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Notably, the route crosses the Santa Rita Mountains just north of the Rosemont 
ore deposit.  The proposed mine by Augusta Resources represents a potential 
encroachment into the low-level training routes in our area.  Two aspects of the 
mine can affect the training routes: the first are physical encroachments, such as 
the power poles and communications towers which would be constructed over 
the crest of the Santa Rita Mountains to bring electricity to the site.  The SEIS 
should identify the location and height of any project-related (direct and indirect) 
communications towers and evaluate the effects on air traffic, military or 
otherwise. 

 
Second, the Department of Defense is concerned with bandwidth 
encroachments.  For that reason they established a Buffalo Soldier Electronic 
Test Range Boundary (see Figure below).  The Rosemont project is located 
within this area. Radio transmissions or other electronic (aka SCADA) devices 
which might direct the flow of electricity, water or ore slurry might have the 
potential to encroach bandwidths currently used by the military, astronomers and 
TV stations in the area. Some of the Rosemont project features are in the line-of-
sight to portions of Fort Huachuca (note red areas of the same figure).   No 
mention of the effects or mitigation measures for the Buffalo Solider Electronic 
Test Range is found in the DEIS. A SEIS should disclose the proposed 
emissions and address the effects. 
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642.643. The effects of the Rosemont project upon the Blue Jay mine, which is 
located on the other side of mountain (Helvetia mining district) close to Imerys, 
should be disclosed.   The Blue Jay is a small underground mine.  Water for 
operations is withdrawn from a mine shaft.  If the mine shaft goes dry as a result of 
the Rosemont mine, this may impair the ability of the owners of the Blue Jay mine 
to renew operations. The Tetratech model would predict impacts on this side of the 
Santa Rita Mountains. 

 
643.644. Economic viability of the project is one of the scoping issues identified by 

the public.  A number of mines in southern Arizona, including Carlota and Johnson 
Camp, have proved to have less-then-favorable economics in the last few years, 
despite the high price of copper.  This is a significant issue to the public because of 
its socioeconomic effects on labor and the potential for leaving the taxpayer 
holding the bag for reclamation. 

 
644.645. The SEIS and FEIS should identify and evaluate the likely economic 

circumstances under which the heap leach and sulfide processing would be 
curtailed.   

 
645.646. The socioeconomic impacts of mining curtailments should be disclosed.  

 
646.647. This mine has the potential to push Pima County over the ozone 

standard.  The consequences of exceeding the ozone standards are substantial in 
terms of socioeconomic effects.  The SEIS should recognize that not all of 
Rosemont’s contributions to ozone could be abated through on-site mitigation 
measures, and that Rosemont would “eat up” some of the regions capacity for 
maintaining the standard.  The SEIS should disclose that required actions might 
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include requiring cleaner burner gasoline, stricter vehicle emission inspections, 
speed limit reductions, stage II vapor recovery, limiting VOC content of consumer 
products, additional controls on stationary sources, and diesel idling restrictions, all 
of which could affect sectors other than the subject mine.  Otherwise, Pima County 
might lose access to federal transportation funding.  The socioeconomic impacts of 
exceeding the standard should be discussed. 

 
Page 701,  Roadway Improvement Costs 

647.648. This section, in general, does a poor job of identifying and determining 
the costs of roadway impacts resulting from the project.  Specifically, it fails to list 
the cost to Pima County taxpayers of public roadway improvements, repairs, 
maintenance, and replacement that will be required as a result of this project.  
Besides State Route 83, impacts are anticipated on County roadways such as 
Sahuarita Road and Santa Rita Road, which will provide secondary access to the 
project.  All affected roadways should be listed and costs estimated for project-
related roadway costs.  Specifically, costs for required roadway improvements 
should be distinguished from roadway maintenance costs.  

 
648.649. Page 701 describes the methodology used to calculate increased 

emergency service costs. The methods tie the rate to increases in population due 
to the mine which of course are negligible.  The increase in emergency services 
directly related to the mine will be those caused by increased truck traffic 
transporting products for export to the port of Tucson and an increase in accident 
frequency and severity. 

 
Page 706, General Management Direction 

649.650. On page 706 the DEIS correctly identifies that; “Federal decisions can be 
materially affected by participating groups and individuals.”  The lack of 
significantly different alternatives along with exclusion of a decision option for the 
Supervisor to select the no action alternative is contrary to this environmental 
justice policy. 

 
Page 708 Pima County 

650.651. On page 708 there appears to be a typo or sentence construction error in 
the second sentence of the first paragraph regarding 2010 Pima County population 
which is said to be 136,517. The number from Table 172 which this most closely 
resembles it is 1,360,157.  However that is the 2025 projected figure.  It is 
recommended that the authors revisit this paragraph, to check data and 
conclusions. 

 
Page 716, Recreation Related Employment 

651.652. Page 716 makes the hypothesis that of the industries contributing to the 
local economy only “arts, entertainment and recreation” and “accommodation and 
food services can likely be attributed to recreation activities on Forest service 
Lands”.   There are five industries at least that have been left out that should be 
considered, retail, other services, educational services, Construction and Real 
Estate.  Each of these sectors is heavily based on outdoor recreational 
opportunities, particularly so for certain businesses.  An argument could also be 
made that outdoor recreational opportunities contributed to certain elements of the 
health sector.  Therefore the conclusion on Page 718 that: “In terms of Coronado 
National Forest related recreation, labor income contributions to area employment 



 172

are not substantial”, is erroneous and substantially underestimates potential 
losses.  While these elements are identified on page 727 there exclusion here is 
vexing. 

 
Page 727, Recreation and Tourism 

652.653. Page 727 notes that OHV vehicle purchases are “not necessarily related 
to the availability of recreational opportunities on Coronado National Forest.  On 
the other hand it could also be noted that three of the regions most poplar OHV 
areas (Gunsight Pass, Three Feathers/Chivo falls and Charalou Gap) are within 
the Coronado, including one that will be irretrievably lost under all action 
alternatives.  

 
Page 729/730, Public facilities and Services 

653.654. Pima County is described as having typical levels of service.  It is notable 
that Pima County has been nationally recognized for its efforts to preserve the 
Sonoran Desert and to recognize it’s place in the local economy, quality of life and 
future.  Perhaps more importantly and germane Pima County has been recognized 
for the scientific basis of it’s land use planning efforts including the adoption of 
Regulated Riparian Habit Maps and the Conservation lands System. 

 
Page 730,  Future Roadway Maintenance Costs 

654.655. This section documents known historical roadway maintenance costs, but 
it fails to also estimate future roadway maintenance costs which will likely exceed 
historical expenditures.  Future maintenance costs should be estimated and 
provided. 

 
Page 736, Employment 

655.656. Page 736 states that under the no action alternative “Jobs would not be 
created…” It could also be stated that under the no action alternative no jobs in the 
tourism sector would be lost.  While the authors may argue this issue is addressed 
under Recreation and Tourism the statement therein that “no measurable impacts 
are anticipated” is incorrect and unreasonably dismissive.  The DEIS has identified 
impacts it has simply called them negligible against the scale of the Coronado and 
the local economy taken as a whole.  This is a flawed argument.  The impacts were 
measured; the Coronado has concluded that they are not regionally significant.  
But they are to the impacted individuals and localities.   All impacts should be 
acknowledged and not dismissed due to the huge scale of the analysis area.  
Negative employment sector impacts ripple effects have not been assessed in a 
way that allows cost benefit analysis. 

 
Employment 

656.657. Contrary to the tone of Augusta Resource robust PR campaign the DEIS 
acknowledges that:”…the total number of direct mining jobs required under the 
proposed action would be quite modest, compared with the total employment…” 
(pg 739) in the region.  Still no comparison to the potential numbers of lost jobs has 
been included, it is simply stated that “recreation related employment is not 
expected to change to a measurable degree…”  When the wages and benefits of 
direct mine employees are expected to be approximately .1 percent of Pima 
County salaries one must ask:  Would this be measurable if the numbers were not 
provided?  A better synthesis and weighted comparison of negative impacts to 
positive employment impacts is needed in the final FEIS. 
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Employee Spending 

657.658. The local Employee (annual) Spending amounts on page 741 are simply 
unreasonable.  Taking the high end of the range of annual employees (480) and 
the low end of spending (21.7 million) each employee is credited with spending 
over $45,000, annually.  Conversely using the low end of employees (35) and the 
high end of spending (29.2 million) results in over $83,000 annual spending per 
employee.  The way the Applied Economic (2011) study is reported or the study 
itself, if these are its conclusions is apparently misinterpreted.  It may be that a 
multiplier is being used that is not explained fully.  A more complete explanation is 
requested. 

 
Vendor Spending 

658.659. It does not appear as though the same vendor spending models used to 
predict mine employment impacts on page 742 have been applied to lost direct 
forest recreational users and tourists.   

 
Property Values 

659.660. On page 744 the last sentence of the last paragraph describing the 
impact on property values cites a study that…”indicates that proximity to forest 
positively influences property value” and then immediately dismisses this  by 
stating; “however, given community values associated with the project vicinity this 
seems unlikely.”  This is a gross error and completely unfounded.  Pima County in 
which the project lies has adopted the SDCP which reflects its values and supports 
the current forest service plan with which the proposed mine plan of operations  
does not comply.  The mine is in direct conflict with this expression of community 
values as well as the Forest Service’s own plan!  The County has adopted low 
density zoning requirements within one mile of any National Forest to further 
ensure the integrity of this highly valued local resource.  Please describe what 
community values prevent an increase in property values adjacent to the Coronado 
to justify this conclusion in this location.  Without this information this becomes yet 
another example of how the DEIS fails to meet it’s NEPA and other obligations to 
use the best available verifiable information. In fact the conclusions are contrary to 
the best available information in this case.  Furthermore this conclusion directly 
contradicts statements and service commissioned studies cited within the DEIS 
asserting that there is a positive relationship between proximity to the Coronado 
and property values in the study area on page 725. 

 
Recreation and Tourism 

660.661. While one of the major economic impacts studies cited concludes that 
even a one percent drop in tourism would exceed payroll and thus have a negative 
regional economic impact during the life of the mine, the impact is said to be 
absorbed by the scale of regional resources.  While this fact means the loss may 
be absorbed elsewhere it is still a loss which would result in closure of particular 
businesses while customers find alternative locations and activities.  Impacts of this 
project should be assessed regardless of the capacity for activities to shift 
elsewhere.  The DEIS has not shown that the economic impact will be positive 
during or after the mines life. 

 
Page 746,  Preproduction Roadway Improvement Costs 
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661.662. This section fails to include the costs of required roadway improvements 
such as turning and passing lanes, not to mention pavement overlay which will 
likely be required.  This cost information can and should be provided.  Pima County 
estimates the cost of constructing truck lanes along State Route 83 to be as much 
as $13 million.  However, the Arizona Department of Transportation has recently 
proposed to spend $76 million on State Route 83 improvements, ostensibly to 
safely accommodate mine-related traffic and truck traffic.  The DEIS fails to 
disclose any cost estimates for roadway improvements. 

 
Page 747,  Production Roadway Overlay Costs 

662.663. The report states that “damages resulting from …(heavy truck traffic) … 
would be difficult to quantify”, but roadway maintenance costs can be estimated.  
Pima County estimates that a structural overlay of all affected roadways would cost 
as much as $14.6 million.  A mitigation measure of simply “conducting a baseline 
analysis of road conditions along State Route 83” is wholly inadequate and is only 
the first step in providing roadway mitigation for the project. 

 
Page 747,  Gas Tax Revenues and Funding 

663.664. Gas tax revenues are stated as a way of paying for required roadway 
improvements and maintenance.  However, gas tax revenues alone resulting from 
vehicle fuel purchases will be wholly inadequate to pay for all roadway 
improvements and maintenance as required for this project.  Gas tax revenues 
from project-related truck traffic and vanpools should be estimated and then 
compared to anticipated roadway expenditures described in the comments above.  
Unless the project sponsor agrees to pay the full cost of required roadway 
improvements, the burden will be shifted to Pima County taxpayers to pay for 
needed roadway improvements and maintenance that will occur during the lifetime 
of the project. 

 
Page 747, Transportation and Road Maintenance 

664.665. While the Transportation and Roads Maintenance section on page 
mentions potential barriers to cyclists and potential accident increases these factor 
are well known and should be further evaluated.  Road biking and motorcycle 
rentals/rides are a very popular use if Rt. 83.  Currently this stretch of highway has 
one of the highest rates of Motorcycle fatalities in the state.  Even if the projected 
56 roundtrips a day for ore tucks is spread evenly over 24 hours that is nearly 5 
trips per hour or one truck passing every 13 minutes.  A reasonable person would 
assume that the introduction of these trips may be a last straw in the attractiveness 
of the road for these users.  While this data is readily available from ADOT no 
attempt appears to have been made to quantify these users.  

 
Page 747, Community Values 

665.666. In the description of “Community Values and Social Trends” on page 747 
of the DEIS states that 63 percent of the land “that surrounds. Tucson...” are public 
lands.  Please provide a breakdown by agency.  It would appear that Tribal Trust 
lands have been mistakenly included in this figure.  Tribal Trust lands do not 
contribute to the recreational opportunities or serve as permanent open space, 
they are not public.  Use of the 63 percent figure is erroneous for valuing open 
space and the impact of the mine on that value in the community. 

 
Environmental Justice 
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666.667. Page 749 refers to the “San Xavier Pascua Yaqui Tribe”.  There is no 
such entity or place.  There is the Pascua Yaqui Tribe and the Tohono O’odham 
Nation.  San Xavier is a Reservation and District under the Constitution of the 
Tohono O’odham Nation.  The resources listed as potentially having a 
disproportionate impact on these environmental justice communities erroneously 
excludes culturally important plants and animals.  In some cases these plants and 
animals also have an economic use such as the Beargrass used in basketry.  The 
conclusion that vegetation impacts are limited to the project area and therefore 
does not have a disproportionate impact is erroneous as these areas have been 
used for centuries, prior to creation of the Coronado or the mining laws of this 
Nation.  Using today’s reservation boundaries as the extent of the environmental 
justice community is inherently flawed.  The Tohono O’odham ancestral adjucated 
area used for the cultural resources sections should be applied.  

 
Cumulative Impacts  

667.668. Cumulative impacts described on page 752 are grossly underestimated 
both in scope and magnitude.  One example, the third bullet states that 
maintenance of FS roads to support grazing is a cumulative impact.  What about 
other uses?  They appear to have only considered positive cumulative impacts. 

 
Mitigation Effectiveness 

668.669. The list of mitigation measures referred to on page 753 is said to have 
cross issue effects.  Thus replacing water sources for cattle will help wildlife. This is 
so but direct mitigation is better such as replacing lost springs and riparian habitat. 

 
669.670. The concluding paragraph uses the relocation of the Arizona Trail as an 

example of a potentially successful mitigation measure while admitting some 
impacts cannot be mitigated. Unfortunately this is a bad example as the trail has 
not been shown to be locatable such that it meets trail standards.  Its use as an 
example of success is contradicted by the DEIS itself. 

 
670.671. Environmental Consequences: Impacts Common to All Action 

Alternatives: Housing:  Production and Postproduction, Pages 739 through 
742 

 
By not understanding the implications associated with the technical references 
cited in the DEIS, USFS has either failed to adequately address impacts caused by 
changes in housing demand in the study area as a result of the Rosemont Copper 
project or failed to adequately critique the assertions made in the technical 
references.  
  
USFS concludes “there would be minimal demands on the local housing supply 
during the operational phase of the mine” [p. 739] because “’the vast majority of the 
skilled mining personnel needed for the Rosemont Project are available in the 
greater Tucson area’ (WestLand Resources Inc. 2007a)” [p. 740] and “the number 
of workers needed for the operation of the mine … and the resulting population 
changes … would not be more than the number of vacant housing units in 
Cochise, Pima, and Santa Cruz Counties…” [p. 739].  Such a conclusion, which is 
based on the USFS’ undocumented assumption that only 10 percent of mine 
operations employees in-migrate to the study area, may be possible given current 
economic and real estate market conditions, but it certainly contradicts the impacts 
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claimed in Economic Impacts of the Rosemont Copper Project on Pima County, 
Arizona, June 2001, the analysis prepared by Applied Economics from which 
USFS cites various mine operations impacts regarding jobs, payroll, output and tax 
revenues that would result from the Rosemont Copper project. 
 
Applied Economics purports to measure the impact on the local economy as a 
result of the Rosemont Copper project, which includes “the direct activity created 
by the mining and processing operations, as well as the impacts created by local 
supplier purchases and employee spending” [Applied Economics, p. 2].  Because 
Applied Economics has prepared an impact analysis, the results reported in 
Economic Impacts of the Rosemont Copper Project on Pima County, Arizona are 
new additions to the local economy that would not exist without the project and are 
not the contributions made by an existing business to the existing structure of the 
local economy.  When USFS cites Applied Economics to indicate a mine operation 
workforce of approximately 350 to 480 workers that directly and indirectly supports 
1,600 jobs and $75.2 million in personal income each year [p. 740], it means these 
are additional new jobs and income that did not previously exist in the local 
economy.     
 
USFS cites Applied Economics indirect state and local tax revenue impacts 
averaging $4.7 million per year, or $107.6 million in total over the life of the mine, 
due to spending by direct and indirect employees generated by mine operations [p. 
742].  Figure 10 of the Applied Economics impact analysis [Applied Economics, 
June 2011, p. 14] indicates $58.2 million of these state and local tax revenues are 
associated with local property taxes paid by direct and indirect employees during 
mine operations.  Because Applied Economics claims direct and indirect employee 
spending has an impact of $58.2 million in additional local property tax revenues, 
the implication is new housing units must be built to satisfy the demand for housing 
by these new direct and indirect workers; otherwise, there would be no additional 
property tax revenues received by local governments if no new housing units are 
needed over the life of the mine project.  Therefore, the effects on the study area 
associated with these new housing units, as indicated by Applied Economics, have 
not been addressed by USFS in the DEIS.  Conversely, if USFS is correct in 
concluding no need exists for additional housing, then USFS should have critiqued 
the Applied Economics the tax revenue on this point rather than simply accepting 
the tax revenue impact as given by Applied Economics.  

 
671.672. Environmental Consequences: Impacts Common to All Action 

Alternatives: Taxes and Revenues, Page 742 
 

USFS cites “annual property taxes paid by the company are estimated at $3.5 
million per year” [p. 742].  This amount, which was reported in the Rosemont 
Copper Project Feasibility Study, Volume 1, August 2007 [p. 1-105 and 1-112] and 
the Rosemont Copper Updated Project Feasibility Study, Amended March 2009 [p. 
111], overstates direct company property taxes as a result of subsequent 
legislative changes in taxation.  Laws 2011, Second Special Session, Chapter 1, 
Section 84, reduces the current 20% assessment ratio for taxation of commercial 
property, including operating mines, by 0.5% each year from 2013 through 2016.  
Therefore, realized company property taxes would be at most $3.15 million per 
year (i.e., 90% of the amount referenced above) should the Rosemont Copper 
Project commence mining operations in 2016.   
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A notation in the Rosemont Copper Project Feasibility Study indicates a “property 
tax allowance of $3.5 million per year was included in the cash flow” analysis, “the 
basis was a study performed by Donald Ross Consulting” [p. 1-105].  The Donald 
Ross Consulting study predates the feasibility study, so it is unclear what 
assessment ratio was utilized in the pro forma cash flow analysis reported in the 
feasibility study.  Since the assessment ratio for operating mines was 24% in 2007, 
it possible that realized direct company property taxes may be only 75% of the 
amount cited by USFS in the DEIS. 

 
 
ENVIRONMENTAL JUSTICE 
 
Water Supply 
 

672.673. Small public water systems and individual well owners are more 
vulnerable than large public or private water companies to changes in water quality 
and water availability.  Their wells serve one or a few families located in a relatively 
small area, so relocation of the well away from areas of depletion will not possible.  
Water quality sampling is typically limited and infrequent, compared to the more 
extensive requirements imposed on large private and municipal providers, so 
ability to detect changes in water quality is lower.  In addition, most of their wells 
are not drilled as deeply as municipal, agricultural, or industrial users, making them 
inherently more vulnerable to groundwater depletion.    

 
673.674. The SEIS should have a figure showing the relationship of colonias, 

public water wells regulated by Pima County, domestic exempt wells, and the 100-
year drawdown area.   Pima County can provide the first two types of information in 
shapefiles for further analysis (see example below). 
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674.675. Rosemont has indicated its willingness to provide insurance for well-
owners who sign an agreement with them limited their right to damages.  The 
agreement would only cover wells in a certain area.  That area should be shown on 
the same map as the public water wells regulated by Pima County and the 
domestic exempt wells in the area. 

 
675.676. A number of colonias have been identified in the general vicinity of 

Sahuarita (see figure above).  These lie outside the groundwater protection area 
for mitigation. HUD defines a colonia as an unincorporated community within 150 
miles of U.S.-Mexico border, population <10,000 that is low and very low income, 
lacks safe, sanitary and sound housing, as well as services such as potable water, 
adequate sewage & drainage.  In these areas, access to infrastructure financing to 
address the effects of drawdowns and changes in water quality is typically limited.   

 
676.677. The 20-year time frame is inappropriate for impacts analysis on water 

supply and water quality in colonias and on the San Xavier District of the Tohono 
O’odham Nation.  Water is the basis for occupancy of the land, which should 
continue after 20 years.  Without access to potable water, individuals may be 
forced to pay for water delivery or even move.   

 
677.678. A SEIS should address effects of the 100-year drawdown and proposed 

uses of CAP on the Southern Arizona Water Rights Settlement Act.  In particular, 
identify how the drawdown imposed on the San Xavier District may affect the buffer 
zone objectives of the SAWRSA. 

 
General  
 

678.679. The Environmental Justice requirement was established by Executive 
Order 12898 (February 11,1994).  The U.S. EPA defines environmental justice as: 

 
  “Fair treatment and meaningful involvement of all people regardless of 
  race, color, national origin, or income with respect to the development, 
  implementation, and enforcement of environmental laws, regulations, and 
  policies.  Fair treatment means that no group of people should bear a  

disproportionate share of the negative environmental consequences 
resulting from industrial, governmental and commercial operations or  
policies. 

 
“Meaningful involvement means that 1) people have an opportunity to  
participate in decisions about activities that may affect their environment 
and/or health; 2) the public’s contribution can influence the regulatory  
agency’s decision; 3) their concerns will be considered in the decision- 
making process, and 4) the decision makers seek out and facilitate the 
involvement of those in the potentially affected.” (emphasis added) 

 
The following groups were identified in the draft EIS as protected groups 
(minority, low income, or living below poverty level) for the purposes of the 
Rosemont Copper Project: 

1. Santa Cruz County 
2. San Xavier Pascua Yaqui Tribe 
3. Tohono O’Odham Nation 
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(Chapter 3, page 38, lines 10-14) 
 

“FAIR TREATMENT” REQUIREMENT IS NOT SATISFIED 
The Fair Treatment standard mandates an analysis of any serious disparate 
impact on protected classes by the Rosemont Copper Project. 
 
First, it is notable that the draft EIS devotes 38 pages of narrative, charts, and 
diagrams to description and explication of social and economic factors 
characterizing the Rosemont Analysis Area and the methodology for identifying 
protected groups. (Chapter 3, pages 1-38) 
 
However, only one-half of one page is dedicated to analyzing the impact on the 
three identified groups affected by the Rosemont project. (Chapter 3, page 50, 
lines 42-44 and page 51, lines 1-17). 
 
On its face, this brief and superficial statement does not meet the “Fair 
Treatment” standard for determining disproportionate high and adverse impacts 
on individuals in the three protected classes.  The conclusions are not supported 
by objective data or information, and there is no recognition or discussion of the 
fact that protected classes do not have the same resources possessed by more 
privileged groups.  The latter have more mobility and adaptability when 
confronted with changing conditions, such as the multiple impacts of the 
Rosemont Copper Project. 

 
679.680. The draft EIS dismisses any environmental justice health concerns by 

stating that other, non-protected groups are present in the Rosemont impact area 
so that negates any environmental justice issue. (Chapter 3, page 51, lines 6-11)  
This approach would render the Environmental Justice Executive Order 
meaningless, as there are very few relevant geographic areas in the United States 
which do not include at least one unprotected class of citizens in addition to 
protected classes. 

 
Concerning serious and disparate economic impact on protected classes, the draft 
EIS states simply that the low income population may have greater employment 
opportunities as the mine is constructed and operated. (Chapter 3, page 51, lines 
3-5) 
 
At a minimum, the environmental justice Fair Treatment standard requires that the 
EIS include objective health risk and economic assessments of the preproduction 
and production phases of the Rosemont copper project on Santa Cruz County 
residents, Tohono O’Odham Nation members, and Pascua Yaqui Tribal members. 
 
Human health assessments would include but not be limited to air and water 
quality, noise pollution, and water supply impacts.  The economic evaluation would 
assess the loss of tourism and recreation revenue and the disproportionate impact 
on low wage workers in the protected classes, and compare such loss, if any, to 
the offsetting increase in protected class employment opportunities presented by 
the preproduction and production phases of the project. 
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It is impossible to determine from the draft EIS if there would be disparate impacts 
on protected classes because the document completely fails to provide sufficient 
data and analysis for a complete and accurate assessment. 

 
680.681. “MEANINGFUL INVOLVEMENT” REQUIREMENT IS NOT SATISFIED 

The draft EIS section on Environmental Justice fails to mention any action taken to 
satisfy the Meaningful Involvement legal requirement. 

 
The draft contains no information or discussion concerning any community 
outreach efforts, undertaken to ensure that the identified protected groups had 
sufficient opportunity to provide feedback on the Rosemont copper project, which is 
mandated by the Meaningful Involvement standard described above. 
 
A generally noticed area-wide meeting or series of meetings is insufficient to 
provide outreach to the three protected classes, Santa Cruz County residents, 
Tohono O’Odham Nation members, and Pascua Yaqui Tribe members. 
 
Protected classes by definition require special attention and effort, and 
communication methods which may suffice for the mainstream non-minority, non-
poverty population are inadequate means for involving the protected groups.  The 
reasons include: 

 lack of access to electronic and print media 
 economic barriers to travel to meeting sites 
 inability to read or comprehend the English language, and  
 cultural barriers limiting participation in large contentious public forums 

 
Meaningful outreach to the three protected classes might include  

 small local meetings chaired by community leaders 
 workshops with participants selected from the protected groups 
 use of local media (e.g., monthly newsletters or newspapers), and 
 attendance and participation at various community events 

 
Without verification of meaningful Involvement of the protected classes, the EIS 
does not comply with Executive Order 12898. 

 
CONCLUSION 

681.682. Without a credible exploration of adverse and serious impacts on the 
three identified protected groups, there can be no exploration of mitigation 
strategies, monitoring needs, or preferences of the affected communities. 
 
Without targeted outreach and communication with the protected groups, there is 
no assurance that there has been meaningful involvement of that population. 
  
The draft EIS fails to meet the Fair Treatment and Meaningful Involvement 
requirements established by Executive Order 12898, which defines environmental 
justice standards.  At a minimum, a supplemental EIS is needed to address these 
legal mandates.   
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Technical Memorandum 
Review of the Proposed Rosemont Ranch Mine Draft Environmental Impact 

Statement 
Water Resources–Related Sections 

Prepared for Pima County and Pima County Regional Flood Control District 
January 5, 2012 

Prepared by: 
Tom Myers, PhD 

Consultant, Hydrology and Water Resources 
6320 Walnut Creek Road 

Reno, NV  89523 
tom_myers@charter.net 

 
The Coronado National Forest Service has released the Draft Environmental Impact 
Statement for the Rosemont Copper Project (DEIS).  This technical memorandum 
reviews the water resources/hydrogeologic aspects of that project. 
This author had reviewed the administrative DEIS (ADEIS) on behalf of Pima County.  
This review focuses first on whether the Forest Service (FS) accounted for the previous 
comments.  Second, there is an overall review of the water resources/hydrogeologic 
aspects of the DEIS, with emphasis on issues not previously raised (Myers 2011, 2010a 
and b, 2008).  These reviews were of various technical reports regarding groundwater 
modeling, conceptual models, and the pit lake model, that have been used for the DEIS.  
These reviews are not repeated herein, although the summary of two of the reports have 
been quoted herein.   
 
Third, this technical memorandum provides a review of fate and transport study for the 
waste rock, tailings, and heap leach facility.  An impetus for reviewing this document was 
the decreased recharge simulated by the groundwater models in the area of pit due to 
these facilities. 
 
SUMMARY AND CONCLUSIONS 
 
The DEIS did not adequately accommodate comments previously made by Pima 
County.  Most of the changes the FS made between the administrative DEIS and this 
DEIS, noted below, are cosmetic.  The FS did not complete any new or change any of 
the previous analyses in response to Pima County’s comments.   
 
The DEIS did not consider partial or complete backfilling of the pit as an action 
alternative because the FS wants to maintain a pit lake as a hydraulic sink because of a 
fear the backfill could contaminate the water flowing through the pit, although elsewhere 
the FS argues the backfill will not generate substantial contaminants. The FS fails to 
analyze the advantages of backfilling the pit:  vastly decreased drawdown in the 
watershed and not creating a lake that essentially isolates almost 96,000 af of 
water in a dry desert region that is running low on water supplies. 
 
A rock drain would be provided to pass surface drainage beneath the waste rock dump 
and tailings impoundment.  The DEIS does not provide adequate discussion about 
how the drain would be maintained in perpetuity and what occurs if the 100-year 
design storm is exceeded, as will occur at some point in perpetuity. 
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Mountain front recharge is not accurately analyzed in the DEIS, and this leads to a 
potentially gross under-estimation of the impact on this component of the water 
budget.  The predictions that runoff will decrease up to 50 percent indicate that recharge 
through the stream bottoms will decrease substantially.  Because much of the runoff 
becomes recharge along the stream channel both above and below the model point, the 
proposed project could have an exceptional impact on mountain front recharge, which 
includes recharge further north in the Cienega watershed from the Davidson Canyon.  
The amounts could be as high as 700 af/y, which is not considered by any of the 
groundwater model reports or the DEIS, which does not estimate changes to mountain 
front recharge.  The decrease in recharge could extend north into the lower Cienega 
Basin because less water will discharge onto the basin near the outlet from Davidson 
Canyon. 
 
The DEIS should consider in more detail whether there are periods during which 
the forming pit lake may not be terminal.  The preferred action, and all of the action 
alternatives, would allow a pit lake to form in the pit once dewatering ends to create a 
terminal sink with groundwater and contaminants from most mine facilities flowing 
towards it.  However, as it fills, groundwater flowing in from one area may flow out 
through a different area.  This would occur if the groundwater level recovery differs on 
different sides of the pit, such as water levels recovering faster on the west side of the pit 
due to more area draining to that area even though the model simulates a flow boundary 
on that side of the domain.   
 
The DEIS must justify the parameters used and complete a sensitivity analysis of 
the parameters to demonstrate that the results of the seepage modeling are 
feasible; this is especially needed since there is no data to calibrate to.  They must 
also justify ignoring preferential flow paths through the waste rock.  The mine 
facility seepage analysis predicts there will be essentially no seepage through waste 
rock facilities, a result that is simply not feasible.  The modeling used parameters in 
which the conductivity for relatively dry rock is six orders of magnitude less than when 
saturated.  These parameters would allow a wetting front to move through unsaturated 
waste rock only very slowly; even most of a large event would be stored in the top few 
feet.  After the storm ends, the close proximity of most of the seepage to the ground 
surface would allow the water to be evaporated away because evaporation would 
quickly establish an upward matric potential gradient.   
 
The DEIS does not adequately describe a monitoring plan for groundwater levels 
or quality.  It is not appropriate to allow a major portion of the mitigation plan to be 
established as part of the groundwater discharge permitting process. 
 
The DEIS is an incomplete disclosure of potential impacts because it suggests 
that some analyses are still being completed and will be a part of the final EIS.  
The DEIS has also indicated that three things might be analyzed prior to the FEIS.  
These are aggradation/degradation analysis of the change in sediment load, longer term 
kinetic tests, and a biological resource analysis of the surface water quality exceedance 
in the pit lake.  The DEIS indicates the fate and transport studies for seepage through 
waste rock and tailings are being updated to reflect the peer review reports.     
 
PREVIOUS HYDROLOGIC COMMENTS MADE BY PIMA COUNTY 
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This reviewer made comments on behalf of Pima County regarding the administrative 
DEIS (ADEIS).  This section considers the responsiveness of the agency to those 
comments.  The comments are quoted verbatim, indented and in italics, from the 
County’s comment form.  Then, I searched the DEIS to determine whether it had been 
changed in response to the comment.  Finally, I make recommendations, which are 
numbered, as to how the comment should be implemented. 
 
The first ADEIS comment is: 

 
The project description indicates that process water will be obtained from wells in 
Santa Cruz Valley as well as from pit dewatering.  The DEIS should note whether 
all dewatering water will be used onsite.  Especially if they collect the water from 
sumps on the pit floor, the water could have poor quality.  It may require 
treatment before it can be used for process.  The DEIS should discuss the 
alternative uses for this water.  Dust control is one obvious use for dirty water, 
but there may be more dewatering water than needed for dust control. ADEIS Ch 
2, p 14. 
 

According to DEIS Figure 5, pit dewatering would report to the PW and TS Pond and be 
cycled through the reclaimed water tank to use for ore processing, from which it would 
report to the tailings or concentrate load.  The amount of dewatering water (DEIS, p 230) 
would be about 20 percent of the amount expected to be obtained for processing on the 
west side.  Because they are mixing it with tails water, the quality should not be an issue 
during mining. 
 
The DEIS does not indicate what would be done with excess dewatering water.  The 
DEIS also does not indicate what would be done with excess process water. 
 

Mitigation on the east side must include a system of water level monitoring wells 
to verify the predicted changes in the water level due to dewatering.  The 
mitigation plan should also include triggers for action if the drawdown at certain 
points reaches certain levels.  There is also a need for water quality monitoring 
wells. 
 

Groundwater monitoring as mentioned in the DEIS (p 32, 80, 234) is not specific as to 
locations.  DEIS Appendix C has a monitoring section for both groundwater quantity and 
quality (DEIS Appendix, p 127).  The plan states only that water levels “will be regularly 
monitored near the operational pumping areas”.  It does not specify frequency or provide 
a location.  Measuring and reporting annually, as also suggested (Id.), is insufficient, at 
least initially, because annual monitoring will not establish season trends, although the 
mining company has in the past argued against reporting relatively small water level 
changes because they are within the natural variability (Tetra Tech 2010a).  For the east 
side, it is not clear what is meant by “operational pumping area” because the dewatering 
will mostly occur inside the pit.  The plan to compare the results with the groundwater 
model predictions every five years is probably sufficient if there are sufficient wells to 
compare.  The following recommendations apply to groundwater level monitoring on the 
east side: 
 

1. Groundwater model drawdown predictions should be used to site 
monitoring wells to determine whether the models are predicting 
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drawdown as expected.  All three models should be considered, especially 
where there is variation among models.  Monitoring wells should be sited 
far enough from the mine and early enough to establish a pre-mine 
baseline. 

2. The monitoring wells should be monitored monthly until a seasonal trend 
can be established, or for five years minimum. 

3. Beyond the seasonal water level monitoring period, the wells should be 
monitored twice a year, in perpetuity or until the water levels have 
recovered to steady state post mining, at the times coinciding if maximum 
and minimum levels. 

Additional mitigation should include plans to accommodate more dewatering than 
currently forecast.  If there is more water in the bedrock than currently estimated, 
the dewatering needs could exceed forecasts substantially.  Alternatively, if the 
pit intersects a fault zone, the pit could start drawing groundwater from much 
further than expected, which could cause drawdown outside the current expected 
drawdown cones. 
 

The DEIS does not discuss the potential for there being substantially more dewatering 
water than predicted.  As noted, this could occur due to intersecting especially 
productive fracture zones or the pit intersecting a substantial amount of water relatively 
isolated from the environment. 
 

4. The DEIS must include a plan for discharging or using dewatering water 
beyond the expected amount. 

5. The monitoring plan should require the mining company to note the 
location of excessive amounts of groundwater inflow.  If from a fracture 
zone, the mining company should map the fracture trace to determine the 
source of the water.  If this increases the expected amount of dewatering 
substantially or changes the expected source, they should prepare a new 
hydrogeologic study predicting future amounts of dewatering and planning 
to monitor and mitigate it. 

6. If dewatering rate surpass a given trigger point, the mine should be 
required to complete a supplemental environmental impact statement to 
consider the ramifications of the additional dewatering. 

7. The trigger point could be dewatering at 60 percent higher than expected 
for two months.  This is the trigger used for similar considerations at the 
proposed Montanore Mine in Montana (Kootenai National Forest, 
Environmental Impact Statement for the Montanore Project, 2011). 

The DEIS refers to “dewatered tailings” that will have just 8% water content.  The 
DEIS should explain how they are dewatered and how the water is disposed of.  
If it is through evaporation, the DEIS should analyze the air quality issues with 
the disposal. 

 
The DEIS does not address this concern further; there is still no information on how the 
tails are dewatered or what is done with the excess water. 
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The DEIS should define “process water”. 
 

It is defined in the glossary as water that has been used to process ore. 
 

There will be a central drain under the waste rock dump to pass stormwater from 
above.  Apparently it will be just large rocks pile to form the drain.  There are 
several concerns with this design.  First, fine material from above could settle into 
the space between the rocks and decrease the flow capacity.  Second, a 
substantial amount of water will contact this waste rock, including the settled 
fines, and could leach contaminants.  Third, seepage through the waste rock will 
discharge into this drain and create potential poor water quality downstream. 
The central drain also must be included in mitigation.  There must be a plan to 
inspect the drain after the mine closes to assure it, and the storage pond 
upstream, is working properly. 
 

The DEIS mentions that the central drain will be constructed of rock selected for size 
and chemical inertness (DEIS, p 49), but does not specify how this would be done.  The 
central drain design would pass the 100-year, 24-hour storm event volume within 30 
days (DEIS, p 51); detention storage of 436 af would occur in the upstream attenuation 
pond.  The DEIS does not indicate what happens during a larger volume storm.  Water 
passing the drain will discharge to a compliance pond.  Chapter 2 does not describe the 
compliance pond, other than refer to Figure 10 which shows its location at the 
downstream side of end of drainage.  The drain would be changed to a “series of flow-
through drains and drainage basins” in all alternatives other than the proposed action. 
 
The compliance point dam forms a “final sediment pond located at the outlet of Barrel 
Canyon” (DEIS, p 340); it would be constructed as part of all alternatives of large inert 
waste rock.  Its’ size is just two af, so it may be overtopped frequently.  The central drain 
would report to this pond. 
 
Since this drain must work in perpetuity, the DEIS must consider the fate of additional 
water. 
 

8. The DEIS should discuss what occurs if the flow exceeds the capacity of 
the central drain or volume detained above it exceeds the available storage 
capacity. 

9. A similar concern exists for all of the flow-through drains.  The DEIS must 
discuss what happen to excess water, especially once the facility has been 
closed. 

10. The DEIS should discuss the long-term maintenance plan for the central 
drain or the flow-through drains. 

The DEIS improperly dismisses complete or partial pit backfill.  The primary 
reasoning appears to be the desire to create a hydrologic sink in the pit lake, 
rather than having a flow-through system as backfill would potentially create, 
unless it is filled just to the level that would maintain it as a sink.  This reasoning 
is flawed for three reasons.  First, the DEIS notes elsewhere that seepage 
through waste rock will not degrade the ground water.  If this is the case, 
groundwater flowing through the backfilled rock will not degrade groundwater 
either.   Second, the concern about the backfilled material including that which 
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has contacted process water is not legitimate because it could be backfilled 
above the projected water table.  If seepage into the unsaturated backfill is a 
problem, then leaving the material on the surface in a tailings impoundment or 
waste rock dump surely must also cause leaching which could affect 
groundwater.  Third, the backfilled pit could have the same cover as proposed for 
the above ground facilities; the DEIS argues that this cover will prevent 
significant infiltration.  If a cover could work on the facilities, it could also work on 
the top of the backfilled pit.  Therefore, keeping the worst material unsaturated 
should satisfy concerns about leaching contaminants.  If this cannot be 
accomplished in a backfilled pit where the surface area requiring a cover is much 
less, then it would certainly not be accomplishable on the separate facilities 
remaining above ground. 
 
Although the 10 percent seems questionable since the pit lake would be over 
1200 feet deep, the argument that moving this amount of rock and maintaining a 
sink “would not appreciably reduce the impacts” is flawed.  Backfilling the pit so 
that a lake does not form would save from being in a terminal lake with no 
possible use more than 90,000 acre-feet of groundwater.  This would be one of 
the larger human-made lakes in Arizona.  Clearly, allowing the continued use of 
this water justifies the additional cost and other impacts. 
 

The DEIS treated partial or complete backfilling of the pit as an alternative considered 
but eliminated from future study (DEIS, p 84-85).  They eliminated backfill because they 
indicate that “maintaining a hydrologic sink” would capture any contaminants, which is 
“an acceptable and desirable condition … should pit water become contaminated” 
(DEIS, p 85).  The FS argues that backfill would eliminate the hydraulic sink and 
increase “the risk of detrimental impacts to groundwater chemistry from potential 
contaminants in pit lake water” (Id.).  Elsewhere in the DEIS, the FS indicates that 
seepage through the waste rock would be relatively clean.  With backfill, any potentially 
acid generating (PAG) rock could be segregated and placed above the water level; 
alternatively, PAG rock could be placed very deeply so that it is submerged deeply so 
that oxidation, if it occurs, ends quickly.  If seepage through the backfilled waste rock 
could be a problem, then it can also be a problem dumped on the ground surface. 
 
Additionally, the DEIS fails to analyze the advantage of backfilling the pit, and that is 
vastly decreased drawdown in the watershed and not creating a lake that essentially 
isolates almost 96,000 af of water (DEIS, p 291) in a dry desert region that is running low 
on water supplies.  Other advantages include eliminating a visual blight on the land, the 
waste rock dump, and better containing potential seepage through the waste rock; if 
seepage does leach contaminants from the waste rock dumps, it could contaminate 
surface water. 
 

11. The DEIS should analyze and disclose the advantages of pit backfill so that 
the decision makers have both sides to consider. 

12. The DEIS should consider the value of the water lost to the pit lake. 
13. The DEIS should disclose the steps that the mining company would have to 

take if the pit lake did become contaminated to protect wildlife. 

The DEIS should specify where the monitoring wells will be located and from 
what level the samples will be taken. 
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The DEIS only refers to groundwater quality monitoring as being necessary for the 
Arizona Aquifer Protection Permit (APP).  Therefore, the DEIS does not disclose to the 
public where groundwater quality will be monitored.  The APP overlaps with the 
groundwater level monitoring in that the model for a “hydrologic sink [must] be updated 
periodically” (DEIS Appendix, p. 128); the pit and future pit lake are the hydrologic sink.  
This coincides with the requirement to update the groundwater model discussed above. 
 

14. The DEIS should provide locations for future water quality wells, not just 
allow their location to be a part of a future APP process. 

Also, any pit lake subject to evaporation will concentrate constituents in the lake 
by virtue of evapoconcentration. 
 
The table presents the fact that “modeled water quality in mine pit lake meets 
standards”.  Pit lake models are notoriously uncertain.  Models at the McCoy 
Cove Mine, Lone Tree Mine, and Sleeper Mine in Nevada failed to predict they 
would either turn acidic or vastly under-predict sulfate.   
 

There are many potential problems with disclosure in the DEIS of the potential and 
probable conditions to be found in the pit lake.  The DEIS presents just one snapshot in 
time of the predicted conditions, at 200 years when the pit was at approximately 75 
percent of its ultimate depth; this would have been less than 75 percent full because of 
there being more volume per unit depth the higher the water level becomes.  The DEIS 
discloses that the pit lake water quality would exceed surface water standards for silver, 
cadmium, copper, lead, mercury, selenium, and zinc (DEIS, p 294).  Sometimes, pit lake 
water quality can be substantially different at different times.  Acid conditions can occur 
early if PAG rock drains into the pit before significant buffering occurs.   
 
Pima County identified many shortcomings with the pit lake modeling and presented 
them to the FS in 2010 (Myers 2010).  The DEIS did not improve the pit lake model in 
response to those comments.  The following list, from the summary of Myers (2010), is 
of items that had not been considered or were improperly considered in the pit lake 
modeling 

Precipitation through Pit Walls - the model ignores precipitation that 
percolates through the pit walls to the groundwater table or to the pit lake 
as interflow.  It ignores both the water and chemical loading. 
Groundwater Chemistry in Pit Walls - the model ignores changes that 
occur to background groundwater as it flows through the disturbed rock 
on the pit walls to the forming pit lake. 
Effects of Weathered Rock on Inflow Water Chemistry - the model does 
not account for the higher initial inflow of constituents that occurs due to 
weathering in pit wall; the tests used to determine chemistry of inflow to 
the pit does not use weathered rock. 
Pit Wall Surface Area - the runoff model does not account for changing 
proportions of exposed surface area in the pit walls. 
Variations in Groundwater Chemistry - the model ignores the different 
groundwater chemistries by treating the inflow as a simple average of 
eight wells in proximity of the pit. 
First Flush of Oxidation Contaminants - the model ignored the first flush of 
contaminants resulting from oxidation of weathered wall rock. 
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Differential Pit Wall Formation Flow Rates - the model ignores the 
differential flow rates to the pit for different pit wall formations with 
different properties. 
Oversimplification of Pit Lake Dynamics - the model assumes away 
simple pit lake dynamics such as the potential for stratification and 
seasonal mixing. 
Inaccurate Estimate of Percentage of Groundwater Inflow - the report 
inaccurately estimates groundwater inflow as being 95% of all inflow. 

 
Pima County’s report also included the following list of recommendations, which the FS 
did not consider by redoing or improving the pit lake model (Myers, 2010). 
 

 Improved pit wall runoff estimates or better justification for the current 
assumptions 

 Estimates of water and chemical loading for pit wall interflow 
 Estimates of water and chemical loading for recharge to the groundwater 

table through the pit walls. 
 Loads from the leaching of the fractured rock subsequent oxidation in the 

pit wall 
 Differential inflow rates by geologic formation 
 Oxidation products due to dewatering the aquifers 
 Better justify their assumptions the pit lake will not stratify or they should 

include stratification in their model. 
 Run the model using the MWMP results rather than SPLP results 

because dissolution is the more important process.  This could be 
considered to provide an upper bound on the pit lake chemistry. This 
might help to minimize the bias introduced by using unweathered rock in 
the tests. 

 Use input chemistry that varies with time based on the number of pore 
volumes of leachate that has passed the samples. 

 Description of how the model accounts for changing rock-type 
proportions. 

 The report should at a minimum discuss the evolution of water quality 
with time. 

 
The DEIS should consider the following additional recommendations. 
 

15. The FS should improve the pit lake predictions in the DEIS by considering 
the comments presented above.   

16. The DEIS should present pit lake water quality results for 20, 50, 100, 200, 
and 750 years rather than just for 200 years.   This would provide better 
disclosure of how the pit lake water quality evolves with time. 

17. The DEIS should also present the effects the surface water quality 
exceedances could have on biological resources. 

If there were 48 instances of laboratory error in detecting organic constituents, 
the FS should require the samples be redone at a different lab. 
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The DEIS (p 285) repeats this error, which affects the quality of the organic constituent 
analyses. 
 

It does not seem reasonable that infiltration from waste rock be close to zero 
because natural recharge in this area is not zero.  Blasted waste rock is almost 
certainly more conductive than the in-situ rock.  It is also unlikely that the one-
foot thick cover will result in less infiltration than the natural soil and vegetation 
regime. 
 
Similarly, it is not reasonable for the seepage through a leach pad to cease.  
Leach pads are designed to conduct flow.  All water that gets through the cover 
will become seepage.  Based on experience, the long-term seepage through 
heaps in more arid climates in Nevada do not approach rates as 
 
Experience has shown that waste rock dumps in much drier climates will have 
seepage. 
 

These three comments refer to the estimates of infiltration through waste rock, which 
have been estimated to be near zero.  These comments had been made without 
reviewing the waste rock seepage study. 
 
Most of the modeling is based on Tetra Tech (2010).  A separate review of that report is 
included below.  This section responds to the cursory presentation in the DEIS. 
 
The DEIS indicates the fate and transport studies for seepage through waste rock and 
tailings are being updated to reflect the peer review reports.  This means the basis for 
the DEIS analysis may be changed and the public will not have a chance to review the 
updates prior to the final EIS. 

 
The DEIS does not specify a treatment system for heap drain down, but states 
that two systems are being considered.  How will the agency decide? 
 

The DEIS does not discuss drain down in Chapter 2, where it describes the alternatives.  
It mentions that “[g]eochemical modeling of the heap leach facility indicates that 
conceptually at least one type of passive treatment system is capable of preventing 
discharge of contaminants to groundwater” (DEIS, p 296).  This claim is meaningless 
because treatment does not prevent discharge; only a collection system that captures 
100 percent of the drain down would prevent discharge.  Treatment never removes 100 
percent thereby eliminating the discharge.  “Continued drain down … will require 
collection and treatment under the aquifer protection permit; details of the technology are 
not yet determined” (Id.).  This is another example of how the DEIS fails to disclose a 
very important aspect of the mine plan – how to treat heap drain down and prevent 
contamination. 
 

18. The DEIS must present a plan for treating heap drain down and for closing 
the heaps, before they are buried in waste rock. 

This table presents the results of four hypothetical scenarios for modeling the 
long-term pit lake chemistry.  The table shows that most of the modeled 
constituents will be much below the drinking water standard after 200 years.  The 
revised pit lake modeling did not take into account the recommendations for 
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considering all loads to the lake that Pima County had made in a previous review 
of the pit lake model.  The exception was that the revised model considered the 
blasting effect creating a six-foot thick skin.  See the Society of Mining, 
Metallurgy and Exploration book: Mine Pit Lakes: Characteristics, Predictive 
Modeling and Sustainability, ed. By Devin N. Castentyk and L. Edmond Eary. 
 

The table referred to was 3.7 in the ADEIS which is Table 68 in the DEIS.  The 
comments above regarding pit lake modeling apply here as well. 
 

It is common to use 10 feet as the drawdown of concern for a private water well.  
The problem is that 10 feet could cause serious harm if it draws the water level 
below the most productive aquifer zones.  In other words, most well logs reveal 
stratification much finer than the layers that are simulated in a model.  Although 
screened over tens of feet, a majority of the water may emanate from a relative 
thin section.  If that is within the top 10 feet of the screen, a 10-foot drawdown 
can be very detrimental. 
 
A five-foot drawdown is too high of a limit to consider whether springs could be 
affected.  The drawdown caused by this project adds to the natural variability.  If 
a spring is naturally dry part of the year, as a little as a one-foot drawdown could 
cause a big difference.  Springs discharging from bedrock could be significantly 
affected by a one-foot drawdown if it represents a change in the gradient 
controlling the discharge. 
 

This section (DEIS, p 210) has not been changed, and the comments still apply.  
Specifically, if drawdown lowers the water table below the productive zone in a well, the 
well will be affected.  The U.S. Geological Survey recently published a modeling study 
predicting 1-ft drawdown in Snake Valley of eastern Nevada (Halford and Plume 2011).  
They utilized 1 foot so that they could demonstrate the zones of groundwater capture; 
lowering the water table as little as a foot will affect spring discharge and groundwater 
ET.  Because springs are of primary interest at Rosemont, there is no reason to not 
consider 1 ft drawdown as a threshold of concern. 
 

This section describes the development of the numerical model, but ignores the 
important role of the conceptual model.  Without an accurate conceptual model, a 
numerical model is wrong, EVEN IF IT REPLICATES THE OBSERVATIONS 
CORRECTLY.  An accurate conceptual model helps to make the numerical 
model unique. 
 
It is incorrect to equate verification with validation.  Validation is the process of 
completing a post audit on the model to determine whether it was accurate years 
after being used for decision making.  See Anderson and Woessner, 1992,  
Applied Groundwater Modeling, page 9. 
 
It is true that “unverified” models can be used for predictions.  However, it should 
be noted that even if the model were verified by showing it accurately simulates 
conditions over a period of years even with observed local pumping, the mine 
construction and dewatering will stress the aquifer far beyond the range of 
calibration or verification.  This is more important than the uncertainties caused 
by running the simulations far into the future.  The DEIS should make this clear 
because it represents how uncertain the model predictions actually are. 
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Pima County also completed peer review of the groundwater models.  The DEIS 
should list the major problems with the models that the county identified. 
It is inappropriate to use a model for which a new sensitivity analysis has been 
requested because that sensitivity analysis could show the model to be 
conceptually wrong.  The Pima County review of the Tetra Tech model also 
raised the issue of the porphyry dike.  Geology maps suggest the porphyry dike 
is not continuous but TT modeled it as though it is.  There must be hydrologic 
data to justify the use of such a feature that is a major impedance to flow – 
impedance that limits the effect of the mine on downstream features. 
 
The review of the groundwater models is too cursory.  The write-up provides no 
adequate description that the public could understand, yet in its attempt to 
explain the models it uses terms that only a modeler would understand.  For 
example, the term “boundary” immediately conjures an image to a member of the 
public but that image would be very incomplete regarding these models because 
in a numerical model boundary means to set certain conditions regarding 
 
One of the ways the ADEIS compares models is to discuss boundaries.  It would 
be useful if the ADEIS presented some guidelines as to how the boundaries are 
selected, to aid in comparison.  From Anderson and Woessner (1992), p. 100, “It 
is advisable to select physical boundaries whenever possible…A two order of 
magnitude contrast in hydraulic conductivity may be sufficient to justify placement 
of an impermeable boundary…” 
 
It would be more accurate to refer to “Withdrawal Sinks”.  A “Source of 
Withdrawal” seems a contradiction in terms.  Hydrologists refer to sources and 
sinks. 
 

These comments on the ADEIS all refer to the way the DEIS presents the groundwater 
modeling effort.  The DEIS has removed the reference to verification being the same as 
validation, but they fail to acknowledge how the stress to be caused by dewatering 
exceeds any transient stress observed to date.  It also acknowledges having received a 
peer review from Pima County.  The DEIS descriptions of the groundwater models has 
not increased or improved in any meaningful way from the ADEIS. 
 
One comment concerns the modeling of the porphyry dike in the Tetra Tech model.  The 
ADEIS indicated that a sensitivity analysis of the dike “has been conducted and is 
currently being reviewed”; the DEIS repeats this section verbatim (DEIS, p 223).  Even 
though more than three months passed between the ADEIS and DEIS, the FS failed to 
include the results of the sensitivity analysis of perhaps the most important conceptual 
feature in the Tetra Tech model. 
 
The DEIS should include results and responses to the peer reviews completed by Pima 
County regarding the groundwater models; Myers (2011) reviewed both the Montgomery 
and Tetra Tech models and compared them with the Myers (2010) model, prepared for 
Pima County (and discussed in the DEIS).  The following excerpt of summary points 
from Myers (2011) have specifically not been considered in the DEIS nor have been 
responded to in any substantial way by the modelers.  M&A is Montgomery and 
Associates. 
______________________________________________________________________ 
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 The Tetra Tech model includes a horizontal flow barrier (HFB) simulating the 
quartz-porphyry dike damming off the groundwater flow from the upper reaches 
of Davidson Canyon to the lower parts.  Neither M&A nor Myers included this 
feature and it is not supported by the data.  Comparisons of drawdown figures 
show that it limits the extent that drawdown reaches down Davidson Canyon.   

o Without specific data showing the hydraulic effect of this feature, Tetra 
Tech has not justified its use; at present, the model is a good 
interpretative model of what would occur if there were an impervious and 
horizontally and vertically continuous dike at that location.  Specific data 
could include cores of the dike, geophysical tests, or aquifer tests with 
monitoring wells up- and downgradient of the dike. 
 

 The M&A model directly simulated the new Backbone and Flat Faults with 
specific parameter zones to simulate these features.  The primary difference 
between the conceptualization of these parameter zones with the other zones in 
the model was in anisotropy – M&A allowed for a higher north-south and vertical 
conductivity.  The vertical conductivity allowed recharge to circulate more deeply, 
which is supported by the idea that the Questa Spring has 1000-year old water.  
Both Tetra Tech and Myers had conductive zones on the west side of the 
proposed pit, but neither specifically analyzed this as a feature; nor did they 
consider the Flat Fault.   

o Simulating these features is justified by the data; its effect on the long-
range predictions is unclear. 
 

 Tetra Tech’s model allows much more groundwater inflow through its boundaries 
than did M&A, although each model had boundaries in the same locations.   

o Tetra Tech did not appropriately constrain its calibration with flow data 
which allows this additional groundwater inflow.  The simulation of this 
excess groundwater inflow is not supported by any data or geologic 
mapping.  

o The inflow should be constrained by an estimate of recharge that would 
have occurred between the model domain boundary and the basin 
boundary.  

o  The excess groundwater inflow in the Tetra Tech model may limit the 
expansion of drawdown into the Cienega Basin. 
 

 Tetra Tech has much more steady state recharge near and above the pit than 
does M&A.  They simulated in excess of 0.53 in/y all along the crest; they 
essentially forced water into non-receptive bedrock.  M&A had simulated similar 
rates over the Backbone fault but near-zero rates over the granodiorite (pCb) 
outcrops along the crest of the Santa Rita Mountains.  Myers’ rates were high 
near the fault zone but very low south along the ridge near the granodiorite 
outcrops.   
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o The extra recharge as simulated by Tetra Tech provides more water 
nearer to the proposed pit.  This extra water entering the pit area from the 
west would limit help to fill the groundwater deficit created by dewatering 
and pit development.  It may limit the extent that drawdown moves 
downgradient into Davidson Canyon. 
 

 The simulation of recharge near and through the mine facilities is a large 
difference between Tetra Tech’s and M&A’s model.  Tetra Tech has reasoned 
there would be about 75 af/y more recharge after than before mining; M&A has 
reasoned that recharge will decrease by a similar amount.   

o Both estimates are inaccurate, but Tetra Tech’s estimate provides 
additional water that helps to satisfy the pit lake deficit which decreases 
the predicted impacts due to pit lake development downstream in 
Davidson Canyon. 
 

 The Tetra Tech and M&A models used the same rectangular domain with head-
controlled flux boundaries on most sides.   

o Most modeling guidance suggests that the boundaries of a model should 
be at a point where conditions are known; usually this means the 
boundaries coincide with a topographic divide or significant change in 
formation.  The ideal is for the boundaries to be a flow line, except for 
specified inflow and outflow reaches at locations where the flow is 
constrained. 

o M&A and Rosemont should implement a much more extensive analysis of 
the intrusive rock formations west of the pit to determine whether impacts 
will extent westward, or not, and whether the model boundary should be 
on the topographic divide. 

o Myers had modeled the region between the topographic divides, and this 
would have been preferable for both Tetra Tech and M&A because it is 
preferable to simulate boundaries at locations where conditions are 
known. 
 

 Both models used the same grid discretization; however 200-foot spacing near 
the pit may be more detailed than the understanding of the hydrogeology 
justifies.  Smaller grid spacing should not be interpreted as providing more 
accurate or more precise model results. 
 

 M&A used ten and Tetra Tech used twenty model layers.  The only advantage 
Tetra Tech gained would be improved mathematical solution near the pit whether 
the gradients are steep.   

o It is not likely they know the details of the formations accurately enough to 
justify the vertical precision added by the additional layering.  Even if they 
did know the formation depths and thicknesses perfectly, they assumed 
the same parameter values applied to the entire formation, so they did not 
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take advantage of the additional precision obtained by detailed geologic 
mapping. 
 

 Both the Tetra Tech and M&A models are run for 1000 years after which time the 
pit lake is close to equilibrium.  Myers (2010) ran his model for 7500 years after 
which the pit lake level is essentially stable at a level about 300 feet lower than 
the other two models.  Myers’ water level is lower because he simulated more 
volume at depth in the pit lake. 
 

 Each model based their parameter zones on the ten hydrogeological units 
determined from the geologic mapping.  Tetra Tech determined just one 
parameter zone for each unit, adding just two during calibration – for the 
Backbone fault and for basin fill in the Tucson basin.  M&A allowed the 
parameter values to vary within a zone.   

o Because there are sufficient monitoring wells to justify this and to achieve 
an adequate solution to the solver, this is preferable and gives a more 
accurate representation.   Myers divided his original zones into 36 units.   

o The following table suggests that Myers’s steady state solution was more 
accurate, based on the absolute value of the standard deviation.  The 
percent that standard deviation was of the range was not as low for Myers 
because his simulation did not include the low elevation areas in the 
Tucson basin, so the range was just 1100 feet. 

Statistic M&A (2010) M&A (2009) Tetra Tech (2010a) 
* 

Myers 
(2008)

Residual Mean (feet) 26.2 11.3 -1.18 -4.8 
Absolute Res. Mean (feet) 58.0 61.0 97.7  
Standard Deviation (feet) 80.6 90.3 133.1 49.7 
Std. Dev./Range of Obs 
Data (%) 

2.8 2.8 4.6 4.5 

* - unweighted calibration  
 
 The Myers model is most unique because it was constrained for flow into and out 

of the domain.  The other two models could have had the same calibration 
statistics with different flows because the inflow was not constrained. 

The predicted drawdown cones for mine dewatering and pit lake development 
provide a vivid example of how the differences between the models affect the 
simulation results.   
 

 Tetra Tech Figures 8-5, -10, -11, -12, and -13 show the 100-, 10-, and 5-foot 
drawdown contours for the end of mine and 20, 50, 150, and 1000 years after 
mining.  M&A Figures 110, 111, 112 and 113 show drawdown contours at the 
end of mining, and 20, 150, and 1000 years after mining ceased.   
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 At the end of mining, the Tetra Tech model had predicted the 5-foot drawdown 
had expanded further than had the M&A model.  Tetra Tech’s 5-foot drawdown 
contour approached the dike and contained the Questa Spring.  However, the 
M&A 100-foot drawdown contour had extended further north along the ridge than 
had the Tetra Tech 100-foot drawdown contour. 
 

 Twenty years after mining had ceased, the Tetra Tech drawdown, defined by the 
5-foot drawdown, continues to be more expansive than in the M&A model.  It has 
reached the quartz-porphyry dike.  However, the M&A 100-foot drawdown 
contour covers a larger area. 
 

 After 50 and 150 years, the quartz-porphyry dike defines the downstream 
location of the five-foot drawdown in the Tetra Tech model while in the M&A 
model the five-foot drawdown has extended about three miles further 
downstream.  
 

 After a thousand years, the Tetra Tech five-foot drawdown is about a mile past 
the dike while in the M&A model it is about five miles further downstream, within 
a mile of Interstate 10.  Even after 1000 years, the Tetra Tech 100-foot 
drawdown is only about half as extensive as is the M&A 100-foot drawdown. 
 

 The drawdown cone is much more circular in the Tetra Tech model for all time 
periods.  This reflects its simpler parameterization with just one conductivity 
value for each hydrogeologic unit.  Tetra Tech did not consider heterogeneity 
within the parameter zones.  M&A drawdown contours are more convoluted, 
following the different parameter zone values.  The M&A results show the 
drawdown may be more complicated than expected from the simple 
conceptualization modeled by Tetra Tech. 
 

 Drawdown in both the Tetra Tech and M&A models extends west of the Santa 
Rita ridge crest.  Both the Tetra Tech and M&A models had conceptualized a 
connection with the west side, even though the granodiorite has low conductivity 
and the deeply dipping Paleozoic rock in which the pit is constructed may not be 
connected in a significant way to the formations on the west.   

o Allowing this connection allows the dewatering and pit lake development 
to draw water from areas west of the ridge that may not in reality be 
connected to the pit.  This extra water provided to the pit introduces a 
bias in both models and limits the distance the drawdown extends down 
Davidson Canyon.  If the models had not included this connection, the 
drawdown in Davidson Canyon may have been larger.   

o Myers’ model did not simulate this connection because it had set a 
boundary at the ridgeline based on the geology and topography. 
 

 Myers’ model simulated drawdown in Davidson Canyon to about the same 
distance as did the Montgomery model.  His model simulated drawdown further 



 196

into the Cienega basin than did either of the other models because he simulated 
more connection between the bedrock and basin fill in that basin; he also 
constrained the flows through that basin based on the flows through the Narrows 
– Tetra Tech did not.  Because there are no hydraulic data showing no 
connection – the pump tests were much too short – impacts into Cienega basin 
could occur. 

______________________________________________________________________ 
 
Myers (2011) expands further on these points, with the following recommendation. 
 
______________________________________________________________________ 

 The granodiorite intrusive rock west of the pit should be drilled to conceptualize 
the extent of fracturing.  This would verify whether this area should be treated an 
impervious boundary or as a source of water to the model.  Without such 
investigation, the model boundary west of the pit should be the ridgeline and 
should be no flow. 

 Rosemont should conduct test of the quartz-porphyry dike that crosses Davidson 
Canyon.  This should include several boreholes to assess its density and 
thickness.  The tests should include long-term pump tests with multilevel 
pumping on one side and multilevel monitoring on the others; the design could be 
similar to the long-term pump test completed near the pit.  This test would help 
determine at what levels the dike is a flow barrier, if any. 

 The long-term pump test should be redone, possibly in multiple stages.  The 
wells should be pumped from specific layers, not over all of the screened lengths 
and different geologic formations at the same time. 

______________________________________________________________________ 
 
The description of different water levels for shallow and deep wells would be 
enhanced with a map showing groundwater contours for shallow and deep wells.  
That way the reader would get a sense of the vertical gradient and its variation 
across the area being discussed, and how big that area is. 

 
The DEIS does not consider different groundwater contours maps for different well 
depths.  Such a map would show vertical gradients, which provides information on 
recharge and discharge areas.  Such analysis is critical for writing a conceptual model of 
an area. 
 

19. The DEIS should include a map of groundwater levels for both shallow and 
deep wells, for both sides of the project area.  The DEIS should also 
reconsider the conceptual model for the area in consideration of the 
vertical flow paths. 

The description in the previous paragraph IS an “indication of a perched shallow 
ground water aquifer”.  The ADEIS should provide longer-term hydrographs to 
demonstrate whether the shallow wells follow the trends in the deeper wells or 
whether there truly is a disconnect 
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This comment referred to observations concerning shallow wells on the west side, near 
the Rosemont production wells.  The description refers to water levels “in the shallow 
residential wells” being “approximately 60 feet higher in the area on the west of the 
Rosemont Copper property” (DEIS, p 232).  The DEIS states the “variation in water 
levels reflects complex subsurface aquifer units and a dynamic aquifer system” with 
“groundwater movement … controlled by location and quantity of groundwater recharge 
and discharge” (Id.).  This certainly does describe a potential perched system. 
 

20. The DEIS should identify areas of perched groundwater tables on the west 
side and discuss what pumping at the Rosemont property means for those 
areas. 

Figure 3.3 presents groundwater contours, not “[g]round water level 
measurements”.  Also, it should state whether the contours are from 
measurements or the steady state solution to a groundwater model.  The domain 
shown in Figure 3.3 looks like a model but neither the caption nor the texts 
specifies the source of the contours. 
 

The DEIS changed the description in the text to reflect the figure showing contours 
based on measurements rather than the “measurements. 
 

It is not correct to say “almost no hydrogeologic information” existed prior to 
2008.  There were several studies available from the time the mine was almost 
developed in the 1970s. 
 

The DEIS changed the description to reflect that they commenced an intensive 
hydrogeologic investigation in 2008 rather than saying no information existed prior to 
that time. 
 

The ADEIS should provide estimates of the amount of groundwater in bedrock v. 
the amount in fill and alluvium.  This would provide some context to the amount 
of water to be removed by dewatering. 
 

The DEIS does not address this comment, thus the reader still has no context with which 
to judge the predicted amounts of dewatering.  The bedrock aquifers are clearly much 
larger than the alluvium along the channels, but the relative amount of water stored in 
each may be more similar. 
 

21. The DEIS should estimate of the amount of groundwater in both the 
bedrock and alluvial aquifers.   The discussion on DEIS p 236 is a 
necessary beginning, but is strictly qualitative. 

22. The DEIS should also discuss how dewatering affects each of these 
aquifers, both qualitatively and quantitatively. 

The differing domain sizes are a reason to provide maps of the model domains. 
 

The DEIS does not include maps of the model domains. 
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Are these groundwater contours in bedrock or fill?  If not specified, there is an 
implication of direct connectivity between bedrock and fill that may not really 
exist.  
 
It would be useful for the figure to label the springs. 
 

This referred to ADEIS Figures 3.4 and 3.5.  Figure 3.4 is now Figure 31 in the DEIS.  
The figure label has not been changed, but the figure now shows two fault zones.  
Figure 3.5 is now Figure 35, and the map does now label many of the springs. 
 

23. DEIS Figure 31 should specify whether the contours are for the bedrock or 
basin fill aquifers. 

It is good to have shown how far the drawdown expands even after pumping 
ceases.  This needs to be considered in any mitigation required for this area. 
 

Most of the proposed mitigation and monitoring does not include plans to monitor water 
levels for a long period after the mine closes.  As the pit lake fills, water will be drawn 
from a long distance.   
 

24. The monitoring plan effectively should be planned, and funded, to operate 
in perpetuity. 

The ADEIS notes that they couldn’t use all of the models at all locations and 
times.  This primarily refers to the fact that the Myers model, provided by Pima 
County, did not have output for desired time periods.  Had the Forest Service 
informed Pima County that the model was going to be use, it would have been a 
simple process to provide the desired maps or drawdowns at specific points. 
 

The FS did not request updates or new maps from Pima County for the DEIS. 
 

The figure shows 5-ft drawdown 20 years after mining ceases for the Tetra Tech 
and M&A models.  These drawdown contours demonstrate vividly why the 
boundaries both models used were inappropriate.  As the ADEIS correctly notes, 
the core of the mountain west of the pit is an intrusive rock, mostly impermeable.  
By setting their GHB boundaries far west of the ridgeline, the models 
inappropriately draw water from the west side of the ridge, as shown by the 
drawdown cone extending in that direction.  
 
These figures also show drawdown for areas west of the divide and the previous 
comment continues to apply.  However, at these later dates when the flux from 
the pit lake controls the amount of water drawn toward the pit lake, allowing 
water to draw from west of the divide biases the result toward underpredicting the 
effects downgradient in Davidson Canyon.  The bias is caused by the pit lake 
evaporation drawing water from an area that in reality will not contribute flow to 
the pit – the area west of the divide.  The bias is toward less water drawn from 
downcanyon which decreases the predicted drawdown in that direction. 
 

There has been no change in this for the DEIS.  In fact, this concern continues in DEIS 
Figures 41 through 44.  These figures show the model domain and that the five-foot 
drawdown reaches the model boundary after 150 years (Figure 43).  If the 
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conceptualization that flow on the west side of the mountain could satisfy pit lake deficit 
requirements is correct, the west model boundary would not be far enough from the 
mine.  However, because the mountains are essentially impervious and the mine is 
above the valley to the west of the mountains, the boundary is misplaced; as discussed 
in Myers (2011), the west boundary should be a no-flow boundary to better simulate 
area geology.  The assumption made here would limit the extent down the Davidson 
Canyon that the projected drawdown extends. 
 

25. The DEIS should present results from revised modeling that uses proper 
boundaries on the west side of the project area.  This issue is further 
discussed in Myers (2011). 

This figure is redundant because the monitoring points are shown on the 
drawdown map, where they are more instructive. 
 

The figure has been removed from the DEIS. 
 

The table indicates that Myers (2010a) does not include 50-year drawdowns.  
That is not correct.  Figure A.7 in that report does include 50-year drawdown for 
layer 4. 
 

The DEIS has corrected this error. 
 

These figures and tables are misleading because they do not present which 
model layer was used for the data.  This is important when considering 
drawdown at a point.  Consider Rosemont Spring.  This spring may discharge 
from bedrock fractures, therefore drawdown in the bedrock controls the 
discharge from the spring.  The Myers model presented drawdown in the fill 
(layer 1) and bedrock (layer 4), but the others did not.  The tables, where they 
present Myers’ drawdown values, do not specify the model layer used. 
 

The DEIS has corrected this error in both figures and tables. 
 

Drought will also cause low flows, but this statement is irrelevant in this context 
unless the ADEIS emphasizes that drawdown will make the drought conditions, 
for a given natural return interval drought, much worse. 
 

The statement remains in the DEIS.  Drawdown will only exacerbate natural drought 
conditions. 
 

The ADEIS mentions artificial recharge as a means to mitigate the drawdown 
cause by pumping process water.  The artificial recharge should be simulated 
with the groundwater model to demonstrate its effectiveness and demonstrate 
whether the groundwater reservoir can accept the water.  If the recharge site is 
outside the model domain, another model could be necessary because the 
recharge will be of water volumes commensurate with the amount being pumped.  
The statement here counters the lines referenced in the previous comment.  This 
states that recharge will occur “far from the influence area of the mine water 
supply wells”, which is counter the mitigation measure of placing the recharge in 
the drawdown cone of the wells. 
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These comments pertain still to the DEIS, but was meant to apply to the mitigation of 
recharging with Central Arizona Project water.  It is understood that artificial recharge 
may occur far from the point of production.  The effectiveness of this mitigation cannot 
be determined without knowing the location of recharge.  Merely recharging it into the 
same basin as the production water is being pumped from may help to balance the 
basin-wide water budget, but not remedy the drawdown near the Rosemont production 
wells. 
 
Other Hydrologic Issues Not Previously Raised 
 
This section considers issues in the DEIS that have not previously been raised, either by 
comments on the ADEIS and discussed above, or by Myers (2010a, b, or c, 2011).  
Specifically, the groundwater models have been reviewed elsewhere (Myers 2011).  
Comments herein are specific to the discussion in the DEIS. 
 
Groundwater Quantity 
 

1. Edit Figures 29 and 30 to show bedrock and alluvial aquifers evaluated the 
basins considered and the delineation 

The DEIS refers to the bedrock and alluvial systems as one regional aquifer (DEIS, p 
206).   This is wrong in several ways, most specifically in that the connection between 
bedrock and alluvium is not well established.  The comment in the previous section 
regarding relative amounts of water in each system would be illustrative here.  Figure 29 
does not demonstrate that “fractured rock and basin fill form the regional aquifer of that 
groundwater basin” (Id.); the figure does not even highlight a groundwater basin, 
although it does show the study area boundary (which is not the same as the basin). 
 

2. Adjust Issue 3a to include a comparison of the pit lake volume to the water 
budget of the basin. 

Issue 3a (Id.) is a relatively complete list of factors to consider on the east side.  
However, it should include a comparison of the pit lake volume to the water budget of 
the basin, because having a pit full of water essentially removed from the groundwater 
system is a huge deficit for the basin that will affect water resources for eons.  DEIS 
Table 47 compares the pit lake loss with the water budget, but also fails to consider the 
total volume as having been drawn from the basin water budget. 
 

3. Add to Issue 3b a comparison of the amount of water proposed to be 
pumped with the basin water budget. 

4. The DEIS should compare the pit lake volume to the water budget of the 
basin and to consider the total pit lake volume as having been drawn from 
the basin water budget. 

5. The DEIS also should compare the current and proposed pumpage for the 
Upper Santa Cruz sub-basin to the basin water budget. 
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Issue 3b (DEIS, p 208) also leaves off a comparison of the amount of water proposed to 
be pumped with the basin water budget.  As a proportion of the basin, it is useful to 
compare the proposed action with the water availability, or the perennial yield of the 
basin.  This is mentioned on DEIS, p 210, however.  The DEIS also compares the 
proposed pumpage with total pumpage in the Upper Santa Cruz sub-basin (DEIS, p 
253).  Without a discussion of recharge or the amount of water available, these 
comparisons with existing pumpage do not provide much information.  Full disclosure 
requires that the DEIS include information about the water budget of the basin for 
pumpage information to be useful. 
 
The temporal bounds used for analysis (DEIS, p 209) is adequate, although the DEIS 
should acknowledge that true equilibrium in the Davidson Canyon region took much 
longer, as discussed by Myers (2011). 
 
The thresholds for concern are poorly delineated however.  Regarding the depth of 
drawdown, this was discussed in the previous section.  The grouping of qualitative 
thresholds, major, minor, possible, and unlikely (DEIS, p 210) leaves out the category of 
major reduction in flow but with some significant uncertainty.  The grouping considers a 
reduction to be major only if it can be estimated with “high certainty”.  The point of 
monitoring and mitigation, discussed elsewhere, is to watch for and plan to mitigate the 
possible significant impacts. 
 

6. Conduct a comprehensive geochemical and isotopic study for full 
disclosure to identify spring source and potential to be impacted by mining 
activity. 

All springs, for example, that fall within any drawdown prediction, are at risk of being 
dried or having their flow significantly reduced.  The uncertainty depends on whether the 
springs are perched.  There is a decent description of the potential sources (DEIS, p 
237), but no attempt to assign a source to a specific spring.  Table 50 lists numerous 
springs and describes the discharge, but does not attempt to identify the source.  The 
agencies did not complete a geochemical study, including isotopes, regarding these 
springs, so there is no way to really determine whether they are perched.  The agencies 
should not allow a threshold to be considered as less than major as a result of a failure 
to collect easily available data.  Myers (2008), on behalf of Pima County, had 
recommended collection of this type of data to better understand the springs.  Some had 
been reported in Tetra Tech (2010a), but the DEIS should present a summary of this 
discussion and how isotopes can help to characterize the springs.  Also, isotopes could 
be used to better assess the sources of more of the isolated springs which are 
considered as unknown sources.  The agencies have failed to collect easily available 
data and have therefore failed to disclose essential information about the springs – 
which ones are most susceptible to the proposed project.  Merely stating that “all 
identified springs were assumed to exist and have the potential to be impacted” (DEIS, p 
237) is not adequate disclosure. 
 

7. The FS should have finished its review of groundwater model data before 
publishing the DEIS.  

The FS is currently considering the electronic data files for two of the three groundwater 
models being use in the DEIS.  They claim they are still reviewing the models “for 
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consistency with the published reports” (DEIS, p 212).  If the reports are inconsistent 
with the models, the DEIS will have been based on incorrect data and/or reports.  
 

8. Combine the model for the east side with the model for the west side so 
that combined effects can be considered, if the agency and consultants 
continue to believe the west boundary of the models have been 
appropriately conceptualized 

One issue with groundwater modeling not previously raised is that of overlap between 
the impacts of the west and east sides.  Previously, in Myers (2011) and in the section 
above, I had discussed the inappropriateness of the model boundary west of the Santa 
Rita ridge crest; it should have been a no flow boundary.  If and only if the boundary as 
conceptualized by the two consultants is correct and the 5-ft drawdown actually reaches 
the boundary on the west (see discussion concerning the groundwater models above 
and in Myers (2011)), there is a potential for drawdown from Rosemont production water 
pumping on the west side to overlap with that from the east side. 
 
The DEIS reports that Tetra Tech tested the sensitivity of their model to different types of 
boundary conditions on the west side, changing from constant head to general head and 
no flow boundaries.  They found little difference between constant head and GHB 
boundaries, as one should expect if the GHB conductance values are similar to the 
conductivity in the formation adjacent to the boundary.  They found the no-flow boundary 
“to cause conditions that could not be feasibly modeled” (DEIS, p 223).  That is also, of 
course, correct, because a no-flow boundary only works along a flow line or at a 
groundwater divide, which in this case should coincide with the Santa Rita ridge crest 
(Myers 2011). 
 

9. The DEIS should better explain the reasoning for accepting a poor 
calibration for the West side model, or have the model recalibrated; and the 
calibration needs to be more fully explained. 

The DEIS presents a few basics about the west side model, which is apparently an 
adaptation or modification of an Arizona Department of Water Resources model (DEIS, 
p 213).  I had not reviewed this model for Pima County.  However, as reported in the 
DEIS, Montgomery and Associates apparently telescoped the active management area 
model, and then tried to fine-tune the calibration for the area near the proposed 
Rosemont pumping.  The DEIS presents some calibration statistics (p 213, 214), but 
does not explain them.  They presented statistics from a transient calibration they had 
completed.  It is difficult to understand the statistics without knowing the time step or how 
many residuals are obtained from one observation well.  Even with those reservations, a 
residual mean of 20.7, absolute mean of 21.66, standard deviation of 25.26 or standard 
deviation/range of 10 percent is not very good.  It is not understandable why the peer 
reviewers would accept such a poor calibration. 
 

10. Show the inflection point northeast of the pumping mine wells (figures 39 
and 40) that fully describes the zone of capture for the extraction wells 

The drawdown maps for pumping the west side show that the mine water pumping 
would cause a drawdown of up to 70 feet after 20 years of pumping (DEIS, Figure 36).  
This drawdown caused the overall drawdown, due to all pumping in the area, after 20 
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years to be more than 50 feet greater than had been projected without the project 
pumping.   Because the aquifer is unconfined, drawdown is not a linear response, but 
the figures show that drawdown is almost additive among sources (DEIS, Figures 37 
and 38).  The water level contour maps show that water will flow toward the wells from 
all directions.  
 

11. The DEIS should include drawdown maps for existing conditions for the 
West side model. 

The DEIS notes that the Montgomery model already includes projections for future 
development in the area, so the higher drawdown amounts are those that would occur 
with the project and projected growth (DEIS, p 276). 
The Forest Service was correct to require the west side model be run for 140 years to 
assess the full expansion of the 10-foot drawdown (DEIS, p 251).  The drawdown would 
continue to expand and encompass a much larger area than at the end of mine 
pumping. 
 

12. Change “mine water supply pumping” to “pit dewatering pumping” in 
specific factors, p.253 

The DEIS describes a list of “specific factors” regarding the impacts on the east side of 
the mountain due to the pit, but states these impacts result “from mine water supply 
pumping” (DEIS, p 253).  This is incorrect as mine water supply pumping occurs on the 
west side and does not include the factors listed. 
 

13. The DEIS fails to use available updated modeling information for some 
results  

The DEIS presented results for the three different models for a group of different areas 
(DEIS, p 258).  The areas are springs and stream reaches.  Rather than just presenting 
drawdown for these areas, the FS should have requested the authors of the models to 
present either groundwater discharge changes or specific drawdown amounts.  Rather 
than presenting what the models presented, the FS could have made the DEIS results 
comparative among models by actually requesting that various components be 
simulated (DEIS, p 262).  For example, the Myers model (Myers 2010) could have been 
altered to present flows to Cienega Creek or could have been queried to show the 
results for the 2010 version (Id.). 
 

14. The DEIS needs to quantify reduction in ephemeral flow in perpetuity and 
the DEIS is inadequately disclosing the impacts that the proposed mine 
could have on spring and streamflows in the canyons. Changes in 
ephemeral flow need input into models. 

Runoff predictions “indicate that outflow of Barrel Canyon will decrease by approximately 
23 to 46 percent … as a result of capture by mine facilities” (DEIS, p 264), that the 
reduction of ephemeral stream flow near “Reach 2 Spring and Escondido Spring … is 
predicted to be approximately 10 percent” (Id.), and that “some reduction in ephemeral 
flows would persist in perpetuity” (Id.).  The DEIS has not disclosed what the estimate for 
reduction in ephemeral flows in perpetuity would be.  Also, the DEIS has not considered 
the roll that reduction in surface flow would have on springs associated with the alluvial 
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drainages due to a reduction in runoff recharge.  None of the groundwater models 
accurately  address the details of changing recharge of ephemeral runoff, because they 
all simply consider annual recharge in steady state, therefore the DEIS is inadequately 
disclosing the impacts that the proposed mine could have on spring and streamflows in 
the canyons. 
 

15. The DEIS misstates the reduction of ephemeral flow as a result of mining 
impacts to lower Davidson Canyon. 

The DEIS misstates the impacts to lower Davidson Canyon, where it suggests that the 
10 percent decrease in ephemeral flows that feed the Reach 2 Spring, “would lessen 
following mine closure” (DEIS, p 264, 265).  This contradicts the discussion (DEIS, p 
264) and in the previous paragraph wherein the reduction could be 23 to 46 percent and 
the recovery would be to about 10 percent.  If the report cited in the DEIS is correct 
(DEIS, p 265), the proposed mine could have substantial effects on spring flow 
associated with the alluvial channels and ephemeral runoff. 
 

16. The DEIS inaccurately discloses the effects that the proposed mine could 
have on mountain front recharge. 

The DEIS inaccurately claims that the proposed mine would have just a 1 percent 
reduction in mountain-front recharge (DEIS, p 267).  That is not possible with the runoff 
reductions just cited above; the DEIS inaccurately discloses the effects that the 
proposed mine could have on mountain front recharge. 
 

17. The DEIS fails to properly disclose the relative differences among 
alternatives. 

The DEIS is also incorrect in stating that the effect of the various alternatives on 
mountain-front recharge is the same (DEIS, Table 8, p 98).  Because the different 
alternatives involve size facilities, the recharge quantity intercepted by each would vary 
among alternatives.  
  

18. The DEIS should present drawdown predictions for the different 
alternatives for which the recharge changes have been considered.  The 
DEIS currently fails to disclose the differential impacts caused by 
intercepting mountain-front recharge at different points around the mine. 

Additionally, simple consideration of the difference in mountain-front recharge is not 
sufficient to demonstrate the impacts of the alternatives.  Recharge helps to replenish 
the deficit created by dewatering, so recharge further from the site replenishes the deficit 
slower than recharge at the site.  Although the area covered by the different alternatives 
varies, the more significant difference could be due to location of the covered areas in 
relation to the pit and predicted drawdown.  Preventing recharge in a zone within the 
pit’s capture zone may slow the recovery but also limit the overall extent of the 
drawdown; alternatively, preventing recharge outside the pit’s capture zone, especially 
early in the mine life, may extend the drawdown beyond that predicted. 
 

19. Mitigation Effectiveness does not address protection of mountain front 
recharge. Pit refill could solve this issue. 
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The only substantive, non-monitoring-related mitigation is for the surface water 
diversions to be designed consistent with topography, which “is pertinent because the 
springs … have their source from storm flow stored in shallow alluvial sediments” (DEIS, 
p 276).  This is important, but certainly not sufficient to protect mountain-front recharge.  
The waste rock and tailings may effectively divert runoff from the channels for a long 
time. 
 

20. The description of irreversible and irretrievable impacts to groundwater 
quantity is incomplete (DEIS, p 278).  Pit lake water stored is lost to the 
system. The DEIS should disclose the amount of water in the pit lake as an 
irretrievable loss to the groundwater system. 

The description of irreversible and irretrievable impacts to groundwater quantity is 
incomplete (DEIS, p 278).  The DEIS properly acknowledges that Rosemont’s proposed 
pumping of 113,400 af is irreversible because the proposed mitigating recharge of CAP 
water would occur far from the mine water supply wells.  The DEIS implies these loses 
are retrievable due to water level recovery after the mine operations cease; the DEIS 
apparently incorrectly states “these impacts are irretrievable” (Id.).  The DEIS only 
accounts for the water actually pumped for dewatering during operations or lost to 
evaporation from the pit lake as a loss. 
 

21. The DEIS has failed to provide an adequate disclosure of the potential pit 
slope failure issues after operations cease. 

One groundwater quantity issue discussed in the Geology section is that of pit wall 
stability (DEIS, p 133).  The DEIS does not present an analysis or assess the risk 
beyond saying that it will be addressed by numerous programs, including the “pit slope 
and catch-bench designs, dewatering programs to depressurize the pit walls, and routine 
monitoring programs” (Id.).  The designs are not described, nor are the monitoring 
programs.  The proposed Rosemont pit is very deep and the shape is circular; the pit 
walls are steep.  As the groundwater levels recover, slope stability issues could occur, 
thus the concerns occur after operations cease.  Pit walls sometimes fail as pit lakes 
form.  These failures present water quality concerns for the pit lake; wall failures were 
not considered a part of the pit lake analysis.   
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Groundwater Quality 
 

22. The DEIS should consider in more detail whether there are periods during 
which the forming pit lake may not be terminal. 

The preferred action, and all of the action alternatives, would allow a pit lake to form in 
the pit once dewatering ends to create a terminal sink with groundwater and 
contaminants from most mine facilities flowing towards it.  When the pit lake approaches 
steady state, it may be terminal in all areas.  However, as it fills, it is possible that 
groundwater flowing in from one area may flow out through a different area.  This would 
occur if the groundwater level recovery is different on different sides of the pit.  There is 
a substantial possibility that the groundwater level on the east side would recover faster 
than on the west side because of a substantially larger area supporting the east side.  
However, because of the modeling conceptualization extending the model domain west 
of the Santa Rita Crest, could cause groundwater levels to recover unrealistically quick. 
 

23. Pit lake modeling should be more sophisticated and consider the water 
quality discharging from portions of the waste rock dumps that consist 
primarily of the different rock types. 

DEIS Table 65 provides the water quality expected from waste rock seepage.  The 
seepage chemistry is a weighted average of the chemistry as determined using a 
meteoric water mobility procedure (MWMP) (Tetra Tech 2010).  The values are weighted 
according to the proportion of different rock types expected to be placed as waste rock.  
The error with this is that it assumes perfect mixing of the different rock types.  This 
should not be used for modeling in the DEIS.  The preferred method is to estimate the 
flow rate and chemistry draining from various portions of the pit wall. 
 

24. The FS should assume its responsibility for avoiding degradation to the 
resources it manages rather than delegating it to other agencies. 

In general, the DEIS apparently relegates protection of the aquifer to the Arizona 
Department of Environmental Quality.  While that department surely has responsibility, 
the Forest Service cannot forgo its responsibility to avoid degradation to the resources it 
manages.  Those resources include springs and streams, so the FS should assume 
more responsibility that is apparent in this DEIS. 
 
Also, in general, the DEIS relies on the pit dewatering and forming pit lake to capture 
any seepage before it escapes the mine area (DEIS, p 290).  The pit lake and pit lake 
model was discussed above and the report (Myers 2010b) reviewed the pit lake model in 
detail. 
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Surface Water Quantity 
 
The DEIS correctly identifies the two major factors that could change surface water flows 
(DEIS, p 296).  The proposed mine facilities would alter the topography which could lead 
to significant alterations of the surface water flow regime.  Also, the pit dewatering and 
pit lake formation could divert flow from surface springs and discharge to stream 
baseflow. 
 

25. The failure to consider ephemeral channel recharge is an unacceptable 
failure to disclose an impact caused by the project. 

DEIS Table 69 shows the reduction in the volume of stormwater flow and in the 100-
year, 24-hour peak flow from the project area could be very substantial, exceeding 45% 
for the proposed action and ranging from 23 to 50% for the alternative action scenarios.  
The table acknowledges that the “reduction in recharge” has not been determined.  DEIS 
Tables 82 through 86 show the reduction in flow volume is from 1407 af/y to 762, 784, 
932, 816, and 1086 af/y for alternatives 2 through 5, respectively.  Because much of the 
runoff becomes recharge along the stream channel both above and below the model 
point, the proposed project could have an exceptional impact on mountain-front 
recharge, which includes recharge further north in the Cienega watershed from the 
Davidson Canyon. 
 

26. The DEIS should include estimates from PRISM for the different sites to 
better estimate the precipitation to be expected at the site.   

As part of the surface quantity section, the DEIS reports the different estimates for 
precipitation at the site.  Tetra Tech (2010) claimed that the 1971-2000 estimate for the 
Santa Rita Experimental Range, 23.41 in/y, was too high and chose to use the lower 
Rosemont estimate, 17.12 in/y, because it was closer to other estimates (shown in Table 
71)(DEIS, p 303).  The difference is that the differences are potentially due to different 
periods of record.  It would be preferable to use PRISM methods to estimate annual 
precipitation at this site because it accounts for elevation, aspect, latitude and other 
parameters that may affect precipitation. 
 

27. Funding the Barrel Canyon gage for 5 years is insufficient because the 
effects would occur long after this time period.  Also, this is monitoring 
without a plan to mitigate flow losses, if they occur. 

Surface Water Quality 
 

28. Scour must be considered in the DEIS for a complete disclosure of 
impacts. 

The primary changes to surface water quality, other than the pit lake, concern sediment 
transport and scour.  The DEIS predicts the sediment yield from the watershed could be 
decreased substantially in relation to the decreased runoff volume.  However, there was 
no runoff sediment data collected (DEIS, p 337), but the DEIS reports results of a 
sediment yield model that includes an estimated concentration.  The model would 
certainly benefit from some calibration data.  Also, the DEIS reports that “[m]odeling of 
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aggradation or scour effects resulting from the project may be conducted prior to the 
FEIS”.  Here, the FS is proposing to disclose predicted aggradation or scour as part of 
the FEIS, at which point the public would not have adequate time to review it. 
 

29. The DEIS should much better analyze the sediment/runoff routing through 
the site so that the DEIS presents full disclosure of potential impacts. 

Overall, the reduction in sediment yield is based on the reduction in runoff.  Based on 
that, the DEIS appears to conclude there will be no significant aggradation or 
degradation resulting from the change (DEIS, p 338, 339).  Reality depends on peak 
flows, which are also predicted to decrease.  However, the whole analysis is based on 
major assumptions concerning the source of runoff.  It may be likely that some storms 
will generate much more runoff from some areas and the combination of runoff and lack 
of sediment could cause aggregation. 
 

30. The DEIS must describe the proposed encapsulation of potentially acid 
generating rock in Chapter 2. 

Encapsulation of potentially acid generating rock is a mitigation measure proposed to 
avoid acid mine drainage (DEIS, p 347).  It is barely mentioned in Chapter 2 where the 
alternatives are described. 
 
REVIEW OF SPECIFIC SUPPORTING DOCUMENTS 
 
The DEIS depended on the output from three groundwater modeling studies.  Those 
studies relied to an extent on predicted future recharge through the mine facilities.  The 
DEIS also relied on predicted seepage through those facilities when considering 
potential groundwater pollution.  The studies Tetra Tech (2011 and 2010c) present the 
results of the fate and transport studies for the waste rock, tailings impoundment, and 
heaps which is then used for the DEIS analyses.  This section reviews that fate and 
transport study. 
 
Tetra Tech (2010c) provides their conceptualization of flow through the facilities in three 
figures, Illustrations 5.1 through 5.3.  For waste rock dumps it shows seepage through 
unconsolidated rock at the surface flowing downward through semi-consolidated and 
consolidated rock (Tetra Tech 2010c, Ill. 5.1).  Flow through the bottom layer, 
consolidated rock, would recharge into alluvium.  There is no discussion of the lower 
layer being consolidated beyond that which occurs due to piling rock on top of it (Tetra 
Tech 2010c, p 22).  The three layers are surrounded by a rock buttress. 
 
The heap leach pads will be underlain by a liner to capture the lixiviant; the liner 
prevents seepage through to the underling alluvium, if it is not breached (Tetra Tech 
2010c, Ill. 5.2).  After closure, waste rock would be stacked around the heaps as part of 
an extension of the waste rock dump.  The tailings impoundment is consolidated tailings 
placed on the alluvium and constrained by a buttress made of waste rock.  The plan is to 
operate the heaps for six years and collect continuing draindown for three additional 
years (DEIS, p. 287).  This is based on the assumption that draindown will be complete 
within that time period.  If it is not, there will be no way for the company to collect the 
draindown and it could be a point source of pollution to the groundwater.  It is a point 
source because the heap liner collects all seepage and it reports to a discharge point.  
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The DEIS (p 56) considers the critical determining factor limiting seepage through the 
tailings to be their low permeability. 
 
The modeling is effectively water balance modeling among layers in the facility, with flow 
between layers controlled by unsaturated flow equations, or saturated in areas where 
saturation occurs.  Unsaturated flow modeling solves the equations of soil physics, most 
specifically the flow equation relating the matric potential gradient to the conductivity, 
which varies as a function of matric potential.  Unsaturated flow is toward the lower 
matric potential which occurs at the point where the media is drier, all other conditions 
being equal.  When saturated the equation becomes Darcy’s law and the matric potential 
gradient becomes the head gradient.  Matric potential becomes negative as soil dries, so 
during dry conditions water from depth can be drawn to the surface and evaporated in a 
process known as exfiltration. 
 
Tetra Tech utilized a two-dimensional variably saturated flow model, VADOSE/W, for 
this simulation (Tetra Tech 2010c, p. 20).  The code solves the flow equations using a 
finite element routine.  Two-dimensional means flow in a vertical cross section.  Tetra 
Tech emphasizes that it “can simulate heterogeneous material, and can account for 
changes in material conditions due to compaction and underlying alluvial and/or bedrock 
formations” (Id.).  This simply means that different model elements may be defined by 
different material property parameters and that those parameters can represent any 
material including compacted waste rock.  The modeling presented in this Tetra Tech 
study is strictly based on conceptual flow models for the various materials because there 
are no data to which to calibrate.  Material parameters depend on textbook or small-
scale test values.  The predicted values are not verified in any way to previously 
observed data. 
 
The model simulates precipitation and evaporation, using various sequences of climate 
data for the simulations.  Climate data provides the daily precipitation, temperature, wind 
speed, and evaporation.  Using data from the Nogales site (Tetra Tech 2010c, p. 21) is 
not unreasonable, but the scenario using average daily values is not representative.  TT 
states that the average conditions “dataset has small amounts of precipitation everyday 
because of the averaging of many years of data” (Id.) and call this “conservative”.  In a 
response to a review memorandum, TT (2011) responded that “[t]he average conditions 
dataset, as noted in previous memos, has precipitation nearly every day of the year.  
This is not likely to occur in Arizona, but would be a worst case scenario.  Water is more 
likely to readily infiltrate into a facility if the upper surface is wet, so considering a climate 
conditions with a small amount of precipitation each day would produce such a condition 
and provide a result of the worst case infiltration” (TT, 2011, p. 2, emphasis added).  
Tetra Tech apparently considers this to be conservative, but the evaporation likely 
exceeds precipitation most days so there would rarely be an excess of precipitation to 
infiltrate.  Even during winter, average precipitation may exceed the average evaporation 
by only a small amount, but the model would accumulate moisture in the top layers.  
This modeled soil moisture may just be stored and later evaporated as conditions warm 
and dry in the spring.  Infiltration through the surface zone would occur when moist 
antecedent conditions precede a large daily rainfall; this type of situation which 
would result in seepage has been ignored in the Tetra Tech study. This is not 
uncommon during late winter or spring snow melt and subsequent spring 
showers. 
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The mine development periods and reclamation scenarios simulated are reasonable 
(TT, p. 22).  Whether the parameters used for the scenarios were proper remains a 
question. 
 
Tetra Tech discusses steady state modeling as a means of determining starting moisture 
concentrations for the transient simulations (Tetra Tech 2010c, p 37).  In a system that 
should be event driven, steady state should never be approached, much less achieved. 
 
The assumed parameters for the waste rock control the seepage through the waste rock 
facilities.  The so-called permeability reported by Tetra Tech is actually saturated 
hydraulic conductivity (K).  The values are very high, but the unsaturated values 
decrease very rapidly.   
 
The figures showing the relationship of conductivity with matric suction and moisture with 
matric suction are poorly labeled.  For example, Illustration 5.6 shows the relations for 
run-of-mine (ROM) rock, with saturated K equal to 174 ft/hr; the matric suction on the 
conductivity graph does not obviously match the axis for the moisture content, and does 
not have labels.  Even the conductivity axis does not have labels for ROM rock. 
 
Considering Ill 5.7 for semi-consolidated rock, the conductivity decreases over five 
orders of magnitude from saturated to dry (moisture 0.4 to 0.05).  At the beginning of a 
storm with dry antecedent conditions, infiltrating precipitation increases the moisture 
content which increases the effective conductivity.  As noted, the parameters for the 
surface ROM layer are hard to read, but dry (moisture about 0.16), the conductivity is 
significantly less than 174 ft/hr.  Assuming no runoff, the ROM would rapidly saturate at 
a wetting front.  Because of the low conductivity the wetting front would advance very 
slowly with conditions above the front being saturated.  This means that significant 
amounts of ROM above a wetting front would be saturated.  According to Ill 5.6, the 
difference between saturated and dry moisture content is the difference between 0.27 
and 0.18, or about 0.09.  Using these numbers, a three-inch infiltration event would be 
completely stored in just 33 inches of initially dry ROM, based on the available porosity 
between 0.18 and 0.27 being 0.09.  The modeling assumes that it completely fills.  Once 
the infiltration event ends, water would continue to seep downward, drawn by gravity and 
a negative matric potential.  However, evaporation would begin at the upper end and, as 
the surface soil dries, a negative matric potential would develop on the surface and 
begin to counter the downward movement of the stored water. 
 
The example just given allows the soil above the wetting front to become saturated 
because of the large difference in effective conductivity at the wetting front, which keeps 
the water close enough to the ground surface for evaporation to begin to quickly remove 
the water after the precipitation event ends.  During summer, when the larger short-
duration events are most likely, the daily potential evaporation is as much as half an inch 
per day which means that most of the precipitation stored in upper layers of the waste 
rock would quickly evaporate; it is clear why the modeling does not simulate deeper 
seepage of water. 
 
The figures showing water content through a model cross-section are clear (Ill 5.15 and 
5.16).  Near the surface, the moisture content is about 0.1 which increases initially with 
depth to about 0.14 but then decreases to 0.04 in the consolidated zone.  This moisture 
content is less than the lowest moisture content presented in Illustration 5.8 for 
consolidated material, so the accuracy of the data is questionable.  Clearly the effective 
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conductivity at that moisture is 10-7 ft/hr (2.4x10-6 ft/d), an almost negligible conductivity.  
The effective gradient due to high negative matric potential may be significantly higher 
than 1.  Even at 1000, the water would move only about 2.4x10-3 feet in a day.  These 
numbers should make clear why the model does not simulate seepage through the 
waste rock.  The small amount of moisture below the unconsolidated ROM can be 
simulated to move only very slowly.  These numbers suggest that increasing the 
moisture available significantly would not result in substantial differences in moisture 
content at depth, meaning that whether the model considers runoff accumulating at a 
location is irrelevant. 
 
Many of the water balance figures, such as Illustrations 5.12 and 5.14, show 
precipitation entering the system and evaporation leaving the system; because the 
evaporation exceeds the precipitation, water leaves storage so that the moisture content 
decreases.  These figures present a year’s results, but presumably the waste rock would 
just become drier with time and evaporation would have to approach precipitation as 
stored water available to evaporate would dissipate.  The figures also demonstrate that 
the model simulate almost no runoff. 
 
The modeling does not account for preferential flow which can allow flow to move 
quickly through the piled waste rock.  A preferential flow path in a waste rock dump is 
a pathway of larger pore spaces through which groundwater flow tends to funnel; it is 
similar to flow through fractures in in-situ bedrock.   By ignoring preferential flow, the 
model underestimates seepage through any of the mine components, although waste 
rock would likely be most heterogeneous. 
 
Tetra Tech’s mention of preferential flow (TT, p. 20) refers to the fact that hydraulic 
conductivity for unsaturated flow varies with moisture content; different materials are 
preferentially more conductive at different moisture contents.  More flow occurs through 
clay at low matric potential than through coarser sand because the sand is actually drier.  
The curves in TT Figure 5.5 may apply in a given facility but they would not apply at the 
same point (due to differing soil types at each point) so the flow cannot transition from on 
to the other. 
 
Conclusion and Recommendations 
 

 The DEIS must present data justifying the conductivity parameters.  

It is not reasonable for ROM rock with saturated K = 170 ft/hr to only allow seepage to 
move a few feet before being sucked out by exfiltration.   

 The study should be redone to include a sensitivity analysis.   

If the conductivity for high matric potential rock is set higher and there is still no seepage, 
then the DEIS may be able to conclude there is no seepage.  Otherwise, the results of 
this seepage study are simply uncalibrated estimates based on very unrealistic 
parameters. 
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Epidemiologist 
 
Glenda Aguirre has a Bachelor of Science degree in Microbiology from the University of 
Arizona.  She worked from 2006 through 2008 in a laboratory conducting sterility 
surveillance on medical surgical products.  In 2008 she joined Pima County Health 
Department as a communicable disease investigator. She currently works as an 
epidemiologist.   
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Chief Hydrologist 
PhD in Agricultrual Engineering, Minor Hydrology; MS and BS Geology 
 
Involved with Rosemont review since 2006.  Reviewed Surface Water Hydrology report 
and APP permit report. Over 25 years experience working in hydrology and water 
resources, the last 15 in Pima County. Arizona Professional Civil Engineer with specialty 
in water resources. ASFPM Certified Floodplain Manager.  Extensive experiences in 
hydrologic modeling, analysis and reviewing hydrology and hydraulic studies. Familiar 
with the Pima County Title 16, Floodplain and Erosion Hazard Management Ordinance.  
Developed technical policies (hydrology, hydraulic) and guidance for the Pima County 
Regional Flood Control to be used in all hydrologic and hydraulic analysis for 
development in Pima County. Supervise the section of the Flood Control District that 
maps floodplains. Experience evaluating extreme hydrologic events such as the 2006 
floods in Pima County and the flooding following the Los Alamos Fire.   
 
Neva Connolly 
Senior Planner, Office of Sustainability and Conservation 
BS Biology, Masters in Landscape Architecture   
 
County responsibilities include contributions towards planning efforts for the Sonoran 
Desert Conservation Plan, Section 10 permit, and comprehensive NEPA training in 
2007.  Involved in review of the Rosemont proposal since 2006.   
 
Jonathan L. Crowe 
Principal Planner 
M.S Urban and Regional Planning 
B.A. Geography and Environmental Studies 
 
Over 20 years experience preparing or reviewing traffic forecasts, traffic impact analysis, 
traffic safety reviews, roadway improvement project development, regional  and local 
long and short-range transportation plans, public transit service plans and budgets, and 
bicycle and pedestrian improvements within Pima County.   
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Kathleen M. Chavez, P.E. 
Water Policy Manager 
BS Civil Engineering  
 
Daily job responsibilities include the review of regional water policy and water resource 
issues; evaluation of water resource impacts to county facilities.  Involved in the CAP 
water issues in Green Valley. 
 
Carla Danforth 
Environmental Planning Manager 
Pima County Regional Flood Control 
Water Resources Division 
 
Responsible for developing and implementing the Pima County Riparian Habitat 
Mitigation Ordinance.  Implements and manages riparian restoration projects such as 
Swan Wetlands and Cortaro Bosque.     
 
Andrew D'Entremont 
Emergency Management Coordinator 
Pima County Office of Emergency Management and Homeland Security  
 
My primary function is emergency operations planning for Pima County OEMHS. Also 
have 30+ years of prior law enforcement experience with the Pima County Sheriff’s 
Department, including several years of service in the Green Valley District supervising 
emergency response to local mining operations. 
 
James DuBois, R.G 
Principal Hydrologist Regional Wastewater Reclamation Department 
 
Jim DuBois is an experienced Hydrologist, Environmental Manager, and Registered 
Professional Geologist in the state of Arizona. He is currently employed as Principal 
Hydrologist for Pima County’s Regional Wastewater Reclamation Department. He has 
been in this position managing groundwater recharge, aquifer protection, surface water 
discharge, and reuse permit issues since 2008. Prior to joining Pima County, Mr. DuBois 
spent 2 ½  years as an Environmental Project Manager handling the City of Tucson’s 
MS4 permit responsibilities in the Stormwater Management Section of the Department of 
Transportation. Previously, Mr. DuBois served as a Senior Hydrologist for the Arizona 
Department of Environmental Quality (ADEQ) for 19 years. At ADEQ Mr. DuBois’ 
experience with aquifer protection permits for mines included reviewing more than 20 
major mines for APP, closure or remedial activities. He co-wrote the initial guidance 
document outlining Arizona’s Best Available Demonstrated Control Technology (BADCT) 
for mining facilities. He developed the concept and statutory language for permitting 
mining facilities with an “areawide” approach.  He served on ADEQ’s TQM Committee in 
1994-6 to expand/revise the Mining BADCT Guidance Manual into its latest version. He 
wrote agency policy regarding how to address in a permit the impacts from sulfate and 
other pollutants not covered by established numeric aquifer water quality standards. Jim 
has also worked for 5 years as a consulting geologist in Wisconsin, and for 3 years as 
an exploration geologist for Noranda Exploration, Inc., in Arizona and Wisconsin. Mr. 
DuBois holds a B.A. in geology from Carleton College and an M.S. in geology with an 
emphasis in geochemistry and geochronology from the University of Kansas. 
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Benjamin H. Goff, P.E. 
Deputy Director 
B.S. College of Engineering 
Registered Professional Engineer 
 
Over thirty years of experience preparing or reviewing traffic forecasts, traffic impact 
analysis, traffic safety reviews, roadway improvement project development, public transit 
service plans and budgets, and bikeway improvement plans within Pima County. Co-
authored NEPA environmental documents related to roadway projects including: 
Kolb Corridor, Draft and Final EIS  
Palo Verde Corridor, Draft and Final EIS 
Campbell Corridor, Draft and Final EIS 
Kino Parkway Noise Analysis Report (principal author) 
River Road – La Cholla to Thornydale Section 4f Mitigation Report (principal author)  
 
Craig Horn 
Financial Projects Coordinator 
Pima County Finance & Risk Management Department’s Budget Division since April 
2006, is responsible for tax revenue projections, including property taxes, assessing 
impacts of legislative changes on County revenues, and performing economic and 
financial analysis for County administration.  Prior to employment with Pima County, Mr. 
Horn was a financial and economic consultant conducting market analysis and industry 
studies for litigation, businesses and government agencies.  His expertise includes 
preparation and analysis of economic and tax revenue impact studies associated with 
new business activities.  
 
Julia Fonseca  
Environmental Planning Manager 
Office of Sustainability and Conservation 
M.S. Geology,  25 years experience in inventory and protection of natural resources in 
Pima County Arizona.  Hydrologist and Environmental Manager at Pima County Flood 
Control 1986-2007.   
 
In her capacities at Pima County Regional Flood Control District, Pima County Natural 
Resources, Parks and Recreation, and Pima County Office of Sustainability and 
Conservation she worked to develop the natural resource inventories, plans and policies 
for the Sonoran Desert Conservation Plan.  She currently oversees the development of a 
multi-species habitat conservation plan under the Endangered Species Act, and a 
related Environmental Impact Statement under the National Environmental Policy Act.  
In 2004 she evaluated the natural resources of Rosemont Ranch as a potential County 
acquisition, and have continuously maintained involvement in the Rosemont Ranch on 
behalf of Pima County, including participation in scoping, defining work objectives for 
staff and consultants and representing Pima County in Cooperator’s meetings. 
 
Nicole Fyffe 
Executive Assistant to County Administrator 
Masters in Public Administration 
 
Administers Pima County’s Conservation Acquisition Program since 2004 
Coordinated the purchase of 50 properties totaling almost 50,000 acres 
Involved in reviewing the Rosemont Mine proposal since 2006 
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Yves Khawam  
Pima County’s Chief Building Official.  
 
Dr. Khawam possesses over twenty years of building administration experience in 
various capacities including as a designer, builder, and code official. 
 
Akitso Kimoto 
Principal Hydrologist 
PhD Agricultural Science 
 
Review Hydrology sections of EIS and APP permit report.  Extensive experiences in 
hydrologic modeling, analysis and reviewing hydrology and hydraulic studies.  ASFPM 
Certified Floodplain Manager, Responsible for managing a floodplain mapping project in 
Pima County, Familiar with the Pima County Title 16, Floodplain and Erosion Hazard 
Management Ordinance, Experiences in reviewing applications for developments in 
regulated floodplain and riparian areas, Developed technical policies (hydrology, 
hydraulic) for the Pima County Regional Flood Control 
 
Ursula Kramer 
Director, Pima County Department of Environmental Quality 
B.S. Civil Engineering  
 
Involved in air quality regulatory issues for more than 25 years.  Oversees all air quality 
permitting for projects within Pima County. 
 
Mark Krieski, P.E., Civil Engineering Manager 
Pima County Regional Flood Control District 
 
B.S. - Geology, 1979, University of Arizona 
M.S. - Geological Engineering, 1984, University of Arizona 
 
Mark Krieski is an Engineer and Geologist, and a registered professional Geological 
Engineer in the state of Arizona.  He is currently employed as a Civil Engineering 
Manager for the Pima County Regional Flood Control District, where he has managed 
the Major Watercourse Program for five years, including watercourse management, 
infrastructure development and maintenance, and associated regulatory programs.  Mr. 
Krieski previously spent 3 ½ years as Pima County’s Solid Waste Manager, where he 
was responsible for siting, design, permitting, construction and closure services for a 
variety of solid waste management facilities.  Prior to joining Pima County, Mr. Krieski 
served as a consultant with SCS Engineers for 14 years, performing geological 
engineering, geology, hydrogeology and environmental engineering services in Arizona 
and California.  Investigation, design, permitting, construction, closure, compliance 
monitoring, and remediation services were performed for numerous waste management, 
mining, industrial, Superfund, and community facilities and contamination sites.  
Previously, Mark worked for 4 ½ years with Woodward-Clyde Consultants in California 
and Arizona, performing similar consulting work with an emphasis in earth hazards, 
foundation and earthquake engineering, and assessment and remediation of 
contaminated industrial facilities.  After receiving his B.S. degree, Mr. Krieski also 
worked for 2 ½ years as an exploration geologist for Amax Exploration in Arizona, 
Nevada and California.  During his undergraduate studies program, Mark performed a 
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variety of geophysical surveys for both Mining Geophysical Surveys and Zonge 
Engineering throughout the western United States.   
 
Tom Myers 
Hydrologic Consultant 
PhD Hydrology/Hydrogeology 
 
Preparation of a conceptual and numerical groundwater model for the Rosemont area 
Review of hydrology studies and ground model reports completed by Tetra Tech and 
Montgomery and Associates.   Specializes in groundwater modeling, hydrogeology, 
environmental forensics, regulatory compliance, water rights, NEPA analysis, and 
environmental and water policy.  He focuses on mining and water resource development 
issues, coal-bed methane development and groundwater contamination. 
 
Linda Mayro,  
Director, Office of Sustainability and Conservation 
Loy Neff 
Program Manager 
Office of Sustainability and Conservation  
Co-manager, Cultural Resources and Historic Preservation Division 
Responsible for overseeing cultural resources compliance for County private sector 
development review and other permitting, as well as external agency/jurisdiction 
compliance issues. Participated in the County’s Rosemont review team from its 
inception, representing the Office of Cultural Resources and Historic Preservation. First 
involvement with Rosemont was review and comment of the proposed Mine Plan of 
Operations, 9/26/2006. 
 
Leslie Nixon, J.D 
Program Manager 
Neighborhood Reinvestment Program 
Pima County Community Development and Neighborhood Conservation Department 
 
Responsible for Pima County community revitalization initiatives, neighborhood 
reinvestment bond program, and outreach to stressed communities.  
Attorney/Administrator with 23 years of litigation, legislative, and executive experience 
on behalf of Arizona’s low income, minority, and tribal populations. First involvement with 
Rosemont Copper Project was review and comment on the Environmental Justice 
section of the draft EIS in July, 2011. 
 
Frank Postillion 
Chief Hydrologist, Section Manager, Water Resources 
MS, Watershed Management and Hydrology 
 
Responsible for coordination of review for impacts to water supply, water resruces, 
shallow groundwater for this projects (2006).  35 years of experience in water resource 
and water quality evaluations in the public and private sectors. Evaluated the effects of 
Tucson Copper Mining District copper mining and the effects tailing pond recharge on 
the ground-water quality of the Upper Santa Cruz Basin. His affiliation and management 
of the Upper Santa Cruz Basin Mines Task Force led to modeling and management 
recommendations to pump interceptor wells at a sufficient rate to contain the mineralized 
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sulfate and TDS plumes, and to avoid contamination of public supply wells. Evaluated 
the effects of coal mining on the hydrology of Black Mesa in Northern Arizona.  
 
Brian Powell, 
Program Manager 
M.S. in Wildlife Ecology from the University of Arizona School of Natural Resources and 
the Environment 
B.S. in Ecology and Wildlife 
 
Responsible for implementing the effectiveness ecological monitoring program for the 
County’s forthcoming Section 10(a)1(A) permit from the U.S. Fish and Wildlife Service.  
Expert on wildlife habitat assessment and enumeration.     
 
Sherry Ruther 
Environmental Planning Manager 
Master of Science-Renewable Natural Resources and Natural Resource Public Policy 
BS in Wildlife Biology 
 
Appointed by DSD Director to be department’s representative because of expertise in 
natural resources conservation and management as well as DSD regulatory authorities 
established in Pima County Zoning Code. Provided review and comment on Scoping 
and Mining Plan of Operation (2006). 
 
Greg Saxe 
 PhD, M.R.P., B.A., Environmental Planning Manager 
 
Reviews rezoning, comprehensive plan amendment, variances, special use permits, 
ROW permits and any other Planning and Zoning Commission actions for compliance 
with Floodplain and Erosion Hazard Management and Riparian Habitat Ordinances.  
Pima County NFIP CRS Coordinator .  Former Planning Director for the Tohono 
O'odham Nation and the Town of Sahuarita, Water Resources Planner for the Martha's 
Vineyard Land and Water Commission and consultant on Arizona/Sonora border area 
water and economic development issues.  PhD in Geography and Regional 
Development, Master of Regional Planning, Bachelor of Arts in Environmental Science 
and Pubic Policy.  25 years experience in review of EIS and involved with Rosemont 
Review and monitoring since 2006.  Involvement with Forest Service procedures 
includes developing impact analysis on behalf of the service for growth around the Cape 
Cod National Seashire and identification/evaluation of Roadless Areas and their impact 
on local economies and natural resources.  2000 Census Tribal Liaison and nationally 
recognized for census outreach efforts. 
 
Lisa Labita Woodson  
Epidemiologist 
 
Lisa Labita Woodson has a Bachelor of Science in Biology Conservation and a Masters 
in Public Health in Maternal and Child Health from the University of Arizona. She has 
received a Fulbright grant to study hygiene and sanitation practices in Nepal; has 
worked as a consultant for nutrition research in Senegal; and has studied HIV 
knowledge and attitudes in indigenous populations in Thailand.  She currently works at 
the Pima County Health Department as an epidemiologist. 
 


