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1.0 INTRODUCTION 

Donlin Gold, LLC (Donlin) has proposed to construct the Dolin Gold Project in the Kuskokwim 
watershed in southwest Alaska.  The U.S. Army Corps of Engineers (Corps) is the lead agency for 
the preparation of the draft environmental impact statement (DEIS).  The proposed project 
includes a large open pit mine with transportation facilities to a port at Bethel Alaska, and a 
natural gas pipeline from Cook Inlet. 

This technical memorandum reviews the DEIS and supporting documents with an emphasis on 
hydrogeology at the mine sites.  The emphasis is on the effects of mine dewatering, pit lake 
development, treatment of contact water (rainfall or snowmelt that has contacted lands 
disturbed by mining), and seepage from tailings and waste rock facilities reaching the streams.  
Dewatering effects include the effects on stream baseflow.  This review does not include 
transportation facilities, port development, or the natural gas pipeline. 

My background includes a PhD and MS in hydrology/hydrogeology from the University of 
Nevada, Reno and a BS in civil engineering from the University of Colorado.  I have 35 years of 
employment experience in consulting, academics and government, with about 20 years specific 
to mining and energy development hydrogeology.  My specialties include numerical modeling 
and contaminant transport.  I have published 17 peer-reviewed journal articles with five articles 
since 2009 concerning groundwater modeling, contaminant transport, and aquifer water 
balance.  My CV is attached to this review. 

2.0 SUMMARY OF MAJOR IMPACTS OF THE PROPOSED PROJECT AND 
ERRORS WITH THE DEIS ANALYSIS 

Development of the proposed mining project would affect the hydrogeology in the mine site 
area in the following ways. 

Mine dewatering will substantially lower the groundwater table near the pit and in surrounding 
bedrock.  Although errors in the conceptual flow model and numerical groundwater model 
cause the DEIS to under-predict the dewatering impacts, dewatering to keep the pit dry would 
intercept groundwater flowing toward a stream where it would be become baseflow.  
Dewatering will reduce streamflows by up to 10 and 30 % during summer and winter, 
respectively, according to the DEIS.  Various uncertainties acknowledged in the DEIS could 
increase the flow loss from the creek. 

Mine construction affects surface runoff in many ways, including the pit intercepting surface 
runoff in American Creek, thereby preventing it from reaching the stream and the tailings 
impoundment covering 70% of the Anaconda Creek drainage which prevents a large proportion 
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�}�(���š�Z���š���•�š�Œ�����u�•�[���(�o�}�Á���(�Œ�}�u�����]�•���Z���Œ�P�]�v�P���š�}�����Œ�}�}�l���������Œ�����l�X�� Ancillary mine facilities such as 
freshwater reservoirs divert or use surface water runoff which can affect both high and low 
streamflow rates.  Together these effects could lower flows in the creek even more than just by 
dewatering, with some estimates being as high as 100 percent loss during winter baseflow 
periods. 

The mine would require approximately 17,438 gpm for processing which would be discharged 
to the tailings impoundment during operations.  Water for the process plant comes from 
various places, including freshwater reservoirs, contact water reservoirs, and dewatering wells.  
Excess water would be discharged to Crooked Creek with treatment, so failures in the collection 
and treatment system would discharge contaminants to and degrade Crooked Creek.  During 
operations, expected discharge from the water treatment plant is 1268 gpm with 786 gpm from 
mine dewatering and the remainder from underdrains and contact water reservoirs.  All 
sources are subject to much uncertainty meaning that periodic high flows could overwhelm the 
treatment system.  For example, if the bedrock has a significantly higher conductivity, the 
dewatering rates could be much higher because it would pull water from further away and 
allow recharge to enter the bedrock from the shallow aquifer faster.  Heterogeneity in the 
bedrock including with the faults could cause periodic high dewatering amounts.  The DEIS does 
not plan for the probability that the treatment facilities will be periodically exceeded by 
dewatering water or other contact water requiring treatment before discharge. 

The pit lake would recover during mine closure to a point where it would overflow its rim, if 
allowed, into Crooked Creek.  The pit lake water quality would be very poor, according to pit 
lake modeling, due to waste rock seepage into the pit and acid generating rock around the pit 
and backfilled into the pit.  Donlin would start pumping pit lake water when it reaches 33 feet 
below the rim to treat and discharge into Crooked Creek.  At this point, most of the flow losses 
from Crooked Creek would cease.  However, there are uncertainties not considered in the DEIS 
that could cause the pit lake to fill and overwhelm the pump and treat system.  A spill could 
devastate Crooked Creek.  Climate change could increase precipitation by up to 25% on average 
but there would also be more frequent very large events, which is not considered in the DEIS.  
This pump and treat system would be required forever so all possible combinations of weather 
will eventually occur. 

The DEIS relies on the mine dewatering system and the pit lake to draw groundwater including 
seepage from the waste rock dump and prevent it contaminating downgradient groundwater or 
discharging to Crooked Creek.  However, there is a significant probability that a perched aquifer 
will form in the shallow aquifer as dewatering lowers the groundwater table.  This will short-
circuit seepage from the waste rock dump to Crooked Creek.  I describe the details in the next 
few paragraphs concerning the numerical groundwater model.  Drawdown occurs under the 
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tailings impoundment but it will not draw groundwater to the pit because drawdown does not 
eliminate the ridge in the groundwater table between the tailings and the pit.  Seepage 
escaping the underdrain will flow through the colluvium under Anaconda Creek and either 
discharge into Anaconda Creek or into the alluvium around and ultimately into Crooked Creek. 

The DEIS does not consider the impacts of catastrophic failure, such as would occur with a 
tailings dam failure.  The analysis should consider the probable maximum flood occurring in the 
watershed because the facility will be there forever.  The DEIS should present hydraulic routing 
of a reasonable portion of the half million tons of tailings down Anaconda Creek and Crooked 
Creek to show the potential damages. 

Most of the DEIS predictions are from a numerical groundwater model.  Two aspects of the 
numerical groundwater model severely bias the predicted impacts of dewatering.  The bias is 
that simulated dewatering does not spread far from the mine pit and affects stream flows much 
less than it probably will. 

�x The conceptualization of the bedrock away from the mine pit has very low conductivity, 
lower than measured in most pump tests and lower than would be expected by 
considering the scale effects of small-scale test and regional scale models.  It is treated 
as undifferentiated bedrock, meaning treated as one single mass, with a conductivity an 
order of magnitude less than most of the bedrock simulated within the pit area.  This 
low conductivity prevents the spread of drawdown from the pit into the bedrock, 
thereby limiting how far the effects can spread.  The low conductivity is not justified by 
observed pump test values or by scale effects which would cause the conductivity to be 
higher than determined from small-scale pump tests. This prevents the simulated 
drawdown from affecting overlying streams and wetlands. 

�x The alluvium around Crooked Creek is simulated with a very high conductivity and very 
low storativity.  Low conductivity bedrock and colluvium surrounds the alluvium.  This 
effectively isolates the alluvium and Crooked Creek from impacts of dewatering.  The 
low storage coefficient allows the alluvium to release very little water for a change in 
water levels in the alluvium while the very high conductivity limits the change in head.  
This explains why dewatering drawdown effectively hits a wall at the creek. 

The numerical modeling also fails to consider that a perched aquifer could develop in the 
shallow aquifer.  This is partly due to the large difference between bedrock and shallow aquifer 
conductivity.  As simulated drawdown lowers the water table from the shallow groundwater 
into the bedrock, it is likely that an unsaturated zone would form between a saturated zone in 
the shallow aquifer and bedrock.  Seepage from the waste rock facility would discharge to 
Crooked Creek rather than be drawn to the pit lake, as relied upon in the DEIS.  Drawdown 
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would occur in the bedrock and pull contaminants toward the pit lake, but perched zones in the 
shallow aquifer would provide a saturated pathway for contaminants to reach Crooked Creek.  
The numerical model fails to simulate this because the model cannot simulate such as system.  
The only potential mitigation would be a liner beneath the waste rock with a leak capture 
system. 

The option for the tailings facility that best prevents seepage from degrading Crooked Creek is 
dry stack tailing with both a liner and impervious cover to minimize potential seepage with time 
after closure.  This is necessary because the tailings are outside of the pit capture zone and 
seepage would drain to the streams.  The TSF should have a 100-mil liner rather than a 60-mil 
liner to make leaks would be less likely.  The TSF should have an impervious cover to prevent 
percolation through the tailings from mounding on the liner, which would increase head on the 
liner and the leak rates and potentially cause instability problems. 

Donlin should consider removing the Snow Gulch Reservoir from the plan to avoid impacts to 
that tributary watershed.  They should also leave a buffer between the pit and the Crooked 
Creek alluvium to decrease the connection with the alluvium and decrease the amount of water 
potentially drawn from the creek. 

3.0 DEIS ALTERNATIVES 

The DEIS describes five alternatives, including no action (alternative 1), the proposed action 
(alternative 2,) (mine layout shown in Figure 1), two alternatives that alter the pipeline and 
transportation routes but leave the mine plan basically as proposed under alternative 2 
(alternatives 3 and 4), and an alternative that would alter the mine plan to use dry stack tailings 
rather (alternative 5) than a slurry system.  Dry stack tailings alternative 5 has two options.  
Option 1 would not be lined but there would be an underdrain to remove seepage.  Option 2 
would have a liner.  There would be eight freshwater wells for domestic and sanitary uses, and 
up to 35 pit perimeter wells and 80 in-pit dewatering wells (DEIS, p 2-9). 
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Figure 1:  Alternative 2 general mine layout - DEIS Figure 2.3-1 

3.1 Recommended Additional Alternative 

A primary impact of this proposed mine is the impacts mine dewatering and pit lake formation 
could have on stream flows.  As will be discussed in section 9.0, the properties of the bedrock 
separating the proposed pit from the alluvium under Crooked Creek have some control over 
the amount of surface water drawn from the stream into the groundwater.  Several 
amendments should be made to Alternative 2 or should be added to an existing alternative and 
considered as a new alternative. 
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�x The DEIS should include a setback alternative which requires the pit excavation not 
intersect the Crooked Creek alluvium.  There should be a minimum setback from the 
creek of several hundred feet to protect stream flows.  The exact distance could be 
determined based on additional understanding of the bedrock properties. 

�x The waste rock facility (WRF) that would be constructed over the American Creek should 
have a drain through it to allow streamflow to pass without being captured in an upper 
contact water pond.  Below the WRF, there should be a channel created to allow it to 
pass the proposed pit  

�x Snow Gulch Reservoir should be removed if not really needed.  See section 7.3 below. 

3.2 Adaptive Management and Monitoring 

The Corps calls for adaptive management activities pertaining to groundwater hydrology.  
Donlin should assess monitoring data especially with respect to drawdown to assess whether 
the groundwater monitoring regime is adequate.  Donlin should assess whether drawdown has 
extended beyond the monitoring system. 

�x If drawdown at the most distant wells from the mine has become significant, new 
monitoring wells should be installed.  This should be assessed at least every three years 
during operations. 

The groundwater model would be reexamined after three years of pit dewatering to �^�u�]�v�]�u�]�Ì����
�µ�v�����Œ�š���]�v�š�Ç�������}�µ�š�������Á���š���Œ�]�v�P�����(�(�����š�•�_���~�����/�^�U���‰���ï�X�ò-44; DEIS, Table 5.7-1).  This should include 
verification of the original model to assess the accuracy of the DEIS predictions.  

�x If they differ substantially, then new modeling and new NEPA analysis should be 
completed based on new predictions.  A substantial difference is difficult to establish in 
advance, but would probably include the dewatering pumping rate being off by 100% 
(pumping twice the expected amount), having drawdown at a monitoring well twice 
that predicted, or having Crooked Creek lose flow along an unexpected rate or more 
than expected. 

�x New modeling should include new ideas of the conceptual flow model in the area.  Two 
obvious considerations are the modeling of the bedrock as a porous media without 
considering fractures and the distribution of recharge throughout the area. 

The Corps indicates that climate change should be considered in future modeling (DEIS, p 3.6-
45, DEIS Table 5.7-1 #3).  Long-term climatic observations at the site should be compared with 
climate model predictions to assess the accuracy of the predictions with respect to Donlin.   
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�x Climate change effects on the project should be included with each model update and 
use the most current precipitation forecasts from global climate models.  If the 
simulations predict substantially different potential future conditions, the Corps should 
complete supplementary NEPA analysis to disclose to the public the potential changes 
and to allow the public to provide additional comment. 

4.0 MINE DEWATERING 

Mine dewatering is the process of removing groundwater for the purpose of lowering the water 
table, or causing drawdown, to keep the mine pit dry.  At Donlin, the company would use pit 
perimeter wells, in-pit wells, and horizontal drains in the pit wall.  The water table would be 
drawn down near the Donlin pit as much as 1400 feet. 

The lateral extent that drawdown expands to depends on recharge because recharge replaces 
groundwater as it is removed.  Dewatering removes water out to the extent of an influence 
zone where the dewatering pumpage equals the sum of recharge that is captured and 
streamflow induced to recharge.  Drawdown will expand until it has captured an amount of 
recharge and streamflow equal to the pumping rate needed to lower the water table at the 
mine.  At the point where dewatering pumpage equals recharge, the groundwater pumping will 
approach steady state.  Dewatering affects larger areas in dry regions because the recharge is 
low and smaller areas in wet regions because of the much higher recharge. 

The bedrock hydrogeology controls the dewatering rate and affects how rapidly the drawdown 
expands.  This effectively means conductivity (K), the ease with which groundwater flows 
through a porous media.  All else being equal, more water will be pulled more quickly from 
further away with a high K value.  This means the drawdown cone would approach its 
maximum extent more quickly with a high K. 

4.1 Recharge 

Groundwater recharge equals 5.5 in/y or 28 percent of average annual precipitation (DEIS, p 
3.6-11).  The DEIS does not provide a reference for this estimate, but the numerical model 
report (BGC 2014c) references BGC (2011b) as the source of the recharge estimate.  That 
document mentions recharge only in a�v�����‰�‰���v���]�Æ���Á�Z�]���Z���]�•�������u���u�}�Œ���v���µ�u���Œ���P���Œ���]�v�P���^�W�}�š�����o����
�t���š���Œ���^�µ�‰�‰�o�Ç�����•�•���•�•�u���v�š�_�V���]�š���•�š���š���•�W���^�€���•�À���Œ���P�������v�v�µ���o���Œ�����Z���Œ�P�����]�v���š�Z�����u�]�v�������Œ�������Á���•�����•�•�µ�u������
to be 139 mm/y, based on the feasibility calibration of the numerical groundwater flow model 
�~���'�����î�ì�ì�ó���•�_�X�����d�Z�� �Œ���(���Œ���v�������•�����š�]�}�v�����}���•���v�}�š���Z���À�����������'�����î�ì�ì�ó���U�����µ�š�����'�����î�ì�ì�ó�P���]�•���^�E�µ�u���Œ�]�����o��
�,�Ç���Œ�}�P���}�o�}�P�]�����D�}�����o���Z���•�µ�o�š�•���������W�]�š�������Á���š���Œ�]�v�P�������•�]�P�v�U���&�]�v���o���Z���‰�}�Œ�š�_�X�� 
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Recharge is usually estimated in a conceptual model report, but the most recent conceptual 
model report for Donlin, BGC (2014g), does not derive recharge.  The amount used for this 
project, 5.5 in/y, is not unreasonable, based on my experience, although it is higher as a 
proportion of annual precipitation than most areas.  Because snowmelt is a slow process the 
estimate is not unreasonable. 

�x It is important for the DEIS to have an accurate description of recharge, one of the most 
important hydrogeologic parameters, and how it was determined. 

Recharge equals groundwater discharge from a basin which is at steady state (Myers 2016, 
Cherkauer 2004).  Usually, groundwater discharge is stream baseflow.  For the Crooked Creek 
watershed, recharge would equal baseflow at the mouth of the basin expressed as a depth, in 
inches, over the watershed.  It could be estimated for smaller tributary basins if such detail is 
desirable but the accuracy may decrease if groundwater tributary areas do not exactly match 
topographic boundaries.  In the Crooked Creek watershed, there could be two forms of 
baseflow because discharge from alluvial/colluvial aquifers should differ from discharge from 
bedrock aquifers.  Shallow aquifers could effectively drain more quickly than the bedrock 
aquifers which should provide the late-winter baseflow.  If the actual amount of recharge 
reaching bedrock is small, the drawdown in bedrock should expand more than it appears to and 
have a much larger effect on winter than on late summer flows (DEIS, Figure 3.6-8). 

Recharge affects the DEIS predictions by its effects on groundwater model simulations, as 
reviewed below in section 9.3.  In general, higher recharge means higher discharge and 
calibrating a model using higher groundwater flux rates would lead to higher estimated K 
values.  Together, high recharge and high K could lead to higher dewatering estimates.   

The modeled bedrock K is very low and that of the shallow aquifer, either colluvium or alluvium 
is much higher, as I describe below, so some of the recharge probably moves through the 
surficial aquifer to the nearest stream under natural conditions.  Depending on the connection 
between the shallow and bedrock aquifer, dewatering of the bedrock might not pull all of the 
groundwater from the shallow aquifer into the bedrock which means that the shallow aquifer 
might remain saturated and continue discharging to the streams.  While this might limit the 
effect of dewatering it also would affect the transport of contaminants from the TSF and WRF 
to the streams.  Isotope data indicates that the age of groundwater varies from 21 to 56 years 
and that deeper water is older which generally follows the groundwater recharge path.  

The DEIS notes that prediction of the impacts due to dewatering are very uncertain.  
�^�^���v�•�]�š�]�À�]�š�Ç�����v���o�Ç�•�]�•���•�]�u�µ�o���š�]�}�v�•���~�•���������]�•���µ�•�•�]�}�v�������o�}�Á���]�v���š�Z�]�•���•�����š�]�}�v�•���•�µ�P�P���•�š���š�Z���š���‰�Œ�����]���š�]�}�v���}�(��
�š�Z�������u�}�µ�v�š���}�(���•�š�Œ�����u�(�o�}�Á�������‰�o���š�]�}�v���]�•�����]�(�(�]���µ�o�š�X�_�����~�����/�^�U���‰���ï�X�ò-25)  This refers to sensitivity of 
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the model predictions to both recharge and bedrock properties.  I review model sensitivity in 
section 9.7. 

4.2 Bedrock Hydrogeology 

Most pit excavation will be in bedrock, so bedrock will control groundwater flow to the pit and, 
through connections with streams, control how dewatering affects groundwater baseflow.  The 
DEIS (Table 3.6-2) reports bedrock K varies over about four orders of magnitude at each depth 
level for three different levels, upper (<330 ft), middle (330 �t 660 feet depth), and lower (>660 
ft depth).  The K ranges are 0.006-14, 0.0009-0.9, and 0.0003-0.2 ft/d, respectively. 

The gap analysis for hydrogeologic data acknowledges that scale could affect the hydrogeologic 
properties in the modeling (BGC 2013b).  In general, the K of a formation increases with the 
scale of the volume being considered.  This generally means that a single-well pump test or slug 
test yields a lower K estimate than a several day pump test with monitoring wells, with lab tests 
and groundwater modeling K estimates also considered on a similar scale relationship.  The gap 
analysis suggests that BGC complete larger scale pump tests.  As noted below in section 9.0, the 
numerical model did not account for scale effects. 

The conceptual model report identifies up to 18 faults crossing the open pit zone (BGC 2014g).  
Little is known about the faults from a hydrogeologic perspective and they are not even 
mapped outside of the pit area.  The bedrock hydrogeology treats the bedrock as a porous 
media meaning that the faults are not considered individually, either as flow barriers or 
conduits.  Drawing 2 (BGC 2014g) shows mapped thrust faults mostly crossing the pit in a 
general east-west direction, but the mapping does not extend much beyond the pit.  There is 
no indication of whether the fault layout in the pit is representative of faults beyond the pit.   
BGC (2014g, p 19) suggests that there is no indication of a trend of K with respect to the 
proximity to faults, but Drawing 26 does not show sufficient tests in the area with faults to 
support this claim.  Thrust faults can have high permeability damage zones.  Therefore, if faults 
intersected by the pit have long-scale high permeability damage zones, dewatering effects 
could extend for a long distance beyond the pit and the predicted drawdown cone. 

�x The DEIS does not adequately disclose the properties of the faults that intersect the pit.  
The DEIS also does not propose monitoring or adaptive management for dealing with a 
fault system that extends drawdown far from the pit or causes much higher dewatering 
than expected.  Model sensitivity analysis without actually simulating the faults is 
insufficient planning for the faults. 
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�x If there is sufficient data, the DEIS should provide a plot of K versus distance from a 
faults to estimate whether there is a trend.  There should also be more pump testing 
completed in the pit area among the faults to collect sufficient data for analysis. 

5.0 PIT LAKE FORMATION 

After mining ceases, mine dewatering would stop and groundwater would begin to flow into 
the mine.  The open pit would fill in 50 to 55 years with groundwater inflow, surface runoff, and 
water from the TSF (DEIS, p 2-40), although other reports have estimated other times up to 60 
years (Lorax 2012). TSF water would be pumped to the pit lake whenever it does not meet 
standards (DEIS, p 2-40); at the beginning of closure, about 30,000 acre-feet (af) of tailings 
water would be pumped into the pit so simulations of pit lake development start with an initial 
volume.  The pit initially would be a hydrologic sink for regional groundwater but would 
eventually fill to a point where it would discharge into Crooked Creek, except that when the 
water level is 33 feet below the crest, the mine would begin pumping and discharging the 
water.  This would be required in perpetuity to prevent the pit lake from overtopping its banks 
(Id.).  Treatment sludge would be dumped into the pit lake (Id.). 

Inflow to the pit lake is groundwater and runoff from various sources.  The pit lake essentially 
would exist forever so the planning must account for all potential inflows and climate change.  
BGC (2015l) considers some of the extreme conditions the pit would experience in future, 
�•�‰�����]�(�]�����o�o�Ç���^�š�Z���������]�o�]�š�Ç���}�(���š�Z�����‰�]�š���o���l�����š�}���Z���v���o�����•�š�}�Œ�u�����À���v�š�•�����µ�Œ�]�v�P���š�Z�����‰�}�•�š-���o�}�•�µ�Œ�����‰���Œ�]�}���_��
(BGC 2015l, p 1).  The average discharge to Crooked Creek, if not treated would average 2812 
gallons per minute (gpm) and the treatment plant would be able to treat at rates up to 7486 
gpm (Id.) with an operating period of six months per year.  More inflow would require a longer 
annual operating period.  To provide freeboard (not designed for any specific return interval), 
treatment of the pit lake would begin when the pit lake is 33 feet below its crest (Id.).  There 
would be a spillway in the southwest corner of the pit near Crooked Creek designed to 
accommodate the probable maximum flood of 11,301 cfs (with flood routing through the pit 
lake, the actual discharge rate would be less).  At water level elevation 328 (33 feet below the 
crest), the pit lake volume would be 376,170 af and at the crest of 359 feet above mean sea 
level (amsl) the volume would be 405,360 af (BGC 2015l, p 2).  The watershed area above the 
outlet would be 5122 acres (Id.), although much of that would be the pit lake, and the 
estimated average annual runoff is 4700 af/y (Id.).  At this rate it would require six years to fill 
the pit over the upper 33 feet, or 29,190 af (Id.).  Presumably the difference would be made up 
by groundwater inflow. 
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5.1 Pit Lake Water Quality 

�d�Z���������/�^�����]�•���o�}�•���•���š�Z���š���š�Z�����‰�]�š���o���l�����^�Á���š���Œ���‹�µ���o�]�š�Ç���Y���Á�]�o�o���v�}�š���u�����š�����‰�‰�o�]�������o�����Á���š���Œ���‹�µ���o�]�š�Ç��
���Œ�]�š���Œ�]�����Á�]�š�Z�}�µ�š���š�Œ�����š�u���v�š�_���~�����/�^�U���‰���ï�X�ò-35).  The DEIS and supporting documents complete 
substantial modeling of the pit lake water quality and show that it would be very poor.  Details 
of that modeling are not reviewed here because there are huge uncertainties that lead to the 
precise predictions being inaccurate (Maest et al. 2005).  The models are accurate enough to 
provide general trends of pit lake quality.  DEIS Table 3.7-36 shows that the water quality of the 
surface layers of the pit lake would exceed standards for aluminum, antimony, arsenic, 
cadmium, copper, iron, lead, manganese, molybdenum, selenium, and mercury with pH being 
lower than standard (DEIS, p 3.7-129).  Seepage inflows to the pit lake from PAG waste rock and 
from the tailings impoundment are extremely poor with sulfate inflow being as high as 180,000 
mg/l (compare to a standard of 250 mg/l) (DEIS, Table 3.7-37).  The modeling does depend on 
the pit lake remaining stratified because the pit lake quality at depth is extremely poor. 

The predictions are accurate enough to plan around two aspects of the pit lake.  Groundwater 
outflow from the pit lake would contaminate surrounding groundwater and discharges from 
the pit lake to surface water would contaminate Crooked Creek, in violation of standards and 
discharge permits. 

5.2 Pit Lake Discharge Control 

The plan is to use lake level management, basically pumping, to maintain the lake level at 10 to 
30 feet below the level of Crooked Creek (Id.).  The pumped water would be treated and 
discharged to Crooked Creek (Id.).  The long-term treatment of water pumped from the pit lake, 
to prevent it overflowing, would be at 2911 gpm (BGC 2014b, Figure 5-4).  This is pumping and 
treating in perpetuity.  After closure and complete pit lake development1, the groundwater 
inflow rate will probably not vary as much as it could during dewatering.  However, the higher 
bedrock K scenario leads to substantially more groundwater inflow into the long term.  The 
long-term pump and treat requirement could be much higher than specified here as a long-
term average due to higher groundwater inflows.  Runoff and precipitation entering the pit lake 
would cause short term variability. 

BGC estimates the volume of the probable maximum precipitation over the watershed is 5030 
af in 24 hours, which is about one sixth of the freeboard (Id.).  Treatment capacity in six months 

                                                 
1 Many pit lakes only approach full development if evaporation exceeds inflow, mostly of groundwater.  These terminal pit 
lakes usually have only evaporation as an outflow.  The Donlin pit lake will reach full conditions because it will fill to its rim if 
pumping did not establish an outflow.  The pit lake as a whole would therefore not be subject to significant evapoconcentration 
as a pit lake with evaporation as its exclusive outflow. 
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volumes of runoff for treatment in the future. 

This is essentially a treatment in perpetuity plan.  The calibrated groundwater model predicted 
the pit lake would fill in 52 years while two sensitivity analyses predicted 26 and 39 years for a 
wet climate and more conductive bedrock scenario, respectively.  The wet climate scenario had 
increased recharge and streamflow rates by a factor of two and the more conductive bedrock 
scenario has increased bedrock K by a factor of five.  Both scenarios filled the lake faster 
because they provided more water more quickly than the calibrated model scenario.  After the 
pit is full, groundwater presumably continues to flow toward it from all directions (Id.). 

5.3 Groundwater Flows 

The DEIS discloses that pit lake water would discharge to surrounding groundwater both 
initially and in the long term (DEIS, p 3.6-35), as described in Figure 2.  This is partly due to the 
placement of unsaturated backfill in the pit and to the fact that as the pit lake fills water from 
the pit lake will resaturate the surrounding bedrock.  This differs from many pit lake systems 
which fill primarily by groundwater inflow, but at Donlin the bedrock K is low and does not 
recover immediately.  Figure 3 shows simulated groundwater inflow and outflow at Donlin. 
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Figure 2:  Snapshot of a portion of DEIS Figure 3.6-9 showing the model of pit lake inflow and 
outflow. 
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Figure 3:  Snapshot of a portion of DEIS Figure 3.6-10 showing simulated groundwater inflow to 
and outflow from the pit lake as the pit fills with water. 

Partially backfilling the pit causes an interesting system of groundwater inflow/outflow at the 
pit lake.  The backfill would be unsaturated at the beginning of pit lake formation and therefore 
has to be wetted as part of the pit lake formation by groundwater outflow from the pit lake to 
the backfill (DEIS, p 3.6-35) (Figure 2).  BGC (2014c) describes the groundwater/pit lake 
relationship: 

Results of the post-closure simulation show that the pit lake is predicted to fill to its 
managed maximum stage (i.e., 331 ft amsl or 101 m amsl) approximately 60 years after 
closure (Drawing 48). During the first 8 years after closure, pit lake water is predicted to 
seep out of the lake into the dewatered bedrock and into the pore space of the waste 
rock placed as backfill within the pit (see Figure 4-4). Predicted lake outflow during this 
period declines from approximately 2,860 gpm to 1,100 gpm (15,600 m3/d to 6,000 
m3/d; Drawing 49). From Year 8 to 60 after closure, lake seepage or outflow is 
simulated to decline from 1,100 gpm to 0 gpm (6,000 m3/d to 0 m3/d) as groundwater 
elevations rise toward stable levels. Once the pit lake fills and groundwater elevations 
stabilize around the pit lake, seepage from the lake is predicted to cease. Thereafter, 
groundwater fluctuations are in response to seasonal changes and seasonal 
management of the lake stage. The managed lake stage results in a slight hydraulic 
gradient oriented toward the open pit, making the pit a groundwater sink.  (BGC 2014c, 
p 45) 
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It is difficult to visualize how so much water leaves the pit lake and enters the surrounding 
groundwater (Figure 3), considering how the water table is hundreds of feet higher than the pit 
lake level (Figure 4).  However, the modeling shows a significant outflow that is controlled 
partly by seasonal pit lake level changes.  The net groundwater flow to the pit lake is very small 
(Figure 3) and the fact that discharge from the pit lake continues until the pit lake is almost full 
suggests pathways exist for flow to leave the pit lake and not return.  This could occur at 
various depths depending on the details of the potentiometric surface. 

The groundwater contours at the end of mining suggest one possible pathway for contaminants 
to leave the pit and possibly enter surface water (Figure 4).  Southwest of the pit the 
groundwater contours are much lower than northeast of the pit due to the general slope of 
groundwater in the area.  If the pit lake fills faster than the surrounding groundwater table, as 
indicated by Figures 2 and 3, it is possible that the pit lake creates pressure in deeper bedrock 
that causes an upward gradient to the creek away from the pit.  Pit lake water could flow 
through deeper bedrock layers then upward toward the surface due to higher pressure 
conditions in deep bedrock. 

�x The DEIS or BGC (2014c) should present a detailed analysis of the potentiometric 
surface at depth near the pit lake to estimate where groundwater discharging from the 
pit lake would go.  (The particle tracking diagrams in BGC (2014c) are not useful because 
they are apparently for single model layers whereas actual contaminants would change 
layers.) 

�x The DEIS or BCG (2014c) should present potentiometric surface maps for each model 
layer to assess whether outflow is possible from some depths in the pit lake. 
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Figure 4: Snapshot of Drawing 39 (BGC 2014c) showing simulated groundwater contours at the 
end of mining. 

5.4 Climate Change Impact on Pit Lake Planning 

The DEIS must plan for significant climate change into the future, as it appears to acknowledge 
(DEIS, p 3.26-2), due to the necessity of pumping and treating the pit lake water in perpetuity.  
Increased precipitation in this part of the Alaska must be considered because it could vastly 
increase the inflows to the pit.  If they occur over a short-term period, it would seem likely that 
the potential for spills from the pit would increase. 

However, the modeling does not include climate change.  The design water balance is based on 
a deterministic data set of precipitation running from 1940 to 2010.  Climate change will 
increase precipitation up to 25% over the next 80 years (DEIS, section 3.23), but as discussed 
above, the increase would be highly variable.  It is critical to consider the potential inflow to the 
pit lake with not just an increased average flow but with a much increased variance to account 
for large inflow events occurring during a wet period. 
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�x Pit lake water balance simulations should include stochastically simulated precipitation 
events to account for the increased frequency of what are currently low frequency 
events. 

�x Pit lake simulations with climate change should also include simulations with higher 
groundwater inflow that could result from higher bedrock K or high-K faults and 
fractures. 

Combined with the fact that groundwater inflow could be much higher (see section 9.0), the 
freeboard analyzed in BGC (2015l) is not as sufficient as suggested. 

�x The DEIS should disclose whether the closure treatment plant would be able to operate 
up to 12 months a year in all kinds of weather.   

�x The DEIS should plan for treatment on future conditions with climate change rather 
than being just based on the current climate statistics. 

6.0 IMPACTS ON STREAM FLOWS 
6.1 Pit Construction 

Pit construction affects streamflow in two ways.  First, dewatering to keep the pit dry would 
intercept groundwater flowing toward a stream where it would be become baseflow.  
Dewatering will reduce streamflows by up to 10 and 30 % during summer and winter, 
respectively (BGC 2014c, Drawing 44).  Figure 5 shows reductions in groundwater discharges to 
various Crooked Creek tributaries caused by dewatering (BGC 2014c, p 40).  The impact of 
dewatering decreases with distance from the stream. 

Second, mine construction affects surface runoff in many ways, many having to do with mine 
water management described in Section 7.0.  The pit would intercept surface runoff in 
American Creek, thereby preventing it from reaching the stream (BGC 2015h).  The tailings 
impoundment would cover about 70% of the Anaconda Creek drainage (DEIS, p 3.5-77) which 
�Œ���u�}�À���•�������o���Œ�P�����‰�Œ�}�‰�}�Œ�š�]�}�v���}�(���š�Z���š���•�š�Œ�����u�•�[���(�o�}�Á���(�Œ�}�u�����]�•���Z���Œ�P�]�v�P���š�}�����Œ�}�}�l���������Œ�����l�V���u�µ���Z���}�(��
that flow is diverted to mine water management as tailings water or as captured by the tailings 
underdrain.  Ancillary mine facilities also divert or use surface water runoff which can affect 
both high and low streamflow rates. 
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Figure 5: Snapshot of Drawing 45 (BGC 2014c) showing reductions in flow from various Crooked 
Creek tributaries due to mine dewatering. 

Together, dewatering and mine water management cause very substantial changes in 
streamflows in Crooked Creek and its tributaries.  The DEIS separates the discussion of impacts 
which can be very confusing.  For example, the description of flow losses to Anaconda Creek 
(DEIS, p 3.5-76 - -77) does not address a loss to mine dewatering, but the summary of loss in 
DEIS Table 3.5-26 does include dewatering (as shown by the variation in losses for the high-K 
scenario which is a mine dewatering scenario in the groundwater model (BGC 2014c)).  The 
DEIS apparently considers all impacts to Crooked Creek including cumulative impacts from the 
tributaries, which includes dewatering impacts (Figure 5).  The failure to assign flow losses to 
specific activities increases the difficulty of considering mitigation. 

�x The DEIS should tabulate all of the predicted streamflow losses in the same table so that 
their magnitude can be compared 

There is a lot of uncertainty around the predicted losses to Crooked Creek and other features.  

Effects on Crooked Creek flow could vary widely depending on season, precipitation 
conditions, bedrock hydraulic K, phase of mine operations, and distance from the mine. 
For example, Crooked Creek flow below the mine site near Crevice Creek would be 
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reduced by 20 percent in winter under average precipitation and K conditions, and by 26 
percent in dry conditions, during late operations (year 20 onward). The greatest flow 
reduction experienced near the mouth of Crooked Creek (at Bell Creek about 8 miles 
downstream of the mine) is projected to be 4 to 10 percent under the above conditions. 
In the event that K is higher than expected, 45 to 100 percent of Crooked Creek flow 
could be reduced in winter near the mine site under average to dry precipitation 
conditions, with much of the flow restored below Crevice Creek (16 to 40 percent 
reductions) due to tributary inflows.  (DEIS, p 3.5-2) 

Year 20 may be the year of maximum impact on Crooked Creek stream flows because the pit 
footprint would be at its maximum extent which would make for the greatest capture of runoff 
by the pit and because pit dewatering captures its maximum rate in year 20 (DEIS, p 3.5-82).  
Flow losses from Crooked Creek are as high as 100% (during year 20 at the confluence with 
American Creek for the high bedrock K, low precipitation scenario, DEIS Table 3.5-26), but are 
substantial all along the reach to Bell Creek.   

�x The DEIS should implement as mitigation for these flow losses a plan to discharge 
treated waste water in locations that would mitigate these losses. 

6.2 Pit Lake Formation 

Pit lake formation creates a permanent loss of water from Crooked Creek in two ways.  First, 
the groundwater flow that pre-mine had been toward the creek will be reversed with the 
permanent drawdown to the pit reversing the gradient at the creek so that water flows into the 
groundwater.  The Corps relies on this reversal of gradient to prevent highly contaminated pit 
lake water from reaching groundwater or downstream surface water.  The streamflow loss to 
the pit lake would apply along the creek in the pit lake capture zone (the continuing drawdown 
cone near the pit lake).  The second is that the pit would capture surface flows from American 
Creek, thereby preventing both high and low flows from reaching Crooked Creek. 

�x The overall effect of the pit depends on the timing of groundwater diversion from the 
creek, the hydrograph of captured water from American Creek, and the discharge of pit 
lake water into Crooked Creek. 

Effects on surface drainages (Figure 3-5.1) appear mostly constrained to three drainages.  If 
there are facilities that slope over drainage divides, the Corps should make efforts to avoid 
doing so. 
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7.0 MINE WATER MANAGEMENT 

Mine water management is the plan for how the mine would handle water requirements 
throughout its operation.  It is both a plan for obtaining necessary production water and for 
discarding water that hinders production.  For example, approximately 17,438 gpm would be 
used for processing and discharged to the tailings impoundment during operations (DEIS, 3.5-
21).  Water for the process plant comes from various places, including freshwater reservoirs, 
contact water reservoirs, and dewatering wells.  Stormwater management and mine 
dewatering are the two activities for which the mine attempts to discard excess water.  Efficient 
management of the two can decrease the impacts the mine has on the environment, but the 
Donlin water management could be improved as described here. 

7.1 Discharge to Crooked Creek 

Excess water would be discharged to Crooked Creek with treatment, so failures in the collection 
and treatment system would degrade Crooked Creek.  During operations, expected discharge is 
1268 gpm with 786 gpm from mine dewatering (DEIS, Figure 3.5-21).  The remainder is from 
underdrains and contact water reservoirs, with all estimates being highly uncertain.  There is a 
lot of uncertainty in the dewatering estimates, but during operations, most of the dewatering 
water (547 + 694 = 1241 gpm), whether through perimeter or in-pit dewatering wells, would be 
treated and discharged (783 gpm) to Crooked Creek (BGC 2014b, Figure 4-2).  However, as 
discussed below, the high K modeling scenario would result in dewatering as much as 3.3 times 
higher than the predicted scenario.  With time, the mine would have to increase its treatment 
capacity to accommodate this much extra flow.  However, the actual geology is highly 
heterogeneous so it is probable that actual dewatering rates would be variable and could 
periodically far exceed the 3.3 times, especially if there are high K faults combined with the high 
K bedrock.  The high precipitation scenario which estimates treatment at 859 gpm (BGC 2014b, 
Figure 4-3) does not encompass the potential for higher treatment rates due to heterogeneous 
bedrock. 

�x The DEIS should better plan for treating higher flow rates of dewatering water (and 
contaminated water from other sources. 

�x The DEIS should better plan to use dewatering water in operations rather than capturing 
freshwater flows.  For example see section 7.3 regarding the need for Snow Gulch 
Reservoir. 
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7.2 Climate Change 

The Corps considered a climate change scenario for the mine site by using an estimate from a 
group at the University of Alaska Fairbanks, Scenarios Network for Alaska + Arctic Planning 
(SNAP).  It was based on global climate models (GCMs).  The SNAP data shows that precipitation 
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(DEIS, p 3.26-10), referring to the time from now to the end of the 21st century.  By the 2060-
2099 time frame, the SNAP data suggests that precipitation at the mine could increase by from 
17 to 25 percent.  DEIS Table 3.26-3 shows the increase by month for several future time 
periods.  The table implies a systematic increase by month, but this does not disclose how those 
changes may occur.  It is not likely that each storm system simply has increased precipitation.  It 
is far more likely that a few large events will cause much of the increased precipitation.  This 
could have significant impacts on aspects of the project affected by runoff, which would be 
much higher during these events.  This perhaps could be most important with respect to 
treatment of runoff from various facilities. 

�x Treatment facilities must be designed to accommodate larger inflows that occur both as 
storm events and as long-term climate cycles. 

7.3 Snow Gulch Reservoir 

A reservoir would be constructed on Snow Gulch, north of the minesite, to provide a 
contingency source of water for the project (DEIS, p 2-�î�ó�•�X�����^In years with average or below-
average precipitation, the CWDs and pit dewatering system would not be able to meet process 
plant water requirements, in which case additional water would be obtained from the Snow 
�'�µ�o���Z���Œ���•���Œ�À�}�]�Œ�_���~�/���X�•�X�����,�}�Á���À���Œ�U���š�Z�����Á���š���Œ��balance modeling shows it provides only a small 
amount of water to the mine plan and that much more water would be discharged to Crooked 
Creek than obtained from Snow Gulch (BGC 2014b).  During average conditions Snow Gulch 
would provide 136 gpm of water to the process plant (BGC 2014b, Figure 4-2) and BGC (2014b) 
Figure 4-1 shows the reservoir would hold about 3000 af most of the time.  The process plant 
uses a large amount of water, with 17,484 gpm being discharged to the tailings; sources include 
contact water from the Lower and Upper Contact Water Dams (waste rock runoff and seepage), 
recycled water from the tailings, and dewatering water.  Considering the treatment plant 
discharges 783 gpm to Crooked Creek, and that it is mostly dewatering water during 
operations, there does not seem to be a need for Snow Gulch water.  

�x The DEIS should provide better justification for constructing a reservoir in Snow Gulch.  
It should consider whether the water otherwise obtained from Snow Gulch could be 
obtained by dewatering at higher rates temporarily. 
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8.0 WATER QUALITY 

Donlin Mine could affect water quality in many ways although they can be summarized into 
three possibilities.  First, meteoric waters could seep through waste facilities (waste rock or 
tailings) to reach groundwater or streams.  Second, there would be discharge of waters 
collected from various sources to surface water after treatment.  The sources include collected 
seepage from waste facilities, excess tailings water, contact water from contact water 
reservoirs, and excess dewatering water (DEIS, Figure 3.5-21).  If the collection and treatment 
facilities work as planned, treated water should not degrade water quality.  A third source is the 
long-term discharge of pit lake water to groundwater or surface water, as discussed above in 
section 7.1. 

8.1 Seepage from Waste Facilities 

A significant issue is the potential for seepage from the WRF or TSF to reach streams thereby 
causing degradation.  There will be over 3,000,000 kilotons of waste rock, which the DEIS claims 
would be about 91% NAG and the rest being PAG over varying time periods (DEIS, p ES-12).  
Most PAG-6 rock would be mined early and placed in isolated cells in the waste rock facility 
(WRF) (Id.).  PAG-7 and some PAG-6 rock would be backfilled into the ACMA pit (Id.).  In section 
2.3, the DEIS identifies 2.99 billion tons waste rock, with 2.46 bil tons going into the WRF and 
the remainder backfilled into the ACMA pit (DEIS, p 2-7).  Conventional tailings at 568 million 
tons will be held in a slurry tailings impoundment (DEIS, p 2-8). 

DEIS Table 3.7-47 notes seepage from the WRF and TSF will exceed standards for various 
constituents.  The Corps assumes that the seepage would either be captured by underdrains 
and treated or discharged to the pit lake (DEIS, Table 3.7-47, p 3.7-207).  The modeling predicts 
that seepage from the waste rock dump would be diverted to the pit, both while dewatering 
and as a long-term pit lake.  The DEIS relies on this mechanism to prevent stream degradation.  
The pit will likely be a sink for the bedrock aquifer, but there is much uncertainty regarding the 
shallow aquifer and whether it would drain towards the pit.  The DEIS and supporting studies 
treat the shallow and bedrock groundwater system as being connected through the mining 
period, but there is no evidence supporting the assumption. 

During pre-mining conditions, overall the aquifer would be unconfined with the pressure head 
in bedrock being similar to the water table in the shallow aquifer.  As the groundwater 
simulation lowers the pressure below the top of the bedrock, it simulates the shallow aquifer 
becoming desaturated so that the bedrock aquifer becomes an unconfined aquifer.  The reality 
may be that as pressure in the bedrock drops below the top of the bedrock, an unsaturated 
zone develops in the bedrock while the shallow aquifer remains saturated and functions as a 
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perched aquifer.  The groundwater modeling code used to simulate dewatering, MODFLOW, is 
not capable of simulating the development of such an unsaturated zone, so the model results 
are not evidence against this idea. 

Seepage from waste facilities would be into a rather thin surficial layer of alluvium, near the 
streams, or colluvium, over the mountains.  The conceptual model report shows overburden 
thickness maps that indicate the colluvial thickness is rarely more than 30 feet in the American 
Creek drainage and mostly less than five feet in the Anaconda Creek drainage, except directly 
under the creek where it is more than six feet thick (BGC 2014g, Drawings 3 and 4).  The 
groundwater model simulated the shallow aquifer as being 16 feet thick.   

The shallow aquifer could have K substantially higher than the bedrock, at least in areas.  As 
noted, the model cannot simulate the hydraulic disconnect that could occur during dewatering.  
Rather, the groundwater model simply draws groundwater from the surficial layer into the 
bedrock; the MODFLOW code can do nothing else because it simulates all layers as a saturated 
porous media with connections among all layers.  It cannot simulate an unsaturated zone 
developing between the surficial layer and the bedrock in the upper part of the bedrock.  
Simulated drawdown in bedrock would lower the potentiometric surface below the bottom of 
the surficial aquifer after which MODFLOW simulations would simply desaturate the surficial 
aquifer. 

Because the bedrock K is low, the surficial aquifer could remain saturated, and due to 
dewatering become perched at least in areas away from fractures.  If hydraulic separation 
occurs and a perched aquifer develops, seepage from the waste facilities may not enter the 
bedrock and flow to the pit.  Rather, the seepage could flow laterally through the surficial 
aquifer to the streams, thereby bypassing the pit.  Seepage from the waste rock and tailings 
facilities could degrade surface water, primarily in Crooked Creek but also in its tributaries.  All 
assumptions in the DEIS regarding contaminants reaching the pit and not the streams would be 
incorrect. 

Mitigation would be very difficult.  Pumpback wells, or converting monitoring wells to pumping 
wells, would not be effective unless they are very closely spaced2.  This is because the surficial 
aquifer is thin and there is a limit to any capture zone that can be created.  A capture zone is 
the portion of the aquifer that would be drawn to the pumping well.  If the saturated zone 
within the aquifer is just a few feet or tens of feet thick, drawdown at the well would be limited 

                                                 
2 Four monitoring wells would be installed downgradient of the TSF, two on each side of Anaconda Creek.  On each 
side, one would be deep and one would be shallow.  Each would be capable of pumping up to 90 gpm if necessary 
to capture TSF seepage downgradient of the tailings impoundment (DEIS, p 3.6-32).  This would be grossly 
insufficient to capture seepage from the TSF. 
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to the interface with the bedrock; attempting to draw it lower could just create another 
bedrock/surficial aquifer disconnect.  While theoretically, it is possible to intercept the flow 
through the surficial aquifer, the required well spacing could be as low as a hundred feet or 
even less. 

�x The only effective mitigation would be to avoid the seepage by having a liner under the 
waste rock.  A liner would cause most seepage to collect in the underdrains. 

�x There is too little information concerning the connection between the surficial aquifer 
and the bedrock.  Pump tests that show pumping in bedrock drawing from the stream 
are not actually testing what occurs if the potentiometric surface draws below the top 
of the bedrock; pump tests do not stress the system sufficiently to estimate the 
potential for a hydraulic disconnect. 

8.2 Tailings Facility 

The tailings impoundment would be lined with 60-mil liner.  This is the same thickness as was 
used at the TSF at the Stillwater Mine in Montana.  At Stillwater, the TSF has been shown to be 
leaky and the company will shift during future stages to 100-mil liner due to the failure of the 
60-mil liner. 

�x The Donlin Mine should have a 100-mil liner rather than a 60-mil liner to make leaks 
would be less likely  It would also reduce the amount of seepage captured in the 
underdrain and recirculated which could allow the TSF to be decommissioned more 
quickly. 

The tailings facility is not within the pit capture zone, as shown in Figure 6.  The tailings facility 
would lie over the Anaconda Creek drainage at the bottom of the figure.  Although most of the 
watershed has drawdown due to the tailings impoundment capturing recharge (BGC 2014c, 
Drawing 40), the groundwater contours show that most of the Anaconda Creek watershed 
would drain to the low point beneath Anaconda Creek.  The creek would lose substantial water 
due to a loss of recharge due to the tailings.  Seepage however would report to the colluvium 
beneath Anaconda Creek and then to Crooked Creek. 

�x The best alternative from the perspective of avoiding contamination from the tailings 
facility is to use dry stack tailings with both a liner beneath them and then an 
impervious cover as part of reclamation.  The DEIS predicts that seepage would be very 
low after 200 years.  If leaks were limited, this option would minimize degradation to 
Crooked Creek.  The impervious cover would help to prevent percolating water from 
mounding on the liner as well. 
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Figure 6:  Snapshot of a portion of Drawing 39 (BGC 2014c) showing the bedrock potentiometric 
surface at the end of mine operations. 

Some facilities are not within the predicted pit drawdown cone and the DEIS acknowledges a 
potential for contaminants to leach to Crooked Creek (DEIS, p 3.6-34).  Mitigating measures 
�]�v���o�µ�������o�]�v���Œ�•���}�Œ���}�š�Z���Œ���Z�Ç���Œ���µ�o�]�������}�v�š���]�v�u���v�š�����v�������}�]�v�P���^�(�µ�Œ�š�Z���Œ���•�š�µ���]���•���•�µ���Z�����•���(���š�������v����
�š�Œ���v�•�‰�}�Œ�š���P�Œ�}�µ�v���Á���š���Œ���u�}�����o�]�v�P�����µ�Œ�]�v�P���(�]�v���o�������•�]�P�v�_���~�/���X�•�X�����d�Z���•�����•�µ�P�P���•�š�]�}�v�•���]�v���]�����š�����š�Z���������/�^��
was issued prematurely since planning for the mine has not progressed far enough to even 
have completed all necessary studies or planned adequate mitigation. 

�x A supplemental DEIS is necessary to disclose important plans such as mitigation for 
seepage and to complete fate and transport modeling of contaminants leaching from 
mine facilities. 
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In closure, the pit lake would remain a hydraulic sink, but it would pull groundwater from much 
less of a distance during operations or early closure. 

8.3 Failure Analysis 

�d�Z�������Æ�������^�µ�u�u���Œ�Ç���v�}�š���•���š�Z���š���š���]�o�]�v�P�•�����Œ���������^�Z���Ì���Œ���}�µ�•���•�µ���•�š���v�������}�(�����}�v�����Œ�v�_�����v�����š�Z���š���^�(�}���µ�•���]�•��
�}�v���Z�]�P�Z�����}�v�•���‹�µ���v�����U���o�}�Á���‰�Œ�}�������]�o�]�š�Ç���}�����µ�Œ�Œ���v�����•���€�]�v���o�µ���]�v�P�•���Y���‰���Œ�š�]���o���š���]�o�]�v�P�•�������u���(���]�o�µ�Œ���_��
(DEIS, p ES-44).  DEIS section 3.24.3.5 notes such a failure as being a 1 in a thousand year event 
(DEIS, p 3.24-30), but a tailings impoundment must last forever so even events considered very 
rare or unlikely have a good chance of eventually occurring.  The DEIS should complete a 
detailed flow routing of slurried tailings. 

�x The DEIS should analyze the risks associated with tailings dam failure.  The analysis 
should consider the PMF occurring in the watershed because the facility will be there 
forever.  The DEIS should present hydraulic routing of a reasonable portion of the half 
million tons of tailings down Anaconda Creek and Crooked Creek to show the potential 
damages. 

�d�Z���������/�^���v�}�š���•���š�Z���š���^���}�u�‰�o���š�����(���]�o�µ�Œ�����}�(���š�Z�����d�^�&���^�Z�^�����}�µ�o�����o���������š�}���Œ���o�����•�����}�(���µ�v�š�Œ�����š�������Á���š���Œ���]�v��
�����u���š�š���Œ���}�(���Á�����l�•�_���~�����/�^�U���‰�����^���t 34).   This is another example of a potential systems failure 
that could lead to substantial degradation in a short time period.  

9.0 REVIEW OF GROUNDWATER MODEL DETAILS 

Most of the numerical predictions of mine dewatering and impacts on stream flow rely on 
groundwater modeling.  The details of groundwater modeling were presented in BGC (2014c) 
which is reviewed in this section.  BGC (2014c) used the MODFLOW SURFACT code which is 
based on the MODFLOW code but has a proprietary numerical solver and a routine for 
simulating unsaturated seepage of recharge to the water table. 

9.1 Model Structure 

Layer 1 represents alluvium or colluvium up to 200 m amsl and is 5 to 10 m thick (BGC 2014c, p 
22).   Above 200 m amsl, layer 1 is bedrock, presumably representing an outcrop.  Layers 2 
through 9 are bedrock with layer 4 being about 70 m thick and layers 5 through 9 increasing 
from 100 m to 240 m thick (Id.).  Layers are thickest in the uplands. 
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9.2 Parameter Zones 

The geologic formations in an aquifer are delineated into zones for simulation.  Each model cell 
is assigned a zone according to its geology.  The properties include horizontal and vertical K, 
storage coefficients, and porosity.  The values are initially set based on tests or literature 
values, and then adjusted during model calibration. 

9.21 Conductivity 

Within the pit area, the bedrock was delineated into 8 different sedimentary rock formations 
along with intrusives (BGC 2014c, p 24).  Outside of the pit area, the bedrock was considered 
undifferentiated bedrock of the Kuskokwim group (Id.).  Presumably this was done because the 
bedrock near the pit is better known than away from the pit.  The figures showing parameter 
zones by layer show a complex square section near the pit that abuts against single parameters 
extending to the boundary; the single parameters are Kuskokwim �t Valley and Kuskokwim �t 
Ridge.  There could be abrupt transitions among various parameter zones within a layer.  This 
could have large effects on the flow patterns if the changes are substantial.  

Basal Greywacke and Upper Greywacke have the same calibrated K values for the same layers 
(BGC 2014c, Table 7).  For layers 1-4, 5, and 6-9 the K values are 0.1, 0.06, and 0.01 ft/d.  These 
formations abut the Kuskokwim formation, which for layers 5, 6-7, and 8-9 have K equal to 
0.03, 0,006, and 0.001 ft/d; above layer 5 the Kuskokwim (Ridge) K is 0.03 ft/d and the 
Kuskokwim (Valley) K varies from 0.1 to 0.3 ft/d (Id.).  For layers 5 and lower the surrounding 
bedrock, undifferentiated Kuskokwim, has K about an order of magnitude lower than near the 
pit.  The low calibrated K values away from the pit are not supported by the observed K values 
for bedrock near the pit area.  The intrusive and shale formations within the pit area are also 
low K, but above layer 5 these will be removed within the pit.  The detailed modeling occurs 
within the pit area and primarily is important during calibration because it would not be part of 
the simulation of either dewatering or pit lake development. 

�x The low K values away from the pit may prevent the expansion of drawdown away from 
the pit.   

Zonation includes a trend of decreasing K with depth.  Although they are extensive across the 
pit area (section 4.2), faults were not modeled except in the sensitivity analysis (Id.).   

Calibrated horizontal and vertical K in the alluvium under Crooked Creek is 300 and 70 ft/d.  
These values are substantially higher than the colluvium which are respectively 0.2 and 0.06 
ft/d.  These K estimates for alluvium are about three times higher than the observed values.  
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The colluvium estimates are close to the observed values but the tests in colluvium are small 
scale.  Colluvium K may be substantially underestimated because the thinness of the aquifer 
would bias the estimate of K through pump test or slug tests to be low.  

���'�����~�î�ì�í�ð���U���‰���ô�•�������•���Œ�]�����•���š�Z�������}�o�o�µ�À�]�µ�u�����•���^�Á���o�o-graded materials ranging from cobbles and 
�P�Œ���À���o���š�}���•���v���U���•�]�o�š�����v�������o���Ç�_�X�����h�v�o���•�•���š�Z�����(�]�v�� materials, silt and clay, fill most of the pores in the 
cobbles and gravel, K should be much higher.  Low simulated K values in the colluvium could 
limit the amount of water that enters the bedrock due during recharge and could limit the 
amount drawn into the bedrock during dewatering as long as the colluvium remains 
hydraulically connected to the bedrock.  The contrast between higher K in the colluvium and 
low K in the bedrock could cause the seepage from waste facilities to move laterally through 
the shallow groundwater rather than enter deeper bedrock.  As discussed in section 7.0, the 
dewatering simulation could cause a hydraulic disconnect between the bedrock and shallow 
groundwater allowing a perched zone to form in the shallow groundwater. 

Model layer 1 has a sharp transition from alluvium along Crooked Creek to colluvium 
surrounding the alluvium (Figure 7).  Conductivity changes from 300 to 0.6 ft/d along a long 
reach of the stream.  Such large changes in K between adjacent cells often leads to water 
balance errors in the model solutions.  BGC should address the potential for local errors which 
can lead to large inappropriate head changes.  Conductivity of the valley Kuskokwim formation, 
which underlies the alluvium (Figure 8), ranges from 0.1 to 0.3 ft/d (BGC 2014c, Table 7).  
Effectively, the model simulates the high K alluvium as being surrounded by very low K bedrock 
or colluvium which essentially disconnects the alluvium from the rest of model domain; the 
model conceptualization as simulated here effectively isolates the alluvium.  Using more 
appropriate K values to simulate the alluvium and surrounding formation would provide a more 
accurate simulation of flow across the formation boundaries and of the surface/groundwater 
interchange at Crooked Creek. 

�x The model simulates the alluvium with a very high K surrounded by low K bedrock and 
colluvium.  This effectively isolates the alluvium and minimizes the effects of dewatering 
on the stream.  
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Figure 7:  Snapshot of a portion of BGC (2014c) Drawing 17 showing parameter zones in model 
layer 1.  See Figure 9 for a legend. 

 

Figure 8: Snapshot of a portion of BGC (2014c) Drawing 18 showing parameter zones in model 
layer 2.  See Figure 9 for a legend. 
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Figure 9:  Snapshot of the legend from BGC (2014c) Drawing 18 describing parameter zones 
used for all of the model drawings.  This applies to Figure 7 and 8. 

The K estimates represent very small sections of their respective aquifers, but in setting the 
formation properties, the authors ignore important scale factors.  In general, the representative 
volume of a pump test is the amount of water pumped, divided by the effective porosity 
(Schulz-Makuch et al. 1999); this effectively means a sample volume, including all pore spaces 
affected by the pumping.  Short-term tests represent properties only over a very small volume.  
Figure 10 shows an example from the literature of variability for a fracture-flow media, the type 
of media that controls the flow near the pit.  Hydraulic conductivity varies over seven orders of 
magnitude in the example (Figure 10), depending upon the volume of the aquifer represented 
in a given test.   Setting K for the undifferentiated bedrock as a single value less than most of 
the tests violates these concepts of scale. 

From the perspective of flow and transport prediction (as needed near the pit and waste rock 
dumps), small-scale properties control local flow while the larger-scale measurements control 
regional flow, which can be estimated without understanding localized details.  A mine that 
intersects and excavates significant portions of a formation affects flow at a regional level, and 
therefore needs property measurements at that scale.  The short-term tests in the crystalline 
bedrock presented by INTERA are not relevant at a regional scale. 

�x Most of the hydrogeologic properties estimated for the DEIS are for a small-scale and 
yield conductivity values that are much too low for regional flow analysis.  This causes 
the DEIS to predict impacts limited to the areas closer to the Mine. 
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Figure 10:  Figure 6 from Schulz-Makuch et al. (1999) showing the variation of hydraulic 
conductivity with volume of material used for testing.  The Racine Formation is a fracture-flow 
formation and is used here only as an example of the variability. 

 
9.22 Storage Coefficients 

Specific yield (Sy) for the alluvium is extremely low, being set at 0.01 (BGC 2014c, Table 7).  Sy is 
the amount of water that is released from storage for a unit drop in the water table; for 
Sy=0.01, a head drop of one foot would release just 0.01 foot of water from storage.  Usually, 
Sy is much higher.  Table 3.5 in Anderson and Woessner (1992) shows a range of 0.01 to 0.46 
for categories from fine sand through coarse gravel, the particle sizes found in the alluvium 
along Crooked Creek.  The published range of Sy technically includes the value used in this 
model for alluvium, but Sy = 0.01 is for fine sand (Id.).  Crooked Creek alluvium includes a 
mixture of particle sizes and the estimates for fine sand have a mean of 0.33 (Id.).  Without a 
substantial detailed pump test estimate of Sy for the alluvium, the value used for the Donlin 
groundwater model is suspect.  Also, the very high K and low Sy in the alluvium are incongruous 
because Sy is often a surrogate for porosity, and having porosity equal 0.01 is inconsistent with 
K being 300 ft/d.  
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�x A low Sy for the alluvium will cause the model to underestimate the amount of water 
drawn into the bedrock during dewatering. 

Together the high K and low Sy in the alluvium would serve to minimize the simulated flux from 
the alluvium into the bedrock.  The Sy value affects the simulated interchange of water 
between the stream and the alluvium and then between the alluvium and the bedrock beneath 
it.  The amount of water drawn into the bedrock from the alluvium due to dewatering could be 
grossly underestimated.  The very high K would allow the alluvium to provide water to the 
bedrock very easily, meaning without substantial change in head.  The gradient at the stream 
boundary would change very little due to the high K.  The streambed K was set equal to the 
alluvium K so the stream allowed water to pass easily, meaning it provided the necessary water 
with very little change in gradient.  The simulated drawdown would be very low. 

9.3 Recharge 
The model assumes that recharge enters the model domain at a 28% of annual precipitation 
per year rate, with all 5.5 in/y applied all in the summer period.  If the water surface is above 
the ground surface, the model does not accept the recharge and it becomes surface runoff to 
the stream network (BGC 2014c, p 25). 

Three conceptual problems with this recharge simulation are obvious.  The method does not 
account for recharge variability due to precipitation amount, slope, or geology.  Studies from 
around the western US have shown variable rates of recharge as a proportion of precipitation, 
although none of the studies were based in Alaska. 

Because recharge must first percolate through a soil zone it is likely that a higher proportion will 
do so for a higher precipitation because the amount of evapotranspiration is unlikely to 
increase linearly along with precipitation and because higher precipitation would more often 
have moister antecedent conditions leading to less precipitation being taken up to make up a 
soil water deficit. 

Slope and geology controls the rate at which precipitation can enter the aquifers and 
unsaturated zone between the soils and aquifer.  Fractured bedrock accepts more percolation 
than intact bedrock and the ground slope controls the rate at which the meteoric water may 
runoff or flow downslope as interflow, if a soil layer is available.  Differences in conductivity and 
slope would lead to differences in the rate of recharge at a given point. 

Combined, precipitation amount, slope and geology controls the amount of recharge at a 
location, with the remainder becoming runoff.  Drainages would likely be sources of large 
amounts of water and recharge beneath the streams. 
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Very little recharge as simulated reaches deeply into the bedrock because the low simulated 
permeability of the deep bedrock significantly limits the deeper circulation of recharge.  BGC 
(2014c) does not present the simulated amount of groundwater that percolates into the 
bedrock, the deep groundwater system, but it should.  This would reflect the contrast in 
conductivity between shallow and deep aquifer systems, with lower conductivity at depth 
preventing deep percolation.  The water that remains in the shallow system discharges to 
surface water quickly.  This critical point controls the most important results of the model 
simulation as well.  If the deep bedrock is a little more permeable and allows more recharge to 
circulate deeply, the required mine dewatering could be doubled without changing the 
discharge to the stream very significantly. 

The comparison of premining baseflows shown in DSEIS Table 4-7 is not meaningful since 
presumably each model used similar recharge and if the inflow to each model domain is the 
same, so must be the outflow. 

9.4 Calibration 

There were about 182 observed groundwater elevations used for calibration.  For a model of 
this size, this is a reasonable number, however, there was a definite bias in their distribution.  
As shown on BGC (2014c) Drawing 7, the majority of sites were in drainages and only a few 
were on the ridges.  Groundwater converges into the drainages so there is likely an upward 
gradient in most of the areas that are most represented in the calibration. 

Initial calibration for most models is by a steady state simulation wherein average fluxes are 
simulated and average head values are matched.  BGC apparently skipped this step, opting 
instead for calibrating based on a seasonal transient model (BGC 2014c, p 27).  This is 
reasonable if the model best fit was compared to an observed time series of groundwater 
�}���•���Œ�À���š�]�}�v�•���~���v�����•�š�Œ�����u���(�o�}�Á�•�•�X�����,�}�Á���À���Œ�U���š�Z�����^�‰�Œ�]�u���Œ�Ç�������o�]���Œ���š�]�}�v���š���Œ�P���š�����š���������Z���o�}�����š�]�}�v�_��
was the average value of multiple observations, if there were multiple observations (BGC 
2014c, p 28).  Average groundwater levels may not  represent any given seasonal time period, 
so at best this calibration technique is difficult to evaluate. 

BGC (2014c) does not provide necessary details for understanding the calibration simulation: 

�x BGC should describe the initial conditions used for the calibration scenario. 
�x BGC should specify how long the calibration scenario was run.  
�x BGC should specify the head value used for comparison to the average observed head.  

Is it the value for a given time period or an average for a multitude of simulated 
observations? 
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Given that the calibration scenario description is not very useful, the graph of simulated and 
observed head values (BGC 2014c, Drawing 24) shows some significant bias in the calibration.  
About 20 of the observations plot below the -25 m envelope line on the graph and just two plot 
above the +25 m line.  At least eight of the observations below the -25m line are wells in the 
Upper Greywacke formation, layers 1 through 3.  The Upper Greywacke may be seen south of 
and on the south side of the pit underlying much of the American Creek drainage.  Simulated 
heads are about 50 m lower than observed in this area.  The gradient driving flow to the 
American Creek is likely simulated lower than observed.  This could lead to a higher K estimate 
which would lead to drawdown affecting the creek less than it actually would do. 

A second calibration scenario was the simulation of the MW07-11 pump test (BGC 2014c, p 29).  
Other than stating that the grid size was changed for the simulation (Id.), BGC provides almost 
no details of the test, as follows:  � M̂odel stress period lengths or time steps were not specified.  
It is common to define a stress period based on pumping at specific rates, but the report does 
not specify how or whether this was done.�_���~�/���X�• 

The report does not explain how calibration was competed.  In short term pump test 
simulations, it is common to adjust storage coefficients because short-term head changes are 
more sensitive to storage coefficients.  The report does not specify whether test statistics were 
determined for the pump test simulations, so it is difficult to objectively evaluate these 
transient calibrations. 

The graphs that compare simulated water levels with observed show a very poor match (BGC 
2014c, Drawings 26-29).  There is no apparent consistency or bias, with some simulated levels 
exceeding observed and vice versa (Id.).  BGC (2014c, p 29) suggests �š�Z���š���^�������Œ�}���l���Z�Ç���Œ���µ�o�]����
conductivity is heterogeneous at the sc���o�����}�(���š�Z�����‰�µ�u�‰�]�v�P���š���•�š�_�X�����d�Z�]�•���u�����v�•���š�Z���š���š�Z�����u�}�����o��
may not be accurate with respect to the details of the simulation.  However, BGC also suggests 
�š�Z���š���Z���À�]�v�P���•�]�u�µ�o���š�������À���o�µ���•���^�Á�]�š�Z�]�v�������(�����š�}�Œ���}�(���š�Á�}���š�}���š�Z�Œ�������}�(���u�����•�µ�Œ���������Œ���Á���}�Á�v�•�����š���š�Z����
observations well�•�_���~�/���X�•���•�µ�P�P���•�š���š�Z�����<���À���o�µ���•�����Œ�����Œ�����•�}�v�����o�����(�}�Œ���š�Z�����•�����o�����}�(���š�Z�����u�}�����o�]�v�P�X����
There is no logic behind this statement because missing the target by a factor of three implies 
the K should have been set substantially different.  It indicates there is substantial room for 
improvement. 

The second transient calibration was of the pump test run to test properties between Crooked 
Creek and the proposed pit.  The drawdown graphs for both alluvial and bedrock wells (BGC 
2014c, Drawings 30-32), including both pumped and monitoring wells, show very little 
agreement between simulated an observed hydrographs.  However, these tests were used to 
set the high alluvial K and low Sy values described above.  The lousy match between the 
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observed and simulate groundwater levels does not provide justification for the alluvial 
parameters, the effects of which were described above. 

Based on the overall calibration summary (BGC 2014c, p 32), the following bullet points suggest 
problems with the calibration. 

�x Modeled K of the alluvium is generally higher than observed and that of the colluvium is 
low for the model scale used here (Id.). 

�x Modeled bedrock K tended to be lower than the observed range, especially at distance 
from the pit. 

�x There is no evidence that storage parameters were even calibrated since they do not 
vary among formations and because the model fit during pump tests was so poor. 

�x Any agreement between simulated and observed flows (Drawing 25) is spurious due to 
the large difference in flow rates. 

�x It is not appropriate to claim there was a good seasonal match.  Graphs for wells MW03-
02, -03, -04, -05, -06, -07, -09, -12, -13, and -15, (BGC 2014c, Appendix A) show almost 
no simulated seasonal effect while the observed seasonal variation exceeds a meter.  
Some wells, such as MW07-05, and -06, show an observed trend with time that 
substantially masks the seasonal trend. 

9.5 Simulating Mine Dewatering and Pit Development 

BGC (2014c) chapter 7 describes the methods used to simulate mine dewatering and pit 
development.  The modeling has three objectives that are of interest here: 

�x Estimate the dewatering extraction rate 
�x Evaluate the impacts on mine dewatering and pit development on local surface water 
�x Estimate the rate of pit lake formation and the recovery in groundwater levels and flow 

conditions after dewatering 

Also of interest is how development of the tailings impoundment affects flows.  Other 
objectives specified by BGC (2014c) are for design purposes. 

BGC simulated dewatering using MODFLOW drain boundaries, and possibly also used the well 
package in advance of reaching a given pit level to remove some initial water.  ET was 
appropriately set to zero within the enlarging pit.  However, recharge should have continued to 
have been simulated because precipitation falls within the pit and if it does not runoff, it will 
percolate and become recharge.  Runoff from within the pit may be captured and managed, but 
by definition recharge is precipitation that does not runoff.  If not pumped it will flow into the 
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pit at lower levels; there is �Œ�����o�o�Ç���v�}���Á���Ç���š�}���^�u���v���P���_���‰�Œ�����]�‰�]�š���š�]�}�v���š�}���‰�Œ���À���v�š���Œ�����Z���Œ�P�����~�����'��
2014c, p 34). 

Captured streams were appropriately turned off during the simulation.  During operations, 
there would be some backfill in the pit.  The simulation included simply turning off the drain 
boundary to the level of the backfill and allowing the groundwater level to recover. 

The bedrock properties were not altered during the operations portion of the simulation (BGC 
2014c, p 35).  This was justified due to the relatively short time period simulated.  However, not 
changing the bedrock properties was an error due to the large difference in storage properties 
between backfill (Sy = 0.33 for closure simulations) and in-situ bedrock (Sy = 0.003, BGC 
(2014c), Table 7).  The amount of water necessary to fill the unsaturated bedrock with Sy=0.003 
is miniscule, by two orders of magnitude, compared to that necessary to fill the backfill with 
Sy=0.33.  During the five years of operations, groundwater levels would fill in the backfill while 
removing very little water from the model.  Presumably this would be the initial conditions for 
simulations of the operations period.  Recovery would have occurred with too little water being 
removed.  This would decrease the simulated losses to the streams and basically cause the 
model to underestimate flow losses to the streams.  If it allows the backfill to become saturated 
prematurely, the initial conditions for the closure simulation will be too high and cause the 
model to simulate too little water removed from the model to be stored in the backfill; this 
would also reduce the simulated impacts to the streams. 

The modeling predicted that total groundwater extraction rate from all wells and drains would 
initially equal 1700 gpm, increase to 2600 gpm by year 12 and average 1600 gpm over the mine 
life.  The simulated rate decreases to about 1500 gpm after year 20 and some groundwater 
recovery into the backfill begins to occur (BGC 2014c, Drawing 36).  Various factors, some 
already discussed, could make the dewatering rate higher than simulated: 

�x Bedrock K away from the pit has been underestimated.  This slows the flow of 
groundwater to the pit and minimizes the simulated dewatering. 

�x Failure to simulate recharge within the pit boundary simply ignores a source of water 
that will be removed as dewatering water. 

Dewatering dries much of layer 1 as can be seen by the 30 foot drawdown contour encircling 
much of the area (Figure 11).  The model cells within that area would be dry.  As noted in the 
text (BGC 2014c, p 39), drawdown in the alluvium along Crooked Creek is less than two feet.  
The lack of drawdown corresponds to the high K and encirclement by low K bedrock and 
colluvium as described above.  The alluvium is effectively isolated from the effects of 
dewatering (Figure 11) by the model design. 
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The model also simulates substantial reductions to streamflow in Crooked Creek and 
tributaries, which would have a large effect on the flows in those streams.  However, the 
reductions have been underestimated for reasons as described herein.  Primarily, all 
dewatering water is prevented from discharging to a groundwater sink which in this model 
would be a stream.  For all of the reasons that dewatering rates have been underestimated, the 
reductions in streamflow has also been underestimated.  Additionally, dewatering effects on 
Crooked Creek have been underestimated due to the simulation of K and storage properties, 
therefore Crooked Creek flows would be decreased much more than disclosed in the DEIS. 

 

Figure 11:  Snapshot of a portion of BGC (2014c) Drawing 37 showing drawdown in model layer 
1, the surficial aquifer. 

9.6 Simulating Pit Lake Formation 

BGC (2014c) used a special pit lake package to simulate the forming lake.  In addition to 
groundwater flowing into the pit lake, there is inflow from precipitation, runoff, American 
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Creek flows, waste rock underdrain, contact pond water, and tailings impoundment discharge.  
The pit lake fills until it is just below its crest after which water would be pumped, treated, and 
discharged.  It initially receives almost 33,000 af of excess tailings water (Lorax 2012, p 3-7), 
which is generally of poor quality (Lorax 2012, Table 3-3).  Water from the tails and waste rock 
�Á�}�µ�o�������������]�•���Z���Œ�P�������š�}���š�Z�������}�š�š�}�u���}�(���š�Z�����‰�]�š���À�}�]�����^�š�}�����v���}�µ�Œ���P�����š�Z�����u�}�Œ�������}�v�š���u�]�v���š�������~�]�X���X��
denser) water to remain at depth within the pit lake and to foster chemically stratified or 
meromictic con���]�š�]�}�v�•���Á�]�š�Z�]�v���š�Z�����‰�]�š���o���l���_���~�>�}�Œ���Æ���î�ì�í�î�U���‰���ï-7)).  If this works as planned and the 
lake does not turn over, water at the bottom of the pit lake would be highly contaminated. 

Groundwater inflow to the pit lake will generally be of good quality compared to the inflows of 
waste or tailings seepage (Lorax 2012, Table 3-3).  However, Lorax (2012) has not simulated 
different groundwater quality for groundwater entering from different levels or formations. 
Background groundwater quality is not homogeneous through the entire mass of rock 
surrounding the pit (BGC, 2011l) and inflows should not be simulated as if it is.  This could affect 
the predicted pit lake water chemistry. 

The pit lake would be almost full after 60 years.  Although the pit is a sink, meaning the regional 
groundwater flows toward it from all directions, there is a significant groundwater outflow 
(BGC 2014c, Drawing 49).  This outflow is to fill the backfilled waste rock and dewatered 
bedrock near the pit, presumably as the lake fills faster than the groundwater levels recover.  
The particle tracking (BGC 2014c, Drawings 50-53) does not suggest that any water would 
escape the pit and flow away into the groundwater, but BGC should verify this because 
escaping pit lake water would degrade surrounding groundwater. 

The managed lake elevations is intended to provide adequate freeboard and maintain water 
levels that the groundwater would continue to discharge to the pit lake rather than creating a 
flow-through pit lake (BGC 2015g).  The gradient is �^�•�o�]�P�Z�š�_���~���'�����î�ì�í�ñ�P�U���‰���î�•�U���Z�}�Á���À���Œ�U���Á�Z�]���Z��
suggests that it could reverse so that pit lake water would discharge from the lake occasionally. 

�x The groundwater model should consider groundwater/pit lake relations when the pit 
fills to its crest as it could do during extreme wet conditions, as reviewed herein at 
section 5.2. 

9.7 Sensitivity Analysis 

A numerical model sensitivity analysis is designed to test the effects of changing various model 
parameters on the results of simulation.  BGC (2014c) chapter 9 describes the sensitivity 
���v���o�Ç�•�]�•�����}�u�‰�o���š�������(�}�Œ���š�Z�������}�v�o�]�v���v�µ�u���Œ�]�����o���u�}�����o�X�������'���[�•���u���š�Z�}�����]�•���š�}���•�]�u�‰�o�Ç���u���l�����o���Œ�P����
adjustments to various factors and compare the change in the calibration and to show how it 
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changes the simulation of future conditions.  I review only the sensitivity results that reveal 
important aspects of the model with respect to the environmental impacts of the proposed 
mine.   

The model was not sensitive to raising and lowering the hydraulic K of the alluvium because the 
alluvium was essentially isolated from the rest of the system so that stream levels controlled 
the heads, as discussed above.  Calibration statistics improved for three changes, decreasing 
bedrock K, increasing recharge and streamflow, and simulating faults as low hydraulic K faults 
(BGC 2014c, p 51).  That these wholescale changes improved the calibrations shows the model 
is not unique but also suggests that the calibration as presented in BGC (2014c) is not as 
accurate as it could be.  I argued above that bedrock K was underestimated so the 
improvement in calibration statistics for using even lower K suggests that some other aspect of 
the model is more important for matching head values.  Recharge and streamflow were 
estimated external to the model so changing them would be inappropriate. 

Including low K faults improved the calibration (BGC 2014c, p 51).  This conceptualization 
suggests the groundwater system could be segmented.  Details of the analysis are sparse, but 
the faults were only mapped in the pit area so it is likely that faults were only added in that 
area.  This sensitivity analysis illustrates the importance of better understanding the faults and 
how they affect the groundwater flow.   

�x Faults could segment bedrock into higher or lower K zones better than formation maps. 
�x Faults could segment bedrock in ways that would allow dewatering to affect areas 

farther from the pit, especially if the segmentation includes areas with higher K. 
�x If the higher K segments extent under creeks, they could create zones in the streams 

that are much more affected by dewatering. 

The model, and DEIS, requires much more information about the faults to be accurate. 

Mine dewatering rates were sensitive to bedrock properties (BGC 2014c, p 52).  Increasing 
bedrock K by a factor of 5 increased mine dewatering rates by 3.3 times; increasing bedrock 
storage coefficients by ten times increased mine dewatering rates by 1.5 (Id.).  High K faults 
could increase the mine dewatering rates up to 3.3 times depending on their location and the 
extent of connection with Crooked Creek (BGC 2014c, p 53).  This could probably also result 
from the low-K faults segmenting high-K bedrock under the streams.   

Changing bedrock K substantially affected stream flows.  Reducing bedrock K reduced 
streamflows relative to the base case.  If the model has bedrock K that is too low, as I argued 
above, impacts on the streams would be underestimated.  Increasing bedrock K by a factor of 5 
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reduced winter streamflow by 86% and simulating high K faults decreased streamflows by 83% 
(BGC 2014c, p 54).  Increasing bedrock K by a factor of 20 caused Crooked Creek to go dry by 
the pit (Id.).  Increasing storage coefficient also reduced streamflows.  The sensitivity of the 
model predictions to bedrock properties further indicates that the model could have grossly 
underestimated impacts to streamflow. 

The sensitivity results regarding bedrock K verifies the points above about how low K estimates 
could have caused the model to underestimate dewatering, the extent of the drawdown, and 
impacts on streamflow. 

Low K faults decreased the impacts that dewatering had on streamflow (BGC 2014c, p 54).  This 
is probably due to the segmentation caused by the faults. 

Changing alluvial K had little effect on the impacts dewatering had on streamflow (BGC 2014, p 
54).  This further reflects the comments above about how the alluvium under Crooked Creek is 
isolated from the bedrock.  The isolated alluvium acts as a tub in which water is easily 
exchanged with the stream. 

Pit lake refill time was also sensitive to bedrock K (BGC 2014c, p 55).  The increased bedrock K 
causes the pit lake to fill from 14 to 30 years faster, reflecting the higher flow to the pit (Id.).  
Decreased K increased the fill time by about 12 years (Id.). 

9.8 TSF underdrain predictions 
The groundwater model (BGC 2014c) estimated discharge to the tailings impoundment 
underdrain (Figure 12).  The only description of how the TSF was simulated was to note that ET 
and recharge was set equal to zero (BGC 2014c, p 16, 34). 

The TSF will be a fully-lined impoundment. Therefore, groundwater recharge to the 
underlying aquifer will cease within the footprint of the facility. In addition, the TSF 
underdrain will be installed beneath the liner to capture groundwater discharge from 
the catchment and deliver it to the SRS downstream of the TSF dam. Any seepage 
through the liner would also report to the SRS. SRS water will be used either as make-up 
water in the process or potentially treated and discharged to Crooked Creek.  (BGC 
2014c, p 16, emphasis added) 

�d�Z���������/�^�������•���Œ�]�����•���]�š�����•���(�}�o�o�}�Á�•�W���^The TSF would be designed with a rock underdrain that would 
serve two purposes: 1) capture and direct any TSF leakage to a Seepage Recovery System (SRS) 
located immediately downgradient of the TSF dam; and 2) collect groundwater from areas 
�µ�‰�P�Œ�����]���v�š���}�(���š�Z�����d�^�&�����v�������]�Œ�����š���]�š���š�}���š�Z�����^�Z�^�����•���d�^�&���µ�v�����Œ�(�o�}�Á�_���~�����/�^�U���‰�ï�X�ò-31).  The mine 
would obtain a water right for the diversion of groundwater by the TSF drain (DEIS, p 3.6-32). 



 

43 
Myers Review of the DEIS for the Donlin Gold Project 

The report does not describe the boundary used to simulate the drains, although if the 
underdrain is beneath the liner to capture groundwater discharge, the underdrain must be 
simulated as a drain in layer 1.  An underdrain would allow groundwater discharging upward 
due to artesian pressure from undermining the TSF.   

Decreased bedrock K in the sensitivity analysis increased flows to the tailings underdrain system 
(BGC 2014c, p 54, 55).  This is because low bedrock K causes more groundwater to remain in 
the shallow groundwater. 

The reduction in recharge is predicted to lead to a progressive decrease in groundwater 
flow reporting to the foundation underdrain, from approximately 730 gpm (4,000m3/d) 
in Year -�î���š�}�����‰�‰�Œ�}�Æ�]�u���š���o�Ç���ð�ð�ì���P�‰�u���~�î�U�ð�ì�ì�u�ï�l���•�����š���š�Z�������v�����}�(���u�]�v�]�v�P�_���~���'�^���î�ì�í�ð���U���‰��
�Æ�]�À�•�X�����^�W�Œ�����]���š�������P�Œ�}�µ�v��water discharge to the TSF underdrain for the post closure 
analysis fluctuates on a seasonal basis, and averages 370 gpm (2,000 m3/d) during the 
winter season, and 440 gpm (2,400 m3/d) during the summer season (BGC 2014c, p xv). 

 

Figure 12:  Snapshot of BGC (2014c) Drawing G22 showing the discharge to the tailings 
impoundment underdrain for the base case and various sensitivity analysis simulations. 
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10.0 MISCELLANEOUS 

The potentiometric surface map (DEIS Figure 3.6-2) does not distinguish among aquifers which 
means there is an assumption that the groundwater pressure in the bedrock equals the water 
�š�����o�����]�v���š�Z�����}�À���Œ�o�Ç�]�v�P�����}�o�o�µ�À�]���o�����‹�µ�]�(���Œ�X�����/�š�����Œ�P�µ���•���š�Z���š���^�À���Œ�š�]�����o���P�Œ�����]���v�š�•���Á�]�š�Z�]�v���š�Z�����P�Œ�}�µ�v���Á���š���Œ��
system are not large compared to the scale of the map and the overall relief of the 
�‰�}�š���v�š�]�}�u���š�Œ�]�����•�µ�Œ�(�������_���~�����/�^�U���‰���ï�X�ò-8).  A reference is to BGC 2011d.  This can be an important 
���•�•�µ�u�‰�š�]�}�v�U�����Œ�]�À�]�v�P���Œ�����Z���Œ�P�������v�������]�•���Z���Œ�P�����o�}�����š�]�}�v�•�X�����t�Z���š���]�•���u�����v�š�����Ç���P�Œ�����]���v�š�•���^�v�}�š���o���Œ�P����
compared to t�Z�����•�����o�����}�(���š�Z�����u���‰�_�M 

Groundwater discharge occurs only in creeks and gulches, not to wetlands away from the 
creeks and gulches (BGC 2014g, p 6).  Permafrost is intermittent and generally limited to soils 
but does extend into bedrock up to 33 feet with an average of 14 feet (BGC 2014g, p 6-8).  The 
only trends apparent in the permafrost mapping show that permafrost is more common in the 
drainages of American and Anaconda Creek. 
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Contamination near Pavillion Wyoming Prepared by the Environmental Protection Agency, Ada 
OK. April 19, 2012. 

Myers, T., 2012.  Participation in: Keystone Center Independent Science Panel, Pebble Mine.  Anchorage AK, 
October 1-5, 2012. 

Myers, T., 2012.  Technical Memorandum, Review and Analysis, Revised Draft, Supplemental Generic 
Environmental Impact Statement on the Oil, Gas and Solution Mining Regulatory Program, Well 
Permit Issuance for Horizontal Drilling and High-Volume Hydraulic Fracturing to Develop the 
Marcellus Shale and Other Low-Permeability Gas Reservoirs. Prepared for Natural Resources 
Defense Council. 

Myers, T., 2012.  Technical Memorandum, Review of the Special Use Permit PP2011-035-Camilletti 21-10, 
Groundwater Monitoring Requirements.  Prepared for Routt County Board of Commissioners and 
the Routt County Planning Department.  June 19, 2012. 

Myers, T., 2012.  Testimony at Aquifer Protection Permit Appeal Hearing, Rosemont Mine.  Phoenix AZ, 
August and September, 2012. 

Myers, T., 2012.  Drawdown at U.S. Forest Service Selected Monitoring Points, Myers Rosemont 
Groundwater Model Report.  Prepared for Pima County, AZ.  March 22, 2012. 

Myers, T. 2011.  Baseflow Conditions in the Chuitna River and Watersheds 2002, 2003, and 2004 and the 
Suitability of the Area for Surface Coal Mining.  January 14, 2011. 
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Myers, T., 2011.  Hydrogeology of Cave, Dry Lake and Delamar Valleys, Impacts of pumping underground 
water right applications #53987 through 53092.  Presented to the Office of the Nevada State 
Engineer On behalf of Great Basin Water Network. 

Myers, T., 2011.  Hydrogeology of Spring Valley and Surrounding Areas, Part A: Conceptual Flow Model.  
Presented to the Nevada State Engineer on behalf of Great Basin Water Network and the 
Confederated Tribes of the Goshute Reservation. 

Myers, T., 2011.  Hydrogeology of Spring Valley and Surrounding Areas, Part B: Groundwater Model of 
Snake Valley and Surrounding Area.  Presented to the Nevada State Engineer on behalf of Great 
Basin Water Network and the Confederated Tribes of the Goshute Reservation. 

Myers, T., 2011.  Hydrogeology of Spring Valley and Surrounding Areas, PART C:  IMPACTS OF 
PUMPING UNDERGROUND WATER RIGHT APPLICATIONS #54003 THROUGH 54021. 
Presented to the Nevada State Engineer on behalf of Great Basin Water Network and the 
Confederated Tribes of the Goshute Reservation. 

Myers, T., 2011.  Rebuttal Report: Part 2, Review of Groundwater Model Submitted by Southern Nevada 
Authority and Comparison with the Myers Model.  Presented to the Nevada State Engineer on 
behalf of Great Basin Water Network and the Confederated Tribes of the Goshute Reservation. 

Myers, T. 2011.  Rebuttal Report: Part 3, Prediction of Impacts Caused by Southern Nevada Water Authority 
Pumping Groundwater From Distributed Pumping Options for Spring Valley, Cave Valley, Dry Lake 
Valley, and Delamar Valley.  Presented to the Nevada State Engineer on behalf of Great Basin Water 
Network and the Confederated Tribes of the Goshute Reservation. 

Myers, T., 2011.  Baseflow Selenium Transport from Phosphate Mines in the Blackfoot River Watershed 
Through the Wells Formation to the Blackfoot River, Prepared for the Greater Yellowstone 
Coalition. 

Myers, T., 2011.  Blackfoot River Watershed, Groundwater Selenium Loading and Remediation.  Prepared 
for the Greater Yellowstone Coalition. 

Myers, T., 2011.  Technical Memorandum Review of the Proposed Montanore Mine Supplemental Draft 
Environmental Impact Statement and Supporting Groundwater Models 

Myers, T., 2010.  Planning the Colorado River in a Changing Climate, Colorado River Simulation System 
(CRSS) Reservoir Loss Rates in Lakes Powell and Mead and their Use in CRSS.  Prepared for Glen 
Canyon Institute. 

Myers, T., 2010.  Technical Memorandum, Updated Groundwater Modeling Report, Proposed Rosemont 
Open Pit Mining Project.  Prepared for Pima County and Pima County Regional Flood Control 
District 

Myers, T., 2009.  Monitoring Groundwater Quality Near Unconventional Methane Gas Development 
Projects, A Primer for Residents Concerned about Their Water.  Prepared for Natural Resources 
Defense Council.  New York, New York. 

Myers, T., 2009.  Technical Memorandum, Review and Analysis of the Hydrology and Groundwater and 
Contaminant Transport Modeling of the Draft Environmental Impact Statement Blackfoot Bridge 
Mine, July 2009.  Prepared for Greater Yellowstone Coalition, Idaho Falls, Idaho. 
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Myers, T., 2008.  Hydrogeology of the Carbonate Aquifer System, Nevada and Utah With Emphasize on 
Regional Springs and Impacts of Water Rights Development.  Prepared for: Defenders of Wildlife, 
Washington, D.C..  June 1, 2008. 

Myers, T., 2008.  Hydrogeology of the Muddy River Springs Area, Impacts of Water Rights Development.  
Prepared for: Defenders of Wildlife, Washington, D.C.  May 1, 2008 

Myers, T., 2008.  Hydrogeology of the Santa Rita Rosemont Project Site, Numerical Groundwater Modeling 
of the Conceptual Flow Model and Effects of the Construction of the Proposed Open Pit, April 
2008.  Prepared for: Pima County Regional Flood Control District, Tucson AZ. 

Myers, T., 2008.  Technical Memorandum, Review, Record of Decision, Environmental Impact Statement 
Smoky Canyon Mine, Panels F&G, U.S. Department of the Interior, Bureau of Land Management. 
Prepared for Natural Resources Defense Council, San Francisco, CA and Greater Yellowstone 
Coalition, Idaho Falls, ID. Reno NV. 

Myers, T., 2007.  Groundwater Flow and Contaminant Transport at the Smoky Canyon Mine, Proposed 
Panels F and G.  Prepared for Natural Resources Defense Council, San Francisco, CA and Greater 
Yellowstone Coalition, Idaho Falls, ID.  Reno NV. December 11, 2007. 

Myers, T., 2007.  Hydrogeology, Groundwater Flow and Contaminant Transport at the Smoky Canyon Mine, 
Documentation of a Groundwater Flow and Contaminant Transport Model.  Prepared for Natural 
Resources Defense Council, San Francisco, CA and Greater Yellowstone Coalition, Idaho Falls, ID.  
Reno NV, December 7, 2007. 

Myers, T., 2007.  Review of Hydrogeology and Water Resources for the Final Environmental Impact 
Statement, Smoky Canyon Mine, Panels F and G and Supporting Documents.  Prepared for Natural 
Resources Defense Council, San Francisco, CA and Greater Yellowstone Coalition, Idaho Falls, ID.  
Reno, NV.  December 12, 2007. 

Myers, T., 2007.  Hydrogeology of the Powder River Basin of Southeast Montana Development of a Three-
Dimensional Groundwater Flow Model.  Prepared for Northern Plains Resource Council.  February 12 
2007.  

Myers, T., 2007.  Hydrogeology of the Santa Rita Rosemont Project Site, Conceptual Flow Model and Water 
Balance, Prepared for: Pima County Flood Control District, Tucson AZ 

Myers, T., 2006.  Review of Mine Dewatering on the Carlin Trend, Predictions and Reality.  Prepared for 
Great Basin Mine Watch, Reno, NV 

Myers, T., 2006. Hydrogeology of Spring Valley and Effects of Groundwater Development Proposed by the 
Southern Nevada Water Authority, White Pine and Lincoln County, Nevada.  Prepared for Western 
Environmental Law Center for Water Rights Protest Hearing. 

Myers, T., 2006.  Potential Effects of Coal Bed Methane Development on Water Levels, Wells and Springs of 
the Pinnacle Gas Resource, Dietz Project In the Powder River Basin of Southeast Montana.  
Affidavit prepared for Northern Plains Resource Council, April 4 2006. 

Myers, T., 2006.  Review of Hydrogeology and Water Resources for the Draft Environmental Impact 
Statement, Smoky Canyon Mine, Panels F and G, Technical Report 2006-01-Smoky Canyon.  
Prepared for Natural Resources Defense Council. 
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Myers, T., 2006.  Review of Nestle Waters North America Inc. Water Bottling Project Draft Environmental 
Impact Report / Environmental Assessment.  Prepared for McCloud Watershed Council, McCloud 
CA. 

Myers, T., 2005.  Hydrology Report Regarding Potential Effects of Southern Nevada Water �$�X�W�K�R�U�L�W�\�·�V��
Proposed Change in the Point of Diversion of Water Rights from Tikapoo Valley South and Three 
Lakes Valley North to Three Lakes Valley South.  Prepared for Western Environmental Law Center 
for Water Rights Protest Hearing 

Myers, T., 2005.  Review of Draft Supplemental Environmental Impact Statement, Ruby Hill Mine 
Expansion: East Archimedes Project NV063-EIS04-34, Technical Report 2005-05-GBMW.  
Prepared for Great Basin Mine Watch. 

Myers, T., 2005.  Hydrogeology of the Powder River Basin of Southeast Montana, Development of a Three-
Dimensional Groundwater Flow Model. Prepared for Northern Plains Resource Council, Billings, 
MT in support of pending litigation. 

Myers, T., 2005. Nevada State Environmental Commission Appeal Hearing, Water Pollution Control Permit 
Renewal NEV0087001, Big Springs Mine. Prepared for Great Basin Mine Watch, Reno NV. 

Myers, T., 2005.  Potential Effects of Coal Bed Methane Development on Water Levels, Wells and Springs In 
the Powder River Basin of Southeast Montana.  Prepared for Northern Plains Resource Council, 
Billings, MT. 

Myers, T., 2004.  An Assessment of Contaminant Transport, Sunset Hills Subdivision and the Anaconda 
Yerington Copper Mine, Technical Report 2004-01-GBMW.  Prepared for Great Basin Mine Watch. 

Myers, T., 2004.  Technical Memorandum: Pipeline Infiltration Project Groundwater Contamination.  
Prepared for Great Basin Mine Watch. 

Myers, T., 2004.  Technical Report Seepage From Waste Rock Dump to Surface Water The Jerritt Canyon 
Mine, Technical Report 2004-03-GBMW.  Prepared for Great Basin Mine Watch. 

Myers, T., 2001.  An Assessment of Diversions and Water Rights: Smith and Mason Valleys, NV.  Prepared 
for the Bureau of Land Management, Carson City, NV. 

Myers, T., 2001.  Hydrogeology of the Basin Fill Aquifer in Mason Valley, Nevada: Effects of Water Rights 
Transfers.  Prepared for the Bureau of Land Management, Carson City, NV. 

Myers, T., 2001.  Hydrology and Water Balance, Smith Valley, NV: Impacts of Water Rights Transfers.  
Prepared for the Bureau of Land Management, Carson City, NV 

Myers, T., 2000.  Alternative Modeling of the Gold Quarry Mine, Documentation of the Model, Comparison 
of Mitigation Scenarios, and Analysis of Assumptions.  Prepared for Great Basin Mine Watch.  
Center for Science in Public Participation, Bozeman MT. 

Myers, T., 2000.  Environmental and Economic Impacts of Mining in Eureka County.  Prepared for the 
Dept. Of Applied Statistics and Economics, University of Nevada, Reno. 

Myers, T., 1999.  Water Balance of Lake Powell, An Assessment of Groundwater Seepage and Evaporation.  
Prepared for the Glen Canyon Institute, Salt Lake City, UT. 
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Myers, T., 1998.  Hydrogeology of the Humboldt River: Impacts of Open-pit Mine Dewatering and Pit Lake 
Formation.  Prepared for Great Basin Mine Watch, Reno, NV. 

Selected Abstracts, Magazine and Proceedings Articles 

Myers, T., 2014.  Reservoir Loss Rates, Lakes Mead and Powell and Fill Mead First.  INVITED 
PRESENTATION at 2014 Future of the Colorado Plateau Forum �² Drought and the Colorado 
River. http://musnaz.org/educational-programs/public-programs/future-of-the-colorado-plateau-
forums/ 

 
Myers, T., 2013.  Three-dimensional Groundwater and Contaminant Flow around Marcellus Gas 

Development.  INVITED PRESENTATION at 2013 Associated Engineering Geologists 
Conference, Seattle WA. 

 
Myers, T., 2012.  Mine Dewatering:  Humboldt River Update.  INVITED PRESENTATION at 2012 

Nevada Water Resources Association Annual Conference. 
 
Myers, T., 2012.  Reservoir loss rates from Lake Powell, and long-term management of the Colorado River 

system.  2012 Nevada Water Resources Association Annual Conference 
 
Myers, T., 2011.  Reservoir loss rates from Lake Powell, and long-term management of the Colorado River 

system.  2011 Fall Conference, American Geophysical Union. 
 
Myers, T., 2006.  Modeling Coal Bed Methane Well Pumpage with a MODFLOW DRAIN Boundary.  In 

MODFLOW and More 2006 Managing Ground Water Systems, Proceedings. International 
Groundwater Modeling Center, Golden CO.  May 21-24, 2006. 

 
Myers, T., 2006.  Proceed Carefully: Much Remains Unknown, Southwest Hydrology 5(3), May/June 2006, pages 

14-16. 
 
Myers, T., 2004.  Monitoring Well Screening and the Determination of Groundwater Degradation, Annual 

Meeting of the Nevada Water Resources Association, Mesquite, NV.  February 27-28, 2004. 
 
Myers, T., 2001.  Impacts of the conceptual model of mine dewatering pumpage on predicted fluxes and 

drawdown.  In MODFLOW 2001 and Other Modeling Odysseys, Proceedings, Volume 1. 
September 11-14, 2001.   International Ground Water Modeling Center, Golden, Colorado. 

 
Myers, T., 1997.  Groundwater management implications of open-pit mine dewatering in northern Nevada.  

In Kendall, D.R. (ed.), Conjunctive Use of Water Resources: Aquifer Storage and Recovery.  AWRA 
Symposium, Long Beach California.  October 19-23, 1997 

 
Myers, T., 1997.  Groundwater management implications of open-pit mine dewatering in northern Nevada. 

In Life in a Closed Basin, Nevada Water Resources Association, October 8-10, 1997, Elko, NV. 
 
Myers, T., 1997.  Uncertainties in the hydrologic modeling of pit lake refill.  American Chemical Society 

Annual Meeting, Las Vegas, NV, Sept. 8-12, 1997. 
 
Myers, T., 1997.  Use of groundwater modeling and geographic information systems in water marketing.  In 

Warwick, J.J. (ed.), Water Resources Education, Training, and Practice: Opportunities for the Next 
Century.  AWRA Symposium, Keystone, Colo.  June 29-July 3, 1997. 
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Myers, T., 1995.  Decreased surface water flows due to alluvial pumping in the Walker River valley.  Annual 
Meeting of the Nevada Water Resources Association, Reno, NV, March 14-15, 1995. 

 
 

Special Coursework 
Years Course Sponsor 
2011 Hydraulic Fracturing of the 

Marcellus Shale 
National Groundwater Association 

2008 Fractured Rock Analysis MidWest Geoscience 
2005 Groundwater Sampling 

Field Course 
Nielson Environmental Field School 

2004 Environmental Forensics National Groundwater Association 
2004 
and -5 

Groundwater and 
Environmental Law 

National Groundwater Association 

 
 
 


