Overall, water treatment 
would not alter the magnitude of flows in the EFSFSR, Fiddle Creek, or West End Creek, 
because outflows from the treatment systems would be the same as inflows. However, the 
timing of flows in streams receiving treated water effluent could be altered depending on the 
time that contact water is in each treatment system. Any lag in flows resulting from water 
treatment would likely be on the order of hours to days. Analysis by Brown and Caldwell (2020) 
suggests that average monthly flow rates in the EFSFSR with water treatment would essentially 
be the same as ambient conditions. 

It is possible that the proposed active treatment of the Hangar Flats pit lake water could affect 
downstream flows in Meadow Creek by diverting the pit lake overflow to the active water 
treatment plant located in the EFSFSR drainage. The rate of diversion from the pit lake during 
the maximum weekly summer condition (corresponding to late season baseflow) is estimated to 
be 1.23 cfs (Brown and Caldwell 2020). Assuming this entire diversion volume would have 
otherwise reported directly to Meadow Creek, the pit lake diversion for water treatment could 
reduce late season flows in Meadow Creek by up to third, based on average predicted seasonal 
low flows of 3.8 cfs for the No Action scenario. Midas Gold has mitigated for the potential for 
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reductions in Meadow Creek by proposing to pump and treat water from the Hangar Flats pit 
lake and discharge the treated water back into the pit lake at or near the point of pit lake 
overflow so that the overflow water would be primarily comprised of treated water and potential 
impacts to flow rates in Meadow Creek would be minimized. 

In summary, the model simulations indicate that implementation of Alternative 2 would result in 
some impacts to the post closure stream flow. The simulated flows vary from no predicted 
change at USGS Gaging Station 13310800, to a moderate reduction in streamflow (26 percent 
reduction of the minimum monthly streamflow) relative to existing conditions at Meadow Creek 
downstream of the Hangar Flats pit, depending on the stream and the post closure year. 

Surface flows are generally predicted to recover to the existing pre-mine conditions by 
approximately mine year 15. Model simulations indicate that streamflow under the Alternative 2 
scenario would be higher than that predicted for Alternative 1, especially for the EFSFSR 
downstream of Meadow Creek and for Meadow Creek downstream of Hangar Flats pit to the 
confluence with the EFSFSR during the early post closure years. This is attributed to: 
1) diversion of Meadow Creek peak flow to the Hangar Flats pit lake during periods of high 
runoff (proposed to accelerate pit lake filling); 2) extending the Meadow Creek liner; 3) 
extending the duration of RIB infiltration; and 4) partially backfilling the Hangar Flats pit (which 
would reduce the time for the pit lake to form). 

 

Figure Source: Brown and Caldwell 2019a, Figure 3-12 
Figure Notes: 
Existing conditions are represented as No Action on the graph. Alternative 1 conditions are represented as Proposed Action on the 
graph. Alternative 2 conditions are represented as Modified PRO on the graph. Alternative 3 conditions are represented as EFSFSR 
TSF Alternative on the graph. 

Figure 4.8-41 Simulated Flow at USGS Gaging Station 13310800, EFSFSR above Meadow 
Creek (Logarithmic) for the First 20 Years of Post Closure 
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Figure Source: Brown and Caldwell 2019, Figure 3-13 
Figure Notes: 
Existing conditions are represented as No Action on the graph. Alternative 1 conditions are represented as Proposed Action on the 
graph. Alternative 2 conditions are represented as Modified PRO on the graph. Alternative 3 conditions are represented as EFSFSR 
TSF Alternative on the graph. 

Figure 4.8-42 Simulated Flow at USGS Gaging Station 13311000, EFSFSR at Stibnite 
(Logarithmic) for the First 20 Years of Post Closure 

 

Figure Source: Brown and Caldwell 2019a, Figure 3-14 
Figure Notes: 
Existing conditions are represented as No Action on the graph. Alternative 1 conditions are represented as Proposed Action on the 
graph. Alternative 2 conditions are represented as Modified PRO on the graph. Alternative 3 conditions are represented as EFSFSR 
TSF Alternative on the graph. 

Figure 4.8-43 Simulated Flow at USGS Gaging Station 13311250, EFSFSR above Sugar 
Creek (Logarithmic) for the First 20 Years of Post Closure 
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Figure Source: Brown and Caldwell 2019a, Figure 3-15 
Figure Notes: 
Existing conditions are represented as No Action on the graph. Alternative 1 conditions are represented as Proposed Action on the 
graph. Alternative 2 conditions are represented as Modified PRO on the graph. Alternative 3 conditions are represented as EFSFSR 
TSF Alternative on the graph. 

Figure 4.8-44 Simulated Flow at USGS Gaging Station 13311450, Sugar Creek near 
Stibnite (Logarithmic) for the First 20 Years of Post Closure 

 

Figure Source: Brown and Caldwell 2019a, Figure 3-16 
Figure Notes: 
Existing conditions are represented as No Action on the graph. Alternative 1 conditions are represented as Proposed Action on the 
graph. Alternative 2 conditions are represented as Modified PRO on the graph. Alternative 3 conditions are represented as EFSFSR 
TSF Alternative on the graph. 

Figure 4.8-45 Simulated Flow for Meadow Creek downstream of Hangar Flats Pit to the 
Confluence with the EFSFSR (Logarithmic) for the First 20 Years of Post 
Closure  
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4.8.2.2.2 GROUNDWATER QUANTITY 
Similar to the above changes in surface water flow for Alternative 2, the model-predicted 
groundwater conditions that would result from implementation of Alternative 2 are compared to 
the conditions simulated for existing conditions and Alternative 1. 

4.8.2.2.2.1 Construction and Operations 
The extended channel liner would reduce stream loss from Meadow Creek near the Hangar 
Flats pit during dewatering, which in turn would reduce the pit dewatering rates (Brown and 
Caldwell 2019). Those reduced dewatering rates are shown in Figure 4.8-46. The two sharp 
dewatering declines in mine years 11 and 12 are caused by the partial backfill of Hangar Flats 
pit. Figure 4.8-46 shows that reducing stream loss from Meadow Creek (by lining extended 
portions of it) would reduce the rate of groundwater inflow into the Hangar Flats pit by more than 
one-third (compared to Alternative 1). This reduction is explained by the close proximity of 
Meadow Creek to the pit, with the creek serving as a major source of water for the pit under 
Alternative 1; that source would be substantially reduced as a result of extending the liner under 
Alternative 2. 

 

Figure Source: Brown and Caldwell 2019a, Figure 3-10 
Figure Notes: 
Alternative 1 conditions are represented as Proposed Action on the graph. Alternative 2 conditions are represented as Modified 
PRO on the graph. Alternative 3 conditions are represented as EFSFSR TSF Alternative on the graph. 

Figure 4.8-46 Predicted Hangar Flats Pit Dewatering Rates 
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The simulated reduction in the Hangar Flats dewatering rates would reduce the amount of water 
supplied to the RIBs (Figure 4.8-47). The average reduction in RIB infiltration rates would be 
approximately 450 gpm for mine years 7 through 12 (Brown and Caldwell 2019a). Increasing or 
decreasing the RIB infiltration rates would affect groundwater levels between the RIBs and 
EFSFSR, as well as the rate of groundwater discharge to surface water. 

 

Figure Source: Brown and Caldwell 2019a, Figure 3-11 
Figure Notes: 
Alternative 1 conditions are represented as Proposed Action on the graph. Alternative 2 conditions are represented as Modified 
PRO on the graph. Alternative 3 conditions are represented as EFSFSR TSF Alternative on the graph. 

Figure 4.8-47 Predicted Infiltration Rates for the RIBs 
 

4.8.2.2.2.2 Closure and Reclamation 
Partial backfill of Hangar Flats pit with West End Development Rock and diversion of Meadow 
Creek peak flow to the pit lake during high runoff periods would notably reduce the time to fill 
the pit with water (to form the Hangar Flats pit lake). Figure 4.8-48 shows that the Hangar Flats 
pit lake would completely fill in mine year 14 under Alternative 2, as opposed to mine year 19 
under Alternative 1. Speeding up the rate of pit lake formation also would speed up the rate of 
recovery of groundwater levels around the lake. 
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Figure Source: Brown and Caldwell 2019a, Figure 3-17 

Figure 4.8-48 Predicted Hangar Flats Pit Lake Filling Curves – First 10 Years of Post 
Closure Period 

 

4.8.2.3 Alternative 3 
The hydrologic model used to assess the direct and indirect effects of Alternative 1 on surface 
water and groundwater quantity was modified with the changes proposed in Alternative 3. The 
two selected components that were modified in the Alternative 3 model version are: 

• Move TSF to the EFSFSR drainage; and 

• Move Hangar Flats DRSF to the EFSFSR drainage. 

Results of the modeling are detailed in the EFSFSR TSF/DRSF Alternative Modeling Report 
(Brown and Caldwell 2019b). The following sections describe the predicted direct and indirect 
effects of implementing Alternative 3 on surface water quantity and groundwater quantity. 

4.8.2.3.1 SURFACE WATER QUANTITY 

4.8.2.3.1.1 Changes in Stream Flow Characteristics (Daily, 
Seasonal, Annual) 

The changes in surface water flow described in this section for Alternative 3 are compared to 
those simulated for the existing conditions and other proposed alternatives. The primary focus 
of the analysis is on areas with the largest model-predicted effects, such as flows in the 
EFSFSR at USGS Gaging Stations 13310800, 13311000, and 13311250; Sugar Creek at the 
USGS Gaging Station 13311450; and on Meadow Creek upstream of the EFSFSR. 
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Construction and Operations 
Base flows at the USGS Gaging Station 13310800 (EFSFSR above Meadow Creek) are 
predicted to be lower under Alternative 3 than predicted for the existing conditions and other 
proposed alternatives (Figure 4.8-36). Predicted base flow reductions at this location would 
result from reductions in groundwater discharge to the EFSFSR beneath the TSF and DRSF. 
The model-simulated stream flows at USGS Gaging Station 13311000 (EFSFSR at Stibnite), 
which is downstream of the confluence with Meadow Creek, are similar for Alternatives 3 and 1, 
which are higher than the existing conditions simulation (Figure 4.8-37). For the EFSFSR above 
Sugar Creek (USGS Gaging Station 13311250), the simulated stream flows are lower for 
Alternative 3 relative to existing conditions and all other alternatives (Figure 4.8-38). 

The Alternative 3 model-simulated stream flows for Sugar Creek at USGS Gaging 
Station 13311450 are similar to existing conditions (Figure 4.8-39). 

Stream flows were predicted for Meadow Creek downstream of Hangar Flats pit to the 
confluence with the EFSFSR (Figure 4.8-40). Predicted stream flows for Alternative 3 are 
generally lower than all other scenarios with an average monthly flow reduction of 44 percent for 
mine years 7 through 12. Base flows are predicted to be very low relative to the existing 
conditions and Alternative 2 during mine years 7 through 12. January through March, low flows 
in mine years 7 through 12 show a 53 percent reduction relative to the existing conditions. The 
simulated reductions in flows are caused by water table depression in the direct vicinity of the 
Hangar Flats pit, which increases stream losses in Meadow Creek directly downstream of the 
lined diversion (Brown and Caldwell 2018b). 

In summary, the model simulations predict that implementation of Alternative 3 would result in 
some impacts to stream flows in the area of analysis. The simulated flows for Alternative 3 are 
similar to those predicted for Alternative 1 (i.e., vary from no predicted change to greater than a 
45 percent reduction in low flows, depending on the stream and the mine year). The greatest 
impacts for Alternative 3 are predicted for Meadow Creek downstream of the Hangar Flats pit to 
the confluence with the EFSFSR where January through March low flows show an average of 
53 percent reduction in mine years 7 through 12. 

Closure and Reclamation 
Average stream flows for the post closure period at the USGS Gaging Station 13310800 
(EFSFSR above Meadow Creek) are predicted to be the same for alternatives 1, 2, and 3, and 
the existing conditions (Figure 4.8-41). Stream flows at USGS Gaging Station 13311000, which 
is downstream of the confluence with Meadow Creek, are predicted to be similar for 
Alternatives 3 and 1, but lower than under Alternative 2 and existing conditions. However, peak 
flows would be higher (compared to Alternative 2 and existing conditions) during mine years 13 
and 14. Base flows would remain low until mine year 19, when they would return to seasonal 
patterns similar to existing conditions (Figure 4.8-42). Similar trends are predicted for the 
EFSFSR above Sugar Creek (USGS Gaging Station 13311250), where the simulated base 
flows are lower for Alternative 3 relative to existing conditions and Alternative 2 (Figure 4.8-43). 
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In Sugar Creek at USGS Gaging Station 13311450, model simulations predict similar stream 
flows for Alternative 3 relative to existing conditions and the other action alternatives 
(Figure 4.8-44). 

Stream flows were predicted for Meadow Creek downstream of Hangar Flats pit to the 
confluence with the EFSFSR (Figure 4.8-45). Predicted base flows for Alternative 3 are 
generally lower than all other scenarios for mine years 13 through 16, before gradually returning 
to the seasonal baseline pattern by mine year 19. Simulated seasonal base flows indicate that 
this section of Meadow Creek would go dry during the first three years of closure (mine years 13 
through 15) before beginning to gradually recover by mine year 19. 

In summary, the Alternative 3 model simulations for the post closure period indicate that stream 
flow would be impacted to some degree in the area of analysis. The simulated flows for 
Alternative 3 are similar to those predicted for Alternative 1, with reduced base flow for sections 
of the EFSFSR below Meadow Creek, as well as Meadow Creek in the vicinity of the Hangar 
Flats pit. Impacts vary from no predicted change on the EFSFSR above Meadow Creek and 
Sugar Creek to a 100 percent reduction (dry) in low flows on Meadow Creek downstream of the 
Hangar Flats pit in the early post closure period. Stream flows predicted for Alternative 3 
generally return to baseline seasonal stream flow patterns by mine year 19. 

4.8.2.3.2 GROUNDWATER QUANTITY 
The model-predicted groundwater conditions that would result from implementation of 
Alternative 3 are compared to the conditions simulated for Alternative 1 and to existing 
conditions. 

4.8.2.3.2.1 Construction and Operations 
Locating and developing the DRSF and TSF in the EFSFSR valley upstream of the Meadow 
Creek confluence would shift the location of groundwater level impacts relative to Alternatives 1 
and 2. 

Groundwater levels within the footprint of the relocated DRSF and TSF facilities would be 
somewhat lower than existing conditions due to reduced rates of groundwater recharge. 

The model-predicted Hangar Flats pit dewatering rates would be somewhat higher under 
Alternative 3 compared to Alternative 1 (see Figure 4.8-46). The higher dewatering rates can be 
explained by higher groundwater recharge, because the TSF would no longer be located in the 
Meadow Creek valley, leading to higher groundwater levels and steeper hydraulic gradients 
around the Hangar Flats pit. Because dewatering rates from the Hangar Flats pit would be 
higher, the model-predicted infiltration rates for the RIBs also would be slightly higher compared 
to Alternative 1 (see Figure 4.8-47). 

Placement of the TSF and Hangar Flats DRSF in the EFSFSR valley upstream of the Meadow 
Creek confluence, instead of the Meadow Creek valley, would cause reduction of groundwater 
recharge beneath these facilities in the upper EFSFSR valley, but at the same time would affect 
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a smaller number of springs and seeps, compared to other action alternatives. Figure 4.8-29 
shows a much smaller number of springs and seeps near the axis of the EFSFSR valley 
upstream of the Meadow Creek confluence, compared to the axis of Meadow Creek valley. 

4.8.2.3.2.2 Closure and Reclamation 
The higher model-predicted dewatering rates for the Hangar Flats pit under Alternative 3 
compared to Alternative 1 (see Figure 4.8-46) would correspondingly result in a somewhat 
shorter time of filling that pit with water after mine closure. The absence of the TSF in the 
Meadow Creek Valley directly upgradient of the pit would result in higher groundwater levels in 
that area and steeper hydraulic gradients, both during dewatering of the pit and during pit lake 
formation. As Figure 4.8-48 shows, the pit lake would reach its final stage by mine year 17 
under Alternative 3, as opposed to mine year 19 under the Alternative 1 scenario (5 years after 
mining and ore processing cease versus 7 years after mining and ore processing cease). 

4.8.2.4 Alternative 4 
Model predictions suggest that potential impacts on surface water and groundwater quantity for 
Alternative 4 would generally be the same as Alternative 1. The model used to assess the direct 
and indirect effects of Alternative 1 on surface water and groundwater quantity can be used for 
evaluating Alternative 4. This is because the major mine components incorporated into the 
model are the same for both alternatives. 

However, one change in surface water management under Alternative 4 that could affect 
streamflow would be the use of a pipeline to divert Meadow Creek around Hangar Flats pit 
during operations. The stream segment in the piped section would not receive surface runoff 
from snowmelt or precipitation, but also would not be subject to evaporative losses. As such, 
piping this segment of Meadow Creek could have a minor effect on the timing and magnitude of 
surface water flows downstream. The potential effect of piping this segment has not been 
quantified but is expected to be minor relative to the impacts from other mine features that are 
quantified in the modeling studies. This is because of the relatively short length of the pipeline, 
compared to the entire run of Meadow Creek upstream of the piped section, and that surface 
water runoff occurring over the length of the pipeline would be returned to the Creek at a 
location down-gradient of the pipe.  

4.8.2.5 Alternative 5 
Under Alternative 5, none of the action alternatives would be approved, and therefore no 
activities proposed on National Forest System lands would be approved. This scenario would 
not preclude Midas Gold from submitting another plan of operations in the future. 

Under Alternative 5, there would be no surface (open-pit) mining or ore processing to extract 
gold, silver, and antimony, and no SGP-related underground exploration, sampling, or related 
operations and facilities on the National Forest System lands. Midas Gold would continue to 
implement surface exploration and associated activities that have been previously approved on 
the National Forest System lands as part of the Golden Meadows Exploration Project, per the 
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Golden Meadows Exploration Project Plan of Operations and the Golden Meadows Exploration 
Project Environmental Assessment (Forest Service 2015).  

Midas Gold would be required to continue to comply with reclamation and monitoring 
commitments included in the applicable Golden Meadows Exploration Project Plan of 
Operations and Environmental Assessment. Those commitments would include reclamation of 
the drill pads and temporary roads by backfilling, re-contouring, and seeding using standard 
reclamation practices, and monitoring, to ensure that sediment and stormwater best 
management practices are in place and effective, so that soil erosion and other potential 
resource impacts are avoided or minimized. Additionally, Midas Gold could continue information 
collecting activities at the mine site and vicinity such as groundwater and surface water 
monitoring and reporting (pursuant to development of another plan of operations). Such 
reporting is required as part of the Golden Meadows Exploration Environmental Assessment. 
Other requirements include care and maintenance of stormwater best management practices at 
over 140 historical mining impact locations, and monitoring stream flow measurements from 
stream gages installed in creeks. 

Alternative 5 would result in no changes to existing surface water or groundwater quantity 
conditions as summarized above. Stream flow characteristics and groundwater hydraulic 
gradients, levels, flow directions, hydraulic properties of water-bearing materials, and 
productivity of the groundwater system would remain unchanged. 

4.8.2.5.1 WATER RIGHTS 
Alternative 5 would result in no additional water rights being filed with IDWR. Therefore, there 
would be no change from baseline conditions for groundwater and surface water resources, and 
no direct or indirect effects on existing water rights. 

4.8.3 Mitigation Measures 
Mitigation measures required by the Forest Service and measures committed to by Midas Gold 
as part of design features of the SGP are described in Appendix D, Mitigation Measures and 
Environmental Commitments; see Table D-1, Preliminary Mitigation Measures Required by the 
Forest Service, and Table D-2, Mitigation Measures Proposed by Midas Gold as SGP Design 
Features, respectively. The preceding impact analysis has taken these mitigation measures into 
consideration, as well as measures routinely required through federal, state, or local laws, 
regulations or permitting, such that the identified potential impacts of the SGP are those that 
remain after their consideration.  

Mitigation measures may be added, revised, or refined based on public comment, agency 
comment, or continued discussions with Midas Gold and will be finalized in the Final EIS. 
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4.8.4 Cumulative Effects 

4.8.4.1 Common to all Alternatives 
The cumulative effects analysis area for surface water and groundwater quantity that could be 
directly or indirectly affected by the SGP consists of the area where activities associated with 
the action alternatives could affect stream flows and/or the quantity of groundwater in storage, 
groundwater levels, and groundwater transmission. The analysis area is described in 
Section 3.8.1.1, Scope of Analysis, and shown on Figure 3.8-1. 

Cumulative effects associated with the SGP consider the range of existing and foreseeable 
activities and their potential effects with respect to surface water and groundwater quantity. Past 
and present actions that may have impacted water quantity through short-term water use 
include historical mining and reclamation activities in the area, as well as the Golden Meadows 
Exploration Project, which requires water for borehole drilling and other purposes. 

The active Valley County Quarry (located near the village of Yellow Pine and about 7 miles to 
the west of the SGP area) also may require some degree of groundwater consumption, but 
since the quarry is located in a different subwatershed from the mine site that is outside the 
analysis area, it would not contribute to cumulative groundwater quantity impacts. 

There are no reasonably foreseeable future actions that have or would affect surface water and 
groundwater quantity in the analysis area. In making this determination, a number of other 
nearby projects that have the potential to affect surface water and groundwater quantity were 
considered. These include Big Creek area’s small-scale hydroelectric projects and Morgan 
Ridge Exploration. Although these projects could affect the surface water and groundwater 
systems within their respective watersheds, they are located within a different subwatershed 
from the analysis area and the mine site, and lack direct communication via waterways to 
combine and result in cumulative water quantity effects. 

4.8.5 Irreversible and Irretrievable Commitments of 
Public Resources 

4.8.5.1 Common to All Action Alternatives 

4.8.5.1.1 SURFACE WATER QUANTITY 
Surface water, in terms of its flow rate characteristics, is a renewable resource, and therefore 
the action alternatives are not expected to have irreversible flow impacts. The duration of the 
predicted impacts on streamflow include the mine operational period (including the  
construction period), and another 10 years through the post closure period, before returning to a 
stable, long-term seasonal pattern similar to existing conditions. An exception to this would be 
the accelerated return to a stable, long-term seasonal flow pattern during post- closure under 
Alternative 2. The modeled streams surrounding the Hangar Flats pit (EFSFSR and Meadow 
Creak) are expected to return to similar patterns as the existing conditions up to approximately 
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4 years sooner for Alternative 2, relative to Alternatives 1 and 3. The accelerated recovery of 
streamflow to the existing condition is a direct result of the Meadow Creek liner extension, 
partial backfilling of the Hangar Flats pit, and acceleration of Hangar Flats pit lake filling. 
Changes to the drainage network would occur as a series and sequence of stream diversions of 
varied duration, with predicted impact durations ranging from approximately eight to twenty 
years. 

However, the SGP would irreversibly alter the mine site by the development of the TSF, by 
eliminating the existing Yellow Pine pit lake (and reconstructing the EFSFSR through its present 
location), and creating three lakes in the Hangar Flats, West End, and Midnight area pits. The 
degree of irreversible effects would be lower under Alternative 2 due to backfill of the Midnight 
area pit. 

4.8.5.1.2 GROUNDWATER QUANTITY 
The SGP would result in some irreversible changes to the groundwater system. Mining of ore 
would result in the formation of mine pits, which would fill during a post closure period, forming 
pit lakes. The Yellow Pine pit would be backfilled with development rock to facilitate reclamation 
of the EFSFSR. Mining of the pits and filling the Yellow Pine pit with rock would result in the 
most substantial changes to the groundwater system. 

Over the long term, the vast majority of Hangar Flats pit lake inflows would occur from 
groundwater. West End pit lake would be situated primarily in bedrock and therefore would not 
receive substantial groundwater inflows (The model simulations show that the primary sources 
of water for filling the lake are direct precipitation and surface water runoff. The lake is predicted 
to fill slowly over 41 years, with a seasonal pattern of increased lake stage from spring runoff 
followed by seasonal declines as water evaporates and flows from the lake back into local 
bedrock groundwater). The small Midnight pit would be relatively isolated, receiving water from 
precipitation and minor groundwater contributions, with no surface water contributions (Brown 
and Caldwell 2018b). 

Long-term, groundwater levels would be locally affected by the DRSFs and TSF, which would 
permanently alter groundwater recharge rates over the areas occupied by these structures. 

Underdrains installed under the DRSFs also would modify groundwater flow beneath the 
development rock facilities. However, the post closure groundwater model simulations show a 
flow pattern that is similar to existing conditions with only small localized effects arising from the 
presence of the pit lakes, DRSFs, and TSF (Brown and Caldwell 2018b). Those effects would 
include altering hydraulic gradients and lowering the water table around the SGP components. 

4.8.5.2 Alternative 5 
Under the No Action Alternative, no mining would take place. Consequently, no change would 
occur in the current surface water and groundwater conditions in the analysis area, and no 
change to the current commitment of resources would occur. Therefore, there would be no 
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irreversible or irretrievable commitments of water resources beyond those already realized as a 
consequence of historical mining activities conducted within the analysis area. 

4.8.6 Short-term Uses versus Long-term Productivity 

4.8.6.1 Common to All Action Alternatives 

4.8.6.1.1 SURFACE WATER QUANTITY 
Implementation of Alternatives 1 through 4 would result in short-term impacts to surface water 
quantity at the mine site through groundwater withdrawal and stream diversions. The duration of 
predicted impacts on streamflow include the 1mine operational period, and the post closure 
period. After that period, the system would return to a stable, long-term seasonal pattern similar 
to existing conditions. An exception to this would be the accelerated return to a stable, long-term 
seasonal pattern during post closure under Alternative 2. The modeled streams surrounding the 
Hangar Flats pit (EFSFSR and Meadow Creak) are expected to return to similar patterns as the 
existing conditions up to approximately 4 years sooner for Alternative 2 relative to Alternatives 1 
and 3. The accelerated recovery of streamflow to existing conditions is a direct result of the 
Meadow Creek liner extension, partial backfilling of the Hangar Flats pit, and acceleration of 
Hangar Flats pit lake filling. 

4.8.6.1.2 GROUNDWATER QUANTITY 
Apart from triggering some changes in groundwater quality characteristics (see Section 4.9, 
Surface Water and Groundwater Quality), implementation of the action alternatives would not 
result in any substantial changes to short-term or long-term groundwater productivity. Post-
mining, groundwater wells could still be installed within the SGP area (except in the footprints of 
the TSF, DRSF, and pit lakes), and used to produce groundwater at rates similar to those under 
existing conditions. Saturated thickness of alluvial deposits and their groundwater transmissive 
properties would remain similar to baseline conditions.  

4.8.6.2 Alternative 5 

4.8.6.2.1 SURFACE WATER AND GROUNDWATER QUANTITY 
Under Alternative 5, SGP activities would not be implemented. Consequently, no short-term use 
would occur that would affect surface water or groundwater quantity, and no change in long-
term productivity would occur. 

4.8.7 Summary 
The SGP would result in stream flow impacts under all alternatives except Alternative 5. Low 
flow would be reduced at some locations during some periods of the SGP operations up to 
18 percent in EFSFSR (at USGS Gaging Station 13311250) and up to 45 percent in Meadow 
Creek (downstream of the Hangar Flats diversion but upstream of the confluence with EFSFSR 
due to water table depression from dewatering of the Hangar Flats pit).  
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The impacts to Meadow Creek in the vicinity of the Hangar Flats pit would be partially mitigated 
under Alternative 2, compared to other alternatives, due to extension of the lined portion of the 
Meadow Creek diversion. The model-predicted stream flows for Alternative 2 are higher than 
the low flows under other alternatives by over a factor of two during mine years 7 through 12.  

Dewatering of the pits under Alternatives 1 through 4 would lower groundwater levels in the 
alluvial and bedrock formations during the mining and post closure periods, and would reduce 
flows in surface water streams that receive groundwater discharge. The extended liner 
proposed under Alternative 2 would reduce stream loss from Meadow Creek near the Hangar 
Flats pit during its dewatering, which in turn would reduce the pit dewatering rates. Compared to 
other alternatives, under Alternative 2 the partial backfill of Hangar Flats pit with West End 
development rock and diversion of Meadow Creek high flows to the pit lake during runoff 
periods would notably reduce the time of filling the Hangar Flats pit with water.  

The TSF and Hangar Flats DRSF proposed to be located in the Meadow Creek valley under 
Alternatives 1, 2, and 4, would be constructed in the EFSFSR drainage under Alternative 3. 
These facilities, under Alternatives 1, 2, and 4 would lower groundwater levels and permanently 
remove a limited number of GDEs present within the footprint of the TSF and DRSF. 
Implementation of Alternative 3 would result in removing a smaller number of GDEs, compared 
to other action alternatives. Hangar Flats pit dewatering rates and the rate of water infiltrating 
via the RIBs would be somewhat higher under Alternative 3, compared to Alternatives 1, 2, 
and 4. 

Table 4.8-1 provides a comparison of surface water and groundwater quantity impacts 
estimated to result from implementation of the various alternatives. 
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Table 4.8-1 Comparison of SGP’s Surface Water and Groundwater Quantity Impacts by Alternative 

Issue Indicator Baseline Conditions Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

The SGP may cause changes in 
quantity of surface water and 
groundwater in all drainages 
within the analysis area. 

Stream flow characteristics 
(daily, seasonal, annual). 

Surface waters include: the 
EFSFSR, Rabbit Creek, Meadow 
Creek, East Fork Meadow Creek 
(also known as Blowout Creek), 
Garnet Creek, Fiddle Creek, 
Midnight Creek, Hennessy 
Creek, West End Creek, and 
Sugar Creek. 
Monthly average seasonal low 
flows: 
Meadow Creek between TSF 
and Hangar Flats pit = 2.7 cfs 
Meadow Creek below the 
diversion and above EFSFSR 
(mine years 7-10) = 3.8 cfs 

Meadow Creek monthly average 
low flow during operations = 2.3 
cfs (15% reduction from baseline 
conditions).  
The primary predicted impact: 
reduction in streamflow along 
Meadow Creek near the Hangar 
Flats pit and pit lake close to the 
end of the mine operation and 
early post closure. 
Simulated flows vary from no 
predicted change to a 
45% reduction in low flows 
during the mine operational 
period. Flows vary from no 
predicted change to a 100% 
reduction during the early post- 
closure period. 
In most areas, groundwater in 
the alluvial aquifers recover 
within 10 years after the 
cessation of mining. Large 
areas of the bedrock aquifer are 
also expected to recover. 
However, there is less 
confidence about overall long-
term recovery of the bedrock 
aquifer. 

Stream flow impacts partially 
mitigated for Meadow Creek in 
the vicinity of the Hangar Flats 
pit and pit lake relative to 
Alternative 1. 
Predicted stream low flows for 
Alternative 2 two times higher 
than the low flows under 
Alternative 1 during mine years 7 
through 12.  
Across these years, the average 
monthly flow reduction relative to 
the existing conditions was 
predicted to be 32% for 
Alternative 2 and 47% for 
Alternative 1. In early post 
closure when the section of 
Meadow Creek is predicted to go 
dry under Alternative 1, 
predictions for Alternative 2 are a 
26% reduction in the average 
monthly flow. 
Surface flows are generally 
predicted to recover to pre-mine 
conditions by approximately 
mine year 15 (3 years after 
operations cease) 

Stream flow would be impacted 
by Alternative 3 within the 
analysis area. Simulated flows 
are similar to Alternative 1.  

Stream flow would be impacted 
by Alternative 4 within the 
analysis area. Simulated flows 
are similar to Alternative 1. 

Alternative 5 would result in no 
changes to existing stream flow 
characteristics. 

 The extent, magnitude, and 
duration of groundwater level 
changes. 

Groundwater flow in the analysis 
area occurs primarily in the 
Quaternary unconsolidated 
deposits filling the valleys and 
through the unconsolidated 
deposits covering the 
mountainsides. 

Dewatering of the pits lowers 
groundwater levels in the alluvial 
and bedrock formations during 
the mining and post closure 
periods, and reduces flows in 
surface water streams that 
receive groundwater discharge. 
In most areas, groundwater in 
the alluvial aquifers recover 
within 10 years after the 
cessation of mining. Large areas 
of the bedrock aquifer are also 
expected to recover. However, 
there is less confidence about 
overall long-term recovery of the 
bedrock aquifer. 
Development of DRSFs and TSF 
within Meadow Creek valley 
would result in lowering water 
table levels by more than ten feet 
in some areas within their 
footprint, and in areas close 
around, during production and 
post closure periods.  

The extended liner reduces 
stream loss from Meadow Creek 
near the Hangar Flats pit, and 
reduces that pit’s dewatering 
rates by more than 25%. Partial 
backfill of Hangar Flats pit with 
West End Development Rock 
and diversion of Meadow Creek 
high flow to the pit lake reduces 
the time of filling the pit with 
water from the Hangar Flats pit 
lake.  

The TSF and Hangar Flats 
DRSF constructed in the 
EFSFSR valley would lower 
groundwater levels within their 
footprint. Hangar Flats pit 
dewatering rates and the rate of 
water infiltrating via the RIBs 
somewhat higher compared to 
Alternative 1. 
Hangar Flats pit fills with water 
somewhat quicker. 

The extent, magnitude, and 
duration of groundwater level 
changes would be similar to 
Alternative 1. 

Alternative 5 would result in no 
changes to existing (baseline) 
groundwater flow conditions. 
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Issue Indicator Baseline Conditions Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

The SGP may affect water rights. Change in water rights 
availability in the SGP area. 

Four existing water rights at the 
mine site owned by Midas Gold. 
 

No changes in water rights 
availability in the SGP area. 
May affect downstream water 
rights. 

No changes in water rights 
availability in the SGP area. 
May affect downstream water 
rights. 

No changes in water rights 
availability in the SGP area. 
May affect downstream water 
rights. 

No changes in water rights 
availability in the SGP area. 
May affect downstream water 
rights. 

No changes in water rights 
availability. 

 New water rights needed. Existing water rights held by 
Midas Gold: 
77-7285 - Groundwater right for 
storage and mining with 
diversion of 0.5 cfs for a 
maximum total usage of 39.2 
acre-feet 
77-7141 – Groundwater right for 
domestic with diversion of 0.2 cfs 
for a maximum total usage of 
11.4 acre-feet 
77-7293 – Surface water right for 
storage and mining for diversion 
of 0.25 cfs and a maximum total 
usage of 20 acre-feet.  
77-7122 – Surface water right for 
storage and mining for diversion 
of 0.33 cfs for a maximum total 
usage of 7.1 acre-feet. 

An additional 2.39 cfs and 1,730 
acre-feet of groundwater rights 
needed to support ore 
processing. 
An additional 0.34 cfs and 
10 acre-feet of groundwater 
rights needed for potable water 
supply. 
During drought conditions, 
temporary seasonal withdrawal 
of up to 5.63 cfs from 
groundwater. 
An additional water right for 
3.47 cfs diversion of surface 
would be needed. 

Same as Alternative 1. Same as Alternative 1. Same as Alternative 1. No new water rights required. 
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4.8.8 Uncertainty Associated with Model Predictions 

4.8.8.1 Sources of Uncertainty and Approaches to Evaluate 
such Uncertainties in Hydrologic Models 

Predictions generated by groundwater and hydrologic models are associated with a degree of 
uncertainty, and can be limited in their predictive power. General sources of model uncertainty 
are attributed to a variety of factors, including: 

• Insufficient data for characterizing hydraulic properties (over a large enough area), or the 
hydrologic system’s response to changes or stressors on which the model predictions 
depend; 

• Inaccurate conceptual models or model assumptions; 

• Inadequate geometrical representation of a complex system and its heterogeneities; 

• Random error resulting from spatial interpolations; 

• Random errors in field measurements; 

• Poor data collection designs and inadequate interpretation of the collected data; 

• Not representing relevant processes that affect the hydrologic system; 

• General limitations of the models and numerical methods used; and 

• Unpredictable natural and human factors. 

Uncertainties associated with model predictions can be evaluated and assessed using a variety 
of approaches, including: 

• Sensitivity analysis; 

• “Bayesian model averaging” applied to multiple conceptual models and multiple 
parameter estimation methods; 

• Parallel testing of several viable conceptual models, combined with parametric 
uncertainty analysis carried out for each conceptual model; 

• The use of “pilot points” in conjunction with nonlinear parameter estimation software that 
incorporates advanced regularization functionality; 

• “Calibration-Constrained Monte-Carlo,” also called “Null Space Monte Carlo”; and/or 

• “Subspace Monte Carlo” that allows calibration-constrained random heterogeneity. 

Sensitivity analysis is deemed an important part of model uncertainty analysis. Most often such 
analysis is limited to varying model parameters and noting how such changes affect the model 
calibration. However, sensitivity analysis alone is not always adequate if the altered model is 
used for making predictions. This is because varying the values of model parameters often 
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results in a significant model “de-calibration,” and de-calibrated models should not be used for 
predictive simulations. 

ASTM International Standard Guide for Conducting Sensitivity Analysis for a Groundwater Flow 
Model Application (ASTM International 2008) provides the following clear instructions: “For each 
value of each group of inputs, rerun the calibration and prediction runs [emphasis added] of the 
model with the new value of the calibrated value” – this means that after varying the value of a 
given parameter, one needs to calibrate the altered model, before using it for making 
predictions. This is seldom accomplished with the models developed for industrial applications – 
completing such systematic analysis would require large budgets and a significant level of effort 
that many projects cannot support. 

Many of the other, more sophisticated approaches listed above for evaluating model uncertainty 
can be quite involved and, due to limitations of software and hardware, combined with the 
budgetary and time constraints of most projects, are still not practical outside of the realm of 
research (Rzepecki 2012). 

4.8.8.2 Main Sources of Predictive Uncertainty for the 
Proposed Action Hydrologic Model 

An independent review of the Proposed Action Hydrologic Model noted the following limitations 
that result in model predictive uncertainties (Environmental Resource Management 2019): 

• The number of hydraulically tested wells and boreholes; 

• Limitations of the data derived from the completed hydraulic testing related to the scale 
of the tests; 

• Uncertainty as to if any of the fault zones near the proposed pits were hydraulically 
tested; and 

• Not evaluating model predictive sensitivity to various possible degrees of hydraulic 
transmissivity of fault zones, which have not been represented in the model. 

• Spatial distribution of wells with measured groundwater level. 

4.8.8.2.1 DISCUSSION 
The following paragraphs provide a discussion of each of those noted limitations put in a 
broader context of standard modeling practice. 

4.8.8.2.1.1 Number of Hydraulically Tested Wells and Boreholes 
For the Existing Conditions and Proposed Action hydrologic models, setting the values of 
hydraulic property parameters was guided by the results of slug tests, packer tests, and aquifer 
tests completed within the area of analysis over several years (Brown and Caldwell 2017). 
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Brown and Caldwell (2018a) developed average values for each of the main identified 
hydrogeological units, including the alluvium, overburden, and non-fractured- or moderately 
fractured- bedrock. 

The Water Resources Summary Report (Brown and Caldwell 2017) indicates that hydraulic 
properties for the analysis area were obtained from: 

• Twenty-one slug tests of wells completed in alluvium and 12 wells/boreholes completed 
in bedrock; 

• Seventy packer tests completed in 12 bedrock boreholes – of those, 56 tests were 
considered successful; and 

• Six alluvial aquifer tests performed on the Camp well, Stibnite’s Hooterville and main 
camp domestic wells, Hecla Mining Company’s Pioneer well, the Stibnite Plant utility 
well, and the Stibnite Gestrin Airstrip Well – water levels during this test were observed 
in four alluvial and three bedrock wells. 

The Brown and Caldwell reports (2017, 2018a) do not provide a summary of differences 
between hydraulic properties of different rock types present within the analysis area. However, 
hydraulic properties of crystalline rock are often driven primarily by the density and 
interconnectedness of fractures, not the rock type itself. Site-specific data show that the 
fractured bedrock is more permeable than non-fractured bedrock, regardless of the rock type. 
This difference is reflected in the model by different values of hydraulic conductivity assigned to 
the model layers representing shallower fractured bedrock and the deeper, less fractured 
bedrock. 

The wells and boreholes subject to hydraulic testing are located within or near the bottom of 
mountain valleys, which is common for projects located in mountainous regions. Since the 
valley bottoms contain the most permeable formations, the network of test points cover the most 
important parts of the analysis area with regard to water balance and interaction of the SGP 
infrastructure with the environment. 

Overall, the number of hydraulically tested wells and boreholes is within the standard practice 
for characterizing similar-sized projects subject to the EIS process. The quantity of hydraulic 
data used to develop the model was adequate and does not result in an unreasonable degree of 
model-uncertainty. The following sections discuss the uncertainties associated with the 
collected data and model predictive sensitivity analysis addressing those uncertainties. 

4.8.8.2.1.2 Limitations of the Completed Hydraulic Testing 
Hydraulic stresses induced by slug and packer testing affect only a small volume of the 
formation around the tested well or borehole. As such, even a large number of such tests 
completed on a large number of wells/boreholes may fall short of detecting the presence of 
highly transmissive bedrock fractures, faults, or sedimentary structures within unconsolidated 
deposits. Such structures provide preferential pathways for groundwater flow. This phenomenon 
is referred to as a problem of scale of the test. Without specifically characterizing these 
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heterogeneities, their effects become averaged into the hydraulic conductivity zones defined 
during model calibration. The result may be underestimating (or oversimplifying) the 
transmissive capacity of a larger volume of rock or sediment. 

The results of aquifer pump tests are considered among the most reliable for estimating 
hydraulic properties of larger volumes of groundwater-hosting formations. The results derived 
from the data collected during a 31-day Gestrin Airstrip alluvial Well aquifer test are more 
reliable than the results of slug tests. However, it is important to note that the results obtained 
from the Gestrin well test are within the range of results obtained for alluvium from slug tests. 

Bedrock boreholes are typically tested using packers, as packers allow isolation of the most 
fractured- and potentially most hydraulically prolific sections of a borehole. Conducting a packer 
test for a prolonged time, longer than a day (to stress a larger volume of rock) is expensive, 
often not practical, and seldom practiced. Long-term pumping bedrock aquifer testing was 
conducted in late 2019; however, the results were not available to be included in the EIS at this 
time. The new data will likely improve characterization of hydraulic properties of the bedrock 
formations. In case the new estimates of those properties notably diverge from what was 
assumed in the hydrologic model, it is unlikely that the divergence would be greater than what 
was evaluated as part of the model sensitivity analysis summarized in Section 4.8.8.2.2, 
Hydrologic Model Sensitivity Analysis below. 

Overall, the slug test and pump test data collected are sufficient to define hydraulic conductivity 
values in the model for zones representing alluvial sediments; moreover, results obtained from 
these tests likely approach the real properties of the alluvium. Additionally, the model is 
calibrated not only to groundwater levels but also to the rates of discharge measured in the 
mine site streams. The degree of model calibration described in Brown and Caldwell’s report 
(2018a) could not have been achieved if the hydraulic conductivity of the alluvial sediments was 
significantly underestimated. 

4.8.8.2.1.3 Uncertainty as to Hydraulic Testing of Fault Zones near 
the Proposed Pits 

The ore deposits in the analysis area are cut by several major local- to regional-scale fault 
zones (Brown and Caldwell 2017). The bedrock also is fractured and faulted within the analysis 
area, primarily by north and northeast trending faults. The most prominent structure is the 
Meadow Creek Fault Zone, a steeply dipping northerly trending structure extending down the 
East Fork of Meadow Creek, through the Hangar Flats and Yellow Pine pit locations, and 
eventually trending to the northeast along Sugar Creek (SPF Consulting and Associates 2017). 

Descriptions provided in Table 5-2 of the Water Resources Summary Report (Brown and 
Caldwell 2017) indicate that many of these faults are “poorly exposed” or “not exposed,” “not a 
single fault but a braided network of structural zones,” and that locations of many faults are 
interpreted from “geophysical surveys and soil and rock sampling.” 
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It is uncertain if any of the boreholes subjected to packer and/or slug testing intercepted these 
fault zones. Several of the packer tests were targeting fractured bedrock, but it is not clear if the 
fractures were associated with any of the faults mapped in the analysis area. 

The consequences of such uncertainty to the model predictive accuracy also are difficult to 
estimate. This is because faults can serve as either (1) conduits for groundwater flow, or 
(2) barriers to flow. In addition, such transmissive or barrier properties are often changing from 
place to place. Many borehole logs presented by SPF Consulting and Associates (2017) 
document the presence of “fault gouge” which has a potential to decrease transmissive 
properties of a fault, compared to a fault which does not contain gouge material. However, that 
fault gouge does not necessarily prevent preferential groundwater flow through a network of 
fractures associated with and around the faults, even if such faults are filled with a gouge.  

In conclusion, it is not certain if subjecting many more boreholes to packer testing would have 
better characterized the hydraulic properties of local faults. Characterizing the hydraulic 
properties of a fault system presents a difficult problem and such characterization is seldom 
achieved in groundwater studies. 

4.8.8.2.1.4 Lack of Model Sensitivity Analysis for Hydraulic 
Transmissivity of Faults 

As discussed above, it is uncertain if any of the hydraulically tested boreholes intercept a fault 
zone. As such, no definitive data is available characterizing hydraulic properties of the faults. 
Consequently, simulating such faults by the model would have to be based on alternative 
conceptual models. 

Building alternative numerical models based on such alternative conceptual models would 
represent a substantial modeling effort. This is because each such model would need to be 
calibrated, before running any model predictive simulations. And if there is not enough data 
available to develop or support such alternative models, the predictive power of the alternative 
model would likely be no better (and perhaps substantially worse) than the Existing Conditions 
and Proposed Action (Alternative 1) hydrologic models developed by Brown and Caldwell. 

Any calibrated groundwater model developed for research or predictive purposes realistically 
represents one of a large number of possible calibrated models that could be constructed using 
a given set of calibration data. This fact points to a problem of non-uniqueness of the solution, 
which in turn leads to “parametric uncertainty.” 

It is likely, however, that, if Brown and Caldwell developed several versions of the calibrated 
model, the model predictions obtained using those various versions would not be substantially 
different. This is because calibrating the model not only to measured groundwater levels but 
also to stream discharges (measured during different seasons) helps to significantly constrain 
the calibration process. The more the model is constrained by various types of calibration data, 
the less the possibility of developing model versions of markedly different predictive capacities. 
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4.8.8.2.1.5 Spatial Distribution of Wells with Measured 
Groundwater Level Data 

Investigators carrying out environmental studies for mining projects in the mountainous regions 
typically install most of the monitoring wells and collect groundwater level data mainly for the 
areas within the mountain valleys. Mountain slopes are often inaccessible or difficult to access 
for drilling and installation operations. Groundwater models developed for such projects are 
properly calibrated only for the areas of the valleys. Such models can be appropriate tools for 
predictive simulations provided that: (1) most of the project’s infrastructure is located within the 
valleys; and (2) the valleys are filled with sediments more transmissive than the underlying 
bedrock. Such is the case for the SGP. However, there is less confidence in the groundwater 
model’s predictive abilities outside of the valleys. 

4.8.8.2.2 HYDROLOGIC MODEL SENSITIVITY ANALYSIS 
Brown and Caldwell completed sensitivity analyses for the hydrologic models simulating existing 
conditions, No Action, and Alternative 1. The analyses involved varying either hydraulic 
conductivity (K) or specific yield (Sy) values, and quantifying the resulting differences in the 
model-simulated groundwater levels, stream flows, pit dewatering flow rates, and rates of 
excess water disposal through RIB infiltration (Brown and Caldwell 2019c). 

Sensitivity analysis typically completed for modeling programs evaluates how changes in the 
model input parameters result in model de-calibration. De-calibrated models should not be used 
for generating predictions. Brown and Caldwell acknowledge this; however, also reported that 
the changes to model parameters (made during the completed sensitivity analysis) did not result 
in a substantial de-calibration of the analyzed models.  

The most relevant results of the completed sensitivity analyses are the following: 

• Changing the K values (without major model de-calibration) results in model-predicted 
rates of pit dewatering ranging from up to two times higher than or two to three times 
lower than the rates predicted by the “base case” model versions. The “base case” 
models are referred to as all the models Brown and Caldwell developed during 2018 and 
2019 that were used for predicting the effects of the various action alternatives. 

• Lowering the K values results in lowering stream flows during low flow conditions (when 
stream flow approaches a baseflow) by a factor of two to three times. Predicted stream 
high flows are not affected by such changes in K. 

• Increasing the K values results in increasing the rates of water disposal through RIB 
infiltration of up to two times. 

• Changing the K values does not change the model-computed lateral extents of the cone 
of depressions around the pits (subject to dewatering). One exception is the area of 
Hangar Flats pit, where increasing the K of the alluvium results in an expanded cone of 
depression around that pit. On the other hand, decreasing the K results in smaller 
model-predicted lateral extents of cones of depression around the pits. 
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4.8.8.2.3 CONCLUSIONS 
Groundwater modeling requires simplifying assumptions to represent a complex subsurface 
hydrologic regime. 

As a result of data limitations and simplifying assumptions, all predictive models, no matter how 
well constructed and calibrated, contain uncertainty. The main sources of uncertainty for the 
Brown and Caldwell model are: 

• Limited number of hydraulically tested wells and boreholes; 

• Typical limitations of data derived from hydraulic tests; 

• Uncertainty as to if any of the fault zones near the proposed pits were hydraulically 
tested; and 

• Not evaluating model predictive sensitivity to various possible degrees of hydraulic 
transmissivity of the fault zones, which have not been represented in the model; and. 

• Lack of a long-term bedrock aquifer test. Future documents will be updated with the 
results of the 2019 test when available. 

Despite those sources of uncertainty, the modeling approach and data used by Brown and 
Caldwell are within the typical scope of modeling work done for similar projects. 

Although alternative conceptual and numerical models likely could be developed, an 
undertaking of this magnitude is not realistic, and in any case, would have been unlikely to 
produce significantly different predictive results or to significantly reduce the uncertainties 
associated with the model predictions. 
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