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1.0 SCOPE OF WORK 

Tetra Tech (Tt) proposes to evaluate the potential for the proposed Rosemont Copper Project (Project) 
Project) to impact Davidson Canyon. There is the potential for negative impacts to riparian areas, 
spring discharge, and endangered snails if groundwater levels decline significantly in the canyon due to 
mining activities. This proposal outlines a stepwise approach for predicting these potential impacts. 
Three (3) phases are proposed and the level of effort and complexity increases with each phase. Given 
the experience of the proposed project team with groundwater modeling in general, and surface water-
groundwater interaction in particular, the material below represents our considered opinion regarding 
what it will take to position Rosemont in the most defensible way with regard to assessing any potential 
impact to Davidson Canyon. The proposed staged approach allows Rosemont Copper Company (RCC) 
to select the level of effort that provides a sufficiently robust prediction of potential impacts. 

Use of existing data, studies, and groundwater flow models will be maximized to the greatest extent 
possible. Existing materials may be sufficient to adequately address the potential for mining impacts. 
Given the significant investment in the regional groundwater model developed by Montgomery & 
Associates (MA model) and the dependence on it for overall hydrologic impact assessment, we feel 
that it is best to utilize it to the greatest extent possible. Therefore, this proposal provides for critically 
evaluating the potential to use that model with very limited modification. However, depending on the 
scale of controlling hydrogeologic conditions found in Davidson Canyon, a higher-resolution 
groundwater flow model may prove to be useful. Such a model would be developed as an extension of 
the MA model and would be able to simulate groundwater/surface water interactions and the 
groundwater dynamics of the riparian ecosystem. Such a model is a robust method for estimating 
potential impacts, evaluating mitigation measures, and designing monitoring programs. The suggested 
approach provides several decision points where RCC can stop the investigation if additional rigor is 
deemed unnecessary. 

Phase 1 of this study will determine if the riparian areas and springs are supported by, and consistent 
with, the regional groundwater system and whether the MA flow model adequately represents this 
system. Existing studies and a field site inspection, focused on the critical hydrogeologic features, will 
be used to form a conceptual groundwater model of Davidson Canyon. The field activities will include 
inspection of the riparian areas and springs to determine the controlling geologic features and nature of 
the groundwater/surface water interactions. Water samples may be obtained from the flowing stream 
sections and springs to obtain data that indicates the water source. Shallow, local groundwater will 
have a different chemical and isotopic signature than the deeper, regional groundwater system. The 
MA model will then be compared to the conceptual model to determine if its resolution is sufficient to 
simulate observed locations and discharge of springs. If the MA model is consistent with these 
observed locations, it will be considered an appropriate tool to quantitatively assess potential mine 
impacts by simulating water-level and spring-discharge changes until the flow system reaches steady-
state conditions following mining. The simulated changes will be compared to existing conditions to 
determine if there are likely impacts to the riparian areas and springs. This process, and the associated 
findings, will be documented in a technical memorandum. The flow chart in Illustration 1a exemplifies 
this process. 

The RCC/Tt team will then decide if a higher resolution groundwater flow model is needed to address 
public and regulatory inquiries. If a high-resolution model is necessary, Tetra Tech will initiate Phase 2, 
which is illustrated in Illustration 1b. The MA model will be modified to include a more refined grid in the 
Davidson Canyon area and will be used to represent the hydrogeologic features and processes that 
control the riparian areas and stream flows. Smaller grid cells will allow a more accurate representation 
of faults, high-conductivity zones, barriers to groundwater flow, riparian areas, and springs. This model 
configuration will also be able to simulate coupled groundwater/surface water flows that are not 
possible with the existing MA model. Once this model is calibrated to the observed flows and water 
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levels in Davidson Canyon, it will be used to predict post-mining conditions. Simulating potential 
impacts is the same process as described for Phase 1. The Phase 2 findings will be documented in a 
technical memorandum. 

New water-quality standards issued by the ADEQ for Davidson Canyon become effective in February 
2009. These standards were issued under the federal Clean Water Act and designated Davidson 
Canyon as an Outstanding Arizona Waters. This designation provides the highest level of protection 
from pollution and degradation of their water quality. Phase 3 is a more detailed water-quality impact 
assessment of Davidson Canyon conducted in light of these new standards. Potential water-quality 
degradation will be simulated using the riparian model developed during Phase 2. 

 
Phase 3 follows the conservative transport modeling approach currently underway for the Discharge 
Impact Area (DIA) analysis (separate contract). The DIA analysis will estimate the down gradient 
chemical concentrations based on conservative transport using the MA regional model. The regional 
model’s relatively large cell sizes however, cannot simulate the detailed topography and geology within 
the Canyon that will control the transport of groundwater flow and contaminates.  The large cell sizes 
will also result in significant numerical errors. The Davidson Canyon high-resolution riparian model, 
discussed in Phase 2 will therefore be used for this analysis. 
 
Boundary conditions (BC) for the high-resolution model will be obtained from the MA model. Regional 
model fluxes and water levels at the upgradient model boundary will be incorporated into the riparian 
model.  Surface-water flows from the site water balance modeling efforts will also be used as input if 
there is the potential for impacts from this water. Appropriate methods for linking the regional 
groundwater model and site-water management inputs to the riparian model will be developed. 
Simulations will be run until steady-state conditions are reached as evidenced by a reasonable range of 
water-level changes. 
 
A range of input chemical concentrations that bracket potential loading based on the MA model and the 
site-water management models will be used for the riparian model. Conservative transport modeling will 
simulate the chemical concentration at a down gradient location determined by Rosemont Copper. For 
example, the most upgradient riparian area in Davidson Canyon may be an appropriate location to 
estimate concentrations. A series of curves indicating concentrations at this point based on the range of 
input concentrations will be developed. 

In the event that there are significant potential groundwater impacts, RCC may choose to evaluate 
mitigation measures with the high-resolution model developed in Phase 2. Evaluation of mitigation 
measures and development of monitoring programs comprise Phase 4 (listed as Optional in Illustration 
1c). The site water management plan can be incorporated into mitigation evaluation to determine if 
water management can be optimized to reduce impacts. 
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Phase 1

Validate 
MA model
(

ASSESSMENT OF MINE IMPACTS ON DAVIDSON CANYON 

Will riparian areas and springs be impacted by the Rosemont Copper Mine?

Develop detailed 
Conceptual Model 

(

Davidson 
Canyon

Groundwater 

Subtasks

Need higher 
resolution 
model?

Simulate Potential 
Mining Impacts

(

Report findings and 
recommendations

FinishedNo

Yes

Calibration check – compare simulated 
GW discharge and water levels to 
conceptual model  (add drains)
-- Pre-mining steady state conditions
Illustrate simulation results

- Document understanding of GW in 
canyon and potential impacts. 
- Identify regional model limitations.
- Identify uses and needed performance of 
higher resolution riparian model.   

Review existing 
studies

Conduct field 
investigation

Walk the canyon to find controlling 
features and processes.  Measure 
spring flow and obtain water samples.

- Simulate changes to spring discharge and 
water levels under mining and post-mining 
conditions.
- Extend model input data sets to reach 
steady-state conditions

Is MA model 
adequate?

Yes

No

- Does MA model adequately represent 
current conditions in Davidson Canyon?
- Is 100 year post-mining simulation period 
acceptable?

1a

      

      

 
 

Illustration 1a:  Flow chart illustrating Phase 1 components and decision point 
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Phase 3

Phase 2

Negative 
impacts?

Yes

- High-resolution model linked to MA model
- Incorporate critical conceptual model features 
and site water management plan

Determine 
chemical loading

No

Report findings and 
recommendations

Report findings and 
recommendations

Finish

Calibrate 
Riparian model

Simulate Potential 
Mining Impacts

Calibrated model to observed GW 
discharge, spring locations, and water 
levels identified in the conceptual model  
-- Pre-mining steady state conditions
Illustrate simulation results

- Document understanding of GW in 
canyon and potential impacts. 
- Identify model limitations.
- Identify potential mitigation measures, if 
necessary.   

Simulate changes to spring discharge and 
water levels under mining and post-mining 
conditions.

Simulate water-
quality impacts

- Identify range of chemical loading to 
Davidson Canyon from regional model 
and site-water management model.

- Simulate water-quality changes using 
high resolution riparian model.   

- Describe mitigation measures 
considered and their effectiveness at 
reducing impacts
- Describe monitoring plan and early 
warning for potential impacts

1b

Build higher 
resolution 

riparian model

      

   

Negative 
impacts? No Finish

 
 

Illustration 1b:  Flow chart illustrating Phase 2 and 3 components and decision points. 
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Optional Yes

Evaluate mitigation 
measures

Report findings and 
recommendations

Finish

Develop monitoring 
plan

- Simulate possible measures for reducing 
impacts to riparian areas and spring flows
- Determine most effective and feasible 
measures   

- Identify most appropriate monitoring 
locations for water levels and spring flows 
based on model simulations

- Describe mitigation measures 
considered and their effectiveness at 
reducing impacts
- Describe monitoring plan and early 
warning for potential impacts

1c

Negative 
impacts?

 
 

Illustration 1c:  Flow chart illustrating Phase 4 (Optional) components. 
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2.0 DELIVERABLES 

Tetra Tech will deliver a technical memorandum to document the findings of each completed phase. As 
applicable the memorandums will have the following components: 

 Observed conditions and supporting data; 

 Description of the groundwater flow model, supporting information, and all model input values; 

 A description of the methodology, predictions, and limitations; and 

 Illustrations and tables presenting the changes in water levels, spring discharges. and chemical 
concentrations. 

. 
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3.0 BUDGET 

To meet the aggressive schedule for the proposed scope of work (SOW), a team of two (2) 
hydrogeologists and two (2) senior advisors has been assembled. The hydrogeologists, Michael 
Gabora and Grady O’Brien, will be responsible for conducting the majority of work including the field 
site inspection and modeling. Mark Williamson and Steve Osterberg will provide senior oversight. 

The total cost estimate for Phase 1 is $ . However, if simulating impacts with the MA model is 
determined to be unnecessary then the total will be $ . This is a good faith estimate so that RCC 
has a realistic expectation of costs. The phased approach provides RCC with the opportunity to stop 
work if unexpected problems arise and to omit subtasks if they are not needed. If RCC accepts this 
SOW, we suggest that Phase 1 be authorized and that Phases 2, 3 and 4 be subsequently authorized 
with change orders if they are necessary. 

The primary costs associated with this SOW will be labor, which will be billed on a time and materials 
basis. The level of effort and budget for Phases 1 through 3 of this SOW is summarized in Table 1. A 
mutually agreeable budget for completion of Phase 4 will be developed if this work is necessary. A 
detailed budget is provided in Attachment A. 

 
Table 1: Budget Estimate for Phases 1, 2 and 3 

Phase Activity Labor Expenses Subtotal Total 

Develop Conceptual Model $ $ $

Validate MA Model $ 0 $ 

Simulate Mining Impacts $ 0 $ 
Phase 1 

Total  $ $   

$ 

Phase 2 High resolution model $ 0 $ $ 

Phase 3 Water-quality simulations $ 0 $ $ 
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4.0 ASSUMPTIONS 

In the preparation of this SOW, schedule, and budget, a few assumptions were required to constrain 
the level of effort and time required for completion. The assumptions are: 

 The MA model will be used in its current state and no model calibration related modifications 
will be necessary.  Any model modifications related to material properties, boundary 
conditions, and geometry can be potentially time consuming and costly. The following are 
specific examples of the types of issues that could arise, but are assumed to be acceptable: 

o MA model boundary condition inflows and outflows into the refined, Davidson Canyon 
model grid can be used without modification. 

o MA model errors and water balance are acceptable and the model is numerically 
stable so that additional simulations can be completed without modification to the 
existing model. 

 MA model modifications needed for Phase 1 are limited to: 

o Adding drain cells to Davidson Canyon for calculation of potential discharges; and 

o Reconfiguring the time domain to extend simulation to steady-state, or equilibrium, 
conditions. 

 The Phase 2, high-resolution, Davidson Canyon model will be constructed with the geologic 
framework in the MA model.  Model refinements are limited to: 

o More accurate physical representation of riparian areas and springs with smaller grid 
cells.  In, addition, evapotranspiration will be explicitly simulated. 

o More accurate representation of geologic unit offsets with smaller grid cells. 

o Incorporation of localized faults with the MODFLOW horizontal flow barrier (HFB) 
package, if appropriate. 

o The model will be calibrated to steady-state MA model observations and data 
obtained during conceptual model development. 

o Material property changes during high-resolution model calibration will be limited to 
near surface conditions. 

o Simulation of surface water with the MODFLOW stream-flow routing (SFR) package. 
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