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1.0 INTRODUCTION

This Multi-Media Investigation Work Plan (Work Plan) was prepared on behalf of Sunnyside
Gold Corporation (SGC) to investigate surface water, groundwater, and solid phase media in
the Animas River Valley in the area at and adjacent to the Mayflower Tailings Impoundments
Area near Silverton, Colorado (Figure 1-1). The Work Plan presents the sampling and analysis
plan (SAP) for data collection planned for 2017. SGC is collecting and analyzing these multi-
media samples to update the current site conceptual model and address data gaps. The initial
site conceptual model for the study area is presented in the Supplemental Information and Data
Interpretation Report (Formation Environmental, 2016a)

Aside from this introductory section, the structure of this Work Plan is as follows. Section 2.0
identifies the data needs, intended data uses, and data quality objectives (DQOs) for the
investigation. The SAP for 2017 multi-media investigation is presented in Section 3.0 along with
a list of Target Analytes (TAs). Reporting of the results for the multi-media sampling effort is
described in Section 4.0. References cited in this Work Plan are provided in Section 5.0.
Appendices to this Work Plan are listed below:

o Appendix A: Quality Assurance Project Plan (QAPP), and

e Appendix B: Health and Safety Plan (HASP).

1.1 Study Area

The study area 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 14" Street bridge
crossing in Silverton (Figure 1-2). The study area encompasses the four Mayflower Tailings
Impoundments and the surrounding areas as reflected in Figure 1-2. The Mayflower Tailings
Impoundments define the site boundaries and thus, they are collectively referred to as “the Site”
herein. The Howardsville station, which is located on the Animas River approximately one mile
upstream from the study area, is also shown on Figure 1-2 because it has been routinely used
for comparison with water quality data in the study area.

Both the right bank and left bank of the Animas River are included in the study area, and the
right bank and left bank designations are based on the perspective viewed in the downstream
direction. As such, the right bank is on the north side of the river and the left bank is on the
south side of the river.
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1.2 Background

The following is a summary of the background information provided in the Supplemental
Information and Data Interpretation Report (Formation Environmental, 2016a). Refer to that
report for detailed information on the Mayflower Tailings Impoundment Area.

The study area is located in the Animas River basin. Volcanic rocks within the basin are
intensely mineralized. Natural weathering of mineralized rocks contributes to metals loading in
the basin’s surface water quality. Streams within the basin that are considered representative of
natural background conditions (i.e., unaffected or minimally affected by mining activity) can be
acidic (pH <3.0) with elevated metals concentrations, including zinc, copper, and manganese,
above aquatic life standards (Church and others, 2007). Environmental conditions in the Animas
River basin also reflect influences from the extensive historical mining and milling activities that
occurred over the past 150 years, including mining in areas upstream of the Mayflower Tailings
Impoundments Area and on the left bank of the Animas River (opposite the tailings
impoundments). Mine adits and mine waste rock piles are present at numerous locations in the
Animas River basin, and historically mills discharged tailings to the Animas River and its
tributaries. Currently, there are no active mine or mill sites within the study area.

The Mayflower Tailings Impoundments are located approximately one mile to the northeast and
upstream of Silverton on the right bank of the Animas River (Figure 1-2). Tailings Impoundment
No. 1 is the most upstream and subsequent impoundments 2 through 4 are numbered
consecutively in the downstream direction. These tailings impoundments are referenced as TP-
1 through TP-4 hereafter.

Tailings in TP-1 through TP-4 were produced by flotation milling at the Mayflower Mill. Thus, the
impoundments consist of relatively fine-grained material, with sand-sized particles
predominating near the impoundment embankments and finer silts and clays predominating
nearer the native hillsides where settling ponds were maintained during operation and from
which clarified water was decanted for reuse at the mill. TP-1 and TP-2 operated from 1936 to
1975. TP-3 operated from 1976 to 1977 while TP-4 was being constructed. TP-4 operated from
1977 to 1991, when the Sunnyside Mine ceased operation. TP-1 and TP-2 were reclaimed
between 1991 and 1992. TP-3 was reclaimed in 1992 and TP-4 was reclaimed between 2004
and 2006, although the majority of the top cover was completed in 2004. In general, reclamation
of the tailings impoundments was accomplished by regrading the side slopes to achieve a
stable configuration, where required, and by covering the slopes and top surfaces with locally
derived growth medium.
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2.0 DATA QUALITY OBJECTIVES AND DATA NEEDS

This section identifies the data needs, intended data uses, and DQOs for the 2017 multi-media
investigation of the study area shown by Figure 1-2. The TAs for the multi-media investigation
are described in Section 3.0.

This section is organized to be generally consistent with the Environmental Protection Agency’s
(EPA) guidance for application of its DQO process (EPA, 2006), which includes the seven steps
listed below.

State the Problem

Identify the Goals of the Study

Identify Information Inputs

Define the Boundaries of the Study

Develop the Analytic Approach

Specify Performance and Acceptance Criteria
Develop the Plan for Collecting Data

NookrwNE

Application of the DQO process results in identification of the specific types and quality of data
needed to support the goals of the multi-media investigation.

The DQOs listed below are intended to address the current data gaps in the site conceptual
model.

2.1 DQO Step 1 - State the Problem

The current site conceptual model for the study area is presented in two separate reports. The
DRAFT Supplemental Information and Data Interpretation Report (Formation Environmental,
2016a) describes the initial site conceptual model based on the data collected by SGC in 2015
and the spring of 2016. The DRAFT 2016 Investigation Summary and Data Interpretation
provides updates to the site conceptual model based on the data collected by SGC from the fall
of 2016 (Formation Environmental, 2017).

A number of potential sources may contribute metals to the water in the Animas River as it flows
through the study area. The potential sources are both naturally occurring and mining related.
However, the magnitude of their contributions to groundwater and surface water in the study
area remain uncertain. In addition, many potential sources have not been fully characterized,
such as areas of mining disturbance that are within the study area on the left bank of the river.
Upstream of the study area, there are numerous legacy mill sites and related tailings deposits
and mine sites with flowing mine adits that potentially contribute metals to the Animas River.
Thus, multiple sources potentially contribute to the elevated concentrations of metals in the river
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water that flows into and through the study area. Several of these potential sources require
further characterization, including the naturally occurring sources of metals.

Temporal and spatial metals concentration trends have been identified in the Animas River and
these trends appear to be related to various groundwater transport pathways in addition to other
environmental factors such as river stage, dilution effects, and surface water/groundwater
mixing effects in the river. The groundwater transport pathways are controlled by two distinct yet
related groundwater systems present in and around the study area. An alluvial aquifer system
is generally present on the valley floor and is bound by the bedrock on the valley walls. The
fractured bedrock system is present throughout the groundwater basin and is coincident with
major bedrock structural features such as faults, veins, and fissures. The fractured bedrock
system can discharge groundwater directly to the river and to the alluvial aquifer, which
discharges directly to the river along the majority of the reach of interest.

Additional data are needed to better understand the relationship, if any, between the Mayflower
Tailings Impoundments Area and metals concentrations in the groundwater underlying the
impoundments that discharges to the river. Data are also needed to better understand the
groundwater flow paths in the fractured bedrock system and the relationship between metals
potentially sourced in the fractured bedrock and the groundwater that discharges to the river.
Finally, additional data are needed to better understand the groundwater flow paths and the
source(s) of metals in the groundwater on the left bank of the river and in the groundwater
downgradient of the Mayflower Mill and downgradient of TP-4.

Additional areas outside of the study area may be investigated, as directed by SGC.
Investigations in these areas would be conducted in accordance with the data-collection
procedures specified in this Work Plan.

2.2 DQO Step 2 - Identify the Goals of the Study

Several of the key study questions listed herein were identified previously for the 2015 multi-
media and subsurface investigations (Formation Environmental, 2015a; Formation
Environmental, 2015b). Since preparation of the 2015 work plan and collection of data from the
study area in 2015 and 2016, those study questions have been refined. Based on review and
evaluation of existing and relevant data, as recently presented by Formation Environmental
(2017), the key questions to be answered by the 2017 multi-media investigation are as follows.
Data gaps related to these key questions will be identified following the completion of the 2017
investigation.

e How do the concentrations of the TAs change in surface water in response to varying
discharge rates in the Animas River, including winter low-flow, spring high-flow, and
summer/fall low-flow conditions?
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e How do the concentrations of the TAs change in surface water both temporally and
spatially along the reach of interest in the study area?

e What are the concentrations of TAs in right- and left-bank inflows, and how do the
concentrations of the TAs change in surface water in relation to right- and left-bank
inflows, along the reach of interest in the study area?

e Are there additional left bank inflows that have not been identified in areas where
concentrations of TAs change in the river?

o Does the alluvial aquifer underlying TP-1, TP-2, TP-3, and TP-4 receive recharge from
infiltration through the overlying tailings, and if so, how much?

« What are the groundwater conditions (i.e., water bearing zones, depth, flow direction,
and hydraulic gradient) in the alluvial aquifer and fractured bedrock systems, where
present, to the south of the Mayflower Mill?

» |s the storm water retention basin located to the south of the Mayflower Mill hydraulically
connected to the shallow groundwater system, and what are the sources of water to the
basin?

» What are the groundwater conditions (i.e., water bearing zones, depth, flow direction,
and hydraulic gradient) in the alluvial aquifer and fractured bedrock systems to the north,
south, west and southwest of TP-47?

» What is the downstream extent for groundwater discharging to the river that originates
from the portion of the alluvial aquifer that underlies TP-4?

e What are the concentrations of TAs in groundwater upgradient (to the north) of the
Mayflower Tailings Impoundments Area, in both the fractured bedrock and alluvial
aquifer systems, where present?

» What are the concentrations of TAs in groundwater to the north, south of the Mayflower
Mill, including the hillside seepage below the mill, and what are the sources of TAs in
that groundwater?

e« What are the concentrations of TAs in groundwater to the south (e.g., in the iron-rich
right bank seepage area), west and southwest (e.g, in the iron bog and wetland area) of
TP-4, and what are the sources of TAs in that groundwater?

e« What are the concentrations of TAs in groundwater in the alluvial aquifer underlying
TP-3, and how do those concentrations vary seasonally and with changes in
groundwater elevations?
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2.3

What are the groundwater conditions (i.e., water bearing zones, depth, flow direction,
and hydraulic gradient) in the alluvial aquifer on the left bank of the Animas River,
including in the former Silver Lake Mill area?

What are the concentrations of TAs in groundwater in the alluvial aquifer on the left bank
of the Animas River including the area underlying the former Silver Lake Mill and the left

bank area adjacent to the western half of TP-4?

How do the concentrations of metals in the Animas River sediments and pore water
change with location, and over time, along the reach of interest in the study area?

What are the concentrations of the TAs in the soil and mine wastes in the Mayflower Mill
area, and how do those concentrations change with location and depth?

How does the metals leaching potential vary among the mine wastes and the native
materials underlying the Mayflower Mill area?

What is the approximate volume of tailings present on the hillside below the Mayflower
Mill and TP-1?

What is the nature and extent of metals contamination in soil, mine waste, and/or tailings
in selected locations within the study area that have yet to be characterized?

What are the meteorological conditions at the Site and how do they influence water
movement?

DQO Step 3 - Identify Information Inputs

Previous investigations conducted by the USGS provided preliminary characterization of the
surface water flow conditions and surface water quality in the study area in 2002 and 2003
(Kimball et al., 2010). Surface water samples have also been routinely collected by the EPA
and others from several stations (e.g., A56, A60, A61, A64, A65, A66, and A68) in the segment
of the Animas River in the study area since this investigation and before. In 2015 and 2016,
SGC conducted additional multi-media investigations to further characterize the metals
concentrations in surface water, pore water, sediment, groundwater, soil/alluvial deposits, and
tailings in the study area.

The following types of information are needed to address the 2017 study goals listed in DQO
Step 2. Some of the inputs described below were identified and characterized during previous
investigations conducted by SGC under separate work plans (Formation Environmental, 2015a;
Formation Environmental, 2015b) and some inputs are from data collected by others; thus,
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these data will be combined with new data and incorporated into the iterative investigation
approach described herein.

o Concentrations of the surface water TAs at multiple locations on the Animas River reach
of interest, including right and left bank inflows along that reach, during varying flow
conditions, including late-winter, pre-snowmelt conditions.

e Concentrations of sediment and pore water TAs at multiple locations on the Animas
River reach of interest (Note: these data are needed primarily for use with surface water
TA concentrations in evaluating potential risks to aquatic receptors).

e Concentrations of groundwater TAs at multiple locations within the study area to
represent a range of seasonal conditions.

e Concentrations of TAs in soil and mine waste and the acid-generating potential and
metals leaching potential of these solid-phase media at locations where new
groundwater monitoring wells will be installed within the study area and at near-surface
soil sample locations along the former railroad line within and upstream of the study
area.

e Physical characteristics (e.g., thickness, texture, and moisture conditions) and vertical
extent of the Mayflower tailings and the native materials underlying the impoundments.

» The available flow and water chemistry data collected by others for the Animas River
and the tributaries in the study area and upstream of the study area.

¢ River discharge records from the USGS Animas River gauging station 0935800 in the
study area and the Colorado Department of Water Resources (CDWR) gauging station
at Howardsville, approximately one mile upstream from the study area throughout the
period of 2017 surface water data collection.

¢ Groundwater elevations (above mean sea level), flow directions, and hydraulic gradients
for the bedrock fracture and alluvial groundwater systems in the study area during a
range of seasonal conditions (wet vs. dry seasons).

o Field water quality parameters, observations, and measurements recorded during
surface water and groundwater sampling activities.

e Subsurface geophysical investigation data collected in the study area to better define
groundwater flow paths in the alluvial aquifer and/or fractured bedrock systems.

o Mapped locations of bedrock outcrops and geologic structures, including faults, veins,
and fissures, and depth to bedrock information from boreholes in the study area.
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o Mapped locations of unconsolidated deposits and thickness information from boreholes
in the study area.

o Mapped and surveyed topographic-surface elevations in the study area.

2.4 DQO Step 4 — Define the Boundaries of the Study

The spatial boundaries for the study area for the 2017 investigation are shown on Figure 1-2
and extend along the river and the floodplain from just upstream of the confluence of the upper
Animas River and Arrastra Creek downstream to the 14™ Street bridge crossing in Silverton.
The spatial boundaries of the study area also include the Howardsville station (A55), which is
located approximately 1-mile upstream of the study area. This station is used as an upstream
point of comparison for locations within the study area.

The temporal boundaries for this study begin in 2002 with the low-flow sampling event
conducted by the USGS and end with the final sampling event proposed for the summer/fall of
2017. Depending on the necessity, scope, and types of future data collection activities, any later
investigations will be conducted under agreed to amendments to this work plan or in
accordance with separate agreed to work plans.

2.5 DQO Step 5 — Develop the Analytic Approach

The following approach will be used to collect the specific types of new data needed to address
the goals of the 2017 multi-media investigation. Several synoptic surface water sampling events
will be conducted within the reach of the Animas River in the study area and the identified right
and left bank inflows to the river. The events are to be conducted during winter low-flow, spring
high-flow and summer/fall low-flow conditions. During the winter low-flow conditions, surface
water samples will be collected at selected stations in the study area during the months of
February, March, and April. A pre-peak flow sampling event in May will also be conducted.
Groundwater monitoring wells will be sampled during spring and fall conditions during the 2017
investigation. Sediment and sediment pore water will be sampled in the Animas River during
summer/fall low-flow conditions. Various solid phase media (e.g., soil, tailings, mine waste,
mineralized rock, etc.) will be sampled at selected locations in the study area. Exploration
boreholes and the installation of one or more monitoring wells in the alluvial aquifer and
fractured bedrock groundwater systems are also planned for the 2017 investigation. Sampling of
materials encountered during the subsurface investigation will allow for analysis of TAs and
description of physical, textural, and lithologic characteristics. Finally, subsurface geophysical
investigation(s) may be conducted in the study area to characterize areas of saturation that may
affect groundwater transport pathways. Section 3.4 of this plan provides a general schedule for
implementing this investigation approach.

The data analyses that will be performed as part of the multi-media investigation are as follows:
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1. Compare surface water monitoring results collected during seasonally distinct flow
conditions (e.g., winter low-flow, spring high-flow, and summer/fall low-flow) to evaluate
and describe observed differences in TA concentrations both temporally and spatially.
The temporal evaluation will include new data collected in 2017, data collected by SCG
in 2015 and 2016, and data collected by others prior to 2015.

2. Compare the Animas River data collected during this investigation to historical data
published by others (e.g., USGS, Animas River Stakeholders Group [ARSG], and EPA)
and data collected by SGC (e.g., 2015-2016).

3. Compare metals contents of soil, mine waste, and tailings in the study area to water
guality and sediment data in the Animas River to evaluate the contribution, if any, from
suspected source areas on both the right and left bank of the Animas River.

4. Use depth-to-water data to estimate groundwater flow direction(s) and hydraulic
gradient(s) within the study area. Evaluation of these data, in conjunction with
geophysical data, will help support the interpretation of how surface water and
groundwater interact.

5. Evaluate the concentrations of TAs in groundwater and their spatial distribution both
laterally and vertically, and utilize groundwater TA data, along with groundwater flow
directions and locations of groundwater discharge, to evaluate potential sources of TAs
to surface water in the study area.

6. Use geophysical methods (to be determined) to evaluate preferential groundwater flow
pathways in the alluvial aquifer system and fractured bedrock system in the vicinity of
and underlying the Mayflower Tailings Impoundment Area. Evaluation of these data will
support the interpretation of groundwater transport pathways to the Animas River.

A detailed description of the sampling and analysis methods selected to address these data
needs is included in Section 3.0 of this plan and the QAPP (Appendix A). Measurement errors
(field and laboratory) and related uncertainties for the data collected and the results of the data-
analyses described above will be evaluated and documented. The uncertainties associated with
field and laboratory measurements obtained for this investigation will be identified through a
review of data quality indicators, such as precision and accuracy. Measurement uncertainties
will be documented and described in accordance with the data-quality review and validation
procedures specified in Section 4.0 of the QAPP.

The measurement data obtained through this investigation will not be used as the sole basis for
risk-based (or other) decision making, and therefore, this plan does not specify the uncertainty
level considered acceptable for statistically based decision making. In short, statistical
evaluation of the 2017 data is not planned; instead, the 2017 data will be incorporated with other
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data collected in 2015-2016 to support statistical analyses for the study area investigation (and
ecological risk assessment, as appropriate).

2.6 DQO Step 6 — Specify Performance or Acceptance Criteria

Performance and acceptance criteria are defined and controlled through implementation of
sampling and analytical methodologies that are designed to ensure that the data generated are
of adequate quality for project decision-making purposes. If the quality assurance activities for
sample collection and analysis specified in project documents are met, and the analytical
precision and accuracy requirements specified in the QAPP (Appendix A) are met, the resulting
data will be usable for characterizing the conditions in the study area and addressing the study
goals stated herein.

The laboratory analysis methods need to provide quantitative data at concentrations low enough
for meaningful comparison to applicable regulatory standards and/or thresholds (e.g., surface
water quality standards, etc.). The proposed analytical methods and the target method detection
limits and reporting limits typically achieved using the analysis method are specified in the
QAPP (Appendix A).

2.7 DQO Step 7 — Develop the Plan for Obtaining Data

The basic sampling and analysis approach described in DQO Step 5 will be implemented in
accordance with the more detailed plans presented in Section 4.0. The plans developed for data
collection are considered resource effective approaches that provide the quantities and quality
of data needed to answer the subsurface investigation questions consistent with the analytical
approach (Step 5) and performance criteria (Step 6) described above.
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3.0 SAMPLING AND ANALYSIS PLAN

This section presents the SAP for the 2017 multi-media investigation that has been developed
to characterize the study area (Figure 1-2). Additional areas outside of the study area may be
investigated, as directed by SGC. Investigations in these areas would be conducted in
accordance with this Work Plan.

An adaptive management approach will be employed for this study. As such, the investigation(s)
will rely on an iterative methodology that allows for modification to the SAP as warranted by
study area conditions.

The QAPP is provided in Appendix A. Standard operating procedures (SOPs) that describe the
various multi-media investigation procedures and methodologies are provided in Attachment A-
1 of Appendix A. The health and safety plan (HASP) for the field investigations described in this
work plan is provided in Appendix B.

3.1 Target Analytes

The TAs for surface water, pore water and groundwater are summarized in Table 3-1. The TAs
for sediment are summarized in Table 3-2 and the TAs for soil/tailings are summarized in Table
3-3. These TAs are inclusive of those presented in the SAP/QAPP developed by the EPA for
the 2016 sampling events in the Bonita Peak Mining District (EPA, 2016). Additional TAs have
been added to those listed by the EPA, as needed, to achieve the DQOs described in Section
2.0.

Table 3-1 summarizes all TAs including tritium and stable isotopes of oxygen, hydrogen, and
sulfur (3*0 and &°H in water and 50 and 5**S in dissolved sulfate). However, analysis of
tritium and stable isotopes will only be performed for a subset of the surface water and
groundwater samples collected during the 2017 multi-media investigation. Surface water and
groundwater samples will be selected, as needed, to achieve the DQOs. The isotopic analyses
will be performed by Isotope Tracer Technologies, Waterloo, Ontario, as specified in the QAPP
(Appendix A).

3.2 Sampling Design

The following describes the sampling design for the various media. The multi-media network of
stations in the study area that is included in the sampling design is summarized by Table 3-4
and shown on Figure 3-1. Several areas of interest have also been identified for surface water,
groundwater, and soil. The areas of interest are summarized in Table 3-5 and are shown on
Figure 3-2. Two areas of interest on the left bank of the Animas River will be investigated and
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stations may be added to the surface water sampling design in one or more of these areas to
achieve the DQOs. Ten areas of interest on the right bank and one area of interest on the left
bank of the Animas River are being considered for the subsurface investigation described in
Section 3.3. Stations for collection of solid phase and groundwater samples will be added to the
subsurface sampling design in one or more of these areas to achieve the DQOs. Finally, the
soils along a former railroad grade are an area of interest that will be investigated in 2017.

3.2.1 Surface Water Sampling

A network of surface water stations have been established for the study area as summarized by
Table 3-4 and shown on Figure 3-1. A brief description of each sample location is also
presented in Table 3-4. Many of these stations have been historically sampled by the EPA,
USGS, and others. Additional opportunistic samples may be added to the sampling design
during the field investigation program, as directed by SGC. Two areas of interest on the left
bank of the Animas River are summarized in Table 3-5 and shown on Figure 3-2. These areas
will be investigated and, based on field observations including field water quality measurements,
surface water stations may be added to the sampling design in one or more of these areas to
achieve the DQOs.

Surface water samples will be collected during the synoptic spring high-flow and summer/fall
low-flow sampling events described in Section 3.4. Access to left bank inflows during high-flow
conditions is limited at several locations due to the fast moving water in the Animas River. Thus,
left bank stations listed in Table 3-4 will be sampled where possible during these conditions.
Samples will not be collected from any of the surface water stations listed in Table 3-4 if they
are dry or are not connected to the Animas River via a surface flow.. Surface water samples will
also be collected during the synoptic winter low-flow and pre-peak discharge sampling events
described in Section 3.4. During these events, samples will only be collected from the Animas
River at selected stations including Howardsville (A55), 4023 (A56), 4581 (A61), 4916, 5938
(AB5), 6724, 6528, 6768 (A66), 7688 and 7858 (A68). If open water is not present due to ice
then an alternative sample location may be selected or the sample location will be omitted until
open water is present.

The surface water samples will be analyzed for the full suite of TAs listed in Table 3-1, including
laboratory analytes and field water quality parameters, to evaluate the water chemistry in the
Animas River from upstream to downstream during varying flow conditions. At selected
locations noted in Table 3-4, samples will also be analyzed for tritium and stable isotopes (5'0
and 8°H in water and 50 and &*'S in dissolved sulfate). An unfiltered and a field filtered
sample will be collected at each of the sampling locations for analyses of metals/metalloids. If
sample volumes are limited due to environmental conditions and the related sampling method
selected during the winter low-flow sampling events, the analysis of total metals may be omitted.
Sample filtration methods are described in the surface water sampling SOP (refer to Attachment
A-1 of Appendix A for SOPs).
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During the study, data from USGS gauging station 09538000 will be used to document the
stream discharge in the Animas River. Manual field discharge measurements will be performed
at selected locations to the extent practical. Field discharge measurement methods are
described in the QAPP (Appendix A).

The sample collection methods and sample handling, preservation, and custody procedures are
described in the QAPP (Appendix A) and the SOPs are included in Attachment A-1 of Appendix
A for SOPs.

3.2.2 Pore Water Sampling

Pore water samples will be collected during the synoptic low-flow surface water sampling event,
where possible. The data will be used along with other available pore water data collected prior
to 2017 for evaluating potential ecological impacts of any existing contaminants in the hyporheic
zone of the streambed.

The network of pore water stations for the study area are summarized by Table 3-4 and shown
on Figure 3-1. The pore water stations are co-located with surface water stations and a brief
description of each of the sample locations is presented in Table 3-4. Many of these stations
have been historically sampled by the EPA, USGS and others. Additional, opportunistic,
samples may be added to the sampling design during the field investigation program, as
directed by SGC.

If the collection of pore water is not possible due to field conditions (e.g., rocky stream bed
surface) then an alternative sample location will be selected or the pore water sample location
will be omitted from the sampling plan if a suitable alternative location cannot be identified.

The pore water samples will be analyzed for the full suite of TAs listed in Table 3-1, including
laboratory analytes and field water quality parameters. An unfiltered and a field filtered sample
will be collected at each of the sampling locations. The sample collection methods and sample
handling, preservation, and custody procedures are described in the QAPP (Appendix A) and
the SOPs are included in Attachment A-1 of Appendix A.

3.2.3 Groundwater Sampling

A network of groundwater stations, including monitoring wells and piezometers, has been
established for the study area as summarized by Table 3-4 and shown on Figure 3-1. A brief
description of each of the monitoring well locations is also presented in Table 3-4. The
piezometers were present prior to SGC’s initial groundwater characterization in 2015 and the
piezometer construction details are uncertain. The groundwater monitoring wells were
completed and developed by SGC in the summer/fall of 2015. The installation and construction
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details are summarized in the 2015 Investigation Summary Report (Formation Environmental,
2016Db).

Ten areas of interest on the right bank and one area of interest on the left bank of the Animas
River are being considered for the subsurface investigation described in Section 3.3.
Groundwater monitoring wells for collection of groundwater samples will be added to the
subsurface sampling design in one or more of these areas to achieve the DQOs.

Groundwater samples will be collected from the existing wells and piezometers during the
synoptic spring and fall sampling events described in Section 3.4. It is unlikely that the spring
event will include any of the new proposed groundwater monitoring wells in the areas of interest
since these will not be installed until mid summer 2017. The fall groundwater monitoring event
will include the additional proposed monitoring wells. Samples will not be collected from any of
the monitoring wells and/or piezometers listed in Table 3-4 that are dry or have insufficient water
for sampling.

The groundwater samples will be analyzed for the full suite of TAs listed in Table 3-1, including
laboratory analytes and field water quality parameters, to evaluate the groundwater quality at
and downgradient of the Mayflower Tailing Impoundments Area during the spring and fall
conditions. At selected locations, the samples will also be analyzed for tritium and stable
isotopes (5'®0 and 8°H in water and 5'°0 and &*S in dissolved sulfate). An unfiltered and a
field-filtered sample will be collected at each of the sampling locations for analyses of
metals/metalloids. The sample collection methods and sample handling, preservation, and
custody procedures are described in the QAPP (Appendix A) and the SOPs are included in
Attachment A-1 of Appendix A. Groundwater purged from the monitoring wells will be
discharged to the surface of the impoundments and will not be allowed to run-off the
impoundment area.

3.2.4 Sediment Sampling

Sediment samples will be collected during to the synoptic low-flow surface water sampling
event. The network of sediment stations for the study area is summarized by Table 3-4 and
shown on Figure 3-1. Sediment samples will be collected primarily to evaluate potential source
contributions from metals sourced in stream bed sediments to surface water and from metals
sourced in the surface water to the stream bed sediments. The sediment stations are co-located
with surface water stations and a brief description of each of the sample locations is presented
in Table 3-4. Many of these stations have been historically sampled by the EPA, USGS, and
others. Additional opportunistic samples may be added to the sampling design during the field
investigation program, as directed by SGC.
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The sediment samples will be analyzed for the full suite of TAs listed in Table 3-2 and field
water quality parameters will be measured prior to sample collection. Data will be used for
determination of contaminant concentrations in streambed sediments.

The sample collection methods and sample handling, preservation, and custody procedures are
described in the QAPP (Appendix A) and the SOPs are included in Attachment A-1 of Appendix
A.

3.2.5 Soil/Tailings

Soil and/or tailings samples will be collected in 2017 from the near surface (less than 6 inches
below ground surface [bgs]) and subsurface materials (greater than 6 inches bgs) to support the
characterization of potential sources of metals in the study area.

Near surface samples will be collected from within the soil area of interest located along a
former railroad grade that traverses the study area along the north (right) bank of the Animas
River as shown on Figure 3-2. Soils along this corridor may include material spilled from rail
cars in the past. Near-surface samples will be collected every 200 meters along the area of
interest as shown on Figure 3-2 and opportunistic samples may be collected as directed by
SGC.

Subsurface samples will be collected from the proposed boreholes described in Section 3.3.
Ten areas of interest on the right bank and one area of interest on the left bank of the Animas
River are being considered for the subsurface investigation. Boreholes for collection of solid
phase samples and well installation will be added to the subsurface sampling design in one or
more of these areas to achieve the DQOs.

The TAs for soil/tailings are summarized in Table 3-3. The sample collection methods and
sample handling, preservation, and custody procedures are described in the QAPP (Appendix
A) and the SOPs are included in Attachment A-1 of Appendix A.

3.2.6 Opportunistic Samples

In addition to the multi-media stations describe above, opportunistic surface water, groundwater,
pore water, sediment, and other solid phase media samples (e.g., soils, mine waste,
mineralized rock) may also be collected, at the direction of SGC, to evaluate TA concentrations.

The opportunistic surface water and pore water samples will be analyzed for the full suite of TAs
listed in Table 3-1. The opportunistic sediment samples will be analyzed for the full suite of TAs
listed in Table 3-2, and other solid phase media samples will be analyzed for the full suite of
TAs listed in Table 3-3.
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The sample collection methods and sample handling, preservation, and custody procedures are
described in the QAPP (Appendix A) and the SOPs are included in Attachment A-1 of Appendix
A.

3.3 Drilling and Monitoring Well Installation

Ten areas of interest on the right bank and one area of interest on the left bank of the Animas
River are being considered for the subsurface investigation to achieve the DQOs. These areas
are summarized in Table 3-5 and shown on Figure 3-2. The number and location of additional
borings and monitoring wells depends on a number of factors including property access, drill rig
access, drilling method, and other environmental conditions.

To better define groundwater levels and flow directions in the alluvial aquifer system within the
study area, it is anticipated that at least one monitoring well will be competed to the south of the
Mayflower Mill, one monitoring well will be completed at TP-1 to the south of existing well
MTMW-12, one monitoring well will be completed at TP-3 (screened below the level of the
existing well MTMW-9), one monitoring well will be completed to the south of TP-4 between the
impoundment and the river, and two monitoring wells will be completed to the west and
southwest of TP-4. Additional monitoring wells are also proposed to investigate the bedrock
facture system on the hillside upgradient of the Site and on the hillside to the south of the
Mayflower Mill; however, the anticipated number of wells is uncertain at this time given the
potential limitations for drill rig access due to the steep terrain. Finally, one or more groundwater
monitoring wells may be completed in the southern lobe of the alluvial aquifer on the left bank of
the river, in the area of the former Silver Lake Mill, depending on property access and drill rig
access. The characterization of groundwater depth, flow direction, and chemistry will be based
on an iterative process and will evolve based on the data collected during the proposed
investigation herein, as needed.

Between November 1 and 2, 2016, 31 pressure transducers were deployed in selected
monitoring wells and piezometers in the study area. The pressure transducers were installed to
monitor groundwater elevations through time and were programmed to collect data at a
minimum frequency of 3 times daily and additional measurements will automatically be recorded
if the groundwater level changes by +/- 0.1 feet.

All monitoring wells installed by SGC in 2015 at the Mayflower Tailing Impoundment Area were
instrumented with pressure transducers, except for MTMW-15, which has been dry since
installation. Existing piezometers PZ-SS-1 and PZ-SS-15 (upgradient of TP-1), PZ-SS-11
(upgradient of TP-2), PZ-SS-23 and PZ-SS-24 (upgradient of TP-3), PZ-SS-01, PZ-SS-02, and
PZ-SS-07 (upgradient of TP-4), and PZ-SS-06 (western toe of TP-4) were also instrumented
with pressure transducers. Additional pressure transducers were deployed in selected existing
piezometers and monitoring wells located outside of the Mayflower Tailings Impoundment Area,
which included SV-1 and SV-2 (downgradient of TP-4) and PZ-27 (downgradient of TP-2 and
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TP-3). A barometer (In-Situ, Inc. Level BaroTroll ®) was also installed at TP-1 to measure the
barometric pressure of the atmosphere through time. These instruments will be operated
through 2017 and may continue under agreed to amendments to this work plan or in
accordance with separate agreed to work plans.

As described in Section 3.4, the schedule of drilling is uncertain and SGC will direct the 2017
monitoring well installation program using a phased approach. The following describes general
drilling, core sampling, and well installation procedures anticipated for the 2017 subsurface
investigations. Supplemental planning information will be prepared, including drilling, coring, and
well construction methods, once the drilling program has been further defined and before any
drilling activities commence in 2017.

3.3.1 General Drilling Procedures

Boreholes may be advanced through unconsolidated materials and/or bedrock. Where
unconsolidated materials are encountered, boreholes will be advanced through these materials
to bedrock (if possible).

It is anticipated that eight-inch diameter boreholes will be advanced using the most suitable
drilling method to meet the DQOs. Smaller diameter boreholes may be advanced on the hillside
upgradient of the impoundments. The rotosonic drilling method will likely be used as the primary
drilling method. Drilling waste including all cuttings and fluids will be temporarily disposed of on-
Site near each borehole location, as deemed appropriate by the field staff. At selected borehole
locations drilling waste may be temporarily containerized, as needed, based on site conditions.
Following the completion of the drilling program, all drilling waste will be permanently disposed
of at Tailings Impoundment 4. The drilling waste will be covered with growth medium.

3.3.2 Unconsolidated Materials Core Sampling

The core sampling plan for the unconsolidated materials is described below and the sample
collection methods are described in the QAPP (Appendix A). The textural and lithological
characteristics of the core will be described in accordance with the visual and manual methods
described in the QAPP.

The following sampling approach will be used to provide a sufficient number of samples for
characterization of unconsolidated materials. An approximate one-kilogram sample will be
collected from the upper portion of each ten-foot interval at each drilling location. Additional
samples may be collected to represent any visually distinctive materials encountered during
drilling. The samples will be submitted to the laboratory for analysis (refer to the QAPP in
Appendix A for a description of laboratory methods associated with these preliminary analyses).
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Decontamination procedures for the core barrel are described in SOP No. 7, Equipment
Decontamination (Refer to Attachment A-1 of Appendix A for SOPs). Decontamination waste
water will be discharged to the surface of the impoundments and the water will not be allowed to
runoff the impoundment area.

3.3.3 Bedrock Core Sampling

It is anticipated that one or more bedrock core holes will be advanced within the groundwater
areas of interest shown on Figure 3-2 and summarized in Table 3-5. The drilling and coring
methods are uncertain at this time and will be determined during the drilling services bidding
process. The proposed geophysical investigation described in Section 3.5 will likely guide the
location of bedrock boreholes.

The objectives of the proposed bedrock coring are to investigate the fractured bedrock
groundwater system and to identify groundwater transport pathways from the fractured bedrock
system to the Animas River. The degree and orientation of the fractures and lithology of the
bedrock will be recorded in accordance with the visual and manual methods described in the
QAPP.

3.3.4 Abandonment of Borings

Abandonment of boreholes that are not selected for completion as monitoring wells will be
conducted by filling the boreholes with bentonite chips or pellets and then introducing water to
hydrate the chips or pellets. This abandonment method meets or exceeds the abandonment
requirements of Rule 16 (Standards for Plugging, Sealing, and Abandoning Wells and
Boreholes) of the Colorado “Water Well Construction Rules” (CODWR, 2016).

3.3.5 Monitoring Well Construction

Boreholes to be completed as monitoring wells will be selected in the field. The basic criteria for
completion includes the presence of saturated native alluvial materials with a thickness of 5 feet
or greater in the unconsolidated zones and water bearing bedrock fractures. In the
unconsolidated materials, the target zone for well completion is the native alluvial materials for
the characterization of water quality and piezometric heads in the alluvial aquifer.

4-inch diameter schedule-40 polyvinyl chloride (PVC) wells will be completed with 10-foot
screened intervals, unless longer or shorter screened intervals are appropriate to achieve the
DOQs. Water bearing zones will be identified during drilling and logging. Final well construction
details will be determined in the field. The wells will be completed with a sand filter pack
extending above and below the well screen followed by a transition seal and an annular seal to
the surface in conformance with Colorado “Water Well Construction Rules,” effective date

3-8



2017 Multi-Media Investigation Work Plan Revision No. 1
Mayflower Tailings Impoundments Area May 2017

January 1, 2005. All wells will be completed at the surface with a locking steel casing monument
and concrete pad to direct runon away from the borehole annulus.

Monitoring wells installed under this Work Plan will be developed and sampled after a minimum
of 24 hours have elapsed following well construction to allow grout to set and bentonite to fully
hydrate. Well development will be conducted in accordance with SOP No. 8, Monitoring Well
Development (Refer to Attachment A-1 of Appendix A for SOPs). Waste water generated during
well development will be discharged to the surface of the impoundments, if on the
impoundments, and will be temporarily stored, if not on the impoundments. If development
water is temporarily stored in a drum or tank, the water will later be discharged to surface of the
impoundments. Waste water will not be allowed to runoff the impoundment area.

34 Schedule

The anticipated schedule for the 2017 multi-media sampling plan discussed above is as follows:

Winter Low-Flow Surface Water Sampling — February, March and April 2017
o Pre-Peak Discharge Surface Water Sampling — May 2017
e Spring Groundwater Sampling — May 2017

¢ High-Flow Surface Water Sampling — June 2017 (conducted concurrent with the EPA
sampling event)

e Drilling, core sampling, and monitoring well installation and development (Summer of
2017)

e Geophysical investigation (Spring and/or Fall 2017)

e Low-Flow Surface Water, Pore Water, and Sediment Sampling — September 2017
(conducted concurrent with the EPA sampling event)

Fall Groundwater Sampling — October 2017

The above schedule is only for those activities planned in 2017 and is subject to change based
on field conditions and other factors to be considered by SGC for a sampling plan of this
magnitude. Changes to the schedule will be communicated to the EPA and others, as needed.
Additional multi-media investigation activities within the Study Area in 2017, as determined by
SGC, which are not included in the schedule above will also be communicated to the EPA and
others, as needed. Any additional multi-media investigation activities undertaken post-2017 will
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be conducted under agreed to amendments to this work plan or in accordance with separate
agreed to work plans.

3.5 Geophysical Investigation

The objectives of the proposed geophysical investigation are to evaluate potential groundwater
transport pathways in the alluvial aquifer and fractured bedrock groundwater systems to the
Animas River. Geophysical methods may also be used to map the bedrock surface and/or to
identify major structural features such as faults and fracture zones.

It is anticipated that a subsurface geophysical investigation will be conducted in the study area.
The approach and geophysical methods are uncertain at this time and will be determined during
the geophysical bidding process. Supplemental planning information will be prepared as an
addendum to the QAPP and will be submitted to the EPA for review once the investigation
program has been further defined and before geophysical studies commence in 2017. This
information will include the geophysical methods and data-collection locations.

3.6 Sample Labeling

Each sample that is collected in the field will be labeled for future identification. Sample labels
may be filled out as completely as possible by a member of the sampling team prior to the start
of the day's field sampling activities. Samples will be labeled with all necessary information on
pre-printed waterproof labels using waterproof ink. At a minimum, each sample label shall
contain the following information:

e |ocation identification;

e sample identification number (including codes for site location, sample matrix, and
sample type, described in further detail below);

e date and time of sample collection;
e analyses required;

e method of preservation, if used,;

e sample matrix;

e sample depth, if applicable.

Each sample shall be assigned a unique sample identification number. These numbers are
required for tracking the handling, analysis, and verification or validation status of all samples
collected during monitoring. Each sample identification number will identify the sampling
location and type of sample. Samples to be collected will include planned soil phase media
samples and quality control samples.
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3.6.1 Surface Water, Pore Water and Sediment

For the planned surface water, pore water and sediment samples, sample identification
numbers will be assigned using several codes as follows with the appropriate media type:

Sampling Event - Location — Media Type

SS0815-4023-SW

The first field in the identification number identifies the project location and event month and
year. This example includes the project location, “SS” (Sunnyside) and an event month and year
of “0815” (August 2015).

The second field in the identification number identifies the location of the sample. In this
example, “4023" indicates the sampling location ID. Location identifiers have already been
established and are included in Tables 3-4 and 3-5.

The third field identifies the sample matrix type. The matrix type is defined as “SW” to designate
the matrix is surface water. The matrix type for pore water will be defined as “PW”. The matrix
type for sediment will be “SED”.

Note that additional codes may be added as the project proceeds. The additions will be
communicated to the field staff and data management team.

The required QC samples are described in the QAPP (Appendix A). For QC samples, sample
identification numbers will be assigned using the same coding described above, but also
including information needed by the Formation project team to recognize the field QC samples,
for example:

Sampling Event — Location - Matrix
SS0815-8000-SW

[where 8000 is for a non-existent sample location]

For multiple QC samples, the location ID will be numbered sequentially for each sample (e.g.,
rinsate blank = 8001, duplicate = 8002, etc.)

Field personnel will record the sample identification code with the type of QC sample (e.g.,
rinsate blank) and the time of sample collection in field log books.

Samples will be immediately labeled in the field and sample numbers shall be recorded at the
time of sampling in field notes and on field data collection forms.
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3.6.2 Groundwater

For the planned groundwater samples, sample identification numbers will be assigned using
several codes as follows with the appropriate media type:

Sampling Event - Location — Media Type

SS0815-MW1-GW

The first field in the identification number identifies the project location and event month and
year. This example includes the project location, “SS” (Sunnyside) and an event month and year
of “0815” (August 2015).

The second field in the identification number identifies the location of the sample. In this
example, “MW1" indicates the sampling location monitoring well ID. Location identifiers have
already been established and are included in Tables 3-4 and 3-5.

The third field identifies the sample matrix type. The matrix type is defined as “GW” to designate
the matrix is groundwater.

Note that additional codes may be added as the project proceeds. The additions will be
communicated to the field staff and data management team.

The required QC samples are described in the QAPP (Appendix A). For QC samples, sample
identification numbers will be assigned using the same coding described above, but also
including information needed by the Formation project team to recognize the field QC samples,
for example:

Sampling Event — Location - Matrix
SS0815-MW100-SW

[where MW100 is for a non-existent sample location]

For multiple QC samples, the location ID will be numbered sequentially for each sample (e.qg.,
rinsate blank = MW100, duplicate = MW101, etc.)

Field personnel will record the sample identification code with the type of QC sample (e.g.,
rinsate blank) and the time of sample collection in field log books.

Samples will be immediately labeled in the field and sample numbers shall be recorded at the
time of sampling in field notes and on field data collection forms.
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3.6.3 Other Solid Phase Media

For other planned solid phase media samples, sample identification numbers will be assigned
using several codes as follows:

Sampling Event — Location - Depth — Matrix Type

SS0815-01-05-SO

The first field in the identification number identifies the project location and event month and
year. This example includes the project location, “SS” (Sunnyside) and an event month and year
0f“0815” (August 2015).

The second field in the identification number identifies the location of the sample. In this
example, “01” indicates the sample location.

The third field identifies the sample depth. The depth is indicated in feet bgs and in this example
“05” indicated 5 feet bgs.

The fourth field identifies the sample matrix type. The matrix type is defined as “SO” to
designate the matrix is solid.

Note that additional codes may be added as the project proceeds. The additions will be
communicated to the field staff and data management team.

The required QC samples are described in the QAPP (Appendix A). For QC samples, sample
identification numbers will be assigned using the same coding described above, but also
including information needed by the Formation project team to recognize the field QC samples,
for example:

Sampling Event — Location - Depth - Matrix
SS0815-100-01-SO

[where 100 and the depth are for a non-existent sample location]

For multiple QC samples, the depth field will be numbered sequentially for each sample (e.g.,
rinsate blank = 01, duplicate = 02, etc.)

Field personnel will record the sample identification code with the type of QC sample (e.g.,
rinsate blank) and the time of sample collection in field log books.
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Samples will be immediately labeled in the field and sample numbers shall be recorded at the
time of sampling in field notes and on field data collection forms.

3.6.4 Opportunistic

For opportunistic samples, sample identification numbers will be assigned using the following
codes:

Sampling Event - OP - Number

SS0815-OP-01

For opportunistic surface water samples, the first field in the identification number identifies the
project location and event month and year. This example includes the project location, “SS”
(Sunnyside) and an event month and year of “0815” (August 2015).

The second field in the identification number identifies the sample as an opportunistic sample
and the third field identifies the opportunistic sample. Opportunistic samples will be numbered
consecutively starting with 1 and once a number is used it will not be re-used during the same
event or during future events. Field personnel will record the actual sample location and time in
field log books.
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4.0 REPORTING

An annual report will be prepared which will summarize the findings from all phases of
investigation conducted during 2017. This report will include updates to the site conceptual
model and recommendations for additional investigative work, if needed. It is anticipated that
the annual report will be submitted to the EPA and other interested parties on or before March
15, 2018.
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Table 3-1

Rev. 1

May 2017

Target Analytes for Surface Water, Pore Water, and Groundwater Samples

Total Recoverable| Dissolved Laboratory mpL™ | pqure |Maximum Sample .
Target Analyte (YIN) (YIN) Analytical Method | (uglL) | (ng/L) H‘:Lda;;';'e Volume | Freservative
Laboratory Parameters
Metals
Aluminum Y Y 200.7 30 150
Antimony Y Y 200.8 0.4 2
Arsenic Y Y 200.8 0.2 1
Barium Y Y 200.8 0.5 2.5
Beryllium Y Y 200.7 10 50
Cadmium Y Y 200.8 0.1 0.5
Calcium Y Y 200.7 100 500
Chromium Y Y 200.7 10 50
Cobalt Y Y 200.8 0.05 0.25
Copper Y Y 200.8 0.5 2.5
Iron Y Y 200.7 20 100
Lead Y Y 200.8 0.1 0.5
Lithium Y Y 200.7 8 40
Magnesium Y Y 200.7 200 1000 180 250 mL HNO;
Manganese Y Y 200.7 5 25
Molybdenum Y Y 200.8 0.5 2.5
Mercury Y Y 245.1 0.2 1
Nickel Y Y 200.8 0.6 3
Potassium Y Y 200.7 200 1000
Selenium Y Y 200.8 0.1 0.5
Silica Y Y 200.7 428 2140
Silver Y Y 200.8 0.05 0.25
Sodium Y Y 200.7 200 1000
Strontium Y Y 200.7 5 25
Thallium Y Y 200.8 0.1 0.5
Vanadium Y Y 200.8 0.2 1
Zinc Y Y 200.7 10 50
Anions
Bromide N Y 300.0 50 250
Chloride N Y 300.0 500 2500
Sulfate N Y 300.0 500 2500 28 250 mL None
Flouride N Y 300.0 100 500
Misc.
Hardness Y - SM2340B 1,500 7,500 180 250 mL HNO;
Alkalinity Y -- SM2320B 2,000 10,000 14 500 mL None
TSS Y - SM2540D 5,000 25,000 7 500 mL None
TDS Y - SM2540C 10,000 50,000
Field Parameters
Temperature - - - - - - - -
Turbidity - - - - - - - -
pH - - - - - - - -

Specific Conductance

DO

ORP

Notes:
. -- = not applicable
.Y =Yes
.N=No
. DO = dissolved oxygen

. TSS = Total suspended sediments

. TDS = Total dissolved solids
. MDL = Method detection limit
9. PQL = Practical quantitation limit
10. Targeted MDLs and PQLs are listed. Laboratories routinely adjust these values, and therefore, reported MDLs and PQLs may differ here

slightly from those listed
11. mL = mililiter

1
2
3
4
5. ORP = oxidation reduction potential
6
7
8
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Table 3-2
Target Analytes for Sediment Samples
Maximum
Target Analyte Al bl MDL? PQL® Hold Time SEIED Preservative
Number (mgl/kg) (mg/kg) Volume
(days)
Laboratory Parameters
Metals
Aluminum 6010 3 15
Antimony 6020 0.2 1
Arsenic 6020 0.1 0.5
Barium 6010 0.3 1.5
Beryllium 6010 1 5 180
Cadmium 6010 0.5 25
Calcium 6010 10 50
Chromium 6020 0.25 1.25
Cobalt 6010 1 5
Copper 6010 1 5
Fluoride (Soluble) D3761 0.1 0.5 --
Iron 6010 2 10
Lead 6010 3 15 C‘z"(')gd None
Lithium 6010 0.8 4 180 grams
Magnesium 6010 20 100
Manganese 6010 0.5 25
Mercury 7471 0.002-0.005|0.01-0.025 28
Molybdenum 6010 2 10
Nickel 6010 0.8 4
Selenium 6020 0.05 0.25
Silica 6010 42.8 214
Silver 6010 1 5 180
Strontium 6010 0.5 25
Thallium 6020 0.5 25
Vanadium 6020 0.1 0.5
Zinc 6010 1 5
Other
SPLP extraction and analysis 1312/6020 and
for metals listed above ! 7470" B B 180 100 grams None
Acid-Base Accounting (ABA) 600/2-78-054 -- -- -- 10 grams None
Notes:
1. -- = not applicable

2. SPLP = Synthetic Precipitation Leaching Procedure
3. Leachate solution analyzed for metals/metalloids by EPA Methods 6020 and 7470
4. MDL = Method detection limit

5. PQL = Practical quantitation limit
6. Targeted MDLs and PQLs are listed. Laboratories routinely adjust these values, and therefore, reported MDLs and PQLs may
differ slightly from those listed here
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Table 3-3

Target Analytes for Soil/Tailings Samples

Rev. 1
May 2017

MaximumH
Target Analyte el il mDL® PQL’ old Time Sl Preservative
Number (mg/kg) | (mg/kg) Volume
(days)

Aluminum 6010 3 15
Antimony 6020 0.2 1
Arsenic 6020 0.1 0.5
Barium 6010 0.3 15
Beryllium 6010 1 5
Cadmium 6010 05 25 180 | 10grams
Calcium 6010 10 50
Chromium 6020 0.25 1.25
Cobalt 6010 1 5
Copper 6010 1 5
Fluoride (Soluble) D3761 0.1 0.5 -- 25 grams
Iron 6010 2 10
Lead 6010 3 15 None
Lithium 6010 0.8 4 180
Magnesium 6010 20 100
Manganese 6010 0.5 25
Mercury 7471 0.0002 0.001 28
Molybdenum 6010 2 10
Nickel 6010 0.8 4 10 grams
Selenium 6020 0.05 0.25
Silica 6010 42.8 214
Silver 6010 1 5 180
Strontium 6010 0.5 25
Thallium 6020 0.05 0.25
Vanadium 6020 0.1 0.5
Zinc 6010 1 5
Other
i R I e B R
Acid-Base Accounting (ABA) 600/2-78-054 -- -- -- 10 grams None

Net Acid Generation (NAG)

voL 4

Notes:
.-—-=notap

plicable

. SPLP = Synthetic Precipitation Leaching Proceedure

1

2

3. Multi-element analysis by ICP-MS following aqua regia digestion
4. pH 4.5 to 7 end points

5. MDL = Method detection limit

6. PQL = Practical quantitation limit

7

. Targeted MDLs and PQLs are listed. Laboratories routinely

adjust these values, and therefore, reported MDLs and PQLs may
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Table 3-4
Multi-Media Stations in the Study Area
X Y Sample Media Type
. . Source . o
Station ID Alias Type Source Name Location Description
UTM SW PW | SED | GW
Surface Water Stations
Howardsville A55 271230.9261 4190459.243 ° X X -- S Animas River At EPA Location A55; right bank access via gravel road; at USGS gauging station
4023 A56 269050.435 4189934.865 x %10 X X -- S Animas River At EPA location A56; right bank access via gravel road
4033 268979.8442 4189977.341 x® -- -- -- RBI Waterfall Waterfall immediately upstream of Arrastra Creek confluence; right bank access via gravel road.
4166 268868.384 4189929.03 x _ _ _ s Animas River At Kimball et. al (2010) low-flow and. high-flow m-stream sample Iocatlgn.4‘|66; Kimball et. al (2010) Transport site
T1; upstream from Arrastra Creek; right bank access via gravel road; limited left bank access
A58-SS A58 268932.569 4189836.753 X X X -- LBI Arrastra Creek At EPA location A58; in Arrastra Creek approximately 70 feet downstream from the road culvert.
4920 AG0 268828.166 4189890.512 x x x _ s Animas River At EPA location A60; .rlght bank. access via boat ramp immediately downstream of bridge on County Road 52; left
bank access by crossing the bridge
4300 268752 5701 4189906.342 x _ _ B RBI Spring g:a}f/grts:;ldet. al (2010) low-flow sample location 4300; small spring upstream from pipe bridge; right bank access via
4353A 268729.773 4189910.536 X -- -- -- RBI Pipe Inflow from pipe on right bank; right bank access via gravel road
43538 268725.911 4189909 58 x _ _ _ s Animas River llgfts’;)r:slr(nascacr;f;e; Immediately downstream of pipe inflow and seep inflow; right bank access via gravel road; limited
4353C 268725.863 4189909.661 x _ _ B RBI Spring stream level spring, At Kimball et. al (2010) right bank inflow sample location 4353; aluminum oxide colored water;
right bank access via gravel road
4520 268599.016 4189819.023 X -- -- -- RBI Seep At Kimball et al. (2010) low-flow sample location 4520; right bank inflow from seep that crosses gravel road.
4520B 268593.6929 4189804.795 X -- -- -- S Animas River Immediately downstream of RBI sample location 4520; sample if 4520 RBI is not observed
4581 A61 268560.187 4189782.005 x® X X -- S Animas River At EPA location A61; upstream of Boulder Creek; right bank access via gravel road; limited left bank access
4656 268463.119 4189773.57 X -- -- -- S Animas River Upstream for Pinnacle Gap; right bank access via gravel road; limited left bank access
4734 268416.084 4189774.348 X -- -- -- Adit Mine Adit At observed mine adit; access via gravel road
4737 OP-79 268395.0000 4189762.0000 x?® -- -- -- LBI -- Left bank inflow adjacent to former Silver Lake Mill area; left bank access requires crossing Animas River
4749 268378.424 4189757.965 X -- -- -- S Animas River Immediately downstream of observed mine adit; right bank access via gravel road; limited left bank access
At Kimball et. al (2010) low-flow and high-flow in-stream sample location 4916; Kimball et. al (2010) Transport site T2
4916 268284.3982 4189652.885 x° -- -- -- S Animas River (low flow)/T3 (high-flow); immediately upstream from the road culverts for Boulder Creek; right bank access via
gravel road; limited left bank access
At Kimball et. al (2010) low-flow right bank sample location 4951 and EPA location A62; on right bank of the Animas
4951 AG2 268202.577 4189647.58 X -- -- -- RBI Boulder Creek River; at confluence of Boulder Creek and Animas River; immediately downstream of where boulder creek flows
across gravel road; access via gravel road
4951B OP-86 267979.069 4190045.14 X -- -- -- RBI Boulder Creek Boulder Creek, upstream of TP-1 and TP-2; access via TP-1 or TP-2.
5000 268155.103 4189588.578 x® -- -- -- RBI Spring At observed right bank inflow; red colored water; access via gravel road
50388 268163.9071 4189516.09 x _ _ _ s Animas River lI'rc?ar:\jedlately downstream of Kimball et. al (2010) low-flow RBI sample location 5038; right bank access via gravel
5306 AG4 268068.6541 4189433518 0 x x _ s Animas River At EPA location A64. At USGS in-stream !gw—flf)vy sample location 5306; Adjacent[ tp Talllngs Impoundment 2 and
immediately upstream of the temporary tailings; right bank access via gravel road; limited left bank access
5221 268041.0816 4189427 495 x _ _ B LBI Aspen Mine Drainage Aspep m|ne.dra|na.ge waterfall; at Kimball et al (2010) low-flow sample location 5221; left bank access requires
crossing Animas River
53568 267936.8894 4189433.067 x _ _ _ S Animas River Igrgc:ldlrifcljy downstream of RBI sample location 5356; sample if 5356 RBI is not observed; right bank access via
5608 267702.127 4189335.244 X -- -- -- RBI Ditch At right bank inflow; drainage ditch from Tailings Impoundment 2 area; right bank access via County Road 2
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Table 3-4
Multi-Media Stations in the Study Area
X Y Sample Media Type
. . Source . o
Station ID Alias Type Source Name Location Description
UTM SW PW | SED | GW
5756 267583.9812 4189253.453 X -- -- -- Animas River At USGS low-flow sample location 5756; Upstream from right bank drainage ditch behind power plant
58588 267522 5569 4189215.853 x _ _ _ Animas River :_\r’rér:gc;ately downstream of Kimball et. al (2010) low-flow RBI sample location 5858; right bank access via County
5938 AG5 267453.831 4189171 261 0 x x _ s Animas River At !EPA location A65; downstream of temporary tailings impoundment area; right bank access via County Road 2;
limited left bank access
6013 267403.415 4189127.235 X -- -- -- RBI Spring Downstream of spring near metal building; access via County Road 2; on private property
6150 267292.383 4189054.525 x %10 -- -- -- RBI Seep At USGS low-flow sample location 6150; Red stained right bank discharge
6215 267234.117 4189017.174 X -- -- -- RBI Seep Right bank inflow seep; red stained water, right bank access via County Road 2
6274 267186.697 4188989 154 910 _ _ _ s Animas River Igoﬁ:lt?aRsOg;ezr immediately downstream of right bank inflow seep with red stained water; right bank access via
6528 266986.295 4188864.368 x® -- -- -- S Animas River Upstream from former Lacawana Bridge; right bank access via County Road 20; limited left bank access
Pond-4 OP-80 266851 1471 41889742300 0 _ _ B Pond Pond Apparent |rqn bog on right bank of Animas River. Near power substation, across the road from Silverton trash
transfer station and the western toe of TP-4; access via County Road 2.
Pond-1 266752.12 4188826.24 X -- -- -- Pond Pond In pond upgradient of reactive treatment wall; right bank access via County Road 20
. . Near Kimball et. al (2010) low-flow and high-flow in-stream sample location 6745 and EPA location A66 (approx. 20
9,10 .
6768 A66 266788.978 4188751.872 X X X S Animas River feet downstream); at former Lacawana Bridge; right bank access via County Road 20; limited left bank access
6879 266641.287 4188733.554 X -- -- -- RBI Wetland Right bank inflow at wetland near campground
7049 266511.807 4188670608 <0 _ _ B RBI Braid At Kimball et. gl (2010) Iow—f!oyv ;ample location 7049; in braid of Animas River during April 29, 2015 recon; right
bank access via gravel road; limited left bank access
7688 266002.52 4188360.347 x° -- -- - S Animas River At USGS sample location AMIN-7688; right bank access via E 16th Street; limited left bank access
Approx. 60 meters upstream from Kimball et. al (2010) right bank inflow low-flow sample location 7750; during
7690 265996.937 4188351.183 X -- -- - RBI Ditch 4/30/2015 recon event 7750 was part of the main Animas River channel; ditch draining from pond; right bank access
via Animas Street; left bank access via CO Road 32
. . At Kimball et. al (2010) low-flow and high-flow sample location 7858 and EPA location A68; Kimball et. al (2010)
9,10 -
7858 A8 265905.498 4188192675 | x X X S Animas River | sport site T3 (low flow)/T7 (high flow) — at 14th Street bridge with Kimball et. al (2010) stream gauge
Go over 14th st. bridge, turn left and continue left around what appears to be ice rink, follow road to gate, turn right
AMIN-7103 266466.681 4188599.392 X -- -- - LBI -- to park, walk 0.2 miles to location. at USGS sample location AMIN-7103 which is described as discharge from
Lackawanna tailings; left bank access requires crossing Animas River
AMIN-7163 266435.2968 4188576.056 X _ _ B LBI Swansea Gulch At SV\{ansea. Gulch.and Animas River confluence; at USGS sample location AMIN-7136; left bank access requires
crossing Animas River
Pond-3 OP-15 268655.8063 4189977.18 x10 -- -- -- Pond Pond Mayflower Mill storm water retention pond; access via Mayflower Mill.
Seep-1 OP-76 268724.0000 4189972.0000 510 _ _ B RBI Seep Hillside seepage below Mayflower Mill. Seepage coming out of hillside tailings and bedrock fractures; access via
County Road 52.
Seep-2 OP-77 268707.3979 4189948.3660 x _ _ _ RBI Seep Hillside seepage t?elow Mayﬂower Mill, near the gravel road. Seepage may be coming out of the hillside tailings and
bedrock fractures; access via County Road 52.
Seep-3 OP-78 268686.7911 4189945.5030 510 _ _ B RBI Seep Hillside seepage below Mayflower Mill, near the gravel road. Seepage may be coming out of bedrock fractures;
access via County Road 52.
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Table 3-4
Multi-Media Stations in the Study Area
X Y Sample Media Type
Station ID Alias S_?;;:e Source Name Location Description
UTM SW PW | SED | GW
Groundwater Stations
MTMW-1 267018.4269 4189198.211 -- -- -- x 10 GW Alluvial Aquifer TP-4 monitor well
MTMW-2 267021.8231 4189128.08 -- -- -- x° GW Alluvial Aquifer TP-4 monitor well
MTMW-3 267195.0375 4189117.31 -- -- -- x 10 GW Alluvial Aquifer TP-4 monitor well
MTMW-4 267173.4129 4189312.908 -- -- -- x° GW Alluvial Aquifer TP-4 monitor well
MTMW-5 267202.3035 4189201.022 -- -- -- x° GW Alluvial Aquifer TP-4 monitor well
MTMW-6A 267244.4161 4189262.15 -- -- -- x° GW Alluvial Aquifer TP-4 monitor well
MTMW-6B 267230.1981 4189252.68 -- -- -- x° GW Alluvial Aquifer TP-4 monitor well
MTMW-7 267308.5819 4189211.896 -- -- -- x° GW Alluvial Aquifer TP-4 monitor well
MTMW-8 267334.6934 4189304.329 -- -- -- x° GW Alluvial Aquifer TP-4 monitor well
MTMW-9 267773.3905 4189551.694 -- -- -- x° GW Alluvial Aquifer TP-3 monitor well
MTMW-10 267916.1608 4189745.729 -- -- -- x° GW Alluvial Aquifer TP-2 monitor well
MTMW-11 267970.884 4189811.749 -- -- -- x° GW Alluvial Aquifer TP-2 monitor well
MTMW-12 268171.8592 4189987.485 -- -- -- x° GW Alluvial Aquifer TP-1 monitor well
MTMW-13 268375.0187 4189963.244 -- -- -- x° GW Alluvial Aquifer TP-1 monitor well
MTMW-14 268554.4852 4190062.157 -- -- -- x 10 GW Alluvial Aquifer TP-1 monitor well
MTMW-15 268777.8046 4190108.676 -- -- -- x 10 GW Alluvial Aquifer TP-1 monitor well
MTMW-16 268781.8718 4190107.586 -- -- -- x 10 GW Alluvial Aquifer TP-1 monitor well
MTMW-17 268678.4684 4190120.06 -- -- -- x 10 GW Alluvial Aquifer TP-1 monitor well
PZ-SS-02 267098.8642 4189316.254 -- -- -- x° GW Alluvial Aquifer Piezometer on hillside above TP-4
PZ-SS-15 268054.7385 4190060.207 -- -- -- x° GW Alluvial Aquifer Piezometer on hillside above TP-1
PZ-SS-21 268649.3601 4190137.848 -- -- -- x? GW Alluvial Aquifer Piezometer on hillside above Mayflower Mill
PZ-SS-24 267707.1981 4189616.811 -- -- -- x° GW Alluvial Aquifer Piezometer on hillside above TP-3
SV-1 266809.6273 4188843.163 -- -- -- X GW Alluvial Aquifer Monitoring well near Pond-1; on east side of Country Road 20; access via gravel road.
SV-2 266679.3815 4188755.537 -- -- -- X GW Alluvial Aquifer USGS monitoring well near campground; on west side of Country Road 20; access via gravel road.
NOTES:
1. -- = not applicable
2. S = Stream
3. RBI = Right Bank Inflow to Animas River
4. LBI = Left Bank Inflow to Animas River
5. SW = Surface Water
6. PW = Pore Water
7. SED = Sediment
8. GW = Groundwater
9. Stable isotopes of oxygen and hydrogen in water.
10. Additional isotopic analyses (tritium, stable isotopes of oxygen and sulfur in sulfate).
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Areas of Interest

Rev. 1
May 2017

Areas of Interest

Location Description

Surface Water

SW-1 Left bank between stations 6150 and 6528
SW-2 Left bank between stations 4220 and 4749
Groundwater
GW-1 Right bank, to the west/southwest of TP-4
GW-2 Right bank, to the southeast of TP-4 between stations 6150 and 6528
GW-3 Upgradient of TP-4
GW-4 Upgradient of TP-3
GW-5 TP-3
GW-6 Upgradient of TP-2
GW-7 Upgradient of TP-1
GW-8 Upgradient of Mayflower Mill
GW-9 Downgradient of Mayflower Mill, storm water retention basin area
GW-10 Right bank, hillside seepage
GW-11 Left bank, former Silver Lake Mill area

Soil

Railroad Line

|Former railroad line along the right bank of the river. Proposed soil sample locations are on 200 meter centers.
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Figures 3-1
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c. If in situ monitoring, indicates how instruments A-1,

should be deployed and operated to avoid contamination Standard

and ensure maintenance of proper data Operating

d. If continuous monitoring, indicates averaging time Procedures

and how instruments should store and maintain raw (SOPs)
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A2-10 and
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attaches forms to the plan

e. Identifies chain-of-custody procedures and includes
form to track custody

h. Indicates whether sampling equipment and samplers QAPP

should be cleaned and/or decontaminated, identifying Attachment

how this should be done and by-products disposed of A-1 (SOPs)

i. Identifies any equipment and support facilities needed Work Plan
Section 3.0
and QAPP
Attachment
A-1 (SOPs)

j. Addresses actions to be taken when problems occur, QAPP

identifying individual(s) responsible for corrective Section 5.3,

action and how this should be documented and Tables
A2-2 through
A2-9 for
laboratory
analyses.
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and Table
A3-1

b. Identifies how samples or information should be

physically handled, transported, and then received and
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responsible Section 3.2
and
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B4. Analytical Methods

a. Identifies all analytical SOPs (field, laboratory and/or QAPP

office) that should be followed by number, date, and Section 3.3.2

regulatory citation, indicating options or modifications and Tables

to be taken, such as sub-sampling and extraction A3-2 and

procedures A3-3

b. Identifies equipment or instrumentation needed QAPP Samples will be analyzed by contract laboratories in accordance with
Attachment the referenced method numbers (EPA SW-846 methods, EPA drinking
A-2. water methods, Standard Methods, ASTM Methods, etc.).
See In addition, each laboratory maintains internal SOPs on file.
comments. Laboratory-specific SOPs are available for review by the project team

at any time.

c. Specifies any specific method performance criteria QAPP Tables

d. Identifies procedures to follow when failures occur, A2-2 through

identifying individual responsible for corrective action A2-10, and

and appropriate documentation :ttzachment

e. Identifies sample disposal procedures QAPP
Attachment
A-2.

f. Specifies laboratory turnaround times needed N/A Each laboratory’s standard turn-around times (3 to 5 weeks) are

expected to meet this project’s needs.
g. Provides method validation information and SOPs for QAPP Table
nonstandard methods A2-10.
BS. Quality Control

a. For each type of sampling, analysis, or measurement QAPP Table

technique, identifies QC activities which should be A3-4 and

used, for example, blanks, spikes, duplicates, etc., and at Table A3-5

what frequency

b. Details what should be done when control limits are QAPP

exceeded, and how effectiveness of control actions will Section 3.4

be determined and documented and Tables

A2-2 through
A2-9

c. Identifies procedures and formulas for calculating
applicable QC statistics, for example, for precision, bias,
outliers and missing data

QAPP Table
A2-1
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B6. Instrument/Equipment Testing, Inspection, and Maintenance

a. Identifies field and laboratory equipment needing
periodic maintenance, and the schedule for this

b. Identifies testing criteria QAPP
¢. Notes availability and location of spare parts :ttlailslf(f)lgn;s See also comments at B4.b. regarding laboratory SOPs.
- s
d. Indicates procedures in place for inspecting and A-2
equipment before usage (laboratory
e. Identifies individual(s) responsible for testing, Quality
inspection and maintenance Management
f. Indicates how deficiencies found should be resolved, Plan)
re-inspections performed, and effectiveness of
corrective action determined and documented
B7. Instrument/Equipment Calibration and Frequency
a. Identifies equipment, tools, and instruments that QAPP
should be calibrated and the frequency for this Attachments
calibration A-1 (SOPs)
b. Describes how calibrations should be performed and and A-2 See also comments at B4.b. regarding laboratory SOPs.
documented, indicating test criteria and standards or (laboratory
certified equipment Quality
c. Identifies how deficiencies should be resolved and Management
documented Plan)
B8. Inspection/Acceptance for Supplies and Consumables
a. Identifies critical supplies and consumables for field
and laboratory, noting supply source, acceptance
criteria, and procedures for tracking, storing and QAPP
retrieving these materials Section 3.6
b. Identifies the individual(s) responsible for this
B9. Use of Existing Data (Non-direct Measurements)
a. Identifies data sources, for example, computer
databases or literature files, or models that should be
accessed and used
- - — - QAPP
b. Describes the intended use of this information and the .
Section 3.7

rationale for their selection, i.e., its relevance to project

c. Indicates the acceptance criteria for these data sources
and/or models

d. Identifies key resources/support facilities needed N/A

No key resources associated with the types of non-direct
measurements identified in the QAPP, Section 3.7.
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e. Describes how limits to validity and operating
conditions should be determined, for example, internal
checks of the program and Beta testing

N/A

No operational elements identified in Non-direct Measurement section
of QAPP (Section 3.7).

B10.

Data Management

a. Describes data management scheme from field to
final use and storage

b. Discusses standard record-keeping and tracking
practices, and the document control system or cites
other written documentation such as SOPs

c. Identifies data handling equipment/procedures that
should be used to process, compile, analyze, and
transmit data reliably and accurately

QAPP
Section 3.8

d. Identifies individual(s) responsible for this

e. Describes the process for data archival and retrieval

QAPP
Section 3.8

f. Describes procedures to demonstrate acceptability of
hardware and software configurations

N/A

g. Attaches checklists and forms that should be used

QAPP
Attachment
A-1 (SOPs)

Various SOPs include forms to be used to document field data
collection and data validation.

C. Assessment and Oversight

C1. Assessments and Response Actions

a. Lists the number, frequency, and type of assessment
activities that should be conducted, with the
approximate dates

b. Identifies individual(s) responsible for conducting
assessments, indicating their authority to issue stop
work orders, and any other possible participants in the
assessment process

c. Describes how and to whom assessment information
should be reported

d. Identifies how corrective actions should be addressed
and by whom, and how they should be verified and
documented

QAPP
Section 5.0
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C2. Reports to Management

a. Identifies what project QA status reports are needed
and how frequently QAPP

b. Identifies who should write these reports and who Section 5.0
should receive this information

D. Data Validation and Usability

D1. Data Review, Verification, and Validation

Describes criteria that should be used for accepting, QAPP
rejecting, or qualifying project data Section 4.4

D2. Verification and Validation Methods

a. Describes process for data verification and validation,
providing SOPs and indicating what data validation
software should be used, if any

b. Identifies who is responsible for verifying and
validating different components of the project QAPP

data/information, for example, chain-of-custody forms, Section 4.4
receipt logs, calibration information, etc.

c. Identifies issue resolution process, and method and
individual responsible for conveying these results to

data users

d. Attaches checklists, forms, and calculations QAPP
Attachment
A-1, SOP
No 20

D3. Reconciliation with User Requirements
a. Describes procedures to evaluate the uncertainty of
the validated data QAP. P
hes how Limitati houl Sections 4.4,
b. Describes how limitations on data use should be 4.5 and 4.6

reported to the data users
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1.0 INTRODUCTION

This Quality Assurance Project Plan (QAPP) comprises Appendix A of the 2017 Multi-Media
Investigation Work Plan for the Mayflower Tailings Impoundments Area (Work Plan). The
purpose of this QAPP is to describe the quality assurance and quality control (QA/QC) policies
and procedures that will be used during data collection and evaluation conducted in support of
the multi-media investigation proposed for the study area defined in the Work Plan. Additional
areas outside of this study area may be investigated, as directed by the Sunnyside Gold
Corporation (SGC). Investigations in these areas would be conducted in accordance with this
QAPP.

The QAPP describes the measures that shall be employed during the multi-media investigation
to assure that data generated are of a known and defensible quality in relation to the overall
objectives of the investigation. These measures will assure that the precision and accuracy of
program data are known and documented; sample collection, analysis, and reporting are
complete; and samples are representative of tested environmental media. This plan also
provides guidance for documentation of information collected in the field, including field quality
control data; maintenance of documented sample custody and laboratory analytical procedures;
and quality control data for data verification and validation.

The QAPP was prepared in accordance with United States Environmental Protection Agency
(EPA) guidance on Quality Assurance Project Plans (EPA, 2002; EPA QA/G-5) and EPA
Requirements for Quality Assurance Project Plans (EPA, 2001; EPA QA/R-5). It is comprised of
the following four basic project plan elements:

o project management;

. data generation and acquisition;

o data review, validation, and usability; and
o data assessment and oversight.

The subsections that follow provide the four EPA project plan elements (EPA, 2002), and each
presents the topics applicable to that element with appropriate Site-specific content, as needed
for planning the investigation of environmental media in the study area.

1-1
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2.0 PROJECT MANAGEMENT

This section addresses project administrative functions and project concerns, goals, and
approaches to be followed during implementation of the surface water, groundwater, and solid
phase media investigation.

2.1 Problem Definition and Background

The study area is located in the Animas River basin. Volcanic rocks within the basin are
intensely mineralized. Natural weathering of mineralized rocks degrades the basin’s surface
water quality. Streams within the basin that are considered representative of natural-background
conditions (i.e., unaffected or minimally affected by mining activity) can be acidic (pH <3.0) with
elevated metals concentrations, including zinc, copper, and manganese, above aquatic life
standards (Church and others, 2007). Environmental conditions in the Animas River basin also
reflect influences from the extensive historical mining and milling activities that occurred over
the past 150 years, including mining in areas upstream of the Mayflower Tailings Impoundments
Area and on the left bank of the Animas River (opposite the tailings impoundments). Mine adits
and mine waste rock piles are present at numerous locations in the Animas River basin, and
historically mills discharged tailings to the Animas River and its tributaries. Currently, there are
no active mine or mill sites within the study area.

Additional data are needed to better understand the relationship, if any, between the Mayflower
Tailings Impoundments Area and metals concentrations in the groundwater underlying the
impoundments that discharges to the river. Data are also needed to better understand the
groundwater flow paths in the fractured bedrock system and the relationship between metals
potentially sourced in the fractured bedrock and the groundwater that discharges to the river.
Finally, additional data are needed to better understand the groundwater flow paths and the
source(s) of metals in the groundwater on the left bank of the river and in the groundwater
downgradient of the Mayflower Mill and downgradient of TP-4.

2.2 Project Description
The Work Plan presents the rationale and scope of data collection and monitoring activities
planned to achieve the investigation objectives described above. The data collection activities

associated with the multi-media investigation are described in detail in Section 3.0 of the Work
Plan.

2.3 Project Organization

The multi-media investigation is being conducted by SGC.
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SGC’s responsibilities include preparation of project planning documents, collection of data
needed to complete the surface water, groundwater, and solid media investigation and data
analysis and interpretation as needed to complete the investigation.

. An organization chart for this project is shown by Figure A2-1 and the SGC
project team and responsibilities are described below. Formation Environmental
LLC (Formation), Boulder, CO (environmental services contractor); and

. ACZ Laboratories (ACZ), Steamboat Springs, CO (analytical Ilaboratory
contractor); and

. Isotope Tracer Technologies, Waterloo, Ontario (analysis and testing laboratory
contractor)

SGC Program Manager (Pat Maley, Sunnyside Gold Corporation)

Oversees scheduling and management of all technical and non-technical aspects of the project
(e.g., field activities, data collection, data analysis, report preparation, scheduling, costing) and
serves as primary point of contact with agency representatives.

SGC Site Manager (Larry Perino, SGC).

Reports to SGC’s Program Manager and serves as the local liaison and provides access and
historical knowledge for the mine site.

SGC Field Representative (Terry Turner, SGC).

Reports to SGC’s Program Manager and oversees all field aspects of the project, including
sample collection, measurements, and data collection.

Formation Project Manager (Brian Hansen, P.E., Formation)

Oversees scheduling and management of all technical and non-technical aspects of the project
(e.g., field activities, data collection, data analysis, report preparation, scheduling, costing) and
reports to the SGC Program Manager. Directs the Field Investigations Manager and Project QA
Manager. Ensures that all field personnel understand the scope of work including QA/QC
requirements. Responsible for ensuring that the sampling methods and data analyses reflected
in the Sampling and Analysis Plan (SAP) meet the objectives of the Work Plan. Reviews and
approves project plans and all project deliverables.

Field Investigations Manager (Nat Beal, P.G., Formation)
Plans and supervises sampling and other field activities and coordinates acquisition of any

necessary permits. Schedules and manages various field tasks (e.g., sample collection,
measurements, data collection) and is responsible for sample transport to the laboratory.
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Responsible to the SGC and Formation Project Managers for implementation of field sampling
activities, QA/QC measures, and health and safety program requirements defined in the
Appendix B of the Work Plan. The Field Investigations Manager is also responsible for ensuring
that field staff have appropriate, hands-on training and properly utilize the project Standard
Operating Procedures (SOPs; Attachment A-1). The Field Investigations Manager is also
responsible for informing field staff when water samples are to be collected and analyzed for
isotopic compositions.

Project QA Manager (Kathy Tegtmeyer, Ph.D., Formation)

Responsible for coordinating the development and approval of the QAPP and its supporting
procedures and for maintaining the current, approved version of the QAPP for use on the
project. Assures that all personnel on the distribution list receives the most current copy of the
QAPP. The QA Manager participates in the review and approval of all project deliverables,
assists with establishing laboratory contracts, acts as a day-to-day liaison with the laboratories,
directs field and laboratory audit activities, coordinates any subsequent corrective and
preventive actions, if needed, and communicates regularly with the Formation Project Manager
and Field Investigations Manager regarding any laboratory or data validation concerns. The QA
Manager will also oversee data validation efforts and coordinate the resolution of any necessary
corrective actions resulting from data validation activities, including any quality issues that may
be resolved during field activities (i.e., resampling to replace unusable samples).

Contracted Laboratories - ACZ Laboratories Project Manager and Isotope Tracer
Technologies Project Manager

Reviews QAPP and ensures laboratory resources are available for the requested work, reviews
final analytical reports produced by the laboratory, coordinates scheduling of laboratory
analyses, and supervises in-house chain-of-custody and reporting procedures.

2.4 Quality Objectives and Criteria for Measurement Data

This section describes the data needed to address the study objectives as well as the
measurement performance criteria established to assess the field and laboratory data quality.
Measurement performance criteria are established by defining acceptance criteria and
quantitative or qualitative goals (e.g., control limits) for precision, accuracy, representativeness,
comparability, and completeness (PARCC). The definitions of PARCC are provided below along
with the acceptance criteria for data collected in support of this investigation.

The range of anticipated concentrations for the various media that will be sampled in 2017 has
been established through review of existing chemical data from similar samples collected from
within the study area over time. Historical surface water data from the study area were
considered when selecting the laboratory analytical methods. Historical data for pore water,
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sediment, and soils in the study area were also available for estimating a range of anticipated
concentrations.

2.4.1 Data Quality Objectives

The data quality objectives (DQOs) for this program are presented in Section 2.0 of the Work
Plan. Consistent with EPA guidelines (EPA, 2006a), the DQOs describe the systematic planning
of data collection activities to assure that the proper type, quality, and quantity of data are
collected. The DQOs will be fulfilled by implementation of these QA and QC activities during
data collection in support of the investigation:

. Following specific sampling designs (refer to the Work Plan);

° Adherence to standardized procedures for field measurements, sampling,
sample handling, and sample chain of custody (COC) procedures;

. Collection and analyses of field and laboratory QC samples, as discussed in
Section 3.4.1 and in Section 3.4.2, respectively;

. Analyses of samples in accordance with standard method protocols selected to
meet the project's measurement performance goals (Section 2.4.3) and
detectability requirements (Section 3.4.2);

. Adherence to the laboratory analysis methods, and their associated quality
control steps, specified for analyses of environmental samples (Section 3.4.2);

. Implementation of laboratory-specific preventative maintenance measures;

. Data review and reduction by the laboratories;

. Data validation; and

. Quality auditing and corrective/preventative action processes, as described in
this QAPP.

2.4.2 Measurement Performance Criteria - Definitions

The definitions of PARCC are provided below along with the acceptance criteria for data
collected in support of the investigation. Equations for calculation of precision, accuracy, and
completeness are also provided in Table A2-1.

Precision

Precision is the level of agreement among repeated measurements of the same characteristic.
There are two general forms of uncertainty. The first is the random error component of the data
collection process. The second is inherent stochastic variability, which cannot be eliminated but
can be described.
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Data precision is assessed by determining the agreement between replicate measurements of
the same sample and/or measurements of duplicate samples. The overall random error
component of precision is a function of the sampling and analytical precision and is assessed by
the analysis of field duplicates. The analytical precision is determined by the analysis of field
duplicates by laboratories and by replicate analyses of the same sample. An analytical duplicate
is the preferred measure of analytical method precision. When analytes are present in samples
at concentrations below or near the quantitation limit (QL), precision may be evaluated using
duplicate analyses of laboratory prepared samples such as duplicate laboratory control samples
(LCS/LSCD) and duplicate laboratory matrix spike samples (MS/MSD).

Precision can be measured as relative percent difference (RPD) or as relative standard
deviation (RSD; also known as a coefficient of variation). Formulae for both are presented in
Table A2-1.

Accuracy

Accuracy is the degree of difference between the measured or calculated value and the true
value. It is a measure of the bias or systematic error of the entire data collection process.
Potential sources of systematic errors include:

. sample collection methods;

. physical or chemical instability of the samples;
. interference effects during sample analysis;

. calibration of the measurement system; and

. contamination.

Data accuracy or analytical bias may be evaluated by the analysis of laboratory control samples
(LCS) and/or matrix spike (MS) samples, with results expressed as a percentage recovery
measured relative to the true (known) concentration (refer to Table A2-1 for percent recovery
calculations).

Field equipment and laboratory blanks may be analyzed to assess artifacts introduced during
sampling, transport, and/or analysis that may affect the accuracy of the data. In addition, initial
calibration verification samples and continuing calibration verification samples (ICV and CCV)
and initial calibration blanks and continuing calibration blanks (ICB and CCB) may be used to
verify that the sample concentrations are accurately measured by the analytical instrument
throughout the analytical run.

Representativeness

Data representativeness is defined as the degree to which data accurately and precisely
represent a characteristic of a population, parameter variations at a sampling point, or
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environmental conditions. Representativeness is a qualitative parameter that is most concerned
with the proper design of the sampling program. Representativeness of samples shall be
achieved through the careful selection of sampling locations and methods. The sampling
program described in Section 3.0 of the Work Plan has been designed to provide samples that
are representative of the medium being sampled as well as a sufficient number of samples to
meet the project DQOs.

Comparability

Data comparability is defined as the measure of the confidence with which one data set can be
compared to another. Comparability is a qualitative parameter but must be considered in the
design of the sampling plan and selection of analytical methods, quality control protocols, and
data reporting requirements.

Completeness

Completeness refers to the amount of useable data produced during a sampling and analysis
program. The procedures established in this QAPP are designed to ensure, to the extent
possible, that data shall be valid and usable. To achieve this objective, every effort shall be
made to collect each required sample and to avoid sample loss.

2.4.3 Measurement Performance Goals for Target Analytes

This section identifies numerical goals for precision, accuracy, and completeness for analyses
of the various environmental media. Failure to meet these goals shall be considered in the data
validation process described in Section 4.0. Measurement performance goals for the target
analytes listed in the Work Plan are described below and also provided in Tables A2-2 through
A2-9.

Precision
Precision shall be determined on field data and laboratory analysis data by the analysis of field
duplicates, laboratory replicates, matrix spike and matrix spike duplicate results and evaluation

of the RPD for these various paired measurements. The RPD goals for measures of precision
associated with the analytical methods are presented in Tables A2-2 through A2-9.

Accuracy

Sampling accuracy shall be determined by the collection and analysis of equipment blanks, at
the frequencies described in Section 3.4.

Laboratory accuracy is determined by the analysis of calibration and method blanks, calibration
verification samples, laboratory control samples or standard reference materials, and matrix
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spike samples. Method blank goals shall be that blanks contain less than the quantitation limit
for each target parameter. Accuracy goals for the specific laboratory analysis methods that will
be relied on to generate data for the investigation are summarized in Tables A2-2 through A2-9.

Representativeness

Representativeness is addressed by the description of the sampling techniques and the
rationale used to select the sampling locations. Sampling methods are established by the SOPs
provided in Attachment A-1. Sample representativeness is also evaluated using the RPDs for
field duplicate results and by a review of the results of field blanks (i.e., equipment blanks as
appropriate to sampling methods).

Representativeness of individual sample analyses will be described on the basis of results
obtained from associated laboratory quality control samples. The representativeness of sample
analyses will be considered acceptable as long as any detectable concentrations of analytes in
associated field and method blanks are less than the quantitation limit.

Comparability

Comparability shall be ensured by analyzing samples obtained in accordance with appropriate
SOPs and the referenced standard laboratory analysis methods. All data should be calculated
and reported in units consistent with standard reporting procedures so that the results of the
analyses can be compared with those of other laboratories, if necessary. In general, data shall
be reported in pg/L for water matrices.

Completeness

The project’'s completeness goals are 95 percent for analyses of each sample type (i.e., surface
water/pore water, groundwater, sediment, and other solid media).

2.4.4 Measurement Performance Goals for Isotope Analyses

The laboratory-analysis methods and associated accuracy and precision goals for analysis of
stable isotopic ratios and tritium abundance in water samples are provided in Table A2-10.
Analysis results reported within the specifications noted on Table A2-10 will be considered
usable for characterizing isotopic compositions of oxygen and hydrogen in water and oxygen
and sulfur in dissolved sulfate.

2.45 Measurement Performance Goals for Meteorological Monitoring

The measurement performance objectives for on-site meteorological monitoring are presented
in Table A2-11 and defined in the EPA’s Meteorological Monitoring Guidance for Regulatory
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Modeling Applications (EPA, 2000b; Sections 3 and 5). Data completeness will be assessed by
dividing the number of valid hourly averages by the number of hours available during the
monitoring period, and then multiplying that number by 100. The DQO for data completeness is
90 percent for the quarter.

2.5 Training Requirements

Field personnel shall be trained in the requirements of the Work Plan and this QAPP at a project
meeting prior to the initiation of field activity. All personnel shall read the Work Plan documents,
including this QAPP, prior to the start of field work and shall acknowledge that they have read
the documents at the time of the project meeting. In addition, prior to conducting sampling
activities, the Field Investigations Manager, or designee, shall review field procedures and
sampling requirements in order to better ensure that samples are collected and handled
according to Work Plan and QAPP requirements. Field personnel will also be trained in the use
of field equipment, decontamination procedures, and COC procedures in accordance with SOPs
used for this project (Attachment A-1). One hard copy of the current approved version of the
Work Plan shall be maintained for ready-reference purposes in the field vehicle or field office. All
field team members shall have access to *.pdf format files of the complete Work Plan through
their personal laptop computers. The Field Investigations Manager will be responsible for
assuring that field personnel have the appropriate training for the task and will maintains training
records for each employee.

2.6 Documentation and Records

This section describes the management of project documents and records, including this QAPP.
All field documentation will be conducted in accordance with the procedures described in SOP
No. 1, Field Documentation (Attachment A-1).

2.6.1 Field Logbooks

Documentation of observations in the field provides information on conditions at the time of
sampling and a permanent record of field activities. Field observations and data collected during
sampling activities will be recorded with waterproof ink in a permanently bound weatherproof
field log book with consecutively numbered pages, or on field forms associated with the
individual SOPs found in Attachment A-1 of the Work Plan. Field forms for recording various
types of sampling and measurement activities. The appropriate field forms are located in the
applicable SOP (Attachment A-1). The SOPs also provide instructions for recording field
activities at the time of field measurements or sample collection.

Field notebook and data sheet entries will, at a minimum, include the information listed below:

. Project name and number;

° Sample location;
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° Data and time of sample collection;

° Sample identification numbers;

. Description of sample (sample matrix or species);

° Number of samples collected;

. Field measurements;

° Field observations and weather conditions;

. Personnel present;

. Sampler's signature; and

. Field filtration activities and equipment, if performed.

In addition, other ancillary information shall be recorded, including:

o personnel and/or other visitors to the sampling site(s);
o weather conditions;

. presence of livestock or wild game; and

o any unusual events.

Changes or deletions in the field book or on the data sheets will be recorded with a single strike
mark through the changed entry, with the sampler’s initials and the date recording the new
entry. All entries must remain legible. Sufficient information should be recorded to allow the
sampling event to be reconstructed without having to rely on the sampler's memory.

Completed field forms and logbooks will be copied to the project's quality records (refer to
Section 2.6.4) in addition to copies of outgoing COCs and sample shipping documents.

2.6.2 Chain of Custody Records

Documentation of sample custody must be maintained. Information on the custody, transfer,
handling, and shipping of samples shall be recorded by field personnel on a COC form as
specified in SOP No. 2 (Attachment A-1), and as described in greater detail in Section 2.6.2
below.

A COC form shall be completed for each set of samples collected daily and shall contain the
following information:

o sampler's signature and affiliation;

o program name and identification number;
o date and time of collection;

. sample identification number and matrix;
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° analyses requested;

. number of containers;

. signature of persons relinquishing custody, dates, and times;

. signature of persons accepting custody, dates, and times;

. method of shipment; and

. shipping papers/waybill identification number (as appropriate).

A copy of each as-transmitted COC form shall be retained in the program quality records (refer
to Section 2.6.4).

2.6.3 Analytical Laboratory Records

Results received from the laboratory will be documented both in report form and in electronic
format. Original hard copy and/or electronic reports and data files received from laboratories will
be maintained with the program quality records, as described below. Section 4.0 presents the
project’s laboratory reporting requirements in detail. The final deliverable (“data package” or
“report”) issued to SGC and Formation will include data necessary to complete validation of
laboratory results in accordance with specifications included in Section 4.0.

2.6.4 Program Quality Records

Program quality records are defined as completed, legible documents that furnish objective
evidence of the quality of items or services, activities affecting quality, or the completeness and
guality of data. These records shall be organized and managed by Formation and shall include,
at a minimum:

. copies of all bound field logbooks;

. copies of all field documentation forms;

. popies of fall electronic files from field data loggers or other in situ
instrumentation;

. field copies and original (laboratory) copies of all COC forms;

. incoming and outgoing program correspondence (letters, telephone conversation
records, and e-mail messages);

. copies of all laboratory agreements and amendments thereto;

. as-received laboratory data packages (hard copy and/or electronic);

. complete laboratory data validation packages;

. documentation of field and/or laboratory audit findings and any corrective actions;

. draft and final versions of all monthly and quarterly reports; and
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° draft and final delivered versions of the investigation report(s) and supporting

procedures such as statistical analyses, numerical models, etc.

The other documentation included in the program’s quality records include the approved Work
Plan and QAPP, any approved revisions or addendums to the Work Plan and QAPP, and SOPs
referred to for field data collection with any updates, revisions, or addendums to those SOPs
approved by the Project Managers and Field Investigations Manager to address specific
conditions encountered during the field investigation.

Formation Environmental will maintain project information for as long as they are under contract
to SGC to do so. SGC will be responsible for maintaining project information thereafter.
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3.0 DATA GENERATION AND ACQUISITION

The elements in this section address management of data generation and acquisition activities.

3.1 Sampling Design

The Work Plan provides a detailed description of the multi-media sampling design. Below is a
description of the investigation methods. The SOPs included in Attachment A-1 provide a more
detailed description of those procedures, and they also provide information on field
documentation and QA activities for the sampling team.

3.1.1 Sampling Locations and Frequencies

Comprehensive sampling activities, including sampling locations, are summarized in the Work
Plan. The number and types of samples that will be collected and sampling locations are
detailed in Section 3.0 of the Work Plan.

3.1.2 Surface Water Sampling Methods

Surface water samples will be collected in accordance with methods specified in SOP No. 5,
Surface Water Sampling (Attachment A-1). One or more of the eight sampling methods
described in the SOP will be used for the collection of the surface water samples.

During high-flow conditions, it is anticipated that the majority of the surface water samples will
be collected using the “Dipper Method”. The Dipper Method utilizes a sample container attached
to a pole that is then dipped into the water body and the sample is collected as a “grab sample”
from just below the surface of the water. At the seeps and springs and other features that do not
have adequate water for the dipper method the direct method will be used.

During low-flow conditions, it is anticipated that majority of the surface water samples will be
collected using the “Dipper Method”. At the seeps and springs and other features that do not
have adequate water for the dipper method the direct method will be used. The Equal Discharge
Increment Technique (EDITQ) may be used, as needed, and will require protocols specified in
the “Operators Manual for the US DH-81 Depth-Integrated Suspended-Sediment Sampler”
(Federal Interagency Sedimentation Project (FISP), Undated). This technique will be employed
during the low-flow event at all locations that warrant its use. It will be at the discretion of the
field team lead to determine if the sampling location is suitable to perform this type of sampling
using the DH-81. This process of using EDITQ will provide equal sample volumes at each
stream vertical sample taken from the cross-section of the stream or river.
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An adequate sample volume will be collected from each sample location to meet the required
volume for the various laboratory analyses described in Section 3.3 of the QAPP. Depending on
the sample collection method used, multiple aliquots may need to be collected to form a
composite sample of adequate volume for laboratory analysis. Composite samples will be
temporarily contained in an inert disposable container. A portion of the sample collected at each
location will be field filtered with a 0.45 micron filter and containerized in the appropriate sample
bottles. The non-filtered portion of the sample will then be containerized in the appropriate
sample bottles. The remainder of the sample will be used for measurement of field parameters.
Field parameters will be measured with a water quality instrument(s) in accordance with the
procedures described in SOP No. 5, Water Quality Sampling (Attachment A-1). Field
parameters include: temperature, turbidity, pH, specific conductance, dissolved oxygen (DO),
and oxidation reduction potential (ORP). Calibration of the instrument(s) used to measure the
field parameters is described in Section 3.6.1 of this QAPP. The water quality meter(s) will be
calibrated in accordance with SOP No. 31, Water Quality Meter Calibration (Attachment A-1).

During sample collection, care will be taken to minimize disturbance of sediment at the bottom
of the water body. Samples will be collected in sequential order from the furthest downstream
location to the furthest upstream location, unless the sampler does not enter the water, in which
case samples can be collected in the order selected by the sampling team(s) based on field
logistics. All non-dedicated sampling equipment will be decontaminated between each sample
location in accordance with the procedures described SOP No. 7, Equipment Decontamination
(Attachment A-1). Documentation for field sampling is described in Section 2.6 of this QAPP
and sample, handling, preservation and custody procedures are described below.

Manual stream discharge measurements will be conducted, where feasible, in accordance with
the methods described in SOP No. 6, Surface Water Discharge Measurement (Attachment A-1).
The selection of a discharge measurement method depends on stream flow rate and/or specific
channel characteristics.

During high-flow conditions, it may be unsafe for personnel to enter the stream at a particular
sample location. The health and safety plan (HASP) for this investigation is included in
Appendix B of the Work Plan that includes a job safety analysis (JSA) that describes
recommended safe job procedures for stream monitoring. If it is determined, based on the JSA,
that conditions are unsafe then a measurement will not be taken.

3.1.3 Pore Water Sampling Methods

Pore Water samples will be collected by inserting a PushPoint® sampler into the hyporheic
zone and purging until the pore water runs clear in accordance with Pore Water Sampling, SOP
No. FLD-10 (ESAT, 2012a; Attachment A-1). The syringe used to extract the pore water will be
rinsed three times prior to sample collection with water from the location.
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An adequate sample volume will be collected from each sample location to meet the required
volume for the various laboratory analyses described in Section 3.3 of the QAPP. Given the
limited volume of the syringe, multiple aliquots will be collected to form a composite sample of
adequate volume for laboratory analysis. Composite samples will be temporarily contained in an
inert disposable container. A portion of the sample collected at each location will be field filtered
with a 0.45 micron filter and containerized in the appropriate sample bottles. The non-filtered
portion of the sample will then be containerized in the appropriate sample bottles. The
remainder of the sample will be used for measurement of field parameters. Field parameters will
be measured with a water quality instrument(s) in accordance with the procedures described in
SOP No. 5, Water Quality Sampling (Attachment A-1). Field parameters include: temperature,
turbidity, pH, specific conductance, DO, and ORP. Calibration of the instrument(s) used to
measure the field parameters is described in Section 3.5.1 of this QAPP. The water quality
meter(s) will be calibrated in accordance with SOP No. 31, Water Quality Meter Calibration
(Attachment A-1).

During sample collection, care will be taken to minimize disturbance of sediment at the bottom
of the water body. Samples will be collected in sequential order from the furthest downstream
location to the furthest upstream location, unless the sampler does not enter the water, in which
case samples can be collected in the order selected by the sampling team(s) based on field
logistics. All non-dedicated sampling equipment will be decontaminated between each sample
location in accordance with the procedures described SOP No. 7, Equipment Decontamination
(Attachment A-1). Documentation for field sampling is described in Section 2.6 of this QAPP
and sample, handling, preservation and custody procedures are described below.

Pore water samples will not be collected during high-flow conditions because of health and
safety dangers related to entering fast moving water. Therefore, these samples will only be
collected during low-flow conditions. The HASP for this investigation is included in Appendix B
of the Work Plan and includes a JSA that describes recommended safe job procedures for
stream monitoring.

3.1.4 Groundwater Sampling Methods

Groundwater samples and water level measurements will be collected in accordance with
methods specified in SOP No. 4, Groundwater Sampling and Water Level Measurements at
Monitoring Wells and Piezometers (Attachment A-1). Field parameters will be measured with a
water quality instrument(s) in accordance with the procedures described in SOP No. 4,
Groundwater Sampling and Water Level Measurements at Monitoring Wells and Piezometers
(Attachment A-1). Field parameters include: temperature, turbidity, pH, specific conductance,
DO, and ORP. Calibration of the instrument(s) used to measure the field parameters is
described in Section 3.5.1 of this QAPP. The water quality meter(s) will be calibrated in
accordance with SOP No. 31, Water Quality Meter Calibration (Attachment A-1). All non-
dedicated sampling equipment will be decontaminated between each sample location in
accordance with the procedures described SOP No. 7, Equipment Decontamination
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(Attachment A-1). Documentation for field sampling is described in Section 2.6 of this QAPP
and sample, handling, preservation and custody procedures are described below.

3.1.5 Sediment Sampling Methods

Sediment samples will be collected using dedicated Teflon scoops and placed in high density
polyethylene (HDPE) containers based on the protocols outlined in Shallow Stream Sediment
Sampling SOP No. FLD-06 (ESAT, 2012b; Attachment A-1). Several sediment subsamples may
be collected to achieve the required sample volume. These samples may be collected from a
stretch of creek that is upstream and downstream of the actual sampling location. These
subsamples will then be combined and homogenized back at the laboratory. No sampling
equipment needs to be decontaminated since the Teflon scoops are not re-used across
sampling locations.

Sediment samples will not be collected during high-flow conditions because of health and safety
dangers related to entering fast moving water. Therefore, these samples will only be collected
during low-flow conditions. The HASP for this investigation is included in Appendix B of the
Work Plan and includes a JSA that describes recommended safe job procedures for stream
monitoring.

3.1.6 Other Solid Phase Media Sampling Methods

Surface or near-surface opportunistic solid phase media samples, including but not limited to
soils, mine waste, and mineralized rock, will be collected in accordance with methods specified
in the Standard Operating Procedures for Soil Sampling, FLD-05 (ESAT, 2012c; Attachment A-
1). Samples will be collected using dedicated Teflon scoops. It is expected that no sampling
equipment will need to be decontaminated since the Teflon scoops are not re-used across
sampling locations. In the event non-dedicated equipment is needed, all non-dedicated
sampling equipment will be decontaminated between each sample location in accordance with
the procedures described SOP No. 7, Equipment Decontamination (Attachment A-1).

3.1.7 Core Sampling Methods

Solid-phase media samples will be collected in accordance with methods specified below.
Following sample collection, all equipment will be decontaminated in accordance with the
procedures described in SOP No. 7, Equipment Decontamination (Attachment A-1). Composite
samples will be collected using the following methods.

Samples of unconsolidated tailings and alluvium will be collected during borehole advancement.
The time of collection will be noted, along with any water or problems associated with recovery
of the core. The core will be labelled as it is brought to the logging station noting the borehole
ID, depth, and orientation of the core, and placed onto a clean sheet of plastic at the logging
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station. Each interval will be photographed. The color, moisture content, texture, primary and
secondary minerals will be recorded.

For each interval to be sampled for geochemistry, a minimum of 1.5 kilograms (approximately 1
guart) of sample will be removed from the upper portion (6 inches of the interval) using a clean
and dry scoop, trowel, or gloved hand. This volume should be confirmed using a scale for the
initial samples. For geochemical samples, a fresh gallon sized zip-lock bag will be used to
collect this sample. If encountered, oversized (larger than fist sized) clasts will be excluded from
this sample.

3.1.8 Core Logging Methods

The core will be logged in accordance with SOP No. 12, Drilling and Installation of Shallow
Monitoring Wells and SOP No. 23 Installation of Deep Bedrock Monitoring Wells (Attachment A-
1). Lithological and textural descriptions will be noted on a borehole log in accordance with the
Unified Soils Classification System (USCS) and appropriate American Society for Testing and
Materials (ASTM) guidance. Bedrock fractures may be documented using the discrete fracture
network logging approach or a similar method (Golder Associates, 2010).

3.2 Meteorological Data Collection

Meteorological parameters (wind direction and speed, temperature, relative humidity, barometric
pressure, precipitation, solar radiation) will be collected in a manner consistent with the EPA
Quality Assurance Handbook for Air Pollution Measurement Systems, Volume IV:
Meteorological Measurements (EPA, 2006b), and as provided in the Multi-Media Work Plan.

The sensors to be used for the horizontal wind speed, horizontal wind direction, ambient
temperature, barometric pressure, solar radiation, and precipitation will be acquired through
Campbell Scientific and will meet the specifications stated in the Meteorological Monitoring
Guidance for Regulatory Modeling Applications (EPA, 2000b; EPA-454/R-99-005) and the EPA
QA Handbook Volume IV. These sensors will be continuously operated throughout the planned
field investigations.

3.3 Sample Handling, Preservation, and Custody

This section describes sample handling requirements and COC procedures from the sample
collection step through laboratory analysis and ultimate disposal. Sample custody, packaging,
and shipment procedures are described in SOP No. 2, Sample Custody, Packaging and
Shipment (Attachment A-1).
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3.3.1 Sample Containers, Preservation, and Holding Times

Sample Containers

The laboratory will provide new, certified pre-cleaned, prepared sample containers for aqueous
sample matrices (i.e., surface water, rinsates, etc.), appropriate to the list of analyses specified
on Table A3-1. Solid-phase samples will be contained in sealable, plastic storage bags (e.g.,
Wirrl Paks or freezer-type Ziplock bags). After the well-mixed sample material has been
transferred to the plastic bag, the bag will be sealed and labeled and then placed into a second,
sealable plastic bag to protect the label.

The mass of material collected and contained for shipping to the laboratory will be sufficient for
the list of solid-phase analyses listed in Table A3-1.

Sample Preservation and Storage

Samples are preserved in order to prevent or minimize chemical changes that could occur
during transit and storage. Sample containers containing appropriate preservative are used to
ensure preservation immediately upon sample collection. The contracted laboratories will
provide containers and appropriate preservatives (i.e., “pre-preserved” containers), as needed
for the analyses to be requested.

Aqueous samples (e.g., surface water, equipment rinsates, etc.) submitted for metals/metalloids
analyses require preservation upon collection, as specified in Table A3-1. Preservation
requirements are associated with the individual analyses to be performed and the referenced
analytical methods.

Solid-phase samples will not require chemical preservation, but they will be maintained at low
temperature during storage, handling, and shipping to the laboratory. Sample storage

requirements are listed in Table A3-1.

Sample Holding Times

Sample holding times are established to minimize chemical changes in a sample prior to
analysis and/or extraction. A holding time is defined as the allowable time between sample
collection and analysis recommended to ensure accuracy and representativeness of analysis
results, based on the nature of the analyte of interest and chemical stability factors.

Immediately after collection, samples shall be placed in field coolers with wet ice and/or blue
ice. If there is no likelihood that a holding time will be violated, samples may be transferred to a
locked refrigerator for one or more days of storage prior to shipping to a laboratory. Transfer to
the laboratory for analysis should be prompt to minimize the possibility of exceeding holding
times.
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Holding times for the chemical constituents for which samples will be analyzed are summarized
in Table A3-1. Failure to conduct analyses within the required holding times may result in
gualification of associated analytical results and shall prompt appropriate corrective and
preventive action measures as outlined in Section 4.4.

3.3.2 Sample Handling and Chain of Custody

Sample Handling and Shipping

After collection, sample labels will be completed and the samples will be placed on ice in an
insulated cooler. After labeling, each individual sample will be placed in re-closeable freezer-
type plastic storage bags. Each sample container will be carefully packaged in a shipping
container, typically an ice chest, with Styrofoam® peanuts or other packing material to prevent
breakage during shipment. Ice placed in the cooler will be double-bagged to prevent leakage of
water. The coolers will be taped shut and the tape will be placed over the custody seal (see
below).

Chain of Custody

After samples have been collected, they will be maintained under strict COC protocols. The field
sampling personnel will complete a COC form (refer to SOP No. 2, Attachment A-1) for each
shipping container (i.e., cooler, ice chest or other container) of samples to be delivered to the
laboratory for analysis. The sampler is responsible for initiating and filling out the COC form.
The COC for a shipping container will list only those samples in that shipping container.
Information contained on the triplicate, carbonless COC form will include the following:

. Project number;

o Date and time of collection;

. Sample identification number;

. Sample matrix;

. Analyses requested,;

. Number of containers/bags for each sample;

° Sample preservation;

. Field filtration, if applicable;

. Sampler's signature and affiliation;

. Signature of persons relinquishing custody, dates, and times;
. Signature of persons accepting custody, dates, and times;
. Method of shipment;

. Shipping air bill number (if the samples are shipped);
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° Condition of samples and cooler temperature upon receipt by laboratory; and
. Any additional instructions to the laboratory.

Any documentation, including COCs, placed inside the cooler during sample shipment, should
be placed inside a re-closeable plastic bag.

The sampling personnel whose signature appears on the COC is responsible for the custody of
the samples from the time of sample collection until custody of the samples is transferred to a
designated laboratory, a courier, or to another project employee for the purpose of transporting
the sample to the designated laboratory. The sample is considered to be in custody when the
sample is: (1) in the direct possession of the sample custodian; (2) in plain view of the sample
custodian or (3) is securely locked in a restricted-access area by the sample custodian. Custody
is transferred when both parties to the transfer complete the portion of the COC under
"Relinquished by" and "Received by." Signatures, printed hames, company names, dates and
times are required. Upon transfer of custody, the sampling personnel who relinquished the
samples will retain the third sheet (pink copy) of the COC. When the samples are shipped by a
common carrier, a Bill of Lading supplied by the carrier will be used to document the sample
custody, and its identification number will be entered on the COC. Copies, receipts and carbons
of Bills of Lading will be retained as part of the permanent documentation in the project file. It is
not necessary for courier personnel to sign the COC.

When the analytical laboratory receives the samples, the COC will be immediately signed along
with the date and time of receipt. The top sheet (white copy) or a copy of the COC may be
returned with the final analytical report. The laboratory will follow appropriate chain-of-custody
procedures when shipping any samples to a subcontracted laboratory for analysis. A copy of all
inter-lab COCs will be included with the final analytical report.

Laboratory Sample Handling and Storage

Upon receipt by the laboratory, the samples will be inspected for sample integrity and proper
preservation, including temperature. The COC will be reviewed to verify completeness. Any
discrepancies between the COC and sample labels and any problems or questions noted upon
sample receipt will be communicated immediately to the Formation QA Manager. The laboratory
shall provide the Formation QA Manager with a copy of the COC, and associated sample-
receipt information, within 2 working days of receipt of samples. The sample-receipt information
routinely provided will include: sample receipt date, sample IDs transcribed from the COCs,
sample matrix type, list of analyses to be performed for each sample, and verification of sample
temperatures and preservation requirements. Broken custody seals, damaged sample
containers, sample labeling discrepancies between container labels and the COC form, and
analytical request discrepancies shall be noted on the COC form. The Formation QA Manager
shall be notified of any such problems; discrepancies or non-conformances shall be resolved
and addressed prior to the samples being released to the laboratory for analysis.
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The laboratory will store the samples in a specially designated area, which is clean and
maintained at the appropriate preservation temperature, if necessary. The laboratory will be
responsible for following their internal custody procedures from the time of sample receipt until
sample disposal. At a minimum, the following procedures shall also be in place for laboratory
storage of samples:

. samples and extracts shall be stored in a secure area controlled by the
laboratory’s designated sample custodian;

. samples shall be removed from the shipping container and stored in their original
containers unless damaged; damaged samples shall be disposed in an
appropriate manner after notifying the Formation QA Manager, and authorization
to dispose is received and documented;

. whenever samples are removed from storage, removal shall be documented,;
. sample transfers shall be documented on internal COC records;
. samples and extracts shall be stored after completion of analyses in accordance

with contractual requirements; and

. Samples shall not be stored with standards or sample extracts.

Samples will be properly disposed by the contracted laboratories in accordance with their own
operating procedures, or the samples will be returned to SGC to archive for possible future
analyses or testing. SGC is responsible for notifying the laboratories if any of the samples are to
be retained and/or returned to SGC.

3.4 Analytical Methods

Samples will be prepared and analyzed using standard laboratory procedures and methods
according to performance criteria identified in the following sections. Project goals will be met
by the laboratories’ standard turn-around-time of 2 to 3 weeks.

3.4.1 Sample Preparation

The laboratory analytical parameters and targeted method detection limits and/or quantitation
limits and analytical methods for the laboratory analyses of water samples are specified in Table
A3-2. The laboratory analytical parameters and targeted method detection limits and/or
guantitation limits and analytical methods for analyses of solid-media samples are specified in
Table A3-3.

Preparation of water samples shall be in accordance with the method specifications included in
Table A3-1, or method 200.2 for total recoverable metals, as well as standard laboratory
practices. Preparation of solid-phase samples, including sediment and soil, shall be in
accordance with the method specifications included in Table A3-1.
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3.4.2 Target Analyses and Methods

The target analytes (TAs) include both laboratory and field parameters and are described in
detail in Section 3.1 of the Work Plan. Laboratory parameters for agueous and solid-phase
sample types are listed in Tables A3-2 and A3-3 of this QAPP, respectively. The laboratory will
have discretion in determining when the change from multi-element to element-specific methods
are necessary to achieve the target detectability and other QC limits established for the target
anions. EPA method numbers and other standard methods are listed in Work Plan Tables 3-1
through 3-3 and in Tables A2-2 through A2-9 of this document.

The laboratories maintain internal SOPs on file for each of the referenced methods, and these
SOPs will be referred to by the laboratory during analyses of samples collected for this project.
The SOPs for sample preparation and analytical method has been provided by ACZ laboratories
and will be available at Formation for review by the project team upon request.

Isotope ratios and activities are not considered project TAs, but isotopic analyses will be
conducted on selected water samples. The analysis methods for isotopic analysis of water
samples are specified in Table A2-10. These are considered non-standard analytical methods,
and additional specifications for performance of each of the methods listed in Table A2-10 are
available in the laboratory SOPs (Isotope Tracer Technologies, Waterloo, ON). These SOPs
can be provided to data users upon request.

A copy of the appropriate sample-analysis and method table, by sample type, will be included in
each batch of samples submitted to the laboratory for analyses to accurately document the
analyses being requested.

3.5 Quality Control

There is potential variability in any sample collection, analysis, or measurement activity. This
section describes checks that will be performed to evaluate that variability.

3.5.1 Field Quality Control Samples

Field quality control samples are introduced into the measurement process to provide
information on transport, storage and field handling biases and on field sampling precision. Field
blank samples and field duplicate samples will be collected. Field blank samples may be
identified to the laboratory so that they are not used for preparation of an analytical duplicate or
matrix spike sample. Descriptions and frequencies of these QC samples are provided below.
Table A3-4 summarizes the minimum required frequencies for the field QC samples.
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Equipment-Rinsate Blanks

Analyses of equipment-rinsate blanks quantify artifacts introduced into the sample during
collection. Potential sources of bias or cross-contamination include sampling gloves and
sampling equipment that may incidentally come into contact with the sample. An equipment
rinsate blank consists of analyte-free, reagent-grade water (e.g., ASTM Type Il) poured through
the sampling equipment, collected in a clean suite of sample bottles, and preserved as needed.

Equipment rinsates shall be collected whenever sampling equipment is reused (and
decontaminated) between sampling locations. In such cases, equipment rinsates will be
collected at rate of 1 per 10 field samples (see Table A3-4). The equipment rinsate blanks will
be analyzed for total metals analyses as well as the other parameters listed in Table A3-4.
Equipment rinsates collected with solid-phase samples will be analyzed for parameters listed in
Table A3-4.

Filter Blanks

A filter blank quantifies any artifacts that could be introduced into the sample during filtration.
One filter blank will be collected during each separate sampling event at a rate of one filter blank
for each batch of filters used during collection of agueous samples. The blank sample will
consist of one container of filtered water and one container of unfiltered water so that the
analysis results can be compared. Analyte-free, reagent-grade water will be poured directly into
the sample container for the unfiltered portion, and analyte-free, reagent-grade water will be
passed through an unused filter into a separate container for the filtered portion. Both
containers will be sent to the laboratory for analyses specified in Table A3-4.

Field Duplicates

Field duplicates are collected to measure the combined sampling and analytical variability
associated with the sample results. Duplicate samples are usually collected simultaneously with
or immediately after the corresponding original samples have been collected, depending on the
sample type and medium and consistent with detailed instructions in the relevant SOPs for
sample collection. In all cases, the same sampling protocol is used to collect the original sample
and the field duplicate sample. The field duplicate is analyzed for the same suite of analytical
parameters as the original sample.

There are no EPA-recommended criteria for evaluation of field duplicate sample comparability;
however, the RPD between the original sample and field duplicate can be calculated for each
parameter and compared to the project's precision goal. The TA concentrations reported for the
field duplicate pairs will be qualified based on the field duplicate RPD results. Possible causes
for the observed variability in duplicate samples should be evaluated and explained in the
investigation report.
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For aqueous samples, field duplicates will be collected at a rate of 1 per 10 samples. These
samples will be analyzed for the TAs listed in Table A3-4. The field-duplicate pairs with RPDs
greater than 30% (if sample and duplicate concentrations are = 5X QL) will be qualified as
estimated (“J” detects and “UJ” for nondetects) and professional judgment will be used
regarding flagging other samples in the data set.

For solid-phase media, field duplicates will be collected at a rate of 1 per 10 samples. These
samples will be analyzed for the TAs listed in Table A3-4. For the solid media samples, field-
duplicate pairs with RPDs greater than 50% will be qualified as estimated.

3.5.2 Laboratory Quality Control Samples

Laboratory quality control samples are introduced into the measurement process to evaluate
laboratory performance and sample measurement bias. Control samples may be prepared from
environmental samples or be generated from standard materials in the laboratory. The
appropriate type and frequency of laboratory QC samples will be dependent on the sample
matrix, analytical method, and the laboratory’s SOP. Laboratory QC samples will be analyzed in
addition to the calibration samples with each QC batch.

Table A3-5 summarizes the minimum required frequencies for the laboratory QC samples. A
laboratory method blank, laboratory control sample, analytical duplicate, and a pair of matrix
spike samples should be run in each laboratory QC batch at a frequency of 1 each per 20 field
samples shown in Table A3-5. Field staff responsible for collection and shipping of samples to
the laboratory shall designate the samples to be used for laboratory QC analyses on the COC
forms. In the event that such instructions are not included, the laboratory shall always utilize
samples submitted from the investigation for preparation of laboratory duplicates and matrix
spike samples used for batch QC analyses.

Method Blanks

Method blanks shall be used for the laboratory processes. A method blank is a volume of
deionized water that is carried through the entire sample preparation and analysis procedure.
The method blank volume or weight shall be approximately equal to the sample volumes or
sample weights being processed. Method blanks are used to monitor interference caused by
constituents in solvents and reagents and on glassware and other sampling equipment.

Project target analytes must not be detected in laboratory method blanks at concentrations
greater than the QL. Method blank contamination, if found, will be addressed in accordance with
the response actions given in Tables A2-2 through A2-9, as appropriate to the analytical
methods. Method blanks will be evaluated during the data validation process, and associated
sample results may be qualified on the basis of blank contamination.

Laboratory Control Samples
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A laboratory control sample (LCS)/laboratory fortified blank (LFB), or a blank spike, is an
agueous or solid control sample of known composition that is analyzed using the same sample
preparation, reagents, and analytical methods employed for the program samples. An LCS/LFB
is obtained from an outside source or is prepared in the laboratory by spiking reagent water or a
clean solid matrix for a stock solution that is different than that used for the calibration
standards. The LCS/LFB is the primary indicator of process control used to demonstrate
whether the sample preparation and analytical steps are in control, apart from sample matrix
effects. LCS/LFB samples will be run with all samples at the frequencies specified herein.

Analytical Duplicates

Analytical duplicates are samples that are split at some step in the measurement process and
then carried through the remaining steps of the process. Duplicate analyses provide information
on the precision of the operations involved.

e Analytical duplicates are a pair of subsamples from a field sample that are taken through
the entire preparation and analysis procedure; any difference between the results
indicates the precision of the entire method in the given matrix.

¢ Under certain method protocols (refer to Tables A2-2 through A2-9), the matrix spike is
duplicated, to provide a matrix spike duplicate, and serves as the analytical duplicate
sample.

Analyses of analytical duplicates and/or matrix spike duplicates monitor the precision of the
analytical process.

Matrix Spikes

A matrix spike is prepared by adding an analyte to a subsample of a field sample before sample
preparation and analysis. For multi-analyte methods, a representative suite of the analytes is
used in the matrix spike. From the concentrations of the analyte in the spiked and unspiked
samples, a percent recovery is calculated. Many samples show matrix effects in which other
sample components interfere with the determination of the analyte. The value of the percent
recovery indicates the extent of the interference.

Laboratory matrix spike samples are used to evaluate potential sample matrix effects on the
accurate quantitation of an analyte using the prescribed analytical method. Percent recoveries
of target analytes from matrix spike samples should fall within the prescribed control limits.
Matrix interference and other effects may cause low or high percent recoveries in investigative
samples; matrix effects may be noted at the same time that recoveries from laboratory control
samples indicate acceptable method performance.
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Site-specific samples shall be used to prepare the MS/MSD samples. Field sampling personnel
will collect extra volume and designate on the COC forms the samples that are to be used for
the MS/MSD. Every effort will be made to ensure that these samples are representative of the
general sample matrix of samples collected on that sampling data. Equipment rinsates and filter
blanks are not designated for MS/MSD.

The laboratories will be instructed to use spike concentrations that are consistent with criteria
provided in the National Functional Guidelines for Inorganic Data Validation (EPA, 2016) and

any specific instructions provided in the referenced analytical methods.

Performance Evaluation Samples

Program-specific laboratory performance evaluations via performance evaluation samples are
not anticipated as part of this investigation, but may be included later if analytical or validation
exercises indicate the presence of potential laboratory QA issues.

3.6 Instrument/Equipment Calibration and Maintenance

In order to ensure continual quality performance of any instruments or equipment, calibration
and maintenance shall be performed and recorded as described in this section.

3.6.1 Field Equipment

Preventative maintenance of field equipment will include routine inspection and calibration
and/or testing, as specified in the relevant SOP or manufacturer’s instructions.

All field equipment will be cleaned and safely stored between each use, and any routine
maintenance recommended by the equipment manufacturer will also be performed. Equipment
will be inspected and the calibration checked (if applicable) before it is transported to a field
setting for use. Equipment will be inspected before use and field instruments that fail calibration
requirements will be tagged as “nonfunctional” or “defective” and returned to the manufacturer
or other supplier for repair or replacement.

The meteorological station installed at the Mayflower Impoundments was visually inspected
before deployment for damage, and none was found. After installation at the site and before
data collection, all sensors and systems were calibrated according to manufacturer’s
specifications. During use of the instrumentation, site checks will be performed each week for
the duration of monitoring. Routine maintenance will also be performed in accordance with the
manufacturer’'s recommendations.
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3.6.2 Laboratory Equipment

Instruments used by the laboratory will be maintained in accordance with the laboratory’s
Quiality Assurance Plan (Attachment A-2) and method requirements. All analytical measurement
instruments and equipment used by the laboratories shall be controlled by a formal calibration
and preventive maintenance program. In addition, each laboratory’s preventive maintenance
program shall include the following, as a minimum:

. a listing of the instruments and equipment;

. the frequency of maintenance considering manufacturer’'s recommendations and
previous experience with the equipment; and

. a file for each instrument containing a list of spare parts maintained, external
contracts, and a listing of the items to be checked or serviced during
maintenance.

The laboratory will keep maintenance records and make them available for review, if requested,
during laboratory audits. Laboratory preventative maintenance will include routine equipment
inspection and calibration at the beginning of each day or each analytical batch, per the
laboratory’s internal SOPs and method requirements.

Calibration Methods

Physical and chemical calibrations shall be performed within each laboratory as specified by the
EPA Methods, instrument manufacturer’s guidelines, and this project’s calibration requirements
for the requested EPA methods, which are summarized in Tables A2-2 through A2-9. When
laboratory measurement instruments do not meet the calibration criteria of the laboratory’s
Quiality Assurance Plan and/or EPA method, then the calibration data will be reviewed using the
NFGs (EPA, 2016) and will be qualified accordingly. Calibration records and demonstration of
acceptable calibration results will be required elements of the laboratory’s data reporting.
Records of calibration, repairs, or replacement will be filed and maintained by the designated
laboratory personnel performing QC activities. These records will be filed at the location where
the work is performed and will be subject to QA audit.

Calibration procedures for a specific laboratory instrument will consist of initial calibration (blank
and standards), initial calibration verification, and continuing calibration verification. All analyses
will be governed by the appropriate laboratory SOPs, and appropriate calibration procedures
and frequencies can be found in each SOP.

For a summary of the calibration procedures for individual methods, refer to Tables A2-2
through A2-9. Calibration and quality control sample procedures for aqueous samples are
summarized in Tables A2-2 through A2-9. Calibration and quality control sample procedures for
solid samples are summarized in Tables A2-7 through A2-9.
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3.7 Acceptance Requirements for Supplies and Consumables

All supplies and consumables received for a project (e.g., sample bottles, calibration standards)
will be checked for damage and other deficiencies that would affect their performance. The Field
Investigations Manager will be responsible for ensuring that supplies have been inspected and
these inspections will be documented and a copy of the inspection kept in the project’s file.

3.8 Criteria for Use of Existing, Non-Direct Measurement Data

Previous reports prepared by SGC, EPA, USGS, and other published studies are potential
sources of non-direct measurement data that are relevant to characterization of the study area.
The EPA’s SCRIBE database is another source of non-direct measurement data that can be
used to address certain project DQOs. These data will be used to the fullest extent practicable
in the on-going investigation and considering the data quality.

The Project Quality Assurance Manager will be responsible for overseeing data quality
evaluations related to existing data and determination of appropriate uses of such data.

3.9 Data Management

The program quality records will be maintained by SGC's contractor, Formation, in its Boulder,
CO office. The Project Manager for Formation will be responsible for ensuring that the data
management specifications of the QAPP are met. The program quality records, either
electronic or hard copy in form, shall include:

. Project work plans, including this QAPP, with any approved modifications,
updates, and addendums;

. Field documentation (including well logs, GPS data on monitoring locations
including surveyed elevations of monitoring wells);

° Electronic data files downloaded from continuous-reading field instruments (e.g.,
pressure transducers, weather station sensors, etc.) and any related calculations
(and record of peer review) performed to obtain final measurement values;

. COC records;

. Laboratory documentation (results received from the laboratory will be
documented both in report form and in an electronic format);

. Data validation reports;

. Data Summary Reports; and

o Final project reports/deliverables.

No checklists or forms are required for this aspect of the project.
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Hard-copy field and laboratory records shall be maintained in the project's central data file,
where original field and laboratory documents are filed chronologically for future reference.
These records are also scanned to produce electronic copies in *.pdf format. The electronic
versions of these records are maintained on Formation’s central server system with backup
scheduled on a daily basis.

A key element of the project’'s data management process is maintenance of an electronic
database that is used to store relevant environmental sampling data, including existing data
considered usable to support the investigation (i.e., non-direct measurement data), in a
consistent, readily retrievable format. Microsoft® Access will be used for the data structure and
guery support. A designated Database Manager will ensure the security and integrity of
electronically stored data and will also notify the QA manager if any problems are encountered
with the database. The project’s electronic database will be maintained on a central server
system with data backup scheduled on a daily basis. Updated databases are also stored off-site
on a monthly basis. The software will be upgraded when updates are available by Formation’s
Information Technology Officer.

The project database will serve as a source of data for the data presentation and analysis tasks
performed to support the multi-media investigation. The database will incorporate, at a
minimum, sample collection information (e.g., sample identification, location, date and time of
sample collected, matrix) and laboratory analytical fields specified in the project EDD
requirements (Table A3-6).

Prior to incorporation of field and laboratory data into the project database, the data and
supporting documentation shall be subject to appropriate review, as described below in Section
4.0, to ensure the accuracy and completeness of original data records. Field data that has been
reviewed in a hard-copy format will be entered into electronic data files for upload to the project
database. All manual data entry into an electronic format will be reviewed by a separate party
before such data are incorporated into the project's database (see Section 4.1). Laboratory
EDDs and related data packages will be reviewed as part of the data validation process, as
described in Sections 4.2 and 4.4.

Following these review steps, field and laboratory electronic data files will be imported to the
project database. The data validator(s) (refer to Section 4.4) will add qualifiers and related
information to the EDD file/database, for reference by all data users. The EPA flags, Reason
Codes, and final, qualified data will be uploaded from electronic files that the data validators
populate and return to SGC/Formation, as discussed in Section 4.0. Standardized data import
formats and procedures will be used to upload both field and laboratory data into the electronic
database. At this time, standardized station identifiers, parameter names, numerical formats,
and units of measure are applied to the original information to facilitate comparability across all
datasets and within the database.
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4.0 DATA REVIEW, VALIDATION AND USABILITY

The following sections address the final project checks conducted to confirm that the data
obtained meet the project objectives and to estimate the effect of any deviations on data
usability.

4.1 Field Data Review

Raw field data shall be entered in field notebooks and/or sample collection record forms, or if
received via automated data loggers, into appropriate electronic data files (e.g., spreadsheets,
data forms, etc.). Manually entered field records shall be reviewed for completeness by the
Field Investigations Manager, or his/her designated Field Supervisor, at the end of each day of
field data collection. The overall quality of the field data from any given sampling round shall be
further evaluated during the process of data reduction and reporting.

Typical field-data-reduction procedures will be minimal in scope compared to those
implemented in the laboratory setting. Calculations relying on data downloaded from field-
deployed data loggers will be recorded and subject to peer review before resultant values are
accepted for use as valid measurements. Peer review shall be conducted and documented by
a qualified engineer or scientist before values calculated from raw instrument readings are
accepted for use as valid measurements.

Field data review will include verification that QC checks are recorded properly in the field
logbooks and/or data sheets and that any necessary and appropriate corrective actions were
implemented and recorded. Such data will be written into field logbook and/or data sheets
immediately after measurements are taken. If errors are made, results will be legibly crossed
out, initialed and dated by the field member, and corrected in a space adjacent to the original
(erroneous) entry. Later, the appropriate Field Supervisor will proof the field logbooks and/or
data sheets to determine whether any transcription errors have been made by the field crew. If
transcription errors have been made, the appropriate Field Supervisor and field crew will
address the errors to provide resolution.

Field measurement data will be entered into electronic files for import to the project’s database.
Data entries will be made from the reviewed field data sheets or logbooks, and all data entries
will be reviewed by a separate party before the electronic file is provided to the database
manager. Electronic files of field measurement data will be maintained as part of the project’s
quality records.
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4.2 Laboratory Data Review

Internal, laboratory-data reduction procedures will be according to the laboratory’s Quality
Management Plan. At a minimum, paper records shall be maintained by the analysts to
document sample identification number and the sample tag number with sample results and
other details, such as the analytical method used (SOP #), name of analyst, the date of
analysis, matrix sampled, reagent concentrations, instrument settings, and the raw data. These
records shall be signed and dated by the analyst. Copies of any strip chart printouts (such as
gas chromatograms) will be maintained on file. Periodic review of these records by the
laboratory QA Manager takes place prior to final data reporting to SGC.

QC data (e.g., laboratory duplicates, LCS/LFB, MSs, and MSDs) will be compared to the
method and project-specific acceptance criteria. Data considered to be acceptable will be
entered into the laboratory computer system. Data summaries will be sent to the laboratory QA
Officer for review. If approved, data are logged into the project database format. The laboratory
shall appropriately flag unacceptable data in the data package.

4.2.1 Laboratory Data Reporting Requirements — Target Analytes

The laboratories shall prepare complete data packages for transmittal of results and associated
quality control information to SGC and Formation in general accordance with the following
instructions, which are based on the EPA’s contract laboratory program (CLP) Statement of
Work. Deviations from these specifications may be acceptable provided the report presents all
of the requested types of information in an organized, consistent, and readily reviewable format.
Laboratories providing data packages for this project shall be responsible for reviewing the
following requirements, notifying Formation of any differences between their reports and these
requirements, and confirming the acceptability of their intended report content and format with
Formation before any laboratory data reports are generated for this project.

Each report will be paginated and organized with a table of contents. A cross reference that
correlates the client or field identification as provided on the chain-of-custody document with the
laboratory’s sample identification will be included.

For each batch of sample results consisting of 20 or fewer samples analyzed together and
sharing common QC data, the laboratory data will be presented on a form equivalent to the EPA
CLP “Form 1” (see below). Case narratives will be prepared which will include information
concerning data that fell outside laboratory acceptance limits, and any other anomalous
conditions encountered during sample analysis.

CLP Form 1 contains all required data for field samples. The Form 1 (or equivalent reporting
mechanism) will provide the following information:

. Field sample identification;
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Laboratory sample identification;

Sample result, with appropriate units, MDL, and QL. [analyte concentrations
equal to or greater than the method detection limit (MDL) will be reported.
Concentrations between the MDL and QL will be flagged as an estimated value
(“J") by the laboratory. Parameters that are not detected (ND) or not present at
concentrations equal to or greater than the MDL are flagged by the laboratory as
“U” and interpreted to be not detected at a value equal to or greater than the
MDL. Any non-detected value (“U” flagged) will be reported with its QL and
MDL.];

Sample collection and receipt dates;
Sample preparation date/time;

Analysis date/time;

Dilution factor;

Preparation batch number or identification;
Analysis batch number or identification;
Sample matrix and instrument;

Percent moisture determination; and

For solid-matrix samples, identify basis of reporting (i.e., wet-weight or dry-weight
basis).

The following additional information will be provided with the Form 1s, as applicable for the
reported analytical methods. QC batch will be clearly associated with each sample (on the CLP
Form specified, or an equivalent reporting mechanism):

Case narrative;

Chain-of-custody;

Summary of all field sample results (Form 1s, or equivalent, as described above);
Sample results and preparation blank;

Initial calibration verification (ICV), and continuing calibration verification (CCV);

Initial calibration blanks (ICB), continuing calibration blank (CCB), and
preparation blanks;

Low-Level Calibration Check Sample Summary, if necessary

Inductively coupled plasma (ICP) interference check sample or spectral
interference check sample (CLP Form IVA-IN);

Matrix spike (MS) or analytical spike, and when applicable matrix spike duplicate
(MSD) or analytical spike duplicate, sample recovery and, when applicable,
MS/MSD relative percent difference (RPD);

Laboratory duplicate precision, where applicable;
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Laboratory control sample (LCS)/laboratory fortified blank (LFB) recovery;
MDLs;

ICP interelement correction factors;

ICP and inductively coupled plasma-mass spectrometer (ICP-MS) linear ranges;
Preparation log;

Analysis run Log;

ICP-MS tunes;

ICP-MS internal standards relative intensity summary;

Sample log-in sheet; and

Deliverables inventory sheet.

In addition to this standard data package, the laboratory may be requested to deliver a “Level 4”
data package, as detailed below. When requested by the Project Manager, the laboratory’s
Level 4 Data Package is to include all items specified above plus instrument raw data and/or
documentation of the following additional information:

Calibration standards (including source, preparation date).
Blanks (ICB, CCB, and preparation).
ICV, CCV standards.

Low-Level Calibration Check Sample or Practical Quantitation Verification
Standards.

Interference check samples.

LCS/LFB.

Diluted and undiluted samples.

Dilution factors.

Sample volumes.

Laboratory duplicates.

Matrix spikes (source, concentration, volume).
Method of standard addition results.
Instrument identification.

Analysis date and time.

All inorganic methods: full raw data printouts from instruments.
Full run log for each analysis. and

ICP-MS to include: internal standard recoveries, tune data (atomic mass unit
[amu] and peak width), and molecular interference check data.
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4.2.2 Laboratory Electronic Data Deliverable — Target Analytes

Each data package, as described above, shall be accompanied by an electronic data
deliverable (EDD) prepared by the laboratory. The content and format of laboratory EDDs are
specified in Table A3-6. Additional laboratory QC data can be included in the EDD as long as
the data fields specified in Table A3-6 are also maintained. The last six fields in the table are to
be entered by the data validator.

EDDs will be cross checked against corresponding hard-copy data reports to confirm
consistency in results reported in these two separate formats. This cross check will take place
as part of the data quality review and validation process described in Section 4.4.

4.3 Specific Quality Control Assessment Procedures

The accuracy, precision, completeness, and representativeness of analytical data will be
described relative to the project’s control limits through a process of field and laboratory data
guality review and data validation. Results from these reviews will be documented in routine
Data Summary Reports prepared for all data users, and any qualification of the data resulting
from that review will also be incorporated into the project's electronic database so that all data
users are aware of any uncertainties associated with individual results.

4.4 Data Quality Review and Validation — Target Analytes

Data validation is the process of verifying that qualitative and quantitative information generated
relative to a given sample is complete and accurate. Data validation procedures shall be
performed for both field and laboratory operations as described below and in SOP No. 20, Data
Review and Validation (Attachment A-1).

4.4.1 Evaluating Field Data

The results of field quality control sample analyses associated with each laboratory data
package will be reviewed to allow for evaluation of equipment blanks and other field QC
samples and further indications of the data quality. If a problem is identified through the review
of field QC data, all related field samples will be identified, and if possible, corrective actions can
be instituted and documented. If data are compromised due to a problem identified via field QC
sample review, appropriate data qualifications will be used to identify the data for future data
users.

The handling, preservation, and storage of samples collected during the sampling program will
be monitored on an on-going basis. The project laboratories will document sample receipt
including proper containers and preservation at the time samples are logged into their individual
laboratory. The sample receipt records (a required data package deliverable) as well as the
COC documentation will also be assessed during data validation. Sample handling, storage or
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preservation problems identified during data validation will result in appropriate qualification of
data.

4.4.2 Evaluating Laboratory Chemistry Data for the Target Analytes

The purpose of chemistry data-quality review and validation is to verify that the data are of
known quality, technically valid, defensible, and usable for their intended purpose. The
objectives of the data validation process will be to:

. Verify completeness of data packages and corresponding EDDs;

. Assess compliance to project specific procedures and programs;

. Evaluate system process control through review of control charts (if applicable);

. Verify that no systematic errors exist within the data sets;

. Assess field QC samples to determine if sampling has adversely impacted the
reported results and, therefore, usability;

. Assess both method and laboratory performance through tabulation of QC
outliers; and

. Provide measures of data quality in terms of precision, accuracy, and

completeness so that overall usability can be determined.

Data validation will be performed using the general protocols and processes described in the
following documents and in SOP No. 20, Data Review and Validation (Attachment A-1), as
applicable to the method calibration and QC limits specified on Tables A2-2 through A2-9 and to
the extent possible when non-CLP methods are used:

. Contract Laboratory Program National Functional Guidelines for Inorganic Data
Review (National Functional Guideline (NFG); EPA, 2016); and

. Guidance for Labeling Externally Validated Laboratory Analytical Data for
Superfund Use (EPA, 2009).

The data packages will be evaluated and qualified for quantitative QC elements (e.g., spike
recoveries, method and field blank contamination, initial and continuing calibration blanks,
instrument tunes, interference check samples, duplicate sample %RSD, and instrument stability
and performance [e.g., initial and continuing calibration results, instrument tuning and internal
standard areas]) using summary forms (described above). This validation procedure is
equivalent to a “Stage 2B Validation,” as defined in the EPA guidance for labeling externally
validated data (EPA, 2009)." Specific QC elements that will be reviewed include:

. Presence and completeness of COC and sample receipt documentation;

L EPA, 2009. Page 6: “A verification and validation based on completeness and compliance checks of
sample receipt conditions and BOTH sample-related and instrument-related QC results...”
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Sample Index (correlation of field sample ID to laboratory sample 1D);
Laboratory Case Narrative (method deviations and QC anomalies);
Analytical holding times;

Method blank;

Matrix spike recoveries;

Matrix spike/matrix spike duplicate RPD values;

Field duplicate RPD values;

Laboratory duplicate RPD values;

Summaries of initial and continuing calibration;

Summaries of instrument blanks (e.qg., initial calibration blank, CCB, if specified in
method);

Review of reagent/preparation blanks (inorganics);
Review of LCS;

Instrument stability and performance (e.g., serial dilution);
Summaries of internal standards;

Completeness of laboratory documentation for sample receipt, sample analysis,
and sample result reporting;

Interference check samples (ICP analysis); and

Serial dilutions (ICP analysis), if any.

Formation will indicate data qualifiers applied to individual results and reasons for application of
those qualifiers. Definitions of the data qualifiers that may be applied to individual results as a
result of data validation are as follows:

u

The analyte was analyzed for, but was not detected above the level of the
reported sample QL.

The result is an estimated quantity. The associated numerical value is the
approximated concentration of the analyte in the sample.

The result is an estimated quantity, but the result may be biased high.
The result is an estimated quantity, but the result may be biased low.
The result is unusable. The sample result is rejected due to serious deficiencies

in meeting quality control criteria. The analyte may or may not be present in the
sample.
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uJ The analyte was analyzed for, but was not detected. The reported QL is
approximate and may be inaccurate or imprecise.

Formation will add the following data to that EDD upon completion of validation:

Field Header “Validation Qualifier”: Populate with validation qualifiers specified above
and in template reports.

Field Header “Validation Qual Reason”: Populate with a specific reason for qualification
if EPA codes are not used.

Field Header “Val Status™: Populate with a code to indicate if the data has been validated
or not.

Field Header “Val Person”: Populate with a code to specify the validation contractor and
validator.

Field Header “Val Protocol”: Populate with a code to refer to for validation procedures
(QAPP or NFG, etc.) used.

Field Header “Val Notes” Populate with additional information that is specific to a
sample.

Formation will perform a Manual Validation, as defined in the EPA guidance for labeling
externally validated data (EPA, 2009), on the data packages generated by the laboratories. The
QA manager will document any corrective actions taken.

4.5 Data Usability

Laboratory packages summarizing the data generated for this investigation will be validated as
described above. Once validated, the data will be loaded into a project database managed by
Formation. Data usability will be determined by Formation based on the results of data
validation and overall comparison to DQOs.

Laboratory results for isotopic analyses that are reported within the accuracy and precision
specifications listed in Table A2-10 will be considered usable for characterizing the isotopic
compositions of water samples.

4.6 Measurement Data Analysis and Reporting

Measurement data will be reported in consistent units for each sample matrix to maintain
comparability and facilitate data analyses. For example, concentrations in liquid samples shall
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be expressed in terms of weight per unit volume such as milligram per liter (mg/L). The number
of significant figures in the field and laboratory data presented in the final report shall be
consistent with the limits of uncertainty inherent in the measurement or analytical method.

Statistical analyses and other evaluations may be performed that consider the validated data
set. The original detected values for parameters with results below the QL may be used as
appropriate to the selected statistical methods. Statistical methods may include published
methods found in statistical handbooks, textbooks, and EPA or other agency statistical guidance
documents.
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5.0 ASSESSMENT AND OVERSIGHT

Assessments of data collection and reporting activities are designed to verify that sampling and
analyses are performed in accordance with the procedures established in the Work Plan and
QAPP. The audits of field and laboratory activities include two independent parts: internal and
external audits. Internal audits will be performed by SGC, Formation, or a contracted laboratory.
External audits may be performed by the Lead Agency or supporting agencies. Procedures
used to conduct internal and external audits shall be consistent with those described in EPA
Guidance on Technical Audits and Related Assessments (EPA QA/G-7; EPA, 2000a).

Performance and systems audits of field and laboratory data collection and reporting
procedures are described in this section. Data assessments, such as data verification and
validation, were presented in Section 4.0.

5.1 Field Performance and System Audits

Formation's QA Manager, or designee, may conduct an onsite systems and performance audit
of field sampling practices at any time during the field data collection activities. Any non-
conformances observed in the audit shall be documented and resolved. Additional systems
audits or surveillance may be conducted during the remaining field investigations at the
discretion of the Formation Project Manager or Formation QA Manager. One field audit per field
season is recommended but not required.

5.1.1 Internal Field Audits

Internal audits of field activities including sampling and field measurements, will be conducted
by the Formation QA Manager, or designee. These audits will verify that procedures established
in the Work Plan and QAPP, including referenced SOPs (Attachment A-1), are being followed.

The internal field audits (systems and performance audits) will include examination of field
measurement and sampling records and field instrument operating records; sample collection,
handling, decontamination, and packaging activities; and documentation of sampling activities in
compliance with the established procedures for each field activity audited. Follow-up audits may
be conducted to correct deficiencies, and to verify that QA procedures are maintained
throughout the investigation. The results of field audits will be documented. The completed field
audit report will be kept on file by the Formation QA Manager. After a field audit is conducted,
the results of the audit will be shared by the auditor with the field teams prior to additional
sampling to enhance sampling performance where applicable.

Findings of these audits will be summarized in an audit report that is given to the Formation
Project Manager, Field Investigations Manager, and appropriate Field Supervisor in charge of
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the audited activities. The audited party will submit a reply addressing each finding cited in the
report, the corrective action (if necessary) to be taken, and a schedule for implementation. The
Field Investigations Manager is responsible for ensuring that corrective actions are taken.

5.1.2 External Field Audits

External field audits may be conducted by representatives from the Agencies. External field
audits may be conducted at any time during the field operations. These audits may or may not
be announced and are at the discretion of the Agencies.

External field audits will be conducted according to the field activity information presented in the
field SOPs or in the sampling procedures outlined in the Work Plan. Results of the external field
audit may document the need for a change to procedures in the Work Plan and/or QAPP and
result in the need for an amendment to the Work Plan and/or QAPP.

5.2 Laboratory Performance and Systems Audits

5.2.1 Internal Laboratory Audits

The internal laboratory audit will be conducted by the QA Officer at each laboratory utilized for
the investigation. Audits will be performed in accordance with the laboratory’'s Quality
Management Plan.

The internal laboratory system audits will be conducted on an annual basis while the internal lab
performance audits will be conducted on a quarterly basis, or as specified in the laboratory’s
Quality Management Plan (Attachment A-2).

The internal laboratory system audits will include an examination of laboratory documentation
on sample receiving, sample log-in, sample storage, COC procedures, sample preparation and
analysis, instrument operating records, etc. The performance audits will involve preparing blind
QC samples and submitting them along with project samples to the laboratory for analysis
throughout the project. The QA Officer from each laboratory utilized for this investigation will
evaluate the analytical results of these blind performance samples to ensure the laboratory
maintains acceptable QC performance.

5.2.2 External Laboratory Audits

An external laboratory audit may be conducted by representatives from the Agencies at any
time. An external laboratory audit may be conducted prior to the initiation of the sampling and
analysis activities. These audits may or may not be announced, may be conducted at any time
and are at the discretion of the Agencies.
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External laboratory audits will include (but not be limited to) review of laboratory analytical
procedures, laboratory on-site audits, and/or submission of performance evaluation samples to
the laboratory for analysis. Typically, the external laboratory audit will be conducted in the lab so
that the staff may be questioned regarding laboratory procedure. A recently produced sample
data package will be compared with their SOP to ensure compliance with applicable standards.

53 Corrective Actions

Corrective action is the process of identifying, recommending, approving and implementing
measures to counter unacceptable procedures or out-of-QC performance which can affect data
quality. Corrective action can occur during field activities, laboratory analyses, data validation
and data assessment.

Non-conforming equipment, items, activities, conditions and unusual incidents that could affect
data quality and attainment of the project’s quality objectives will be identified, controlled and
reported in a timely manner. For the purpose of this QAPP, a nonconformance is defined as a
malfunction, failure, deficiency, or deviation that renders the quality of an item unacceptable or
indeterminate in meeting the project’s quality objectives.

Corrective action in the laboratory may occur prior to, during and after initial analyses. If the
analytical results from laboratory QC samples fall outside of the measurement performance
criteria, the laboratory should initiate corrective actions immediately. If the laboratory cannot
correct the situation that caused the nonconformance and an out-of-control situation continues
to occur or is expected to occur, then the laboratory will immediately contact the Formation QA
Manager and request instructions regarding how to proceed with sample analyses. A number of
conditions such as broken sample containers, multiple phases, low/high pH readings and
potentially high concentration samples may be identified during sample log-in or just prior to
analysis. Following consultation with lab analysts and section leaders, it may be necessary for
the Laboratory Project Manager (or designated QA Officer) to approve the implementation of
corrective action. These conditions may include dilution of samples, additional sample extract
cleanup, automatic re-injection/re-analysis when certain QC criteria are not met, etc.

Completion of any corrective action should be evidenced by data once again falling within
prescribed measurement performance criteria. If an error in laboratory procedures or sample
collection and handling procedures cannot be found, the results will be reviewed by the
Formation QA Manager and Formation Project Manager to assess whether reanalysis or re-
sampling is required.

Any corrective actions taken will be documented in writing by either the Laboratory Project
Manager or the Formation QA Manager, as appropriate, and reported to the Formation Project
Manager. Corrective action records will be included in the program’s quality records.
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