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Section 1
Introduction

CDM Federal Programs Corporation (CDM) will conduct field investigations at the
Formosa Mine Superfund Site (Site). CDM will conduct this work for the U.S.
Environmental Protection Agency (EPA) as part of work assignment no. 221-RICOL
10EL under the EPA Response Action Contract (RAC) No. EP-W-05-049. This
sampling and analysis plan (SAP) was developed specifically for the field
investigation and data collection activities to support the completion of the remedial
investigation (RI) and feasibility study (FS) for the Site.

This SAP describes field investigation activities and details the support CDM will
provide EPA during the initial phase of the RI field program. The purpose of this SAP
is to describe the sampling objectives, locations, measurement methods, project
schedule, and the quality assurance (QA) requirements for sampling and field
investigation activities supporting the completion of the RI. This SAP specifically
describes details for surface water, groundwater, and surface soil and waste rock
sampling. The SAP is organized into a field sampling plan (FSP) and quality
assurance project plan (QAPP) as follows:

m Section 1 - Introduction

m Section 2 - Site Background

SAP Part I: Field Sampling Plan

m Section 3 - Sampling Strategy, Locations, and Rationale
m Section 4 - Field Activity Methods and Procedures

SAP Part II: Quality Assurance Project Plan
m Section 5 - Project Management and Data Quality Objectives

m Section 6 - Measurement and Data Acquisition
m Section 7 - Assessment and Oversight

m Section 8 - Data Validation and Usability

m Section 9 - References

m Appendix A - CDM Federal Programs Corporation Technical Standard Operating
Procedures

m Appendix B - Health and Safety Plan Form

m Appendix C - EPA Contract Laboratory Program Guidance for Field Samplers

11
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Introduction

1-2

m Appendix D - Field Forms

The QAPP, part II of this SAP, conforms to EPA's QA /R-5 QAPP requirements for
quality assurance project plans (EPA 2001).

1.1 Objectives

The overall objective of the field investigations is to provide physical and chemical
data necessary to support critical evaluations and decisions within the RI and FS. This
SAP provides details for the initial phase of sampling at the Site, which includes
surface water sampling, seep and spring surveys, groundwater sampling of existing
wells, surface soil and waste rock sampling, and installation of in-stream flumes and
data collection. The specific objectives are as follows:

m Surface water sampling will provide data regarding concentrations of preliminary
contaminants of concern (PCOCs) to define the nature and extent of contamination
in surface water.

m Spring and seep surveys will identify discharge locations and water quality to
support definition of the groundwater potentiometric surface and provide
information necessary to characterize the nature and extent of contamination.

m Groundwater sampling of existing wells will provide preliminary information at a
limited number of locations regarding water quality and water levels to support
definition of the nature and extent of contamination and the groundwater
potentiometric surface.

m Surface soil and waste rock sampling will define geochemical characteristics of
exposed mine waste rock and soils to delineate surficial source materials that
contribute to acid generation and metals leaching

m Installation of in-stream flumes and data collection will provide continuous flow
monitoring at three sites to define seasonal fluctuations in discharge of
contaminated waters to support FS evaluations related to collection and treatment
of water, and to provide information regarding contaminant generation and
transport.

This SAP is focused on characterizing acid rock drainage (ARD) discharges to surface
waters in the vicinity of the Site and evaluating the potential for mine waste materials
at the Site to generate ARD. It is understood that additional data collection will be
necessary to gain a complete understanding of the hydrogeological characteristics of
the Site and to fully evaluate the extent of contamination at the Site for purposes of
ecological and human health risk assessment and evaluation of contaminant fate and
transport. Additional data needs to support these evaluations, such as subsurface soil
sampling, stream sediment sampling, installation of additional monitoring wells and
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Section 1
Introduction

subsequent groundwater sampling, groundwater aquifer tests, and biological
assessment and/ or potential biota sampling will be addressed in later SAP(s).

1.2 Project Schedule and Deliverables

The RI activities described in this SAP are anticipated to be completed during the
summer/fall of 2009, with monthly and quarterly surface water and groundwater
sampling events continuing through the RI process. Sampling schedule and scope
may be further refined in the future as additional objectives are defined for the RI. If
requested by EPA, interim data summary reports or technical memoranda will be
submitted that present the results of the sampling and analyses. Otherwise, data
collected in accordance with this SAP will be compiled and reported in the RI report.

CDM 13
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Section 2
Site Background

This section provides summary information related to the site location and
environmental setting.

2.1 Site Location and Description

The Site is an abandoned mine located in southwest Oregon in Douglas County,
approximately 25 miles south of Roseburg, Oregon and 7 miles south of Riddle,
Oregon, within Sections 23, 26, and 27, Township 31 South, Range 6, West Willamette
Meridian. It is located in the Coast Range Klamath Mountains at elevations between
3,200 and 3,600 feet (ft) above mean sea level (amsl) near Silver Butte Peak (3,973 ft
amsl). Surface terrain is characterized by steep mountains, narrow ridges, and deep
valleys. The Site location is shown on Figure 2-1.

2.1.1 Land Ownership

The former mine area is mostly located on private land owned by Formosa
Exploration Inc. (FEI), with some areas owned by U.S. Bureau of Land Management
(BLM). BLM, as well as a mix of private timber companies, also own land adjacent to
the mine area.

2.1.2 Watersheds and Drainages

The Site is located within the South Umpqua Basin, one of three sub-basins in the
Umpqua Basin, and is situated near the top of a mountain ridge that divides several
sub-watersheds. The Russell Creek-Cow Creek sub-watershed lies to the north of the
Site, the Middle Creek sub-watershed lies to the west and south, and the Canyon
Creek sub-watershed lies to the southeast and east. Russell Creek and West Fork
Canyon Creek have headwaters near the Site, and are the main drainages in the
Russell Creek-Cow Creek and Canyon Creek sub-watersheds. Within the Middle
Creek sub-watershed, both Upper Middle Creek and South Fork Middle Creek have
headwaters near the Site.

2.1.3 Vegetation

Native vegetation within the vicinity of the Site consists of old growth Douglas fir and
western hemlock forest (i.e., greater than 80 years) and a mix of younger growth
forest in various stages of re-growth after timber harvest. Old growth forest consists
of large stands of Douglas fir and western hemlock and generally sparse
undergrowth, with some deciduous trees such as golden chinkapin and Pacific
madrone intermixed. Younger growth forest typically has more dense undergrowth
of deciduous trees and brush, which is routinely slashed during later stages of growth
of the merchantable coniferous timber.

2-1
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2.1.4 Precipitation

Precipitation in the Klamath Mountain region can vary between 40 inches and 120
inches per year, dependent on the elevation and other surface features. Generally,
precipitation can range from 50 inches to 120 inches per year at elevations greater
than 3,200 ft amsl and from 40 inches to 55 inches at elevations less than 3,200 ft amsl
(BLM 2002). Current available data indicates precipitation near the Site ranges from 30
to 55 inches per year. The bulk of precipitation falls during the winter months
(November through March), which brings a high surface water flow that generally
peaks around March and declines through the remainder of the spring, summer, and
fall. Precipitation during winter months may fall as snow in higher elevations,
especially above 3,200 ft amsl.

2.1.5 Site Features

Site features include five reclaimed adit portals (Formosa 1, Formosa 2, Formosa 3,
Silver Butte 1, and 1090), the 404 adit (not reclaimed), the former mill site, former
crusher, former million gallon tank, former water storage and tailings pond (now
referred to as the encapsulation mound), various seeps located downslope from the
encapsulation mound within the South Fork Middle Creek drainage basin, various
seeps located downslope of the Formosa 1 adit within the Middle Creek drainage
basin , access roads, various waste rock dumps and associated fills, and the Interim
Remedial Action Measure (IRAM) adit water diversion system (installed in 2000). Site
features are presented on Figure 2-2.

2.2 Site History

This section provides a brief Site history summarized from the Data Summary Report,
Formosa Mine Site Douglas County, Oregon (CDM 2009a).

2.2.1 Early Mining and Exploration

Geologic exploration activities in the area of the Formosa and Silver Butte Mines
(referred together as the Silver Peak Mine) were first conducted in 1910. By 1926,
underground mining and shipping of ore had begun. Additional mining and
shipping of ore continued from 1928 through 1931 and from 1936 through 1937.
During these periods, the Silver Peak Mine produced 6,620 short tons (one short ton
equals 2,000 pounds) of ore, which yielded 735,600 pounds of copper, 231,980 ounces
of silver, and 490 ounces of gold. Waste rock from the underground mining was
dumped on the hillsides adjacent to adit portals and roads, and may have been
utilized to build roads. All mining was done above the Formosa 1 adit elevation, so
that the workings could be drained of water by gravity through the Formosa 1 adit.
As aresult, ARD formed in the network of underground workings and then flowed
out of the adit and into the headwaters of Middle Creek.

2.2.2 Modern Mining and Exploration

Later underground workings development work was conducted in 1952 and various
geologic explorations were conducted in the late 1970s and through the 1980s, but no
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additional mining was conducted. In 1984, Formosa Resources Corporation (FRC
[formerly Rand Ventures Inc.]) acquired a portion of the Silver Peak Mine and
adjoining properties. From 1984 through 1989, FRC conducted an extensive geologic
exploration program to further define the quantity and location of ore reserves. This
work was first conducted both on claims that FEI owned and on claims leased from
the Silver Butte Mining and Milling Company. In May 1987, FRC (incorporated in
Canada) established a subsidiary company called Formosa Exploration Inc. (FEI)
based in Roseburg, Oregon in order to further conduct exploration activities. In July
1987, the mineral claims owned by FRC and the mineral lease and option to purchase
agreement with Silver Butte Mining and Milling Company were assigned to FEI

Based on the FRC/FEI's extensive exploration, significant ore reserves were
determined to be present and the company began to pursue opening an active mining
operation at the Silver Peak Mine around 1988. As part of the permitting process, FEI
conducted a baseline fisheries, water quality, and hydrology investigation in order to
document environmental conditions prior to initiation of mining activities. This work
was conducted in 1988 and 1989.

In spring of 1990, Oregon Department of Geology and Mineral Industries (DOGAMI)
approved FEI's mine operating permit. Underground mining was conducted by FEI
from early summer 1990 until August 1993. Ore was crushed, screened, and sent to a
flotation mill located onsite to produce zinc and copper concentrates. Copper
concentrates were shipped to Japan for smelting and zinc concentrates were
stockpiled onsite, but never shipped to a smelter due to the low volumes produced
and low zinc prices. Waste tailings from the flotation process were backfilled into the
mine workings and stored onsite within the 2-acre lined process water pond. Waste
tailings consisted of finely ground (i.e., less than 38 micrometers [um] [400 mesh])
pyrite, gangue minerals such as quartz, barite, and sericite, and varying amounts of
chalcopyrite (copper-bearing sulfide) and sphalerite (zinc-bearing sulfide) not
removed by the flotation process. On August 1, 1993, the mine officially ceased
operations.

2.2.3 Mine Reclamation and Adit Water Diversion System

The majority of Site reclamation was conducted by FEI from August 1993 through
August 1994. Reclamation activities included removal of the crusher and stockpiled
ore, removal of a zinc concentrate storage site, cleanup of diesel fuel spills, removal of
sulfide tailings from upper Middle Creek, backfilling mine workings with crushed ore
and tailings, reclamation of the adit portals, removal of the mill building and
processing equipment, backfilling and capping of the water and tailings storage pond,
removal of crib wall fill and wood wall structures, and removal of the million-gallon
tank used for process water storage during operations.

Maintenance on the adit water diversion system has continued since initial
construction (1994) until present day. Through this period, the intent of the adit water
diversion system was to collect water from the Formosa 1 and Silver Butte 1 adits and
divert the water into drainage fields away from the upper headwaters of Middle
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Creek, but never to treat the water. Regular maintenance has been required on the
pipelines as a result of iron-precipitate scale formation in the pipes and other physical
and hydrological events such as falling rocks and surface erosion. Scale buildup in the
diversion pipelines became a constant problem starting in 1995 and required regular
cleaning in order to keep the adit water draining properly. Over the years,
intermittent periods occurred where the pipes became completely clogged and adit
water drained directly into Middle Creek. As a result, the diversion system has been
completely rebuilt and sections of pipe have been replaced several times.

In 2000 Hart Crowser Inc. (HC) was hired by the Oregon Department Environmental
of Environmental Quality (ODEQ) to conduct an investigation at the Site and to
design and build the IRAM adit diversion and treatment system. A removal
assessment report was prepared by HC in September 2000 (HC 2000), and
construction of the adit collection system portion of the IRAM began in the fall of 2000
and was completed by November. However, dispute over private land ownership
prevented a passive wetland treatment system from being built as designed, so
collected adit water was diverted into a drainfield as was done previously. This
diversion system remains in place to current day and consists of a receiving basin for
Formosa 1 adit and Silver Butte 1 adit water, followed by cascading aeration tiers, and
several hundred of feet of 12-inch corrugated high density polyethylene (HDPE) pipe
(minimum slope of 10 percent). Two concrete sedimentation vaults are present in
series just downslope of the cascading aeration tiers. This diversion system has also
required significant maintenance over the years for the same reasons mentioned
above.

2.2.4 Previous Investigations and Current Site Status

Starting in June 1999, BLM in cooperation with ODEQ began an extensive baseline RI
at the Site. A baseline RI report was prepared in June 2000 (BLM 2000). BLM also
hired Dynamac Corp. (Dynamac) to conduct a site assessment (SA) in October 1999.
The SA report was prepared by Dynamac in February 2000 (Dynamac 2000).

After the baseline RI and SA, HC conducted a data evaluation and a supplemental RIL
The data evaluation report was prepared by HC in September 2001 (HC 2001) and the
supplemental RI report was prepared in December 2002 (HC 2002). After the
Supplemental RI, HC completed a FS and a human health and ecological baseline risk
assessment (HHEBRA). Both the FS and HHEBRA were completed and their
associated reports were published in 2004 (HC 2004a and 2004b).

Since completion of the HHEBRA and FS, sporadic surface water sampling has been
conducted by ODEQ and BLM. In 2005, citizens petitioned the EPA to consider
adding the Site to the National Priorities List (NPL). In 2006, the Site was proposed for
listing on the NPL, and in 2007 was officially added to the NPL. In the summer of
2006, the USEPA Superfund Technical Assistance & Response Contract 3 (START-3)
team conducted a removal assessment at the Site. The START-3 removal assessment
report was prepared in March 2007 (START-3 2007).

P:\3380-New RACB8\221 - Formosa\SAP\Text\Formosa SAP 1 Final.docx



Section 2
Site Background

2.3 Geology

This section provides a brief description of Site geology summarized from the Data
Summary Report, Formosa Mine Site Douglas County, Oregon (CDM 2009a).

The rock units in the direct vicinity of the Formosa mine consist of the following units:

Basalt flows and tuffs
Dacite tuffs

Foliated tuff

Bedded tuff

Basaltic tuff

These rock units are generally composed of subaqueously deposited volcanic rocks
that are spatially and genetically associated with the massive sulfide mineralization at
the Silver Peak deposit.

The mineralogy of the ore bodies and associated rocks intersected by mine workings
is an important aspect controlling ARD at the Site. The Silver Peak deposit is classified
as a volcanogenic massive sulfide deposit. This type of deposit contains very high
concentration of sulfide minerals, and therefore the deposit has a very high potential
for acid generation. This is exacerbated by a lack of acid neutralizing carbonate
minerals in the country rocks surrounding the mine.

The ore bodies and portions of the foliated tuff unit contain high concentrations of
numerous sulfide minerals including pyrite (FeS,), chalcopyrite (CuFeS;), sphalerite
(ZnS), bornite (CusFeSy), tennantite ((Cu, Fe, Zn, Ag)12As4S13), tetrahedrite ((Cu, Fe,
Zn, Ag)12SbsS13), galena (PbS), and chalcocite (CuzS) (FRC 1987). Pyrite is a major
contributor to ARD generation at mine sites worldwide, and it is important at the
Silver Peak Mine both in terms of direct ARD generation by pyrite and the effect of
the products of pyrite oxidation on oxidation of other sulfide minerals.

There are four rock units containing sulfide mineralization at the Silver Butte deposit,
all of which are contained within the foliated tuff unit. These units consist of:

Quartz-sericite-pyrite foliated tuff
Quartz-sulfide tuff

Sulfide lapilli tuff

Massive sulfide

The quartz-sericite-pyrite foliated tuff is the thickest of the three units, and is up to
approximately 10 meters thick in the mine area. It is grey to white in color and
consists of sand-sized grains of quartz and pyrite with varying amounts of platy
sericite. Pyrite is detrital when in grains exceeding 0.1 millimeter in diameter, as
evidenced by abraded grains. Trace chalcopyrite and sphalerite are also present in
this unit. Based on 11 samples of this unit, the estimated sulfur content ranges from
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4.98 to 19.20 percent, which corresponds to pyrite content in the rock ranging from
approximately 10 to 40 percent. This rock is highly acid generating.

The quartz-sulfide tuff occurs in the footwall of the massive sulfide zones. This unit is
dense and siliceous and not strongly foliated. It contains sphalerite and chalcopyrite
in addition to pyrite.

Sulfide lapilli tuff consists of cream colored tuff containing scattered lapilli size
fragments of sulfides including pyrite, chalcopyrite, tennantite, and sphalerite. The
sulfide lapilli tuff occurs in the hanging wall of the massive sulfide mineralization.
This unit contains up to 10 percent sulfide minerals in a fine grained well-indurated
matrix.

Massive sulfide at the Silver Peak Mine occurs in 4 distinct lenticular bodies. The
massive sulfide lenses are relatively small in overall size, but they contain large
accumulations of sulfide minerals. The massive sulfide lenses range from less than 1
meter to approximately 5 meters thick. The strike extent of the massive sulfide lenses
ranges from 20 to 90 meters, with a down-dip extent of approximately 100 meters.

Massive sulfide mineralization at Silver Butte is predominantly pyrite with
chalcopyrite, sphalerite and local bornite, tennantite, galena, and chalcocite. Barite
and quartz occur within the massive sulfide lenses as gangue minerals (minerals
contained within the ore body that are not valuable).

The massive sulfide mineralization occurs within an approximately 150 to 200 meter
thick sequence of foliated tuff. The fabric of the foliated tuff includes a well defined
foliation or cleavage sub-parallel to bedding. This foliation is absent in adjacent dacite
and basalt tuff units. FRC (1987) believes that this foliation is an expression of
shearing deformation, which occurred in the general plane of the foliated tuff units
(including zones of massive sulfide mineralization). The foliation is generally parallel
to the strike of the rock units (strike 035 to 050 degrees, dip 60-75 southeast) and to the
bedding and lamination of the massive sulfide units.

Cross-cutting structures are also present on various geological maps of the site. A
fault offsetting ore mineralization is present on a series of plan maps at various
depths through the mine developed by FRC (1987). This structure is located
approximately 30 meters south of the Formosa #1 Adit. The structure is a right-lateral
fault which displaces the ore zone by approximately 30 meters. The trend of this
structure is generally west to northwest towards the Middle Creek drainage. Several
other faults of similar orientation are provided on maps included in Derkey and
Matsueda (1989) in the general area of the Silver Peak mine. These data have not yet
been compiled.

24 Groundwater

The upper portions of Silver Butte Peak and the associated ridge system are likely
areas of groundwater recharge by precipitation. The topography of the area is very
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steep, and groundwater likely moves down a hydraulic gradient that is generally
coincident with topography. Groundwater then discharges at springs that are located
in steep tributary systems such as upper Middle Creek and the upper reaches of the
South Fork of Middle Creek. These tributary drainages appear to be gaining streams
as they flow from the Silver Peak area towards lower portions of the Middle Creek
and the South Fork of Middle Creek, suggesting continued discharge of groundwater
to surface water.

Groundwater flow within the tuff units may be associated with both primary
intergranular porosity as well as secondary porosity. The general geological
framework of the area generally consists of a sequence of various types of flows and
tuffs of basaltic to dacitic composition. The flows are crystalline igneous rocks and
groundwater flow within these unit flows is likely associated with secondary porosity
in the form of fractures, faults and shears. Tuffs are granular rocks and the level of
induration of the tuffs ranges from soft weakly indurated rocks to hard well
indurated rocks. The level of induration of the rock units ranges laterally within
individual rock units as well as vertically within the stratigraphic sequence.

It is likely that the underground mine markedly affects the local groundwater flow
system. The underground mine workings may act as a conduit system conveying
groundwater from upper portions of the system to discharge points located in Middle
Creek or other areas. The underground workings may also connect otherwise isolated
fracture systems, and thereby increase the rate of groundwater flow in close proximity
of the mine.
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The FSP is included in Sections 3 and 4. This section describes the overall strategy for
the initial RI field program. Overviews of the surface soil, surface water, and
groundwater sampling activities are provided in this section. Field activities and
procedures are presented in Section 4.

3.1 Overall Sampling Strategy

The overall sampling strategy for the RI field program is to evaluate the nature and
extent of contamination within various geological materials, surface water, and
groundwater to support development and assessment of remedial alternatives during
the FS. The strategy includes several components:

m Mine waste rock and surface soil sampling to characterize exposed sources of acid
rock drainage and metals;

m Seep and spring surveys to identify all areas where ARD-affected waters discharge
from groundwater to the surface, and to provide information regarding seasonal
fluctuations in the groundwater potentiometric surface;

m Surface water sampling to evaluate the flux of ARD-related contaminants from the
site and to evaluate the extent of contamination in downstream surface water;

m Groundwater sampling from existing wells to evaluate the extent of contamination
in the groundwater system and develop information regarding groundwater
surface water interactions; and

m Installation of flumes and automated flow and water quality monitoring equipment
to quantify the seasonal ARD discharge rates and discharge quality.

In order to mitigate release of ARD from the site, it is necessary to understand the
discharge points for ARD-affected waters and the sources of ARD generation. The
previous work described in Section 2 has generally characterized these issues.
However, detailed data are necessary to develop and critically evaluate mitigation
strategies in the FS. Data planned for collection during this field effort will be used to
supplement historical data collected from the Site; to this end, surface water and
groundwater data will be collected from established sampling locations in order to
provide correlation with data previously collected. In addition, this field effort will
attempt to identify currently unknown sources of ARD discharges at the Site through
springs and seeps in the vicinity of the Formosa Mine in order to adequately account
for other potential sources of ARD that contribute to surface water degradation.
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It is understood that additional data collection will be necessary to gain a complete
understanding of the hydrogeological characteristics and to fully evaluate the extent
of contamination for purposes of ecological and human health risk assessment and
evaluation of contaminant fate and transport. Additional data needs to support these
evaluations, such as subsurface soil sampling, stream sediment sampling, installation
of additional monitoring wells and subsequent groundwater sampling, groundwater
aquifer tests, and biological assessment and/or potential biota sampling will be
addressed in later SAP(s).

3.2 Mine Waste Rock and Surface Soil Sampling

This section describes the sampling rationale, locations, and analysis of surface waste
rock and soil at the Site.

3.2.1 Sampling Rationale

Numerous surface disturbance areas exist at the Site, and many of these areas
potentially contain ARD generating source materials. Previous investigation data
from the various areas indicate elevated concentrations of metals and potential for
acid generating material. There is also potential that various roads and ancillary
surface areas near the mine were constructed with mine waste material, which may be
potentially acid generating or contain elevated concentrations of metals. Visual
observations indicate widespread presence of pyrite-containing materials in many
surface disturbance areas, including roads. The lack of vegetation in disturbed areas
and the presence of potentially acid-generating materials may provide a continuous
source of contaminated surface runoff, and may lead to contaminated subsurface
flow.

In order to achieve the objectives of the RI, it is necessary to understand both the
geochemical characteristics of surface disturbance material and the extent of this
material. Although previous investigations show that some material is problematic in
terms of ARD generation, insufficient information is available to delineate the extent
and volume of this material. This SAP focuses on delineating the surface geochemical
characteristics and the horizontal extent of those characteristics. A later SAP will focus
on the subsurface to determine the vertical extent (volume) and related geochemical
characteristics. Together, both surface and subsurface data regarding the extent and
volume of ARD generating and metals-contaminated materials will be used to
support the FS for various Site remediation options, including waste consolidation,
containment, capping, or disposal in a repository. Surface material sampling data will
also be used for evaluation of human-health risk at the Site.

3.2.2 Sampling Locations and Analyses

In order to assess ARD generation potential of the surface materials at the site, CDM
will collect numerous surface material (soil/waste rock) samples for measurement of
field paste pH and conductivity. Paste pH and conductivity analyses will be utilized
to assess whether soils and waste rock contain vestigial acidity (a product of ARD
generation), and will allow for decisions to be made in the field regarding locations
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where samples will be submitted for laboratory analysis for acid-base accounting
(ABA), modified synthetic precipitation leaching procedure (SPLP) analysis, and total
metals analysis. ABA analyses will be used to more fully evaluate the acid-producing
potential of the soil and waste rock at the Site, and modified SPLP analyses will be
used to evaluate the potential for leaching of metals from soil and waste rock due to
precipitation.

Figure 3-1 indicates areas where surface material samples will be collected during the
paste pH and conductivity survey. Paste pH and conductivity samples will be
generally collected on a grid pattern over large surface disturbance areas (e.g. waste
rock dumps and encapsulation mound) and on a generally linear sampling pattern
along roadways within and surrounding the Formosa Mine. Within surface
disturbance areas and waste rock piles, an approximate grid pattern (on
approximately 100-foot centers) will be utilized for the collection of paste pH and
conductivity measurements. In areas where elevated paste pH values are observed at
planned investigation boundaries, the boundaries will be expanded to adequately
delineate the extent of surface materials associated with ARD generation. Along
roadways indicated in Figure 3-1, sample locations will be spaced at approximately
100-foot intervals along the roadway, and will alternate between road centerline and
shoulders/swales on both sides of the road as determined by the field team leader.
The specific locations of paste pH and conductivity sampling will be modified in the
field as necessary based on visual observation of lithology, the presence of sulfide
minerals, and the presence of secondary alteration minerals that are associated with
ARD generation.

Table 3-1 indicates the estimated quantity of samples and sampling strategy to be
employed during the paste pH and conductivity survey. The proposed sampling plan
will result in a total of approximately 220 paste pH and conductivity sample locations.
This number is a preliminary estimate, and additional paste pH and conductivity
samples will likely be collected. Additional samples will likely be necessary due to
actual field conditions, such as a larger extent of waste rock material than indicated
on Figure 3-1 or areas where grid spacing needs to be decreased to adequately
characterize the location. A field lithologic log will be prepared for each paste pH and
conductivity sample, and the specific location of the sample will be recorded using
global positioning system methods (GPS) or other suitable field surveying methods.

Based on observations during the paste pH and conductivity survey, a subset of
locations (approximately 20 percent, no more than 40 samples) will have surface
material (i.e., 0 - 6 inches below ground surface) samples collected for laboratory
analysis to evaluate the presence of contaminants of concern (i.e. metals) and the
potential for ARD generation and leaching of contaminants from the soil and waste
rock materials into the subsurface and/or surface waters. Surface material samples
will be submitted to analytical laboratories for analysis for total metals (EPA Contract
Laboratory Program [CLP] Inorganics), ABA parameters (Sobek 1978, modified), and
modified SPLP (modified EPA Method 1312) procedures. Details regarding sample
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collection procedures are presented in Section 4.7, and sample containers, holding
times, and QA /QC requirements are described in Section 5.

In order to facilitate interpretation of ABA laboratory data, select samples will also be
submitted for electron microprobe analysis to gather detailed data regarding the
mineralogy of the waste rock materials, specifically the types of acid generating and
acid neutralizing minerals present in the sample. The subset percentage of samples
will be determined in the field, but will be no more than 10 percent.

In addition to supporting FS activities, analytical data collected from surface material
sampling will be utilized to support a human-health risk assessment for the Site. In
order to support risk assessment activities, surface material samples for total metals
analyses will be collected and sieved using a 60-mesh (250 pm) screen, and materials
smaller than 250 pm will be analyzed for total metals as described in Section 5.4.4.

3.3 Seep and Spring Surveys

This section describes the sampling rationale, locations, and analysis for seep and
spring surveys.

3.3.1 Sampling Rationale

CDM currently plans to conduct two seep and spring surveys at the Site. The purpose
of these surveys is to identify any areas of ARD discharge and to identify areas of
unaffected groundwater discharge. Efforts will include verification of previously
mapped seeps and springs, as well as identification of unmapped discharges.
Identifying areas of ARD discharge or seepage from uncontaminated areas will be
used in support of hydrogeological evaluations at the Site and to define the nature
and extent of contamination. Comparison of analytical data from seeps and from
groundwater wells will be useful to evaluate whether these discharges are connected
to the area impacted by the underground mine workings or if they are part of a
separate hydrogeological system. Topographic and access limitations at the Site may
prevent installation of groundwater wells in some areas, which may result in a data
gap for understanding the hydrogeological framework. Comprehensive seep and
spring surveys may help to fill these potential data gaps.

One survey will be conducted in a relatively dry season (August - October), and one
survey will be conducted in a relatively wet season (December - March). Data from
these two surveys will provide information regarding the seasonal variability in seep
flow, as well as seasonal variations in the locations of seeps with respect to
topography. In addition to these two surveys, seep and spring sampling may also be
conducted in conjunction with other surface water sampling events as needed to
understand the Site hydrogeology and hydrology.
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3.3.2 Sampling Locations and Analysis

The Upper Middle Creek, Upper South Fork Middle Creek, West Fork Canyon Creek,
and Upper Russell Creek drainages will be inspected during the two main surveys to
identify the presence of any potential unidentified ARD-affected discharges.

The process of seep and spring surveys will consist of visual inspections, beginning
within drainage areas and expanding to attempt to identify all seeps and springs
present in the drainages identified above. Seeps and springs will be tracked to their
origin. If seeps or springs are identified, the water will be sampled for field
parameters (i.e., pH, conductivity, dissolved oxygen (DO), oxidation-reduction
potential (ORP), and temperature). Estimates of flow rate will be made and locations
of the seeps and springs will be logged using a GPS unit or other methods outlined in
Section 4.6. Water samples may be collected from seeps and springs identified for
laboratory analysis, and these locations may subsequently be added to the routine
surface water monitoring program for the Site, as described in Section 3.4. If samples
are collected for laboratory analysis, the parameters to be measured will be the same
as for surface water samples, as described in Section 3.4 below.

3.4 Adit Drainage and Surface Water Sampling

This section describes the sampling rationale, locations, and analysis for adit drainage
and surface water sampling.

3.4.1 Sampling Rationale

The surface water monitoring program is designed to accomplish two primary
purposes:

1. Provide detailed surface water quality data in close proximity to the mine to
facilitate characterization of seasonal variations in discharge water quality and flow
to support the RI and FS.

2. Provide updated water quality data at downstream locations to supplement
historical data and facilitate human health and ecological risk assessments.

3. Provide information to refine the conceptual site model for the Formosa Mine Site.

Sampling within close proximity of the mine is primarily designed to collect data to
facilitate development and assessment of remedial alternatives in the FS. In order to
accomplish FS goals, it is necessary to understand the discharge points for ARD-
affected waters. This understanding must include seasonal fluctuations in both flow
and water quality. This initial program is focused on sampling at established surface
water locations to leverage the investigation with information developed during
previous Site investigations conducted by ODEQ, BLM and others.

Sampling at downstream locations along South Fork and Lower Middle Creek are
intended to provide information to facilitate ecological and human health risk
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assessment. One goal of this work is to identify the maximum extent of downstream
effects to surface water from the mine. An additional goal of downstream sampling in
Cow Creek is to determine if discharge from the mine may have any human health
risk for consumption of drinking water.

3.4.2 Sampling Locations and Analyses

The proposed locations for surface water monitoring are presented in Figures 3-2
through 3-4. The frequency of sampling is planned to be monthly for locations in close
proximity of the mine as indicated on Figure 3-2. Figures 3-3 and 3-4 indicate surface
water locations to be sampled as part of the quarterly sampling program. The specific
dates for quarterly sampling at downstream sampling locations will be determined by
reviewing historical and current flow records at U.S. Geological Survey (USGS) flow
gauging stations in Cow Creek. An attempt will be made to collect quarterly samples
near the peak of high flow, at the lowest flow of the year, and in between the high and
low flow.

The surface water sampling program assumes that the previous investigations have
identified the primary discharge locations for ARD affected waters at the Site. A seep
and spring survey to be conducted at the Site was described in Section 3.3. This
survey will include detailed inspection of tributaries draining the mine area to
identify any previously unknown locations of ARD discharge. Based on the results of
this survey, other visual observations collected during monthly and quarterly
sampling events, and consultation with EPA, new surface water locations may added
and/or historic sampling locations may be removed from the sampling list to better
meet the project objectives.

In general, surface water samples will be collected as grab samples from the center of
the stream channel, at locations where the stream is wadeable. The exception to this
will be for downstream locations near the confluence of Middle Creek and Cow Creek
and on Cow Creek. At these locations, depth-width integrated samples will be
collected. The process to be employed is described in greater detail in Section 4.9. The
purpose of the depth-width integrated sample is to collect a composite sample
representative of the flow of the entire stream channel.

Surface water samples from all locations will be analyzed for total and dissolved
metals (EPA CLP Inorganics), pH, conductivity, total dissolved solids (TDS), total
suspended solids (TSS), alkalinity, acidity, hardness, major anions (sulfate, chloride,
fluoride, carbonate, bicarbonate) and cations (calcium, magnesium, sodium, and
potassium), nitrate/nitrite, and ammonia. Hardness will be calculated from measured
calcium and magnesium concentrations. The dissolved metals samples will be field
filtered with a 0.45-um filter. Details regarding sample collection procedures are
presented in Section 4.9, and detailed analytes, sample containers, holding times, and
QA/QC requirements are presented in Section 5. Field water quality parameters will
also be measured at each sample location (i.e., pH, conductivity, DO, ORP, alkalinity,
and temperature).
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Flow rate will be measured and/or estimated at all surface water sampling locations.
The major variation in flow ranging from groundwater seeps to mountain streams
will require the use of several flow monitoring techniques. The specific technique
used at each location will be determined in the field based on site-specific conditions.
These methods may include some combination of portable electronic velocity meter,
bucket and stopwatch, portable flat plate weir, portable cutthroat flume, sudden
injection tracer test, or visual estimates. At some locations, such as seeps or springs, a
visual flow estimate may be necessary (e.g. <1 gallon per minute [gpm]).
Photographic documentation and field observations will be collected at all locations.

3.5 Groundwater Sampling

This section describes the sampling rationale, locations, and analysis for groundwater
sampling.

3.5.1 Sampling Rationale

Five groundwater monitoring wells have been installed at the Site during previous
investigations. Currently, limited data exists regarding the groundwater quality in the
vicinity of the Formosa Mine. Additionally, data are limited regarding Site
hydrogeology as it relates to contaminant transport. The purpose of groundwater
sampling is to supplement the small dataset of groundwater samples from the
existing locations, and to begin collecting data regarding seasonal fluctuations in
groundwater levels and contaminant concentrations.

3.5.2 Sampling Locations and Analyses

The condition of the existing monitoring wells will first be evaluated and then
groundwater samples will be collected. Existing groundwater wells are planned to be
sampled initially one time. Further sampling of existing wells may occur on a
monthly or quarterly basis based on consultations with and direction from EPA.
Figure 3-5 shows the locations of the five existing monitoring wells planned for
sampling. Table 3-2 shows the depths and screen intervals of the existing monitoring
wells at the Site.

Samples collected from groundwater monitoring wells will be submitted for analysis
for dissolved metals, pH, conductivity, TDS, alkalinity, acidity, hardness, major
anions/cations, nitrate/nitrite, and ammonia. Analytical methods to be used are
discussed in Section 5. During purging of monitoring wells, field parameters (pH,
conductivity, DO, ORP, alkalinity, temperature, and ferrous iron) will be measured
and recorded. Details regarding sampling methods and parameter measurements are
discussed in Section 4.10.

3.6 Flume and Electronic Data Logger Installation

Currently, there is a lack of detailed information regarding seasonal fluctuations in
flow rates from the Formosa adit and within ARD-impacted streams in upper Middle
Creek and upper South Fork Middle Creek. In order to evaluate ARD treatment
options for both adit discharges and impacted stream areas, detailed temporal data
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regarding fluctuations in flow rate and water quality is a necessity. The seasonal
variations in flow and water chemistry, including capturing data at peak flow
conditions following precipitation events, are a critical aspect in evaluating treatment
technologies, treatment costs, and ARD collection and conveyance system design.

Flumes will be installed at the Formosa adit, sampling location MXR, and at a location
in upper South Fork Middle Creek. The location in the upper South Fork will be
determined in the field and through discussions with EPA. A location will be selected
in order to provide adequate characterization of seasonal fluctuations in flow rate and
water quality of ARD-affected water. Flumes (H-flumes or Parshall flumes) are
currently planned to be installed rather than weirs, as flumes tend to be somewhat
self-cleaning and would allow for more unhindered passage of metal precipitates and
sediments through the flume.

In conjunction with flume installation, doppler-style electronic flow meters will be
installed at each location. For the upper MXR and upper South Fork Middle Creek
locations only, electronic pH, conductivity, and temperature data loggers will also be
installed. Instrumentation at the flumes will be maintained on a monthly basis along
with surface water sampling, or more frequently as required. Electronic data from the
loggers will also be downloaded on a monthly basis.

3.7 Quality Assurance/Quality Control Samples

Quality assurance/quality control (QA/QC) samples for surface water, groundwater,
and surface soil sampling will include field duplicate samples, matrix spikes (MSs),
matrix spike duplicates (MSDs), and equipment rinsate blanks. The number of QA /QC
samples to be collected during the field effort is described in Section 6.5.1.

Internal laboratory QA protocols will be maintained in addition to the field QA /QC
controls. These include laboratory blanks (i.e., calibration blanks, preparation blanks),

laboratory duplicates, and laboratory control sample/laboratory control sample
duplicates (LCS/LCSDs).
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The following is a summary of field activities that will be performed by CDM
personnel, as well as EPA, BLM, and USGS personnel, for the RI field program:

Mobilization/Demobilization

Procurement of equipment and supplies

Field documentation

Field instrument calibration and maintenance
Photographic documentation

Test and sample location documentation
Surface material sample collection

Seep and spring surveys

Surface water sample collection

Groundwater sample collection

Flume and water flow/quality instrumentation installation
Equipment decontamination
Investigation-derived waste (IDW) management

The following subsections reference CDM standard operating procedures (SOPs),
where applicable, or provide Site-specific procedures if there are not applicable SOPs.
The SOPs applicable to this investigation include the following:

Surface Water Sampling (SOP 1-1)

Sample Custody (SOP 1-2)

Surface Soil Sampling (SOP 1-3)

Groundwater Sampling Using Bailers (SOP 1-5)

Water Level Measurement (SOP 1-6)

Packaging and Shipping Environmental Samples (SOP 2-1)
Guide to Handling Investigation-Derived Waste (SOP 2-2)
Lithologic Logging (SOP 3-5)

Field Logbook Content and Control (SOP 4-1)
Photographic Documentation of Field Activities (SOP 4-2)
Well Development and Purging (SOP 4-3)

Field Equipment Decontamination at Nonradioactive Sites (SOP 4-5)
Control of Measurement and Test Equipment (SOP 5-1)

All of these SOPs are included in Appendix A.

4.1 Mobilization / Demobilization

Prior to the mobilization for field activities, a field-planning meeting will be
conducted by the CDM project manager (PM) and attended by the field staff and a
member of the CDM QA staff. The agenda will be reviewed and approved by the QA
staff prior to the meeting. The meeting will briefly discuss and clarify:

41
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Objectives and scope of the fieldwork

Equipment and training needs

Communication requirements

Field operating procedures, schedules of events, and individual assignments
Required QC measures

Documents governing field work that must be on site

Any changes in the field plan documents

A written agenda, reviewed by the CDM QA staff, will be distributed and an
attendance list signed. Copies of these documents will be maintained in the project
files. Additional meetings will be held when the documents governing fieldwork
require it or when the scope of the assignment changes significantly.

The field team personnel will perform the following activities before initiating sample
collection:

Review and understand the SAP (comprised of the FSP and QAPP)

m Review and understand the Site health and safety plan (HASP) (Appendix B) to
determine health and safety protocols for performing Site work

m Ensure that all sample analyses are scheduled through designated EPA/CDM
laboratories

m Obtain required sample containers and other supplies

m Locate overnight shipping service (FedEx or equivalent) and/or laboratories, and
note hours-of-operation

m Obtain and check field sampling equipment
m Obtain and check field supplies, including personal protective equipment (PPE)
m Verify procurement of all other necessary equipment, supplies, and subcontractors

m Obtain utility locate information as required for Site activities.

4.2 Equipment and Supplies

A preliminary list of equipment and supplies which will be required for the Rl is
presented in Table 4-1. For analyses to be performed at subcontract laboratories, the
laboratories will provide all sample containers and any preservatives used to collect
and contain samples. All sample containers will be pre-cleaned and traceable to the
facility that performed the cleaning.
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4.3 Field Documentation

Information and notations will be recorded as required in the applicable field logbook
in accordance with CDM's SOP 4-1, Field Logbook Content and Control
(Appendix A).

4.4 Field Instrument Calibration and Maintenance

Field equipment (pH/conductivity meter, water quality multi-meter, HACH ferrous
iron kit) used for measuring, monitoring, or analytical purposes is calibrated and
maintained periodically to assure accuracy within specific limits set by the equipment
manufacturer or designated rental company. A copy of the calibration information
will be provided for all rental equipment and will be maintained in the project files.
The field team will be required to calibrate and field check the field equipment per the
manufacturer's procedures manual. Information related to the field calibration will be
noted on the appropriate field forms or field logbook. This information should
include, at a minimum, the instrument identification number, date and time of
calibration, calibration standard used, the person performing calibration, adjustments
made, any problems noted during calibration, and a record of calibration
measurements.

4.5 Photographic Documentation

Photographs will be taken at each sample location and at any place that the field team
determines necessary. These photographs will be taken in accordance with CDM's
SOP 4-2, Photographic Documentation of Field Activities (Appendix A).

4.6 Test and Sample Location Documentation

Test locations (surface material or surface water sample locations) will be located
primarily through the use of a GPS unit. GPS coordinates will also be collected at
existing monitoring wells. If GPS cannot successfully be used to determine test
locations due to heavy forest cover, locations will be determined using field surveying
methods such as compass and measuring tape. Due to the steep terrain present at the
Site, clinometers will be required to compute the slope angle and corresponding
horizontal distance. If a GPS reading can be collected at the reference locations, the
azimuth angle and distance from the unknown location may be entered into the offset
function in the GPS instrumentation. The unknown location can then be logged using
the offset function. Measurement of elevation may also be required with the use of a
pressure altimeter.

Surface water sample locations will be marked in the field using steel T-posts and
markings or other adequate means to ensure that sample locations remain consistent
throughout the duration of monthly and quarterly sampling events while not
presenting a safety hazard. Surface material sample locations will be marked using
wood stakes and flagging as necessary to collect all necessary sample location
information (e.g. GPS coordinates). Surface water sampling locations will also be
documented using digital photographs.

4-3
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The GPS unit will have wide area augmentation system (WAAS) capability or similar
enhancements and post-processing differential correction to improve measured
coordinate accuracy. The GPS unit will be set to record sample locations in the North
American Datum (NAD) 83, Oregon State Plane coordinate system. If this coordinate
system is not available on GPS unit, the coordinate system used should be clearly
noted in the field logbook. The manufacturer's instructions for use of the GPS unit
and enabling WAAS capability (if available in the region) will be followed. Direct
readouts of horizontal and vertical coordinates for test locations will be recorded in
the field logbook or appropriate field forms along with test location ID, and electronic
data in raw form and reflecting post-processing differential corrected locations will be
archived as electronic files.

4.7 Surface Material Sample Collection

Collection of surface soil and waste rock samples will be conducted in accordance
with CDM's SOP 1-3, Surface Soil Sampling (Appendix A). Grab surface soil and
waste rock samples will be analyzed in the field for paste pH and conductivity
measurements and lithologic logging as discussed in Section 4.7.1 below. Based on the
results of the paste pH and conductivity tests and lithologic logging, a subset of
sample locations (approximately 20 percent) will have samples collected for total
metals, ABA parameters, and modified SPLP at off-site laboratories. Electron
microprobe (mineralogy) analyses on a subset of approximately 10 percent of samples
will also be conducted at an off-site laboratory. Samples will be selected for laboratory
analyses in order cover the range of paste pH and conductivity results observed (i.e.
high to low pH and high to low conductivity), with the intent of adequately
characterizing the geochemical characteristics of the different geologic materials
present at the Site.

Figure 3-1 indicates the areas where surface material sample collection is anticipated.
Within surface disturbance areas and waste rock piles, a grid pattern will be generally
used in the field for the collection of paste pH measurements and soil sample
collection. Along roadways indicated in Figure 3-1, sample locations will be spaced at
regular intervals along the roadway. Planned grid spacing and sampling intervals
along roadways are presented in Table 3-1. Specific locations for paste pH and
conductivity measurements will be selected in the field by the project geochemist
and/or field team leader (FTL) based on visual evaluation of lithology, sulfide
mineralization, and secondary alteration. Specific details on selection of paste pH and
conductivity sample locations were provided in Section 3.2. A hand tool, such as a
stainless steel trowel or disposable plastic trowel, will be used to collect surface
material samples. Samples will be collected between depths of 0 - 6 inches below
ground surface. The material collected from each location will be visually logged and
then analyzed for paste pH and conductivity as discussed in Section 4.7.1 below.
Selected samples for off-site chemical analyses will be placed in labeled sample jars or
Whirl-Pak™ bags. Sample custody will be maintained in accordance with CDM's SOP
1-2, Sample Custody (Appendix A). Samples will not be processed in the field (i.e.,
drying, splitting, sieving); these tasks will occur at a CDM soil preparation laboratory
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prior to submittal for chemical analysis at an off-site laboratory, as described in
Section 4.7.2 below.

After sample collection, wood stakes and/or survey flagging will be placed at the
sample location. The sample location number/identification will be placed on the
survey flag using a permanent marker. General sample locations and field
observations will be recorded in the field logbook. The sample locations will be
photographed as discussed in Section 4.5, and the sample location will then be
determined using GPS or other methods as discussed in Section 4.6.

4.7.1 Paste pH and Conductivity Field Measurements and
Lithologic Logging

The results from paste pH and conductivity measurements and lithologic logging will
be used to determine which samples will be sent to an off-site laboratory for chemical
analysis. Field paste pH and conductivity measurements and lithologic logging will
be completed by following the procedures indicated below:

1. Collect soil/waste rock using a stainless steel or disposable plastic trowel from a
depth of 0 - 6 inches below ground surface

2. Visually log sample according to CDM's SOP 3-5, Lithologic Logging (Appendix
A), with the following project-specific modifications. The specific lithologic
information recorded for each sample will be limited to the following:

- Identification of soil classification using the Unified Soil Classification System
(USCS) abbreviations (use of sieves not required)

- Description of primary lithology

- Description of sulfide mineralization including presence of pyrite
chalcopyrite, and sphalerite

~  Description of alteration minerals including iron oxide/hydroxide and jarosite
group minerals

- Test for presence of calcite with 10% hydrochloric acid solution. Care will be
taken to ensure that hydrochloric acid is kept separate from material to be
tested for paste pH or samples for laboratory analysis.

- Identification of color using a Munsell color chart
3. Remove rocks and gravel from the sample

4. Place approximately 1 inch of finer soil material (i.e., less than approximately
1/16-inch) in the bottom of a disposable plastic cup

4-5
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5. Add distilled water to sample to make a paste (approximately 2:1 liquid:solid ratio
by volume). Mix with disposable plastic stirrer or swirl cup to make paste

6. Measure pH and conductivity with probe and record measurements on
appropriate field forms or in field logbook

4.7.2 Offsite Chemical Analyses

Samples collected for offsite chemical analyses will be prepared for shipment in
accordance with CDM's SOP 2-1, Packaging and Shipping Environmental Samples,
(Appendix A). Samples to be submitted for total metals, ABA, modified SPLP, and
electron microprobe analyses will be shipped to a CDM soil preparation laboratory
for drying, splitting, and sieving (for total metals analysis only) prior to being shipped
to the CLP or subcontract laboratory for analysis. Samples will be dried and four to
five sample splits will be created for each sample. One of the splits will be sieved with
a 60-mesh (250 um) screen, and materials smaller than 250 pm will be submitted for
total metals analyses. One split will be archived for potential future
processing/analyses, and the remaining splits will be submitted for ABA, SPLP, and
electron microprobe analyses (all three analyses to be conducted at separate
laboratories). Sample custody will be maintained during this time period in
accordance with CDM's SOP 1-2, Sample Custody (Appendix A).

EPA CLP laboratories and CDM subcontracted laboratories will be used for off-site
chemical analyses. A listing of the sample container, holding times, and preservative
requirements are summarized in Table 5-2 in Section 5.

4.8 Seep and Spring Surveys

As discussed in Section 3.3, two seep and spring surveys will be conducted at the Site
in order to identify areas of ARD discharge and unaffected groundwater discharge to
support Site hydrogeological evaluation. The process of the seep and spring surveys
will consist of visual inspections in the upper Middle Creek, upper South Fork Middle
Creek, West Fork Canyon Creek, and Russell Creek drainages. If seeps or springs are
identified, the water quality will be sampled for field parameters including pH,
conductivity, DO, ORP, and temperature. If insufficient flow is present at the seep or
spring to completely immerse the multi-meter probe, water will be collected into a
dedicated polyethylene bottle to facilitate measurement of field parameters.

Water samples for laboratory analysis will be collected from identified seeps or
springs at the discretion of the FTL. Procedures for collecting these samples will
follow those of normal surface water samples (Section 4.9). The flow rate of the seeps
or springs will be measured or estimated visually, and the location of the seeps will be
recorded. Seep or spring locations will be documented using GPS or other methods as
discussed in Section 4.6. Based on information gained from spring and seep surveys,
new surface water locations may be added to the surface water monitoring program
based on EPA direction and consultation.
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4.9 Surface Water Sample Collection

Surface water samples will be collected during both monthly and quarterly sampling
events as discussed in Section 3.4. Figure 3-2 indicates locations where surface water
samples will be collected during monthly sampling events, and Figures 3-3 and 3-4
indicate sampling locations for the quarterly events. In addition to the locations
indicated on these figures, additional surface water samples may be collected from
seeps, springs, and other surface water features to be identified during the seep and
spring surveys.

4.9.1 Water Sample Collection

Collection of surface water samples will be conducted in accordance with CDM's SOP
1-1, Surface Water Sampling (Appendix A). Samples are planned for collection
starting at downstream sampling locations and progressing upstream, as indicated in
SOP 1-1. Surface water samples will be analyzed in the field for water quality
parameters (pH, conductivity, DO, ORP, alkalinity, and temperature). Field alkalinity
will be measured during sampling using HACH field test kits or equivalent. Water
samples will then be collected for analysis of total and dissolved metals, TDS, TSS,
alkalinity, acidity, hardness, major anions/cations, nitrate/nitrite, and ammonia at an
off-site laboratory. All samples will be collected in pre-cleaned and pre-preserved
sample bottles (for samples requiring preservation). Samples collected for dissolved
metals and anions will be filtered in the field using a 0.45-pm filter. Filtration will be
completed using a peristaltic pump and dedicated tubing with an in-line 0.45-pm
filter cartridge attached to the tubing. Approximately 200 milliliters (mL) of deionized
water, followed by a minimum of 50 mL of sample water, will be passed through the
filter prior to filling sample containers. Sample filtration will be completed prior to
sample preservation, and will be completed as soon as possible following sample
collection. Samples that require preservatives will not be collected directly into the
pre-preserved sample containers, but will first be collected in a dedicated container
and then transferred into the appropriate pre-preserved containers. This process
reduces the likelihood of losing preservatives during the sampling process.

The majority of surface water samples will be collected as grab samples from near the
middle of the stream at each location. Sample bottles will be immersed directly into
the stream if the water depth is of sufficient depth; otherwise, samples will be
collected using a peristaltic pump and dedicated tubing. For downstream locations
near the confluence of Cow Creek and Middle Creek (sample locations M13.0, C1, C2,
C3, and WF1), samples will be collected as depth-width integrated samples. CDM
anticipates collecting depth-integrated samples at 10 equal-width verticals (i.e.,
composite from entire depth of stream) within the streams. Samples from each
vertical will be combined within a churn splitter and mixed prior to filling sample
containers. The process for depth-width integrated sample collection is described in
CDM Federal SOP 1-1, Surface Water Sampling. Due to the size, depth and flow rates
at these locations, samples are planned for collection using a small raft secured by
ropes tied across the stream channel. If high flow rates at these locations (i.e. flood or

4-7

P:\3380-New RAC8\221 - Formosa\SAP\Text\Formosa SAP 1 Final.docx



Section 4

Field Activities, Methods, and Procedures

spring runoff conditions) make sampling from a raft or boat unsafe, then alternative
methods of sample collection will be evaluated.

Sample custody will be maintained in accordance with CDM's SOP 1-2, Sample
Custody (Appendix A). Samples will be submitted to the designated laboratory in
accordance with CLP Guidance for Field Samplers (Appendix C) and the CDM
Federal SOP 2-1, Packaging and Shipping of Environmental Samples. EPA CLP
laboratories and CDM subcontracted laboratories will be used for off-site chemical
analyses. A listing of the sample container, holding times, and preservative
requirements are summarized in Table 5-3 in Section 5.

After sample collection, field observations will be recorded in the field logbook. The
sample locations will be photographed as discussed in Section 4.5, and the location of
the samples will then be determined using GPS as discussed in Section 4.6. During the
initial sampling event at the Site, sampling locations will be marked using steel T-
posts or other means to ensure that subsequent sampling events do not deviate from
the specified locations.

4.9.2 Flow Rate Measurement

During each sampling event, flow will be measured or estimated using some
combination of portable electronic velocity meter, bucket and stopwatch, portable flat
plate weir, portable cutthroat flume, sudden injection tracer test, or visual estimates.
Determination of the appropriate method for flow measurement will be made by field
personnel. Locations where the stream width is greater than approximately 3 feet will
have velocity and depth measured at equal-width increments in order to calculate a
more accurate estimate of the total flow rate. At some surface water sampling
locations (e.g. seeps and springs), flow rate may be estimated visually. Flow velocity
and/or rate will be recorded in field logbooks or field water sampling forms as
appropriate.

410 Groundwater Sample Collection

Groundwater samples will be collected from existing Site monitoring wells identified
on Figure 3-5.

4.10.1 Well Inspections and Water Level Measurements

During the first sampling event at the Site, each groundwater well will be inspected
for any signs of damage to the well casing. If the wells are usable, a synoptic set of
static water levels will be measured at all wells at the beginning of the sampling
round, in accordance with the CDM Federal SOP 1-6 Water Level Measurement.
Based on water levels measured during this synoptic event and reported screen
intervals of wells, the depth to set the sampling pump will be determined by the FTL.

4.10.2 Purging

All monitoring wells will be purged in accordance with CDM Federal SOP 4-3, Well
Development and Purging, utilizing the volumetric purging method described in
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Section 5.2 of the SOP. A minimum of three well casing volumes will be evacuated
from each well prior to sampling. If three well volumes cannot be removed from the
well due to slow recharge conditions, the volume of water removed will be recorded
on the appropriate field forms. All wells will be purged using a 2-inch bladder pump,
or equivalent. Disposable bailers will be present on-site in case sampling using pumps
is not feasible due to slow groundwater recharge or inability to place pumps inside
the wells.

As the wells are purged, water quality parameters (i.e., ORP, pH, temperature, DO,
conductivity, and turbidity) will be monitored after each well volume. If possible, in-
line monitoring equipment will be used to increase the reading stability. Field ferrous
iron (Fe?*) and alkalinity will be measured immediately prior to sampling using
HACH field test kits or equivalent. These field analyses will be conducted in
accordance with manufacturer's recommendations. The water quality parameters will
be recorded on a groundwater purge form or logbook. Purging will be continued until
three calculated well volumes have been purged.

4.10.3 Well Sampling

All samples will be collected in accordance with the CDM Federal SOP 4-3, Well
Development and Purging. Samples will be collected from the pump discharge tubing
after completion of purging as described in Section 4.10.2. If pumping is not feasible
due to slow recharge conditions or inability to place a pump in the well, groundwater
samples will be collected using bailers in accordance with CDM Federal SOP 1-5,
Groundwater Sampling with Bailers. Samples will be collected for analysis of
dissolved metals, pH, conductivity, TDS, alkalinity, acidity, hardness, major
anions/cations, nitrate/nitrite, and ammonia at an off-site laboratory. Water samples
to be collected for dissolved metals will be filtered in the field using a 0.45-um filter
prior to preservation. Filters will be placed in-line with the well sampling tubing.

Sample custody will be maintained in accordance with CDM's SOP 1-2, Sample
Custody (Appendix A). Samples will be submitted to the designated laboratory in
accordance with CLP Guidance for Field Samplers (Appendix C) and the CDM
Federal SOP 2-1, Packaging and Shipping of Environmental Samples. EPA CLP
laboratories and CDM subcontracted laboratories will be used for off-site chemical
analyses. A listing of the sample container, holding times, and preservative
requirements are summarized in Table 5-4 in Section 5.

4.11 Flume and Electronic Data Logger Installation

As discussed in Section 3.6, CDM currently plans to install flumes at Formosa Adit,
location MXR, and at a location in upper South Fork. A fiberglass flume is currently in
place at the Formosa Adit. This sample location currently generates very large
quantities of iron hydroxide sludge, and the flume is currently clogged with iron
precipitates. This flume will be cleaned and evaluated for suitability. If necessary this
flume will be replaced. A doppler-style electronic flow meter and datalogger will be
installed with the flume. This type of instrument has the advantage of requiring no
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contact whatsoever with the water passing through the flume. This approach is
expected to provide accurate flow data, with relatively less maintenance than
pressure transducers (which must be submerged within a stilling well). The doppler
flow meter would be attached to a data logger, and flow data would be downloaded
during routine surface water sampling events.

Fiberglass flumes are also planned to be installed at location MXR and at a location
within upper South Fork. These flow monitoring devices are planned to be H-flumes
or Parshall flumes. The flumes will be set in concrete and concrete wing walls will be
installed at the upgradient side to force water to flow into, rather than around the
flumes. The size of the flumes will be selected based on available data and
professional judgment. Flumes will be installed during a season with low flow
conditions to allow for easier installation in the stream channel. Doppler-style
electronic flow monitoring instrumentation and data loggers will also be installed at
these locations.

At MXR and in the Upper South Fork flumes, water quality instrumentation will also
be installed. CDM plans to install electronic water quality monitoring instrumentation
to collect continuous pH, conductivity, and temperature data at these locations.
Although precipitates are also present at these sites, the precipitate load is
significantly lower than at the Formosa Adit, and the potential to effectively use
instruments that are submerged in the water is better at MXR and upper South Fork.
Despite lower precipitate loads at these locations, it is still anticipated that
maintenance and cleaning of the instrumentation will be required at least monthly.
Data loggers at these locations would also be downloaded on a regular basis during
routine surface water sampling.

4.12 Equipment Decontamination

Decontamination methods will follow CDM's SOP 4-5, Field Equipment
Decontamination at Non-Radioactive Sites (Appendix A).

As indicated in Section 4.9.1, sampling at locations that use non-dedicated sampling
equipment will proceed from downstream to upstream (least contaminated to most
contaminated). Non-dedicated equipment used for surface water sample collection
(i.e. churn splitter) used during this sampling procedure will be decontaminated by
rinsing with deionized water immediately after sample collection. Prior to collection
of the next sample, the equipment will be thoroughly rinsed in the stream at the next
sample location. If concentration trends are not known, or if it is necessary to re-use
sampling equipment from a high concentration area to a low concentration area, then
the equipment will be decontaminated as described in SOP 4-5, Section 5.3, including
the dilute nitric acid rinse necessary when sampling for inorganic constituents.

Small non-dedicated soil sampling equipment such as shovels or trowels will be
decontaminated by removing adhered soil from the blade or other parts in contact
with the subsurface using a brush or similar tool. Rinsate water will be discharged to
the ground surface at the Site.
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Dedicated one-use (disposable) sampling equipment such as trowels or scoops,
aluminum pans, and/or plastic bags or containers will be used to collect soil samples
and therefore will not require decontamination.

PPE will be cleaned using a brush and potable water to remove gross contamination
and adhered soil before disposal.

Personnel performing sampling tasks will follow the personnel decontamination
procedures specified in the HASP (Appendix B).

4.13 IDW Management

IDW will include the PPE worn by the field samplers, dedicated (disposable)
sampling equipment and supplies, purge water from groundwater sampling, and
decontamination liquids created by cleaning non-dedicated sampling equipment.
IDW will be managed in accordance with CDM Federal SOP 2-2, Guide to Handling
Investigation-Derived Waste.

PPE and disposable sampling equipment will be handled as general site refuse and be
disposed of as municipal solid waste.

Groundwater sampling purge water will be disposed of on the site.

Due to the small volume of decontamination water created for small sampling
equipment, this IDW will be disposed of on the ground next to the sample location.
Containerization of the decontamination water will not be required.

IDW sampling will not be required for any IDW management tasks under this SAP.
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Section 5

Project Management and Data Quality
Objectives

This QAPP (Part II of the SAP) supports the initial RI field program. This QAPP was
prepared in accordance with EPA Requirements for Quality Assurance Project Plans
for Environmental Data Operations, QA /R-5, Interim Final (EPA 2001). This section
covers the basic area of project management, including the project organization,

background and purpose, project description, quality objectives and criteria, special

training, and documentation and records. Appendix A includes a copy of applicable
CDM SOPs (CDM 2005a).

5.1 Project Organization

Organization and responsibilities specific to this study are discussed in this section.
CDM will provide the necessary technical and field staff to perform sampling and
reporting aspects of the project, with assistance from EPA, USGS, and BLM personnel
as necessary. When personnel from EPA, USGS, and BLM perform sampling and
reporting tasks for this investigation, the procedures outlined in this SAP will be
followed by all personnel, and oversight of all personnel will be the responsibility of
CDM. Analytical services are provided through the EPA CLP (metals analyses), the
EPA Region 10 Manchester Environmental Laboratory, and a CDM subcontracted
analytical laboratory to be determined through the procurement process. Table 5-1
includes contact information for key project personnel.

5.1.1 EPA Region 8 and 10 Management
The EPA Project Officer, Ms. Jodi Powell, is responsible for:

m Tracking work assignment budgets
m Reviewing work plans

®m Maintaining communication with the Remedial Project Managers (RPMs) and EPA
contractor contract personnel

The EPA RPM, Ms. Denise Baker-Kircher, has responsibility for the RI and is CDM's
primary contact for coordinating work at the Site. Ms. Baker-Kircher is responsible
for:

m Defining sampling scope

Defining data quality objectives

Selecting sampling team and contractors

Reviewing all project deliverables

5-1
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®m Maintaining communications with the sampling team for updates on the status of

the activities
m Reviewing monthly status reports

m Providing oversight of the sampling

m Assuring that plans are implemented according to schedule

m Informing personnel of any special considerations associated with the project

m Providing site access

m Reviewing work progress for each task to ensure that budgets and schedules are

met

m Reviewing and analyzing overall performance with respect to goals and objectives

m Using sampling data in site remediation decision-making

m Ensure samples are collected consistent with project objectives

m Ensure samples are collected in a manner so that data represent actual investigation

conditions

The EPA Region 10 QA Manager, Ms. Gina Grepo-Grove, is responsible for approving
quality assurance project plans for projects within Region 10. The Regional Sample
Control Coordinator, Ms. Bethany Plewe, is responsible for coordinating laboratory
support and tracking samples and analytical results. Ms. Plewe is also the point of
contact for communication to the EPA contract laboratories.

5.1.2 CDM Management

CDM is a RAC contractor to EPA Region 8 through the EPA RAC 2 Region 8 contract.

EPA management is described in Section 5.1.1.

The following personnel from CDM are assigned to this project:

Project Manager

Project Geochemist

Project Engineer

Field Team Leader

Quality Assurance Manager

Project Quality Assurance Coordinator

Dee Warren
Mark Nelson
Nick Anton
Nick Anton
Doug Updike
Kimberly Zilis
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Data Manager To be determined

5.1.2.1 Project Manager

The CDM PM for the Rl is Ms. Dee Warren. Ms. Warren, as PV, is responsible for the
overall management and coordination of the following activities:

Maintaining communications with EPA regarding the status of this project
Preparing monthly status reports

Supervising production and review of deliverables

Reviewing analytical results

Overseeing operation and maintenance activities

Tracking planned budgets and schedules

Incorporating and informing EPA of changes in the work plan, SAP, HASP, and/or
other project documents

Notifying the responsible QA staff immediately of significant problems affecting
the quality of data or the ability to meet project objectives

Scheduling personnel and material resources
Procuring laboratory and non-laboratory subcontractors, when necessary

Implementing field aspects of the investigation, including this SAP and other
project documents

Organizing and conducting periodic meetings with field and project personnel

Implementing the QC measures specified in CDM's RAC 2 Region VIII Quality
Management Plan (QMP) (CDM 2005b), this QAPP, and other project documents

Implementing corrective actions resulting from staff observations, QA /QC
surveillances, and/or QA audits

Providing oversight of data management

Providing oversight of daily and periodic report preparation

5.1.2.2 Project Geochemist

The CDM Project Geochemist for the RI is Mr. Mark Nelson. Mr. Nelson is responsible
for determining the physical and chemical data needed for RI evaluations and
ensuring the collected data is acceptable for use in RI evaluations. Mr. Nelson will
provide consultation in the field and determine samples to be sent for off-site
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laboratory analysis in order to meet project requirements. Mr. Nelson will incorporate
the validated data into evaluations within the RI report.

5.1.2.3 Project Engineer

The CDM Project Engineer for the Rl is Mr. Nick Anton. Mr. Anton is responsible for
determining the physical and chemical data needed for RI evaluation and ensuring
the collected data is acceptable for use in subsequent RI evaluations. Mr. Anton will
incorporate the validated data into evaluations within the detailed RI report.

5.1.2.4 Field Team Leader

The CDM FTL for the RI is Mr. Nick Anton. Mr. Anton will be responsible for all field
activities performed under this SAP.

He will also be responsible for ensuring that health and safety protocols specified in
the HASP are carried out during these activities. His responsibilities related to health
and safety are specified in the HASP (Appendix B).

Mr. Anton is responsible for the following field activities:

m Coordinating work activities including testing, field measurements, logging, and
sampling

m Ensuring that the protocols specified in the HASP are carried out during field
activities

m [dentifying problems, resolving difficulties in consultation with EPA and CDM
staff, implementing and documenting corrective action procedures at the facility
team level, and providing communication between the sampling team and project
management

m Ensuring that sampling is conducted in accordance with the SAP and that the
quantity and location of all samples meet the requirements of this SAP

® Maintaining proper chain-of-custody forms and sample labels for proper transfer of
the samples to the analytical laboratory

m Scheduling and conducting required sampling activities
m Preparing and shipping samples to the offsite analytical laboratories

® Maintaining sampling and monitoring equipment and ensuring that the required
sample bottles and preservatives are at the Site

5.1.2.5 Quality Assurance Manager

CDM's QA manager, Mr. Doug Updike, implements the QA program. The QA
manager is independent of the technical staff and reports directly to the president of
CDM or equivalent on QA matters. The QA manager, thus, has the authority to

P:\3380-New RACB8\221 - Formosa\SAP\Text\Formosa SAP 1 Final.docx



Section 5
Project Management and Data Quality Objectives

objectively review projects and identify problems and the authority to use corporate
resources as necessary to resolve any quality-related problems.

5.1.2.6 Project Quality Assurance Coordinator

The QA coordinator for this project, Ms. Kimberly Zilis, reports to Mr. Doug Updike
on QA matters. Under the oversight of Mr. Updike, she is responsible for the
following:

m Verifying that corrective actions resulting from staff observations, QA /QC
surveillances, and/or QA audits are implemented

m Reviewing and approving the project-specific plans

m Directing the overall project QA program

m Maintaining QA oversight of the project

m Reviewing QA sections in project reports, as applicable
m Reviewing QA /QC procedures applicable to this project

m Auditing selected activities of this project performed by CDM and subcontractors,
as necessary

m Initiating, reviewing, and following up on response actions, as necessary
m Maintaining awareness of active projects and their QA /QC needs

m Consulting with the CDM QA manager, as needed, on appropriate QA /QC
measures and corrective actions

m Conducting internal system audits to check on the use of appropriate QA /QC
measures, if applicable

m Arranging performance audits of measurement activities, as necessary
m Providing monthly written reports on QA/QC activity to the CDM QA manager

m Receiving copies of the laboratory data packages from the EPA laboratories and
CLP laboratories

5.1.2.7 Data Manager

The CDM data manager for this project will be determined prior to commencement of
field activities. The data manager will receive the data directly from the laboratory,
and coordinate with Ms. Zilis to ensure a QA /QC review of the data package is
performed, including checking that the data with backup instrument calibration and
standard information is included.

5-5
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5.2 QAPP Organization, Background, and Purpose

This QAPP is organized in accordance with requirements for quality assurance for
project plans, EPA QA /R-5 March 2001 (EPA 2001). This section (Section 5.0) presents
project management and introductory information. Section 6.0 provides guidance for
measurement and data acquisition. Section 7.0 describes assessment and oversight
aspects of the project, and Section 8.0 details data validation and usability issues.
References are provided in Section 9.0.

Project background and information for the Site is provided in Section 2 of this SAP.
The objective of the RI investigation is discussed in Section 1.1 of this SAP. The
purpose of this QAPP is to provide guidance to ensure that all environmentally
related data collection procedures and measurements are scientifically sound and of
known, acceptable, and documented quality and conducted in accordance with the
requirements of the project.

5.3 Project Description

A description of this project is provided in Section 1 of this SAP. Samples will be
analyzed for parameters listed in Tables 5-2 through 5-4. Sampling activities and all
associated procedures are described in detail in this SAP.

5.4 Quality Objectives and Criteria for Measurement

This section provides internal means for control and review of the project so that
environmentally related measurements and data collected are of known and
acceptable quality. The subsections below describe the data quality objectives (DQOs)
(Section 5.4.1) and data measurement objectives (Section 5.4.2).

5.4.1 Data Quality Objectives

The DQO process is a series of planning steps based on the scientific method that are
designed to ensure that the type, quantity, and quality of environmental data used in
decision making are appropriate for the intended purpose. EPA has issued guidelines
to help data users develop site-specific DQOs (EPA 2006). The DQO process is
intended to:

m Clarify the study objective
m Define the most appropriate type of data to collect
m Determine the most appropriate conditions from which to collect the data

m Specify acceptable levels of decision errors that will be used as the basis for
establishing the quantity and quality of data needed to support the design

The DQO process specifies project decisions, the data quality required to support
those decisions, specific data types needed, data collection requirements, and
analytical techniques necessary to generate the specified data quality. The process also
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ensures that the resources required to generate the data are justified. The DQO
process consists of seven steps, and the output from each step influences the choices
that will be made later in the process. These steps include:

Step 1: State the problem

Step 2: Identify the decision

Step 3: Identify the inputs to the decision

Step 4: Define the study boundaries

Step 5: Develop a decision rule

Step 6: Specify tolerable limits on decision errors
Step 7: Optimize the design

During the first six steps of the process, the planning team develops decision
performance criteria (i.e., DQOs) that will be used to develop the data collection
design. The final step of the process involves developing the data collection design
based on the DQOs. A brief discussion of these steps and their application to this
QAPP is provided below.

5.4.1.1 Step 1: State the Problem

The purpose of this step is to clearly define the problem so that the focus of the study
is unambiguous.

Historical operations at the Formosa mine site have resulted in discharge of ARD and
metals contamination into surface waters. In addition, mine waste and contaminated
soil are present at the ground surface and within backfilled underground mine
workings. The mine waste and contaminated soil have the potential to be acid-
generating and to leach metals into surface water and groundwater. Additionally,
subsurface contamination may be transported to the surface through seeps and
springs.

The sampling and analyses detailed in this SAP will support characterization of
physical characteristics, source materials, and nature and extent of contamination, as
well as refine development of the conceptual site model for Formosa Mine. This
investigation is designed to evaluate the geochemical characteristics of source
materials at the Site, and assess impacts to surface water and groundwater at the Site.
All data collected during this investigation will be utilized to evaluate remedial
options during the FS evaluations. Data will also be utilized to support future human
health and ecological risk assessments at the Site. Required tests, analyses and
methods for each media to be sampled during this investigation are provided in
Tables 5-2 through 5-4.

The planning team members include Denise Baker-Kircher, Martha Lentz and Joe
Goulet of EPA; Kathleen McCarthy and Annette Sullivan of USGS; Greg Aitken of
ODEQ; John Barber of BLM; and Dee Warren, Mark Nelson, and Nick Anton of CDM.
The decision maker is Denise Baker-Kircher. All personnel conducting this field
investigation will be from CDM or one of its subcontractors, with the potential for
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assistance by other planning team members (EPA, USGS, ODEQ, or BLM) and/or
other government agencies or private organizations. Any field work performed by
others will be under supervision and oversight of CDM or EPA personnel.

5.4.1.2 Step 2: Identify the Decision

This step identifies what questions the analyses will attempt to resolve and what
actions may result. Specific decision questions for this study include:

Surface Water:

m What is the nature and extent of surface water contamination emanating from the
Formosa Mine, and are the concentrations observed in exceedance of water quality
screening criteria?

m What is the quantity and water quality of the drainage from the Formosa adit and
other ARD sources on the Site, and how does the flow rate and quality vary over
time?

m What is the quantity and water quality of flow of ARD-impacted streams at the
Site, and how does the flow rate and quality vary over time

Groundwater:

m What is the nature and extent of groundwater contamination present at the Site,
and how does groundwater contamination contribute to surface water impacts
through springs and seeps?

Surface Soil and Waste Rock
m What is the nature and extent of surface soil and waste rock contamination present

at the Site, and are metals concentrations greater than screening criteria for human
health?

m What is the potential for mine waste rock and soil in surface disturbance areas on
the Site to be ARD-generating, and what is the potential for these materials to leach
contaminants (i.e. metals) into surface waters or into the subsurface?

m What is the areal extent and volume of mine waste rock and soil at the Site that is
capable of generating ARD and/or leaching contaminants to surface waters?

The alternative actions include either further investigation or no further action. The
decision statement is whether or not answers to the decision questions are known. If
yes, then no further action is necessary. If no, then further investigations may be
necessary

5.4.1.3 Step 3: Identify the Inputs to the Decision

The purpose of this step is to identify the information that needs to be obtained and
the measurements that need to be taken to resolve the decision statement. The
information required to resolve the decision statement consists of the following:
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m Chemical and geochemical characteristics of surface water, groundwater, and
exposed mine waste and soil

m Information regarding temporal and seasonal variations in flow quantity and water
quality at the Formosa adit, other ARD sources, and in ARD-impacted surface
waters

m Information regarding location, quality, and quantity of ARD discharges from
previously unidentified groundwater seeps and springs

The sources for this information are data collected in the field and laboratory analysis
of samples collected during this investigation. The sampling locations and procedures
are identified in Sections 3 and 4 of the FSP, respectively. The testing and analytical
methods to be used are listed in Tables 5-2 through 5-4.

5.4.1.4 Step 4: Define the Boundaries of the Study

This step defines the spatial and temporal boundaries to which this investigation will
apply and determines when and where data should be collected.

This investigation will be conducted within the areas shown in Figures 3-1 through
3-5. Boundaries were delineated to characterize the nature and extent of surface water
contamination. The boundaries of the soil and waste rock investigation are presented
on Figure 3-1, and were selected, generally, to include areas of surface disturbance
and suspected contamination in the vicinity of the Formosa Mine and former
processing areas. With the exception of sampling of existing groundwater wells, this
study is focused on surface water and mine wastes and soils exposed at the surface to
a depth of approximately 6 inches.

The temporal boundaries of the study are dependent on the duration of the RI field
work, which is tentatively scheduled to begin in the summer/fall of 2009 and
continue through the RI/FS process. Monthly and quarterly sampling of surface
water and groundwater is planned during this time, and continuous measurement of
flow quantity at three locations on the Site are planned. Surface material sampling
and spring and seep sampling will also be conducted at this time. Data collected
during this time frame will be utilized to evaluate future remedial options at the Site;
therefore the temporal variation in water quality and quantity has a degree of
variability and uncertainty, and will be subject to evaluation and judgment regarding
future RA decisions for the Site.

Groundwater and surface water sample locations correspond to previous sample
locations, though additional sampling locations may be added based on observations
during site reconnaissance and initial sampling efforts. The data populations needed
for decision-making include the chemical concentrations (including both detected and
non-detected values) for all the media sampled and analyzed. Constraints that could
potentially interfere with data collection are inaccessible sampling locations.
Inaccessibility of sampling locations may be due to ground surface conditions (e.g.
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topography or surface obstructions) or due to seasonal weather and surface water
flow conditions. Alternative locations will be selected if proposed sample locations
are inaccessible.

5.4.1.5 Step 5: Develop a Decision Rule

The purpose of this step is to define the parameters of interest, specify the action level,
and integrate previous DQO outputs into a single statement that describes a logical
basis for choosing among alternative actions.

The parameters of interest are the concentrations of constituents identified in the
separate media, as well as the flow rate and volume of ARD discharges and
contaminated surface waters. At this time, Site-specific preliminary remediation goals
(PRGs) have not been developed for the Site. In the absence of Site-specific PRGs,
decisions regarding contaminants in surface water will be based on the comparison of
the laboratory analytical results to the screening criteria set forth by the State of
Oregon. The analytical methods stated in Section 5.4.4 were chosen to ensure that the
reporting limits are below these criteria. Decisions regarding contaminants in surface
soil and waste rock will be based on evaluation of field paste pH and conductivity
data, comparison of the laboratory total metals results to EPA soil screening levels
and ODEQ soil risk based concentration (RBC) values, comparison of SPLP results to
the surface water screening criteria, and evaluation of ABA data to determine the
potential for the materials sampled to generate ARD. Screening criteria for total
metals results will be further refined during the development of the risk assessment
for the Site.

If the analytical result for a particular media/constituent is above the screening
criteria, then the associated location for that sample is considered contaminated for
that constituent. In this instance, the extent of contamination (for a particular
constituent or multiple constituents) will be described to include at a minimum the
area of the contaminated location. For evaluation of ABA data, materials sampled will
be rated on their potential to generate ARD. The degree (i.e., high, moderate, low) of
potential for ARD generation will be described to include at a minimum the area of
the sample location and/ or other locations containing similar geologic materials. For
evaluation of field paste pH data, samples with paste pH less than 4.5 may be
considered acid generating. Potential for acid generation will then be verified with
ABA results. The relative background paste conductivity of surface materials present
at the Site is unknown at this time; therefore, the degree of contamination based on
paste conductivity will be evaluated in the field and verified with SPLP results.

If the chemical characteristics of the media are identified from this investigation to
sufficiently support RI evaluations, then no further investigation will be conducted. If
chemical characteristics of the media are not identified from this investigation to
sufficiently support RI evaluations, then either further investigation will be conducted
or it may be decided that although not completely known, enough information has
been collected to continue and no further investigation will be conducted.
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5.4.1.6 Step 6: Specify Tolerable Limits on Decision Errors

Decision makers' tolerable limits on decision errors, which are used to establish
performance goals for the data collection design, are specified in this step. Decision
makers are interested in knowing the true value of the physical and chemical
characteristic analyses. Since analytical data can only estimate these values, decisions
that are based on measurement data could be in error (decision error). There are two
reasons why the decision maker may not know the true value of the constituent
concentration. These are:

1. Concentrations may vary over time and space. Limited sampling may miss some
features of this natural variation because it is usually impossible or impractical to
measure every point of a population. Sampling design error occurs when the
sampling design is unable to capture the complete extent of natural variability
that exists in the true state of the environment.

2. Analytical methods and instruments are never absolutely perfect; hence a
measurement can only estimate the true value of an environmental sample.
Measurement error refers to a combination of random and systematic errors that
inevitably arise during the various steps to the measurement process.

The combination of sampling design and measurement error is the total study error.
Since it is impossible to completely eliminate total study error, basing decisions on
sample concentrations may lead to a decision error. The probability of decision error
is controlled by adopting a scientific approach to select between one condition (the
null hypothesis) and another (the alternative hypothesis). The null hypothesis is
presumed to be true (not rejected) in the absence of evidence to the contrary. For this
project, the null hypothesis is that the physical and chemical properties of the soil,
surface water, and groundwater are suitable for protection of the environment and
human health. The alternative hypothesis is that the physical and chemical properties
of the soil, surface water, and groundwater are not suitable for the protection of the
environment and human health.

A false positive, or "Type I" decision error, refers to the type of error made when the
baseline condition is rejected when it is true, and a false negative, or "Type II" decision
error, refers to the type of error made when the null hypothesis is not rejected when it
is false. For this project, a Type I decision error would result in deciding that the
constituent concentrations are above the screening criteria when they are not. A Type
I decision error would result in deciding that the constituent concentrations are
below the screening criteria when they are not. A Type II decision error may cause
harm to the environment and/or human health, whereas a Type I decision error may
cause spending money when it is not required. A Type II error is less acceptable than
a Type I error.

The closer the reported concentration is to the screening level, the higher the
probability that an incorrect decision will be made and, therefore, there is a gray
region surrounding the screening level. Because it would be worse to harm life than

5-11

P:\3380-New RAC8\221 - Formosa\SAP\Text\Formosa SAP 1 Final.docx



Section 5

Project Management and Data Quality Objectives

5-12

spend unnecessary money, a gray region, as discussed in the DQO guidance, has been
identified as the screening level minus 5 percent where the decision will be made that
the null hypothesis is rejected (true value considered above screening level) and,
thereby, limiting the possibility of a Type II error near the screening level. Tolerable
decision limits are established outside the gray region to allow decision makers to
make a decision based on professional judgment. Again, because it would be worse to
harm life than to spend unnecessary money, a tolerable limit has been identified as
the lower limit of the gray region plus or minus (+) 10 percent. In this area, the
decision makers may decide that although the reported concentration is below the
screening level or gray region, so as to not make a Type II decision error, the null
hypothesis is rejected.

5.4.1.7 Step 7: Optimize the Design for Obtaining Data

The data collection program is based on information provided in this QAPP and is
presented in Sections 3 and 4 of the FSP. Sample locations are selected to characterize
chemical and physical characteristics of the surface water, groundwater, and surface
soil and waste rock. Spatial patterns of contaminants will be determined based on the
results of the comprehensive sampling event and subsequent monthly and quarterly
sampling events.

5.4.2 Data Measurement Objectives

Every reasonable attempt will be made to obtain a complete set of usable field
measurements and analytical data. If a measurement cannot be obtained or is rejected
for any reason, the effect of the missing data will be evaluated by CDM. This
evaluation will be reported to EPA with a proposed corrective action as described in
Section 7.

In addition, the FSP provides guidance to ensure that the samples obtained are
representative of the media to be investigated at the Site.

5.4.2.1 Quality Assurance Guidance

The field QA program has been designed in accordance with CDM's RAC 2 Region
VIII QMP (CDM 2005b), Guidance on Systematic Planning Using the Data Quality
Objectives Process, QA /G-4, (EPA 2006), and EPA Requirements for Quality
Assurance Project Plans for Environmental Data Operations, QA /R-5 (EPA 2001).

5.4.2.2 Precision, Accuracy, Representativeness, Completeness, and
Comparability Criteria

Precision, accuracy, representativeness, completeness, and comparability (PARCC)
parameters are indicators of data quality. PARCC goals are established for the site
characterization to aid in assessing data quality as discussed in the following
paragraphs.
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Precision

The precision of a measurement is an expression of mutual agreement among
individual measurements of the same property taken under prescribed similar
conditions. Precision is quantitative and most often expressed in terms of relative
percent difference (RPD). RPD is calculated as follows:

RPD = (S-D)/((S+D)/2) *100

Where: S = Sample result
D = Duplicate result

Precision of reported results is a function of inherent field-related variability plus
laboratory analytical variability. Field duplicate samples will be collected to provide a
measure of the contribution to overall variability of field-related sources. Contribution
of laboratory-related sources to overall variability is measured through analysis of
laboratory duplicates or MSD analyses.

The acceptable precision criteria for duplicate analyses are as presented in Table 5-5.

Chemical analytical data will be evaluated for precision using field duplicates,
laboratory duplicates, and MSDs in accordance with the laboratory-specific limits,
methodology, or EPA CLP, National Functional Guidelines (NFG) for Inorganic Data
Review (EPA 2004),

Accuracy

Accuracy is the degree of agreement of a measurement with an accepted reference or
true value, and is a measure of the bias in a system. Accuracy is quantitative and
usually expressed as the percent recovery (%R) of a sample result. %R is calculated as
follows:

%R = SSR - SR/ SA x 100

Where: SSR = Spiked sample result
SR = Sample result
SA = Actual spike concentration

Ideally, it is desirable that the reported concentration equals the actual concentration
present in the sample. Acceptable QC limits for %R are either defined by NFG or
method-defined, whichever is applicable. Chemical analytical data will be reviewed
for accuracy using the recoveries for surrogates, MS/MSDs, and LCSs, in accordance
with the acceptable QC limits described above, or as applicable.

Representativeness

Representativeness expresses the degree to which sample data accurately and
precisely represent (1) the characteristic being measured, (2) parameter variations at a
sampling point, and/or (3) an environmental condition. Representativeness is most
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concerned with the proper design of the sampling plan and the absence of cross-
contamination of samples. Acceptable representativeness will be achieved through:

m Careful, informed selection of sampling sites

m Selection of testing parameters and methods that adequately define and
characterize the extent of possible contamination and meet the required parameter
reporting limits

m Proper gathering and handling of samples to avoid interference and prevent
contamination and loss

m Collection of a sufficient number of samples to allow necessary characterization

Representativeness is a consideration that will be employed during all sample
locations and collection efforts and will be assessed qualitatively by reviewing field
procedures and actual sampling locations versus planned locations.
Representativeness will be reviewed quantitatively by evaluating the method, rinsate,
and trip blanks as stated in the NFGs.

Completeness

Completeness is a measure of the amount of usable data obtained from a
measurement system compared to the amount that was expected to be obtained
under normal conditions. Usability will be determined by evaluation of the PARCC
parameters, excluding completeness. Those data that are validated or evaluated and
are not considered estimated or are qualified as estimated or non-detect are
considered usable. Rejected data are not considered usable. Completeness will be
calculated following data evaluation. For this work, a completeness goal of 90 percent
is projected for all analytical data. If this goal is not met, the EPA contractor project
manager and EPA RPM will discuss the effect. Completeness is calculated using the
following equation:

Completeness = DO/DP *100

Where: DO = Amount of usable data obtained
DP = Predicted amount of usable data

Comparability

Comparability is a qualitative parameter. Consistency in the acquisition, handling,
and analysis of samples is necessary for comparing results. Standard EPA analytical
methods and QC will be used to ensure comparability of results with other analyses
performed in a similar manner.

5.4.3 Field Measurements

The field measurements collected during this RI will be groundwater level
measurements using a water level indicator; pH, temperature, conductivity, DO, and
ORP using a water quality multi-meter for groundwater and surface water samples;
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ferrous iron and field alkalinity using HACH kits for adit water, groundwater, and
seep and spring samples; paste pH and conductivity for soil and waste rock samples;
and measurements of stream velocity, depth, and flow rate using staff gauges and a
velocity meter.

5.4.4 Laboratory Analysis

Analytical methods, reporting limits, holding times, and QC analyses are discussed
below.

Analytical Methods
The analytical methods that will be used are presented in Tables 5-2 through 5-4.

Laboratories

Samples will be analyzed by the EPA CLP laboratory, the EPA Region 10 Manchester
Environmental Laboratory, and a CDM subcontracted laboratory. Prior to shipping
samples, sampling personnel will ensure that all laboratories are ready to receive and
analyze samples, can provide necessary data packages, and can report required
information to CDM. The data report will contain a case narrative that briefly
describes the number of samples, the analyses or test performed, and any noteworthy
analytical difficulties or QA/QC issues associated with the submitted samples. The
data report will also include signed chain-of-custody forms, cooler receipt forms,
analytical data, and a QC package. An electronic copy of the data will also be
provided by the laboratories to CDM.

Reporting Limits

The reporting limits for the parameters to be monitored as a part of this RI are
presented in Tables 5-2 through 5-4. Reporting limits are the minimum levels to which
the laboratory will report analytical results without a qualifier when an analyte is
detected. The laboratory can sometimes detect analytes at concentrations of up to an
order of magnitude lower than the reporting limits. In this case, when a positive
detection is less than the reporting limit, the value may be reported and qualified as
an estimated concentration.

Holding Times and Preservation

Holding times are storage times allowed between sample collection and sample
extraction or analysis (depending on whether the holding time is an extraction or
analytical holding time) when the designated preservation and storage techniques are
employed. The holding times are presented in Tables 5-2 through 5-4. All water
samples will be cooled and stored at 4 degrees Celsius (°C) + 2°C until analysis is
performed. Soil samples will be preserved as necessary for analyses.

Quality Control Analyses

Quality control samples will be collected during the RI. These samples include
duplicate samples, MS/MSDs, and rinsate blanks. The field QC duplicate samples to
be collected are discussed in Section 6.5.1 of this document.
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In addition to the field QA/QC controls internal laboratory QA procedures are
maintained by the designated laboratories. These will include method blanks,
surrogates, MS/MSDs, and/or LCSs, or others as designated in the applicable
method(s).

Duplicate Samples

Field duplicate samples are collected and analyzed to assess the overall precision of
the field sample collection. These duplicates will be submitted "blind" to the chemical
laboratory by using sample numbers and times that are different than their associated
environmental sample. The criteria for field sampling precision for soil/ waste rock
samples and water samples is an RPD less than or equal to 35 and 20, respectively.
Field duplicate samples for all media will be collected at a frequency of 10 percent,
one per every 10 regular samples collected.

Equipment Rinsate Blanks

Equipment rinsate blank samples are collected and analyzed to assess the
effectiveness of equipment decontamination procedures. These duplicates will be
submitted "blind" to the chemical laboratory by using sample numbers and times that
are different than their associated environmental sample. Rinsate blanks will be
collected at a frequency of once per day if equipment is decontaminated between
sampling locations. Rinsate blanks will be prepared and submitted for total metals
analysis only. Results of the rinsate blank samples will be evaluated as part of the data
validation and usability as described in Section 8.

5.5 Special Training Requirements

Special training required for this RI field program include the following:

Health and safety training, as described in the HASP
Field equipment operation/calibration training

EPA CLP training

FORMS II Lite training

Specialized technical services, such as concrete construction for flume installation, will
be obtained via procured subcontractors.

5.6 Documentation and Records

The laboratories will submit analytical data reports to CDM, both as hardcopy and
electronic copy. Each data report will contain a case narrative that briefly describes

the number of samples, the analyses, and any analytical difficulties or QA /QC issues
associated with the submitted samples. The data report will also include signed chainl
of-custody forms, cooler receipt forms, analytical data, a QC package, and raw data.
The laboratories will also provide an electronic copy of the data to CDM in

accordance with each laboratory subcontract.
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CDM's local administrative staff in Denver has the responsibility for maintenance of
the document control system. This system includes a document inventory procedure
and a filing system. Project personnel are responsible for project documents in their
possession while working on a particular task. Field logbook(s) will be filed as part of
the document control procedure. Documentation describing changes to approved
plans, if they occur, will be included in the document control system.

CDM 5-17

P:\3380-New RAC8\221 - Formosa\SAP\Text\Formosa SAP 1 Final.docx



Section 5
Project Management and Data Quality Objectives

THIS PAGE INTENTIONALLY LEFT BLANK

5-18 CDM

P:\3380-New RACB8\221 - Formosa\SAP\Text\Formosa SAP 1 Final.docx



Section 6
Measurement and Data Acquisition

This section covers sample process design, sampling methods requirements, handling
and custody, analytical methods, QC, equipment maintenance, instrument calibration,
supply acceptance, nondirect measurements, and data management. The field
procedures are designed so that the following occurs:

m Samples collected are consistent with project objectives

m Samples are collected in a manner so that data represent actual investigation
conditions

6.1 Sample Process Design

The overall goal of the RI field program is to provide physical and chemical data
necessary to support critical evaluations and decisions for the RI and FS. The sample
process design is discussed in Sections 3 and 4 of the FSP in this SAP.

6.2 Sampling Methods Requirements

Sampling methods, sample containers, and overall field management are described
below.

6.2.1 Sampling Equipment and Preparation

Equipment required for the field investigation (including measurement, sampling,
documentation, and decontamination equipment) is presented in Section 4 of the FSP.

Field preparatory activities include review of SOPs (Appendix A), procurement of
field equipment, laboratory coordination, confirmation of site access, as well as a field
planning meeting that includes field personnel and QA staff. Mobilization and site
setup is described in Section 4 of the FSP.

6.2.2 Sample Containers

Sample containers required for this field investigation are presented in Tables 5-2
through 5-4. The cleaned sample containers with lot number will be either pre-
preserved or preserved in the field, when required.

6.2.3 Sample Collection, Handling, and Shipment

Samples collected during the investigation consist of soil/waste rock and water
samples collected for chemical analyses and QC samples. All sample collection
procedures are outlined in Section 4 of the FSP and the relevant SOPs (Appendix A).
QC samples will also be collected, handled, and shipped in accordance with these
procedures.

6-1
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6.3 Sample Handling and Custody Requirements

Custody and documentation for field and laboratory work are described below,
followed by a discussion of corrections to documentation.

6.3.1 Field Sample Custody and Documentation

The information contained on the sample label and the chain-of-custody record will
match. The purpose and description of the sample label and the chain-of-custody
record are discussed in the following sections.

6.3.1.1 Sample Labeling and Identification

A unique alphanumeric code will identify each sample collected during sampling
events (as specified in SOP 1-2, Sample Custody [Appendix A]). The coding system
will provide a tracking record to allow retrieval of information about a particular
sample and to ensure that each sample is uniquely identified. Sample numbers will
correlate with locations to be sampled. The sample locations and numbers will be
identified in the field logbooks.

Sample numbers will begin with the month, year and site abbreviation (i.e., 0609F
indicates that the sample was collected in June 2009 at the Formosa Mine Site).

The second character set will identify the station location where the sample was
collected (i.e. MXR, SFA5, etc). Station locations for surface water and groundwater
samples are indicated on Figures 3-2 through 3-5. Station locations for soil and waste
rock sample locations will be identified in the field and will correlate with a grid
location where paste pH measurements were collected.

The third character set represents the type of media sampled (i.e., SW for surface
water, GW for groundwater, SO for soil/ waste rock).

The fourth character set will consist of a four-digit number. The first digit represents
the type of sample collected according to the following:

0 - Regular field sample
3 - Duplicate sample
5 - Rinsate sample

The last three digits in the character set represent the sample depth in feet below
ground surface (bgs). All surface water and surface soil samples (less than 6 inches
bgs) will have a depth of 0 ft bgs listed in the sample ID. Depth information is
required for groundwater samples (based on pump depth).

The following are examples of sample numbers to be used on the project:
0609F-SFA5-SW-3000

0609F = June 2009, Formosa Mine Site
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SFA5 = Sample collected from station SFA5
SW = Surface water sample
3000 = Duplicate sample, collected from a depth of 0 ft bgs

0909F-MW2-GW-0130

0909F = September 2009, Formosa Mine Site

MW2 = Sample collected from well MW-2

GW = Groundwater sample

0130 = Regular field sample collected from a depth of 130 ft
bgs

0909F-P045-SO-5000

0909F = September 2009, Formosa Mine Site

P045 = Sample collected from surface soil/waste rock sample
station P045

SO = Soil/Waste rock sample

5000 = Equipment rinsate sample collected following surface

sample collection (less than 6 inches bgs)

Labels will be used in accordance with SOP 1-2, Sample Custody (Appendix A).
Sample labels will be completed and affixed to the appropriate sample containers.
Preprinted labels may be used. These labels will be secured with waterproof tape and
will include, at least, the sample identification number, the parameter(s) to be
analyzed, the sampler's initials, and the preservative used. At the time of sample
collection, a member of the field team will add the date and time of sample collection.

6.3.1.2 Chain-of-Custody Requirements

Chain-of-custody (COC) procedures and sample shipment will follow the
requirements stated in CDM's SOP 1-2, Sample Custody and SOP 2-1, Packaging and
Shipping of Environmental Samples (Appendix A) for samples sent to the
laboratories. The COC record is employed as physical evidence of sample custody
and control. This record system provides the means to identify, track, and monitor
each individual sample from the point of collection through final data reporting. A
COC record is employed as physical evidence of sample custody and control. This
record system provides the means to identify, track, and monitor each individual
sample from the point of collection through final data reporting. A completed COC
record is required to accompany each shipment of samples.

6.3.1.3 Sample Packaging and Shipping

Water samples for chemical analysis will be packaged and shipped in accordance
with SOP 2-1, Packaging and Shipping of Environmental Samples (Appendix A).
These samples will be placed in a plastic bag and then in a cooler with ice and held at
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4°C plus or minus () 2°C. Custody seals will be placed over at least two sides of the
cooler, and then secured by tape if custody is released to a non-sampler.

All samples will be picked up by a courier, delivered to the laboratory, or shipped by
an overnight delivery service to the designated laboratory, as necessary.

For all samples submitted to the CLP laboratory for analysis, the FTL will be
responsible for communicating sample shipping and chain-of-custody information to
the RSCC on the day of shipping.

6.3.1.4 Field Logbook and Records

Field logbooks will be maintained in accordance with SOP 4-1, Field Logbook Content
and Control (Appendix A). The log is an accounting of activities at the Site and will
duly note problems or deviations from the governing plans and observations relating
to the sampling and analysis program. The FTL will maintain the logbook(s) and will
send copies of the field logbook on a monthly basis to the CDM PM in Denver for
review and filing in the project files. Additional field forms to be utilized during field
data collection are included in Appendix D.

6.3.2 Laboratory Custody Procedures and Documentation

Laboratory custody procedures are provided in the laboratories' QA management
plan for all laboratories. Upon receipt at the offsite laboratories, each sample shipment
will be inspected to assess the condition of the shipping cooler and the individual
samples. This inspection will include measuring the temperature of the cooler to
document that the temperature of the samples is within the acceptable criteria (4°C +
2°C, if samples require chilling) and verifying sample integrity. The enclosed COC
records will be cross-referenced with all of the samples in the shipment. These records
will be signed by the laboratory sample custodian and copies provided to CDM will
be placed in the project files. The sample custodian will continue the COC record
process by using the COC number on each sample on receipt. It is the laboratory's
responsibility to maintain internal logbooks and records throughout sample
preparation, analysis, data reporting, and disposal.

6.3.3 Corrections to and Deviations from Documentation

Documentation modification requirements for field logbook entries are described in
SOP 4-1, Field Logbook Content and Control (Appendix A). For the logbooks, a single
strikeout, initialed and dated, is required for documentation changes. The correct
information should be entered in close proximity to the erroneous entry.

All deviations from the guiding documents will be recorded in the field logbook(s).
Any major deviations will be documented according to CDM's RAC 2 Region VIII
QMP (CDM 2005b). Any modifications to COC forms will be made on all copies. The
EPA RPM will be notified of any major changes or deviations.
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6.4 Analytical Methods Requirements

The laboratory QA program and analytical methods are addressed below.

6.4.1 Laboratory Quality Assurance Program

Samples collected during this project will be analyzed in accordance with standard
EPA and/or nationally recognized analytical procedures. The purpose of using
standard procedures is to provide analytical data of known quality and consistency.
Analytical laboratories will adhere to QC requirements as established by EPA
methods for chemical analyses.

6.4.2 Methods

The methods to be used for chemical analyses are presented in Section 5.4.4 and
Tables 5-2 through 5-4. The holding time requirements and preservatives for each
analytical parameter are also provided in Section 5.4.4 and Tables 5-2 through 5-4.

6.5 Quality Control Requirements

Field, laboratory, and internal office QC are discussed below.

6.5.1 Field Quality Control Samples

Field replicates (duplicates) and equipment rinsate samples will be collected in the
field for chemical analyses as indicated in Table 6-1.

Field duplicates will be collected from the same sampling location as the original
sample, collected identically and consecutively over a minimum period of time. This
type of field duplicate measures the total system variability (field and laboratory
variance), including the variability component resulting from the inherent
heterogeneity. Field duplicates will be collected at a minimum frequency of 1 per 10
samples per media per sampling event (10 percent). Duplicate sample locations will
vary between sampling events.

An equipment rinsate blank will be prepared and submitted for analysis at a
minimum frequency of 1 per day per media if equipment is decontaminated between
sampling locations. These blanks will consist of American Society for Testing and
Material (ASTM) Type II water collected by containing the ASTM water used as a
final rinse after equipment decontamination. Specifically, the field rinsate for surface
soil will be collected by pouring ASTM Type II water over decontaminated sampling
supplies (i.e. hand trowels) and collecting the resulting water for total metals analysis,
only. The field rinsate for groundwater will be collected by pouring ASTM Type II
water over the decontaminated sampling pump and collecting the resulting water for
total metals analysis only. Field rinsates for surface water will only be required if
supplies (i.e. churn splitter) are re-used at more than one sampling location.
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6.5.2 Laboratory Quality Control
6.5.2.1 Laboratory Quality Control Checks

Each laboratory will perform the QC checks required by the analytical or ASTM
methods to be used.

6.5.2.2 Chemical Laboratory Internal Quality Control Samples

QC data are necessary to determine precision and accuracy and to demonstrate the
absence of interferences and/or contamination. For laboratories performing chemical
analyses, QC data may be derived from laboratory duplicates, MS/MSDs, LCSs,
and/or laboratory blanks (i.e., preparation blanks). Each type of laboratory-based QC
sample will be analyzed at a rate of 5 percent, or one per batch (a batch is a group of
up to 20 samples analyzed together), whichever is more frequent. Results of the QC
analysis will be included in the QC package and QC samples may consist of
laboratory duplicates, laboratory blanks, MS/MSDs, and LCSs, whichever is
applicable, and any other method-required QC samples.

Laboratory blank samples will be analyzed to assess possible contamination so that
corrective measures may be taken, if necessary. Laboratory duplicate samples are
aliquots of a single sample that are split on arrival at the laboratory or upon analysis.
Results obtained for two replicates that are split in a controlled laboratory
environment are used to assess laboratory precision of the analysis. MS/MSDs and
LCS analyses may be used to determine accuracy.

6.5.3 Internal Quality Control Checks

Internal QC checks will be conducted throughout the project to evaluate the
performance of the project team during data generation. All internal QC will be
conducted in accordance with the applicable procedures listed below:

m All project deliverables will receive technical and QA reviews prior to being issued
to EPA in any form.

m Completed review forms will be maintained in the project files.

m Corrective-action of any deficiencies is the responsibility of the PM, with assistance
from the QA staff, if necessary.

6.6 Equipment Maintenance Procedures

All field and laboratory equipment will be maintained in accordance with the
manufacturers' maintenance and operating procedures as well as the laboratory's
SOPs.

6.7 Instrument Calibration Procedures and Frequency

Calibration of field and laboratory instruments is addressed in the following
subsections.
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6.7.1 Field Instruments

Field instruments to measure velocity, pH, conductivity, temperature, DO, ORP,
ferrous iron, and alkalinity will be used during this investigation. These field
instruments will be calibrated prior to use each day and as often as needed to achieve
accuracy within the equipment's specified limits. Daily calibration will be
documented on the Equipment Maintenance and Calibration Record form presented
in Appendix D.

All equipment will be maintained, calibrated, and operated in accordance with the
manufacturer's instructions. If the sampling personnel perceive a potential problem or
malfunction with a field instrument, they will recalibrate it. Replacement of the
instrument will be implemented if recalibration does not remedy the problem in
accordance with SOP 5-1, Control of Measurement and Test Equipment

(Appendix A).

6.7.2 Laboratory Instruments

Calibration of laboratory instruments will be based on written procedures approved
by laboratory management and included in the laboratory's QA manual. Instruments
and equipment will be initially calibrated and continuously calibrated at required
intervals as specified by either the manufacturer or more updated requirements (e.g.,
methodology requirements). Calibration standards used as reference standards will
be traceable to EPA, National Institute of Standards and Technology, or another
nationally recognized reference standard source.

Records of initial calibration, continuing calibration, repair, and/or replacement of
laboratory equipment will be filed and maintained by the laboratory. Calibration
records will be filed and maintained at the laboratory location where the work is
performed and may be required to be included in data reporting packages.

6.8 Acceptance Requirements for Supplies

Prior to acceptance, all supplies and consumables will be inspected by the FTL to
ensure that they are in satisfactory condition and free of defects. Defective equipment
will be appropriately labeled in order to avoid its inadvertent use.

6.9 Nondirect Measurement Data Acquisition
Requirements

Nondirect measurement data include information from previous sampling events.
The acceptance criteria for such data include a review by someone other than the
author. Any measurement data included in information from the above sources (i.e.,
previous sampling events) will determine further action at the Site only to the extent
that those data can be verified by project staff.
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6.10 Data Management

Sample results data will be delivered to CDM's Denver office both in hard copy form
and as an electronic data deliverable (EDD). Electronic copies of all project
deliverables, including graphics, will be filed by project number. Electronic files will
be routinely backed up and archived. Reports will be submitted to EPA on electronic
media such as compact disk - read-only memory (CD-ROM) in Microsoft-compatible
format (Word for text-only files, or Excel for certain tables), if requested.

CDM's Denver administrative staff has the responsibility for maintaining the
document control system. This system includes a document inventory procedure and
a filing system. Project personnel are responsible for project documents in their
possession while working on a particular task. Data management protocol and
procedure are discussed in Section 8.

6-8 CDM

P:\3380-New RACB8\221 - Formosa\SAP\Text\Formosa SAP 1 Final.docx



Section 7
Assessment and Oversight

Assessments and oversight are necessary to ensure that procedures are followed as
required and that deviations from procedures are documented. These reports also
serve to keep management current on field and project activities. Assessment and
oversight reports are discussed below.

7.1 Assessments and Response Actions

Assessments and corresponding response actions are discussed below.

7.1.1 Assessments

Performance assessments are quantitative checks on the quality of a measurement
system and are appropriate to analytical work. Performance assessments for the
laboratory may be accomplished by submitting reference material as blind reference
(or performance evaluation) samples. These assessment samples are samples with
known concentrations that are submitted to the laboratory without informing the
laboratory of the known concentration. Samples will be provided to the laboratory for
performance assessment upon request from the EPA RPM.

System assessments are qualitative reviews of different aspects of project work to
check on the use of appropriate QC measures and the functioning of the QA system.
Any determination of or changes to project assessments will be performed under the
direction of the QA manager, who reports directly to the CDM president. Quality
Procedure 6.1, as defined in the CDM RAC 2 Region VIII QMP (CDM 2005b), defines
CDM's corporate assessments, procedures, and requirements.

Due to the amount of sampling and the duration of the project, both a field audit and
an office audit are scheduled for the Site annually. Audits are conducted in
accordance with Quality Procedure 6.2 of the CDM RAC 2 Region VIII QMP (CDM
2005b).

7.1.2 Response Actions

Response actions will be implemented on a case-by-case basis to correct quality
problems. Minor response actions taken in the field to immediately correct a quality
problem will be documented in the applicable field logbook, and a verbal report will
be provided to the CDM PM. For verbal reports, the CDM PM will complete a
communication log to document that response actions were relayed to him/her.
Major response actions are those that may affect the quality or objective of the
investigation. Major response actions taken in the field will be approved by the CDM
PM and the EPA RPM prior to implementation of the change. Quality problems that
cannot be corrected quickly through routine procedures require implementation of a
Corrective Action Request (CAR) Form.
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All formal response actions will be submitted to CDM's RAC Region VIII QA
manager or RAC regional QA coordinator for review and issuance. CDM's PM or
project QA coordinator will notify the QA manager when quality problems arise that

may require a formal response action. CAR forms will be completed according to
Quality Procedure 8.1 of the CDM RAC 2 Region VIII QMP (CDM 2005b).

7.2 Reports to Management

Regular QA reports will be provided to management. Additional reports to
management will be provided if significant quality problems are encountered. Field
staff will note any quality problems in a logbook and/or other form of documentation
such as field data sheets. CDM's PM will inform the project QA coordinator upon
encountering quality issues that cannot be immediately corrected.

Topics to be summarized regularly may include but not be limited to:

Technical and QA reviews that have been conducted
Activities and general program status

Project meetings

Calibration data

Corrective action activities

Any unresolved problem

Assessment of data deficiencies

Any significant QA /QC problems not included above
Good performance by field and project personnel
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Laboratory results will be reviewed for compliance with project objectives. Data
validation and evaluation are discussed in Sections 8.1 and 8.2, respectively.

8.1 Data Review, Validation, and Verification
Requirements

CDM and/or EPA will validate data submitted by analytical laboratories. Data
qualification will be based on the EPA Contract Laboratory Program National
Functional Guidelines for Inorganic Data Review (NFG) (EPA 2004), with method-
specific requirements superseding the NFG. Data validation consists of examining the
sample data package(s) against pre-determined standardized requirements. The
validator may examine, as appropriate, the reported results, QC summaries, case
narratives, chain-of-custody information, raw data, LCS/LCSDs, MS/MSDs, initial
and continuing instrument calibration, and other reported information to determine
the accuracy and completeness of the data package. During this process, the validator
will verify that the analytical methodology was followed and QC requirements were
met. The validator may recalculate selected analytical results to verify the accuracy of
the reported information. Analytical results will then be qualified as necessary.

Data verification includes checking that results have been transferred correctly from
laboratory data printouts to the laboratory report and to the EDD.

8.2 Data Quality Determination

The following sections describe activities for assessing the effectiveness of the
implementation of the project and associated QA /QC. The purpose of the appraisal is
to ensure that the SAP is implemented as prescribed.

8.2.1 Reconciliation with Data Quality Objectives

Once data have been generated, CDM will evaluate the analytical data for the PARCC
parameters as stated in Section 5.4.2.2 of this SAP. Sample data will be maintained in
a Microsoft Access database or equivalent. Laboratory QC sample data will be stored
in hard copy (in the project files) and in a separate database.

8.2.2 Data Quality Assessment

Formally conducted data quality assessments will be performed as part of the data
review and evaluation process; this may be performed in conjunction with the
reconciliation with DQOs step (Section 8.2.1). Processes and protocols for conducting
data quality assessments are described in the following sections.

8.2.2.1 Informal Data Quality Assessments

Informal data quality assessments may be conducted at any time during the sampling
and analysis activities to ensure that project requirements are met and to document
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any changes made to the SAP as a result of unexpected field or sample conditions.
Informal data quality assessments can be performed by any project team member
from the FTL to the sampling technician. The purpose of the informal project data
quality assessment is to document changes, additions, or deletions in the field or
analytical procedures as it relates to the SAP, to provide rapid feedback to the project
staff, and to facilitate corrective action and continuous improvement. The informal
data quality assessment is documented on a field or laboratory modification form.
The modification form indicates the proposed change and the rationale for the change
and requires CDM and EPA approval before it may be implemented.

Other possible informal data quality assessments may be carried out over the course
of the project, including review and verification of procedures, followed as part of
real-time control charting of QC samples analyzed via field and contract laboratory
procedures.

8.2.2.2 Formal Data Quality Assessments

Formally conducted data quality assessments will be performed as part of the data
review and evaluation process; this may be performed in conjunction with the
reconciliation with DQOs (Section 8.2.1). Formal data quality assessments will be
performed by project team member(s), such as the FTL or another who is familiar
with the project DQOs and is capable of assessing whether all aspects of the project
goals were met. The purpose of the formal project data quality is to document
changes, additions, or deletions in the field or analytical procedures as it relates to the
SAP and to independently evaluate the effect the modifications may have on the
project DQOs. Another major role of the data quality assessment is to determine and
discuss data gaps, trends, and usability.

Other possible formal data quality assessments that may be carried out over the
course of the project include:

m Review and verification of procedures followed as part of real-time control charting
of QC samples analyzed via field and contract laboratory procedures

m Evaluation of the flow of electronic data

Reporting the result of the formal data quality assessment should be incorporated in
the section of the Data Presentation/Evaluation Report that outlines whether or not
DQOs were met. Data quality assessments will be performed by the project chemist or
project QA coordinator in conjunction with the FTL or staff familiar with the project
DQOs.
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Table 3-1 - Paste pH and Conductivity Sample Quantites by Location
Formosa Mine Superfund Site

Grid or Sample
Grid or Linear Spacing (ft) Estimated Number of Field
Site Location Designation Sampling (Approximate) Paste pH Samples

Surface Disturbance Areas
Formosa 1 Adit Waste Rock Dump Grid 100 14
Silver Butte 1 Adit Waste Rock Dump Grid 100 27
Encapsulation Mound and Waste Rock Dumps Grid 100 65
Ore Storage Area and Waste Rock Dumps Grid 100 35
Formosa 2, Formosa 3, and 1090 Adit Waste Rock Dumps Grid 100 9
404 Adit Waste Rock Dump Grid 100 4
Road Areas
Road 30-6-35.1 - north of Formosa Adit Linear 200 4
Road 30-6-35.1 - between Silver Butte 1 Adit and encapsulation mound Linear 100 9
Road 30-6-35.1 - southwest of encapsulation mound towards 404 Adit Linear 200 6
Road 31-6-26.1 - northeast of encapsulation mound towards Silver Butte Peak Linear 200 22
Road ..-.-.._ east of encapsulation mound Linear -00 4
South Fork Road - south of encapsulation mound Linear 200 21

Total 220

Notes:

-Number of samples indicated is an estimate based on the grid spacing or linear spacing indicated. Additional paste pH and conductivity samples will be

catincibdrid theatisnteting opficidgprisenebtordetingatetbeetiel o prleviidARugrrE g ek @onswilts (e.g. topogra Phy and surface features)

ft - feet
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Table 3-2 - Monitoring Well Construction Information

Formosa Mine Superfund Site

Approximate Ground Surface [Top of Screen |Bottom of
Well ID Installation Date |Elevation (ft amsl)* (ft bgs) Screen (ft bgs)
MW-1 10/22/1999 3353 67 87
MW-2 10/23/1999 3287 113 148
MW-3 10/23/1999 3240 57 77
MW-4 2/20/2002 3270 255 270
MW-5 2/21/2002 3340 85 100

* Elevations have been estimated based on topographic maps of the Site

ft - feet

amsl - above mean sea level

bgs - below ground surface
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Table 4-1 Field Equipment and Supplies
Formosa Mine Superfund Site

GENERAL SUPPLIES

SAP

120V, 300W AC inverter

Site maps and aerial photos

Printer

Pens, Sharpies, extra fine point markers

Printer paper

Field logbooks (Rite in the Rain Environmental)

Tools (e.g. wrenches, screwdrivers, wire cutters,
utility knives etc.)

Field notebooks with appropriate forms (photo log,
groundwater sampling log, surface water sampling
log for flows, etc)

Chisel-point rock hammer

Digital camera

Shovel

Laptop computer (with Forms-2-Lite)

SAMPLE COLLECTION SUPPLIES

1-L poly bottles (unpreserved) - wide-mouth

Disposable bailers (1.5-inch diameter)

500 mL poly bottles (HNO; preserved)

250-mL poly bottles (H,SO, preserved)

Whirl-Pak® plastic bags - 360z

Peristaltic pump (for sample collection and filtering)

Disposable soil sampling trowels

Silicone tubing for peristaltic pump (1/4-inch ID)

Disposable mixing cups and plastic mixers (for
paste pH tests)

1/4-inch poly tubing

Hand trowel/shovel — stainless steel

0.45 pm Filters - Disposable with 1/4" hose barbs

Munsell soil color chart

DH-81 Depth-Integrated Sampler (non-metallic)
with 3-foot Extension Rod(s)

Buckets with marked increments (measuring flow
rates)

Churn splitter

Stopwatch

Distilled Deionized Water (ASTM Type 1) (for
rinsate blanks)

Portable flume

Bladder pump (2-inch)

Steel rake (for portable flume installation)

Teflon-lined tubing - 3/8-inch

Level (for portable flume installation)

Air compressor for bladder pump

Staff gauge (Minumum 12 feet?)

Measuring cup (flow rate measurement)

Paper towels

10% hydrochloric acid solution and eyedropper

Visqueen plastic sheeting

Hand lens

SAMPLE PROCESSING AND SHIPPING
SUPPLIES

Ice Custody seals
FedEx shipping labels Sample container labels
Ice chests Garbage bags

Absorbent (kitty litter)

Bubble wrap

Tape - clear, duct, and strapping

Scissors

Ziploc bags (quart and gallon size)
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Table 4-1 (Continued) Field Equipment and Supplies

Formosa Mine Superfund Site

SAMPLE LOCATION SURVEYING AND
DOCUMENTATION

Compass Orange spray paint (for T-posts)
Measuring tape Kimwipes

Hip-chain Pressure altimeter

Clinometer Survey flagging

Steel T-posts (for marking surface water sampling
locations)

Wood lath (for marking paste pH locations)

Hammer (sledge)

DECONTAMINATION/IDW SUPPLIES

Decon buckets (5-gallon)

Brushes

Sprayers Distilled Water
Large brushes, plastic scrapers, (for cleaning
Liguinox flumes)

Nitric acid solution (10%)

Drums (for purge water/precipitate sludge/decon
water)

HEALTH AND SAFETY SUPPLIES

First aid kit (should include benadryl, rubbing
alcohol, and calamine for poison ivy/oak exposure,
tick and insect bite kits)

Rubber overboots

Waterproof boots

Hip or Chest waders

Cellular telephone

Rain Gear (jackets, pants, ponchos)

Fire extinguisher

Orange hunter vests and hats

Cotton undergloves

Ear plugs (for work near heavy equipment)

Nitrile gloves (regular and elbow-length)

Inflatable Raft and Oars (include air pump)

Large Tyvek coveralls (see HASP)

Personal Floatation Devices

Safety glasses

Ring buoys (2) with 90 ft of rope

Portable eyewash

Heavy-duty rope and D-rings (secure boat to shore
anchor)

Herbicide (poison ivy/oak control)

Rope, harnesses, belay device for rappelling (if
needed on steep slopes)

EQUIPMENT FOR ONSITE FIELD
MEASUREMENTS

pH/Conductivity meters (3)

Water level indicator

Water quality multi-meter (pH, DO, ORP,
Conductivity, Turbidity, Temperature) (2)

Electromagnetic velocity meter (Marsh-McBirney)

HACH ferrous iron kit and reagent packets

Transducers/data loggers

HACH alkalinity kit

Handheld GPS unit

V - volt

W - watt

L - liter

mL - milliliter

HNO; - nitric acid
H,SO, - sulfuric acid

ID - inner diameter

0z - ounce
ASTM - American Society of Testing and Materials
% - percent

HASP - health and safety plan

GPS - global positioning system

ft - feet
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Table 5-1 - Project Personnel Contact Information
Formosa Mine Superfund Site

Project Personnel

Title

Organization

Telephone
Number

Mailing Address

Email Address

1595 Wynkoop Street

Jodi Powell Project Officer EPA (303) 312-6715 Denver, CO 80202 powell.jodi@epa.gov
1200 Sixth Avenue Ste 900
Denise Baker-Kircher [Remedial Project Manager EPA (206) 553-4303 Seattle, WA 98101 baker.denise@epa.gov
1201 Sixth Avenue Ste 900
Gina Grepo-Grove Quality Assurance Manager EPA (206) 553-1632 Seattle, WA 98101 grepo-grove.gina@epa.gov
1202 Sixth Avenue Ste 900
Bethany Plewe Regional Sample Control Coordinator EPA (206) 553-1603 Seattle, WA 98101 plewe.bethany@epa.gov
555 17th Street Ste 1100
Dee Warren Project Manager CDM (720) 264-1121 Denver, CO 80202 warrendee@cdm.com
11898 Gilt Edge Road
Mark Nelson Project Geochemist CDM (605) 578-9726 Deadwood, SD 57732 nelsonmr@cdm.com
555 17th Street Ste 1100
Nick Anton Pro ect En ineer/Field Team Leader CDM 720 264-1147 Denver, CO 80202 antonnr@cdm.com
9200 Ward Parkway Ste 500
Doug Updike Quality Assurance Manager CDM (816) 412-3149 Kansas City, MO 64114 updikedj@cdm.com
555 17th Street Ste 1100
Kim Zilis Project Quality Assurance Coordinator CDM (720) 264-1155 Denver, CO 80202 ziliskj@cdm.com
CDM Page 1 of 1




Table 5-2 Analytical Parameters, Methods, Containers, Preservation, Holding Times, and Reporting Limits for Soil and Waste

Rock Samples

Formosa Mine Superfund Site

Maximum
Sample Holding Reporting Limits
Analyte/Parameter Method Matrix | Container Preservation Times (mg/kg)
Acid-Base Accounting
Total Sulfur
Water - Extractable Sulfur One 18-0z.
1Ol Exiraciable Sulfur s?ﬁiziﬂlegg Soil | Whirl-Pake NA 6 months NA
HNO; - Extractable Sulfur Plastic Bag
Residual Sulfur
Acid Generating Potential
Acid - Neutralization Potential
Total Metals
Aluminum 20*
Antimony 6%
Arsenic 1*
Barium 20*
Beryllium 0.5*
Boron® TBD
Cadmium 0.5*%
Chromium 1*
Cobalt 5*
Copper 2.5*
Iron EPACLP ! One 8-0z. Sieve with 60-mesh (250 um) 100
Lead Inorganics - Soil Wide Mouth 6 months 1*
Lithium? ILMO5.4 Glass Jar Cool o 4°C (£ 2°C)
ithium TBD
Manganese 1.5*
Mercury 0.1*
Molybdenum? TBD
Nickel 4*
Selenium 3.5*
Silver 1*
Thallium 2.5%
Thorium? TBD
Uranium® TBD
Vanadium 5*
Zinc 6%
oH pasﬁag;']c; dF'e'd Soil NA NA ASAP? NA
Synthetic Precipitation Leaching
Procedure (SPLP) - Metals
Aluminum 200 pg/L*
Antimony 2 pg/L*
Arsenic 1 pg/L*
Barium 10 pg/L*
Beryllium 1 pg/L*
Boron? 100 pg/L
Cadmium 0.5 pg/L**
Chromium 2 pg/L*
Cobalt 1 pg/L*
Copper EPA 1312 One 16-0z. 2 ug/L*
Iron (Modified for 3:1 | Soil | Wide Mouth Cool to 4°C (£ 2°C) 6 months 100 pg/L*
Lead Liquid:Solid Ratio) Glass Jar 1 pg/L*
Lithium? 100 pg/L
Manganese 1 pg/L*
Mercury 0 2 pg/L*
Molybdenum? 1 pg/L*
Nickel 1 pg/L*
Selenium 5 pg/L*
Silver 0.1 pg/L**
Thallium 1 pg/L*
Thorium? 1 pg/L*
Uranium? 1 pg/L*
Vanadium 5 pg/L*
Zinc 2 pg/L*
Electron Microprobe (Mineralogy; NA Soil NA NA NA

* Units in mg/kg, unless otherwise noted.

2 Indicates metals not included in standard EPA Contract Laboratory Program (CLP) Target Analyte List (TAL). Will be necessary to request modified analysis from EPA CLP laboratory.

2 Sample analysis for paste pH should be conducted as soon as possible (ASAP), i

after sample

* Indicates contract-required quantitation limits for EPA CLP inorganics analyses

mg/kg - milligrams per kilogram
ng/L - micrograms per liter

NA - not applicable

TBD - to be determined




Table 5-3 Analytical Parameters, Methods, Containers, Preservation, Holding Times, and Reporting Limits for Surface Water Samples
Formosa Mine Superfund Site

Maximum
Sample Holding Reporting Limits
Analyte/Parameter Method Matrix | Container Preservation Times (ug/L)1
Total Dissolved Solids SM 2540C Water | One 500-mL 7 days 20,000
Total Suspended Solids USGS 13765 Water | polyethylene Cool to 4°C (+ 2°C) 7 days 4,000
Alkalinity, Carbonate, Bicarbonate SM 23208 Water bottle 14 days NA
One 250-mL
Acidity EPA 305.1 Water | polyethylene Cool to 4°C (= 2°C) 14 days 10 mg/L CaCO3
o bottle
Chloride EPA 300.0 Water | One 125-mL R . . 28 days 60
Flouride EPA 300.0 Water | polyethylene | €010 4°C (itse%lg"‘s'“m filter in I & days 40
Sulfate EPA 300.0 Water bottle 28 days 300
Dissolved Metals
Aluminum 200*
Antimony 2*
Arsenic 1*
Barium 10*
Beryllium 1*
Boron? 100
Cadmium 0.5%*
Calcium 500
Chromium 2%
Cobalt 1*
Copper o
Iron 6 months 1007
.Le.ad _ EPACLP One 500mL | o 1 40c (£ 2°C), HNO; to pH<2, | except for v
Lithium Inorganics - Water | polyethylene L . 100
- 0.45-um filter in the field Mercury (28
Magnesium ILM05.4 bottle days) 500
Manganese 1*
Mercury u.e*
Molybdenum? 1
Nickel 1*
Potassium 500
Selenium 5%
Silver 0.1**
Sodium 500
Thallium 1*
Thorium? 1
Uranium?® 1
Vanadium 5%
Zinc 2*
6 months
Total Metals (See Dissolved Metals EPACLP One 500 mL exceptfor | see Dissolved Metals
List for Individual Metals and Inorganics - Water | polyethylene | Cool to 4°C (+ 2°C), HNOj; to pH<2 Mercury (28 reporting limits
Reporting Limits) ILMO05.4 bottle days)
One 250 mL
Nitrogen, Nitrate/Nitrite EPA 353.2 Water |polyethylene |Coolto 4°C (+ 2°C), H,SO,4 to pH <2 28 days 50
bottle
One 250 mL
Nitrogen, Ammonia EPA 350.1 Water |polyethylene |Cool to 4°C (+ 2°C), H,SO, to pH <2 28 days 100
bottle

* Units in micrograms per liter (ug/L), unless otherwise noted.
2 Indicates metals not included in standard EPA Contract Laboratory Program (CLP) Target Analyte List (TAL). Will be necessary to request modified analysis from EPA CLP laboratory.
* Indicates contract-required quantitation limits for EPA CLP inorganics analyses

** Indicates reporting limit lower than contract-required reporting limit for EPA CLP inorganics analyses

ASAP - as soon as possible C - degrees Celsius
N/A - not applicable mL - milliliters
CaCO; - calcium carbonate

mg/L - milligrams per liter

HNO; - nitric acid

H,SO, - sulfuric acid
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Table 5-4 Analytical Parameters, Methods, Containers, Preservation, Holding Times, and Reporting Limits for Groundwater Samples

Formosa Mine Superfund Site

Maximum
Sample Holding Reporting Limits
Analyte/Parameter Method Matrix | Container Preservation Times (ug/L)1
Total Dissolved Solids SM 2540C Water | One 500-mL 7 days 20,000
Total Suspended Solids USGS 13765 Water | polyethylene Cool to 4°C (+ 2°C) 7 days 4,000
Alkalinity, Carbonate, Bicarbonate SM 2320B Water bottle 14 days NA
One 250-mL
Acidity EPA 305.1 Water | polyethylene Cool to 4°C (= 2°C) 14 days 10 mg/L CaCO3
o bottle
Chloride EPA 300.0 Water | One 125-mL R . . 28 days 60
Flouride EPA 300.0 Water | polyethylene | €010 4°C (itse%lg"‘s'“m filter in I & days 40
Sulfate EPA 300.0 Water bottle 28 days 300
Dissolved Metals
Aluminum 200*
Antimony 2*
Arsenic 1*
Barium 10*
Beryllium 1*
Boron? 100
Cadmium 0.5%*
Calcium 500
Chromium 2%
Cobalt 1*
Copper o
Iron 6 months 1007
.Le.ad _ EPACLP One 500mL | o 1 40c (£ 2°C), HNO; to pH<2, | except for v
Lithium Inorganics - Water | polyethylene L . 100
- 0.45-um filter in the field Mercury (28
Magnesium ILMO05.4 bottle days) 500
Manganese 1*
Mercury u.e*
Molybdenum? 1
Nickel 1*
Potassium 500
Selenium 5%
Silver 0.1**
Sodium 500
Thallium 1*
Thorium? 1
Uranium?® 1
Vanadium 5%
Zinc 2*
One 250 mL
Nitrogen, Nitrate/Nitrite EPA 353.2 Water |polyethylene |Cool to 4°C (+ 2°C), H,SO, to pH <2 28 days 50
bottle
One 250 mL
Nitrogen, Ammonia EPA 350.1 Water (polyethylene [Cool to 4°C (£ 2°C), H,SO,4 to pH <2 28 days 100
bottle

! Units in pg/L, unless otherwise noted.

2 Indicates metals not included in standard EPA Contract Laboratory Program (CLP) Target Analyte List.

* Indicates contract-required quantitation limits for EPA CLP inorganics analyses

** Indicates reporting limit lower than contract-required reporting limit for EPA CLP inorganics analyses

ASAP - as soon as possible
N/A - not applicable

CaCO; - calcium carbonate
mg/L - milligrams per liter
HNO; - nitric acid

H,SO, - sulfuric acid

C - degrees Celsius

mL - milliliters

. Will be necessary to request modified analysis from EPA CLP laboratory.
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Table 5-5 Precision Criteria fo Duplicate Analyses
Formosa Mine Superfund Site

Media

Field or Laboratory Duplicate

Eifther Result 1S Tess than or
equal to 5 times the reporting
limit

Both Results are greater
than or equal to 5 times the
reporting limit

Matrix Spike Duplicate

Soil/waste rock

Difference is less than or equal to 2
times the reporting limit

RPD less than or equal to 35

Collected on request by EPA RPM

Water

Difference is less than or equal to 2
times the reporting limit

RPD less than or equal to 20

Collected on request by EPA RPM
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Table 6-1 Field Quality Control Sample Quantities
Formosa Mine Superfund Site

Sample Media

Field Duplicate

Field Rinsate

MS/MSD

Surface Soill

1 per 10 samples

1 per day if sampling equipment is
decontaminated between uses

1 per 20 samples for metals analysis only
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