Knight Piésold and Co.
1999 Broadway, Suite 900
Denver, CO 80202-5706
T +1 303 629 8788
E denver@knightpiesold.com
www.knightpiesold.com

April 1, 2020
Gina Myers, Director, Reclamation Operations
Sunnyside Gold Corporation
P.O. Box 177
Silverton, CO 81433

Project No.: DV201-00493/01
Doc. No.: DV-20-0368

Re:

Review of Data Relating to Mayflower Area Water Quality

Dear Ms Myers,
Knight Piésold has conducted an independent peer review of the data and materials relating to
Mayflower Impoundment Nos. 1 - 4 and the Mayflower Mill (“Mayflower Facilities”) listed in the “Sources
of Information” section of my Memorandum: Review of Data Relating to Mayflower Area Water Quality.
A copy of my Memorandum is included with this letter. A description of the Mayflower Facilities is
provided in the Introduction to my Memorandum, and the Mayflower Facilities’ surficial extent is shown
in the Map of the Mayflower Facilities, which is set forth in Appendix A of my Memorandum. The
Sources of Information includes data generated from investigatory work completed by Formation
Environmental on behalf of Sunnyside Gold Corporation (“SGC”) during calendar years 2015 - 2019. It
is my understanding that SGC expended more than $10 million on these investigations. I have no
reason to doubt the accuracy of the data generated by these investigations.
After a review of the Sources of Information, it is my conclusion that there is no evidence indicating that
the Mayflower Facilities are the source of anything but negligible metals loading to the Animas River, if
any, and there is no evidence identifying any pathway from the Mayflower Facilities to the Animas River.
Groundwater in the Mayflower Mill area is releasing negligible solutes, if any, to the Animas River. In
the area of Impoundment Nos. 1 and 2, although seep sample 5000 appears to be a source of solutes
to the Animas River, this seep likely originates from a source other than the Mayflower Impoundments.
There is no noteworthy increase in cadmium, copper, or zinc concentrations in the Animas River
adjacent to Impoundment No. 3, suggesting negligible right bank discharge of solutes to the Animas
River along this reach. Metals increases in the Animas River along the reach roughly adjacent to
Impoundment No. 4 are likely sourced from seep 6150. The discharge from seep 6150 does not
originate from Impoundment No. 4 or the Mayflower Facilities.
Yours truly,
Knight Piésold and Co.

David Bird
Senior Geotech /Geological Engineer

Reviewed by*
Paul W. Ridlen, P.E.
President

*Reviewed for Conformance to Knight Piésold Quality Procedures

Attachments
Technical Memorandum DV-20-0368
Appendix A
Surficial extent of the Mayflower
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TECHNICAL MEMORANDUM

TECHNICAL MEMORANDUM
Date:

April 1, 2020

Project No.: DV102-00493/01
KP Doc. No.: DV-20-0368

To:

Sunnyside Gold Corporation

From:

David Bird, Knight Piésold and Co.

Re:

Review of Data Relating to Mayflower Area Water Quality

1.0

INTRODUCTION

At the request of Sunnyside Gold Corporation (SGC), Knight Piésold and Co. was retained to provide an
independent peer review of the Mayflower Area geochemistry. A map depicting the surficial extent of
Mayflower Impoundment Nos. 1 – 4 and the Mayflower Mill (collectively referred to as the “Mayflower
Facilities”) is set forth in Appendix A. The Study Area (shown on Figure 1-2 in Formation, 2020) is located
in the Animas River valley and extends from just upstream of the confluence of the Animas River and
Arrastra Creek downstream to the 14th Street bridge crossing in Silverton. The review consisted of
analyzing data and information and providing an opinion regarding the extent to which tailings or other
potential source materials within the Mayflower Facilities contribute to metal loadings to the Animas River.
David Bird, a geochemist with extensive experience (+30 years) in mining geochemistry, but no prior
experience working specifically on the Mayflower Facilities, conducted the review. A copy of Mr. Bird’s CV
is attached as Appendix B.
Knight Piésold’s ISO-9001 quality program provides for the use of Technical Memoranda to transmit
preliminary versions of data, conclusions, and recommendations. At Client’s request, this format has been
used to convey a final version of the deliverable, which represents a variance to Knight Piésold’s quality
procedures. The variance was approved on March 20, 2020 by Paul W. Ridlen, President, Knight Piésold
and Co.

2.0

HISTORICAL ENVIRONMENTAL IMPACTS

The history of mining in San Juan County spans a period of 120 years from 1871 to 1991, and mining
throughout this period caused adverse environmental impacts to the Animas River watershed. The
historical environmental impacts to the Animas watershed since 1871 are still visible today and are key to
understanding adverse impacts to the Animas watershed.
Historical impacts to the watershed were somewhat unique to the time frame in which the mining occurred.
The mining eras are categorized as follows (Jones, 2008), and each carried a specific environmental
signature:
1. Smelting Era (1871-1889). The first era of mining from 1871-1889, known as the Smelting Era,
targeted only higher grade silver-lead ores. The crude mining methods of the time resulted in highly
mineralized lead-silver waste rock left on surface dumps, which were likely sources of metals dissolved
and mobilized by surface water and groundwater with eventual deposition to the Animas River fluvial
system. Mill tailings produced during this era were discharged directly into the closest stream, where
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they too were incorporated into the Animas fluvial system. On the plus side, mined tonnage in this era
was low, so the amount of mine tailings discharged to the Animas River watershed was small relative
to later times.
2. Gravity Milling Era (1890-1913). The second era saw the development of new technologies that
greatly increased production. Milling improved to accommodate larger tonnages and metallurgically
complex ores, with the prevailing process being gravity separation. Mill tailings were commonly
discharged directly into nearby streams or on the riverbanks. Suspended tailings were known to have
impacted water quality as far south as Durango. Zinc, pyrite, and a portion of the copper were not
recoverable by gravity mills, so these materials ended up in the Animas fluvial system. The volume of
tailings discharged to the watershed from this era was significantly greater than from the preceding era.
3. Early Flotation Era (1914-1935). Zinc production expanded significantly in this era due to
improvements in smelting and milling in combination with wartime demand and a shift to larger scale
“bulk” mining methods. Ball mill grinding and froth flotation were developed during this era. Disposal of
tailings directly to streams continued during this era, and while metal content in tailings tended to
decrease during this era thanks to the processing improvements, the volume of tailings deposited
increased.
4. Modern Flotation Era (1936-1991). Flotation milling technology improved during this era, and that
coupled with wartime demand enabled some miners to return and remine old stope fills and surface
waste dumps. Ongoing expansion of underground workings exacerbated the mine drainage problem;
acid rock drainage most likely continued to deposit metal mass in the Animas fluvial system. It was in
this era that the first successful steps were taken to prevent water contamination caused by mill tailings.
Tailings were initially deposited up on the hillside, then later in sand-walled retention ponds. By 1936
nearly all mill tailings were being retained in sand-walled ponds. The attempt was not without setbacks,
such as in 1975 when a collapse released over 100,000 shorts tons of tailings to Boulder Gulch and
the Animas River. However, after tailings retention in settling ponds became standard practice in the
mid-1930s, direct physical contamination of surface waters was nearly eliminated. One characteristic
of the flotation process over the years, which has proven beneficial in that it has undoubtedly mitigated
the production of acid rock drainage from tailings, is the use of alkaline rather than acidic solutions in
milling.

3.0

BACKGROUND CONDITION

It is well documented that the Animas River carries elevated metals concentrations along the entire reach
from its headwaters to the town of Silverton, including the reach adjacent to the Mayflower Facilities. The
data also indicate that concentrations of specific solutes of interest (e.g., cadmium, copper, manganese,
sulfate and zinc) increase along the reach contained within the Study Area (Kimball report, Formation
reports). For example, Figure 1 (Formation, 2019) shows the concentration profile for cadmium along the
reach in March, June, and September 2018. Although there are irregularities in the profile, in general the
cadmium displays a concentration increase from the start of the reach to the end of the reach in March and
September. The question that this investigation seeks to answer is: To what extent are the increases in
solute loadings in the Animas River along the reach directly attributable to the Mayflower Facilities?
It is also well documented, as described in the previous section, that mine tailings were deposited directly
into the Animas River from 1871 until about 1935. A total of 18.1 million short tons of tailings are estimated
to have been deposited in the Animas watershed over this period (Jones, 2008). An important and logical
assumption supporting the conclusions of this investigation is that the Animas River fluvial system in the
Study Area is a combined mass of natural sediment and historical tailings, and contains significant masses
of metals including cadmium, iron, lead, and zinc. The Mayflower Facilities tailings were deposited directly
on top of the Animas fluvial system, and in fact the Animas channel was relocated to the south of the tailings
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facility in the area of TP-4. Although the metals content of the fluvial materials has not been characterized,
it is reasonable to assume that the combined sediment-tailings deposit contains masses of metals similar
to other fluvial tailings in the watershed.
Yearly investigations conducted by Formation Environmental (“Formation”) since 2015 document a
minimum of 12 right bank discharges to the Animas River in the Study Area, some of which discharge
elevated solute concentrations, including 4353A, 4353C, 5000, 6150, and 7690. Formation has also
documented a minimum of 3 left bank discharges in the Study Area. However, due to access restrictions
the characterization of left bank discharges is not complete. It is significant to this study that there are more
documented workings and mineralization on the south side of the river (left bank) than on the north side
(right bank), as shown on Figure 2.

Figure 1 - Dissolved cadmium concentration profile in Animas River within Study Area (from
Formation, 2019).
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Figure 2 - Mines, mills and smelters in the vicinity of Silverton and the Mayflower Facilities.
1.

Downloaded from: https://www.epa.gov/sites/production/files/2015-07/documents/upper-animas-sap-qapp-figure-a71-july2015.pdf

4.0

FINDINGS

The following discussion presents findings regarding the geochemical signatures of each mill and tailings
facility within the Mayflower area, the expression of solute releases from the areas as manifested in seeps
and other discharges, and conclusions on whether the facility has a measurable impact on the Animas
River water quality.

4.1

TP-1 AND TP-2

Solute concentrations in the Animas River generally increase along the reach in this area depending on the
time of year. Right bank seep sample 5000 appears to be a source of solutes to the river along this reach,
with 7.9 ug/L Cd, 27.3 ug/L Cu, 4.9 ug/L Pb, 313 mg/L Mn, 17200 ug/L Zn, and 2010 mg/L sulfate (June
2018 data). However, seep 5000 has, in general, higher solute concentrations than the adjacent Mayflower
Facilities tailings porewater. Furthermore, analysis of the waters using Radar diagrams, Figure 3, supports
a finding that the groundwaters in TP-1 and TP-2 do not have the same origin as seep 5000 (Radar
diagrams are interpreted in the same manner as Stiff Diagrams, by comparing shapes to assess
similarities). Thus, seep 5000 likely originates from a source potentially underlying but separate from the
Mayflower Facilities tailings that contains greater masses of metals, perhaps historical fluvial tailings.
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Figure 3 - Radar diagrams for monitoring wells and Seep 5000 in the TP-1/TP-2 area.

4.2

TP-3

There are limited data in this area from which to draw conclusions, and this is likely reflective of the absence
of measurable discharges from which samples can be collected. There is no noteworthy increase in
cadmium, copper, or zinc concentrations along this reach of the Animas River according to the data in
Formation (2019). In fact, copper decreased along this reach in all three samples (March, June,
September), while cadmium decreased in March and held steady in June. Zinc showed an increase in
March and September, but the increase was slight. Only one right bank seep is documented, sample 5608,
but this site is a drainage ditch and more likely representative of surface water than groundwater. The one
groundwater sample collected in 2018 from the tailings (MW-26) carries higher solute concentrations and
lower pH than seep 5608. However, radar diagrams for the two samples show no similarity (Figure 4),
indicating that the source of solutes to seep 5608 is not the Mayflower Facilities tailings in the vicinity of
MW-26.

Figure 4 - Radar diagrams for MTMW-26 and Seep 5608 in the vicinity of TP-3
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4.3

TP-4

Cadmium, copper, and zinc increase in the Animas River along this reach (Formation, 2019). A substantial
contribution of solutes is discharged by seep sample 6150 and appears to be the largest discrete source of
solutes to the river along this reach. Monitoring well MTMW-21A, completed in TP-4 as a well pair with
MTMW-21B near seep sample 6150, also has elevated solutes. Without further analysis, it might be
suggested that the Mayflower Facilities might be a source of solutes to 6150. However, detailed
examination negates this suggestion.
Plots of Mayflower Facilities tailings porewaters show that the majority of TP-4 groundwaters have low
metals concentrations relative to 6150. This is demonstrated in Figures 5a to 5d, which show plots of
cadmium, copper, lead and zinc, respectively, in monitoring wells in and around TP-4 in addition to seep
6150.

Figure 5a - Plot of cadmium in seep 6150 and groundwaters in and around TP-4
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Figure 5b - Plot of copper in seep 6150 and groundwaters in and around TP-4

Figure 5c - Plot of lead in seep 6150 and groundwaters in and around TP-4
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Figure 5d - Plot of zinc in seep 6150 and groundwaters in and around TP-4
The Radar diagram for the MTMW-21A / MTMW-21B well pair and 6150 (Figure 6) shows that the waters
are not from the same source. The shapes of MTMW-21A and 6150 are only slightly similar, but 6150
carries much higher concentrations of nearly all plotted solutes. Sample 6150 carries at least one order of
magnitude greater aluminum, cadmium, copper, lead, and zinc than well MTMW-21A. If the same water is
reporting to both of these sample sites, then the question must be asked how 6150 acquired such
significantly greater metal concentration than the well.

Figure 6 - Radar diagrams superimposed for MTMW-21A, MTMW-21B, and Seep 6150
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Additional evidence for the unique signature of 6150 is seen in sample OP-37 and the accompanying
photograph in Formation (2019). The photograph (Figure 7) demonstrates an example of the metal-laden
fluvial tailings that were deposited in the watershed in the period 1871-1935. Elevated metals
concentrations in sample OP-37 relative to background are reported in Formation (2019). The fluvial tailings
are distributed in the watershed and outcrop in the Study Area near seep sample 6150. It makes sense that
this same material is present at seep sample 6150 and is responsible for the elevated solute concentrations
in 6150.

Figure 7 - Historical fluvial tailings outcropping near seep sample 6150
Finally, isotopic data suggests different origins for 6150 and the groundwater samples, specifically the
tritium signature. Tritium data suggest that 6150 is more reminiscent of surface water than groundwater
(Table 1). It is not straightforward to resolve how this could occur, but perhaps river water occasionally
infiltrates the riverbank during periods when the reach is losing, then re-emerges at sample site 6150,
picking up solutes.
Table 1. Isotopic data for monitoring wells and groundwater in TP-4
δ18O

δ2H

Tritium

MTMW-21A

-17.22

-122.8

0.8

MTMW-21B

-17.26

-123.4

0.8

MTMW-20A

-16.22

-115.7

3.4

6150

-16.1

-113.2

6.2
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Regardless of the source of water to 6150, the lines of evidence presented here demonstrate that 6150
does not originate as Mayflower Facilities tailings groundwater. Rather the chemical signature of sample
6150 likely originates from historical fluvial tailings that potentially underlie and pre-date the Mayflower
Facilities tailings and is exceptionally high in metals. The data indicate that the chemistry at 6150 is not the
result of Mayflower Facilities tailings pore water reporting to the seep.
A theory has been considered that there is a deep mineralized system responsible for the elevated solutes
at 6150. If this is true it does not change the conclusions presented here – that the discharge from 6150
does not originate from Mayflower Facilities tailings. The data provide no evidence to support the possibility
that the Mayflower Facilities tailings pore water is the same water discharging from 6150.

4.4

MILL SITE

The Mill Site area consists of tailings as well as other mining wastes. Significant solute concentrations
discharged in this area are evident in seep samples 4353A and C, Seeps 1, 2, 3, and Pond-3. Slightly
acidic pH values (<5) along with elevated metals concentrations occur in Seep-1 (196 ug/L Cd, 2650 ug/L
Cu, 716 ug/L Pb, and 51,000 Zn). Radar diagrams indicate that these waters possess similar chemical
signatures. Figure 8 shows how similar are the Radar diagrams for the Pond-3, Seep 1,2,3, and 4353A, C
samples. Sample 4353B (shown in black) has a slightly different shape, which is not unexpected as the
sample is from the Animas River rather than from a seep.

Figure 8 - Radar diagrams for Pond-3, Seeps 1,2,3, Seeps 4353A, C, and Animas River sample
4353B.
Analysis using Radar diagrams shows that the pond and seep samples bear no chemical resemblance to
groundwater samples in this area (Figure 9). When compared to the Seep and pond samples in Figure 8,
it is evident that the groundwater samples do not have a similar origin to the Pond and Seep samples.
Further proof is seen in the comparison of solute concentrations in the groundwater versus the pond and
seeps. Groundwater in the Mill area is significantly more dilute than the pond and seeps, as demonstrated
on Figure 10 for zinc. These lines of evidence support the conclusion that groundwater in the Mill area is
not discharging solutes to the seeps. If mill area groundwater is actually reporting to the Animas River, the
low loadings of metals are likely not causing a perceptible impact to the river. It can also be concluded from
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this analysis that Pond-3 is probably the source of elevated metals to the other seep sample sites. However,
the discharge from the seeps is relatively small, so the impact to the Animas River is likely negligible.

Figure 9 - Radar diagrams for monitoring wells in the Mill area.

Figure 10 - Zinc concentrations in Mill area groundwater.
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5.0

CONCLUSIONS

5.1

TP-1 AND TP-2

Right bank seep sample 5000 appears to be a significant source of solutes along this reach. However,
Radar diagrams suggest that Mayflower Facilities tailings groundwater in TP-1 and TP-2 does not have the
same origin as seep 5000. Seep 5000 likely originates from a source underlying but separate from the
Mayflower Facilities tailings that contains greater masses of metals. The most likely source for these metals
is historical fluvial tailings, and it can be concluded that Mayflower Facilities tailings contribute negligible
metal loadings to the Animas River.

5.2

TP-3

There are limited data in this area from which to draw conclusions, likely because there are no visible or
measurable discharges along this reach. However, no noteworthy increases in cadmium, copper, or zinc
concentrations are seen along this reach of the Animas River, suggesting that perhaps there is no right
bank discharge of solutes to the river along this reach. The data support the conclusion that the Mayflower
Facilities in this area contribute negligible solutes to the Animas River.

5.3

TP-4

Cadmium, copper, and zinc increase in the Animas River along this reach. A substantial contribution of
solutes is discharged by seep sample 6150 and appears to be the largest discrete source of solutes to the
river along this reach.
Radar diagrams suggest that 6150 is not from the same source as Mayflower Facilities tailings groundwater
in TP-4. Furthermore, 6150 carries much higher concentrations of most solutes than the groundwater.
Based on these data in conjunction with the discovery of the fluvial tailings at OP-37, the conclusion here
is that the discharge at 6150 represents water sourced from historical tailings with high contained metals
that potentially underlie and pre-date the Mayflower Facilities tailings in this area. The data indicate that
the discharge from seep 6150 does not originate from the Mayflower Facilities tailings. There is no evidence
to indicate that Mayflower Facilities tailings at TP-4 contribute anything beyond negligible solutes to the
Animas River.

5.4

MILL AREA

Groundwater in the mill area is releasing negligible solutes, if any, to the Animas River. However, discharge
from Seeps-1,2,3 and 4353A, C can be traced back to Pond-3, which captures stormwater and overland
flow rather than Mayflower tailings groundwater. There is no evidence to indicate that the Mill Area is
contributing anything beyond negligible solutes to the Animas River.

5.5

LEFT BANK

The fact that solute concentrations increase along the reach indicates that one or more sources contribute
loadings to the Animas River in the Study Area. The right bank loadings are well characterized. However,
the fact that left bank loadings are entirely uncharacterized presents a significant unknown regarding the
loadings to the Animas River.
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Consultant Profile
David Bird
Geochemist

Education

M.S. Aqueous Geochemistry, University of Nevada Reno
B.S. Geology, Oregon State University
B.S. Management, Oregon State University

Registrations &
Affiliations

Registered Professional Geologist, Oregon (#1438)
NI43101 Qualified Person and Registered Member, Society for Mining, Metallurgy &
Exploration (#4186987RM)
Registered Professional Hydrogeologist in Water Quality, American Institute of
Hydrology (2006-2011)
Board of Examiners, American Institute of Hydrology (2006-08)
MSHA surface and underground certified
OSHA HAZWOPER certified

Expertise

Over 30 years’ experience in surface and underground mining hydrogeochemistry,
exploration geology-geochemistry, feasibility-due diligence studies, and regulatory
compliance. Design, execution, and interpretation of mine waste geochemical
characterization programs, mine waste management, design and supervision of water
quality sampling and monitoring programs, mine drainage impact assessments,
contaminant source delineation, permitting, and bonding. Proficient with PHREEQC, and
other geochemical modeling applications including forward and inverse modeling for pit
lake water quality predictions, reaction transport modeling of groundwater solutes to
predict impacts from mining waste facilities, predictions of tailings and leach pad drain
down chemistry, waste rock leachate impact assessments, source term derivations, and
contaminant source tracking.

Employment
2019 – present

Knight Piésold and Co., Senior Geochemist, Denver, Colorado

2011 – 2019

SRK Consulting (U.S.), Inc., Principal Geochemist, Denver, Colorado

2006 – 2011

Colorado Division of Reclamation, Mining & Safety, Principal Scientist / Geochemist,
Denver, Colorado

2001 – 2006

Colorado Geological Survey, Senior Geochemist, Denver, Colorado

2001 - 2001

URS Corporation, Geochemist, Denver, Colorado

1993 – 2001

Hydrologic Consultants, Inc., Senior Project Geochemist, Lakewood, Colorado

1992 – 1993

Research Associate in Aqueous Geochemistry, University of Nevada, Reno

1989 – 1991

Carr Boyd Minerals / Ashton Mining, Exploration Geologist, Reno, Nevada

1983 – 1989

Freeport McMoRan, Inc., Exploration Geologist, Reno, Nevada and Republic of
Panama
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Alamo Dorado mine, Mexico, Pan American Silver Corporation. Tailings, waste rock, and pit lake
geochemical sampling and characterization program with impact assessment and mitigation
recommendations.
Carlota copper heap leach mine, Arizona, KGHM International. Predictive geochemical model of
copper heap leach draindown chemistry for closure plan.
Cieneguita gold project, Mexico. Evaluation of geology and ore-waste block model, development of
sampling and analytical protocols, coordination of analytical program, and interpretation of metalleaching / acid-rock drainage potential.
Chuquicamata copper mine, Chile, CODELCO. Active open pit copper mine. Hydrogeochemical
investigation utilizing major ion and isotopic geochemistry to identify sources of ground water inflow to
open pit.
Cove McCoy gold mine, Nevada, Echo Bay Mining. Hydrogeochemical investigation and predictive pit
lake water quality model for open pit gold mine.
Dolores mine, Mexico, Pan American Silver Corporation. Waste rock and heap leach pad
geochemical sampling and characterization program with impact assessment and mitigation
recommendations.
Elk Creek Niobium Project, Nebraska, NioCorp Developments. Feasibility level investigation to
determine environmental impacts from tailings and waste under complex hydrogeologic conditions.
Filizchay polymetallic project, Azerbaijan, AzerGold. As part of scoping study, evaluation of potential
environmental impacts resulting from excavation and disposal of tailings and waste rock, with
recommendations for closure and mitigation.
Grasberg mining complex, Papua, Indonesia, Freeport McMoRan.
- 300 kt/day expansion project: Development of comprehensive hydrogeochemical model to predict
site-wide evolution of water quality over time while incorporating diverse and complex geochemical
loading sources, flow paths, and sensitivities. Designed and executed surface and ground water
sampling program.
- Grasberg open pit and block cave: Hydrogeochemical characterization of Grasberg open pit and
block cave, investigation and predictive water quality model for purpose of evaluating long-term rockwater interaction and water quality of Grasberg porphyry open pit and underground block cave.
- Kucing Liar underground block cave mine: Pre-feasibility hydrogeochemical investigation and
predictive water quality model to evaluate long-term rock-water interaction and water quality.
- GBT-IOZ-DOZ underground block cave complex: Hydrogeochemical investigation to identify sources
of ground water inflow toward design of mine dewatering strategy.
- Carstenszweide expansion: Hydrogeochemical investigation and model for purpose of predicting
quantity and quality of ground water inflow to Grasberg open pit.
- Wanagon stockpile complex: Hydrogeochemical tracer test to investigate leachate migration from
waste rock stockpiles.
Homestake Lead Mine, South Dakota, Homestake Mining. Inactive underground gold-silver mine.
Hydrogeochemical investigation to assess impacts to ground water quality from a loading source of
unknown quantity and duration.
Haile mine, South Carolina, OceanaGold Corporation. Waste rock and tailings characterization for
underground mine expansion.
Iron Mountain, Utah, EVRAZ Inc. Tailings and waste rock characterization for due diligence study.
Ixtaca project, Mexico, Almaden Mining. Waste rock and tailings geochemical characterization, and pit
lake predictive geochemical model in support of feasibility study.
Kings Mountain, North Carolina, Albemarle. Tailings and mine waste characterization to support PFS.
La Herradura - Fresnillo Mine, Mexico, Penmont Mining. Training workshop for mine waste
characterization.
La Preciosa silver project, Mexico, Coeur Mining. Waste rock and tailings geochemical sampling and
characterization program for pre-feasibility environmental assessment.
Lone Tree gold mine, Nevada, Newmont Mining. Open pit gold mine. Hydrogeochemical investigation
to support hydrologic assessments of ground water inflow to open pit.
Mascota Mine, Mexico, Agnico-Eagle. Geochemical characterization to evaluate heap leach pad for
closure plan.
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Mineral Park Mine, Arizona, Elko Mining Group. Review and gap analysis of historical mining
activities and environmental conditions.
Miraflores gold project, Colombia. Site wide impact assessment including tailings, waste rock, and pit
lake; detailed geochemical characterization of tailings and waste rock and comprehensive
hydrogeochemical model. Direction of sampling and analytical programs.
Montagne d’Or project, French Guiana, Nordgold / Columbus Gold. Multidisciplinary investigation
including waste rock and tailings geochemical characterization and pit lake predictive geochemical
model in support of bankable feasibility study.
Morelos exploration project, Mexico, Torex Gold. Supervised installation of deep ground water
monitoring wells in core holes under complex hydrogeologic conditions and in geologically unstable
ground).
Oshkosh Quarry, Wisconsin, Vulcan Materials. Active limestone quarry. Hydrogeological investigation
to evaluate existing and potential ground water inflows to quarry.
Pangea, El Gallo Mine Complex, Mexico, McEwen Mining. Evaluation of heap leach pad rinsing
requirements.
Pinto Valley Copper Mine, Arizona, Capstone Mining. Multidisciplinary investigation involving waste
rock and tailings geochemical characterization, pit lake predictive model, and heap leach pad predictive
geochemical draindown model for closure and regulatory compliance.
Rincon Lithium Evaporite Mine, Argentina. Application of geochemical thermodynamics and mass
balance of brine chemistry for the purpose of estimating brine cycling and ore reserves.
San Dimas Silver Mine, Tayoltita, Mexico. Evaluation of previous geochemical investigation, and
recommendations for program advancement.
San Manuel Mine, Arizona. Update of pit lake predictive geochemical model and aquifer impact
assessment by reaction transport model.
Sanford Underground Research Facility, South Dakota. Sampling, analytical oversight, interpretation
and reporting; cooperative investigation with Geochimica, Aptos, CA.
Santa Maria de La Paz (NEMISA) copper mine, Mexico. Site wide impact assessment including
development and execution of waste rock and tailings sampling and analytical programs, coordination of
analytical testing, interpretation of metal-leaching / acid-rock drainage potential.
Segovia gold project, Colombia, Gran Colombia Gold. Evaluation of mine waste characterization
data and practices, with recommendations to bring project to feasibility study level.
Stillwater underground platinum mine, Montana, Stillwater Mining. Active underground platinumpalladium mine. Hydrogeologic investigation to characterize and reduce ground water inflows to active
underground mining areas.
Tonkin Springs gold exploration project, Nevada, US Gold Corp. Hydrogeochemical investigation,
water quality sampling, airlift recovery testing, formulation of conceptual hydrogeochemical model and
implementation of predictive geochemical pit lake model for a NEPA Environmental Assessment.
Twin Creeks gold mine, Nevada, Newmont Mining. Open pit gold mine. Hydrogeochemical
investigation and formulation of conceptual hydrogeochemical model for a NEPA EIS. Airlift testing of
deep monitoring wells.
Rosemont Copper Project EIS. Member of independent review team for pit lake water quality
predictive investigation.
Confidential client, proposed copper mine, Brazil. Geochemical modeling to provide preliminary
estimate of reagent requirements, effluent concentrations, and sludge generation for proposed water
treatment facility for copper mine feasibility study.
Confidential client, gold heap leach project, Turkey. Evaluation of gold heap leach draindown
chemistry and heap closure rinsing requirements for feasibility study.
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Abandonment Mine Lands Program. Assessments of water quality and chemical loading impacts from
abandoned mines on US Forest Service lands in Colorado.
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Carbon Sequestration Assessment. DOE-funded project to assess carbon sequestration potential in
deep sedimentary basins of Colorado.
Colorado ASR Investigation. Assessment of potential for aquifer storage and recovery in Colorado.
Lake Creek Hyperspectral Study. NASA-funded project to assess origins and impacts of natural acid
rock drainage in Lake Creek, CO watershed.
Natural Acid Rock Drainage Study. Comprehensive characterization of Colorado watersheds affected
by natural acid rock drainage.

Project Experience: Colorado Division of Reclamation, Mining, & Safety
•

•

•
•
•

•

•
•

•
•
•

Centennial in-situ uranium exploration project, Colorado, Powertech USA. Proposed uranium mine
using in-situ recovery methods. Lead specialist and reviewer for all operator and Division actions and
correspondence; review and critique of plans for sampling and analysis, geochemical characterization,
monitoring well completion and abandonment, aquifer testing and analyses, effluent treatment and
disposal.
Climax molybdenum mine, Colorado, Freeport McMoRan, Inc. Historical open pit and underground
molybdenum mine with surface tailings impoundment, currently on stand-by but undergoing refurbishing
for re-commencement of operations. Reviewer for operator and Division actions and correspondence
related to water quality and geochemistry; review and critique of plans for sampling and analysis,
geochemical characterization.
Cripple Creek & Victor gold mine, Colorado, AngloGold Ashanti. Active open pit gold mine with
cyanide heap leach recovery. Reviewer for operator and Division actions and correspondence related to
water quality and geochemistry.
Henderson molybdenum mine, Colorado, Freeport McMoRan, Inc. Active underground
molybdenum mine with surface tailings impoundment. Reviewer for operator and Division actions and
correspondence related to water quality and geochemistry.
Metal / non-metal mining sites in Adams, Douglas, Gilpin, Jefferson, and Park Counties,
Colorado. Lead specialist and reviewer for all operator and Division actions and correspondence;
review of mining and reclamation plans, review of hydrologic, geochemical, and water quality data,
completion of comprehensive financial warranty calculations for reclamation costs; conduct site
inspections and generate legally binding inspection reports, presentation of evidence and arguments,
and prosecution of violations at hearings before the Mined Land Reclamation Board.
Pride of the West gold mill, Colorado, Colorado Goldfields, Inc. Proposed gold mill to process ore
from remote mining projects. Lead reviewer for operator and Division actions related to water quality and
geochemistry. Assessed water quality impacts to Animas River from historical milling activities as
baseline for future activities. Review and critique of sampling and analysis plan.
San Luis gold, Colorado, Newmont Mining. Historical open pit gold mine in reclamation with water
treatment requirement. Lead reviewer for operator and Division actions and correspondence related to
water quality and geochemistry. Review and critique of water quality, treatment and disposal options.
Schwartzwalder uranium mine, Colorado, Cotter Corporation. Historical underground uranium mine
currently on stand-by status and in various stages of reclamation. Lead specialist and reviewer for all
operator and Division actions and correspondence; review and critique of plans for sampling and
analysis, geochemical characterization, ground water capture and treatment, surface water diversion,
monitoring well completion and abandonment, and other mine closure proposals. Collected and
evaluated verification water quality samples.
West slope oil shale exploration projects (AMSO, Chevron, ExxonMobil, Occidental, and Shell).
Lead reviewer for operator and Division actions and correspondence related to water quality and
geochemistry.
West slope uranium mining and exploration projects (Prince Albert, Dennison, JD, SM and
Whirlwind). Lead reviewer for operator and Division actions and correspondence related to water
quality and geochemistry.
Wildcat and Idaho gold exploration projects, Colorado, Wildcat Mining. Proposed underground
gold mine and mill adjacent to critical watershed used for municipal water supply and aquatic life habitat.
Lead reviewer for operator and Division actions and correspondence related to water quality and
geochemistry. Assessed water quality impacts to watershed from historical mining and milling activities
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as baseline for future activities. Review and critique of sampling and analysis plan, mining plan, milling
process and reagents, mine waste characterization for tailings disposal.
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