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Conversion Factors
Inch/Pound to SI

Multiply By To obtain

Length

inch (in.) 2.54 centimeter (cm)

inch (in.) 25.4 millimeter (mm)

inch (in.) 25,400 micron (pm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 Kilometer (km)
Volume

ounce, fluid (fl. 0z) 0.02957 liter (L)

ounce, fluid (fl. 0z) 29.57 milliliter (mL)

gallon (gal) 3.785 liter (L)

gallon (gal) 0.003785 cubic meter (m®)

gallon (gal) 3.785 cubic decimeter (dm®)
Flow rate

gallon per minute (gal/min) 0.06309 liter per second (L/s)

gallon per hour (gal/h) 3.785 liter per hour (L/h)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C)+32

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius

(uS/cm at 25°C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or
micrograms per liter (ug/L).
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Abbreviations and Acronyms

> greater than

< less than

< less than or equal to

+ plus or minus

ASR Analytical Services Request (U.S. Geological Survey)

bls below land surface

BQS Branch of Quality Systems (U.S. Geological Survey)

dC DIC ratio of carbon-13 to carbon-12 in dissolved inorganic carbon relative to the ratio in a reference
standard

14C carbon-14

CoC chain of custody

E estimated

e-tape electronic water-level indicator

GWSI Groundwater Site Inventory (U.S. Geological Survey)

GRO gasoline range organics

&°H ratio of hydrogen-2 to hydrogen-1 relative to a reference standard

JHA Job Hazard Analysis (U.S. Geological Survey)

LRL laboratory reporting level

MDL method detection limit

MDT Mountain Daylight Time

MP measuring point

MST Mountain Standard Time

NFQA National Field Quality Assurance Program (U.S. Geological Survey)

NWIS National Water Information System (U.S. Geological Survey)

NWISWeb National Water Information System Web interface (U.S. Geological Survey)

NWQL National Water Quality Laboratory (U.S. Geological Survey)

5180 ratio of oxygen-18 to oxygen-16 relative to a reference standard

QAPP Quality Assurance Project Plan (U.S. Environmental Protection Agency)

QA/QC quality assurance/quality control

QC quality control

SAP sampling and analysis plan (U.S. Geological Survey)

TAL TestAmerica Laboratories

TIC tentatively identified compound

TNI The NELAC Institute

USEPA U.S. Environmental Protection Agency

USGS U.S. Geological Survey

v value could be affected by contamination

VOC volatile organic compound

WYDEQ Wyoming Department of Environmental Quality

WYWSC Wyoming Water Science Center (U.S. Geological Survey)
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Sampling and Analysis Plan for the Characterization of
Groundwater Quality in Two Monitoring Wells near
Pavillion, Wyoming

By Peter R. Wright and Peter B. McMahon

Abstract

In June 2010, the U.S. Environmental Protection Agency installed two deep monitoring wells
(MWO01 and MW02) near Pavillion, Wyoming to study groundwater quality. The U.S Geological
Survey, in cooperation with the Wyoming Department of Environmental Quality, designed a plan to
collect groundwater data from these monitoring wells. This sampling and analysis plan describes the
sampling equipment that will be used, well purging strategy, purge water disposal, sample collection
and processing, field and laboratory sample analysis, equipment decontamination, and quality-assurance
and quality-control procedures.

Introduction

On December 8, 2011, the U.S. Environmental Protection Agency (USEPA) released the draft
report Investigation of Ground Water Contamination near Pavillion, Wyoming (U.S. Environmental
Protection Agency, 2011a) for public review. The draft report describes the analysis of data collected
from 2009 to 2011 during an investigation of groundwater near Pavillion, Wyoming, and indicates that
groundwater may contain compounds associated with gas production practices. In discussions with the
State of Wyoming, the U.S. Geological Survey (USGS), in cooperation with the Wyoming Department
of Environmental Quality (WDEQ), agreed to collect additional groundwater-quality data from two
USEPA monitoring wells for public dissemination in 2012 and to design a plan for the data collection
effort. The data collection effort will proceed only if authorization to access and sample the wells is
granted by USEPA and the individual landowners on whose land the wells are located. The purpose of
this data collection effort is to provide an independent perspective of the quality of groundwater pumped
from two USEPA monitoring wells located near Pavillion, Wyoming. It is anticipated that this data
collection effort may become part of a larger groundwater-quality assessment of the Pavillion area.

Purpose and Scope

The purpose of this report is to present the USGS sampling and analysis plan (SAP) for the
characterization of groundwater quality in two monitoring wells near Pavillion, Wyoming. As agreed to
by USGS and the WYDEQ, this SAP relies on the standard operating policies and procedures of the
USGS, specifically, the USGS National Field Manual for the Collection of Water-Quality Data (U.S.
Geological Survey, variously dated; “Field Manual”). This SAP defines the standard operating
procedures to be used for the collection and processing of groundwater-quality samples pumped from
two USEPA monitoring wells near Pavillion, Wyoming. Standard procedures described in this
document ensure samples collected in the field and analyzed by the laboratory meet the data needs
described herein. This report describes documentation, sampling equipment that will be used, well



purging strategy, purge water disposal, sample collection, sample processing, field and laboratory
sample analysis, equipment decontamination, and quality-assurance and quality-control (QA/QC)
procedures. This report also contains information related to data management, review, and publication,
as well as health and safety concerns and procedures.

Study Area

The study area is located in west-central Wyoming near the town of Pavillion (fig. 1), which has
a population of 231 people (U.S. Census Bureau, 2010). The local school district is housed in the town
of Pavillion. The surrounding agricultural area is sparsely populated and primarily composed of large-
acreage irrigated farms. Natural gas development began in the area northeast of Pavillion in the early
1960s, was further developed in the 1980s, and in recent years has been developed by a succession of
owner operators. The town of Pavillion and rural households in the area all produce their water supply
from wells installed in the Tertiary-age Wind River Formation (James Gores and Associates, 2011).

Background

In September 2008, the USEPA initiated a groundwater investigation in response to concerns
from domestic well owners near the town of Pavillion, Wyoming. Well owners complained of changes
in well-water taste and odor following hydraulic fracturing at nearby gas production wells. The USEPA
investigation, initiated under authority of the Comprehensive Environmental Response, Compensation,
and Liability Act (enacted by congress in 1980), included four sampling events (phases [-1V). A brief
chronology of USEPA sampling events follows. A detailed sampling chronology is included in the
USEPA draft report (U.S. Environmental Protection Agency, 2011a).

During phases I (March 2009) and II (January 2010), methane and diesel-range organics were
detected in water from deep domestic wells prompting USEPA to add a new phase. During phase III,
USEPA installed “2 deep monitoring wells screened at 233 — 239 meters (MWO01) and 293 — 299 meters
(MWO02) below ground surface, respectively” (765 — 785 feet and 960 — 980 feet, respectively) during
June and July 2010 to evaluate these and other constituents in groundwater in the Pavillion area (U.S.
Environmental Protection Agency, 201 1a, p. xi). Phase III included the sampling of wells MWOI1 and
MWO02 (fig. 1). USEPA collected gas (September 2010) and groundwater-quality samples (October
2010) from these wells. During the last sampling event (phase IV, April 2011), wells MWO01 and MW02
were resampled to compare with earlier analytical results and expand the analyte list. The USEPA
concluded that the groundwater geochemistry in water from wells MWO01 and MWO0?2 is distinctive from
that of nearby domestic wells (U.S. Environmental Protection Agency, 2011a). For example, the pH
measured in water from wells MWO01 and MWO02 is elevated (11.2—12.0) in comparison to pH measured
by USEPA in water from domestic wells (6.9—10.5) (U.S. Environmental Protection Agency, 2011a,
Table Al and A2a.) and to the pH range of 5.3 to 10.0 previously reported for the Wind River
Formation (Plafcan and others, 1995). Groundwater-quality results for USEPA phases I through IV are
available in the USEPA draft report (U.S. Environmental Protection Agency, 2011a).

According to the USEPA, monitoring wells MW01 and MWO02 were installed using primarily
mud rotary drilling with blowout prevention. Both wells were screened with 20 ft of 8.5-inch (in.)
outside diameter, 4-in. inside diameter prepacked 0.020 slot stainless steel screen and completed to
approximately 3.5 ft above the ground surface with 4-in. inside diameter, threaded and coupled, black
painted/coated carbon steel casing (figures 6a and 6b in U.S. Environmental Protection Agency, 2011a).
Portland cement was used to grout each well from the top of the well screen to land surface. A
dedicated submersible 3-horsepower (hp) pump was installed in each well. (U.S. Environmental
Protection Agency, 2011a).
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Study Approach

The approach of this characterization of groundwater quality is to:

e C(ollect a representative groundwater-quality sample from each of two USEPA
monitoring wells and collect quality-control samples using standard USGS sampling
protocols;

e Analyze samples collected from each well and quality-control samples for a list of
analytes that replicates the USEPA analyte list and uses USEPA-approved methods to the
extent possible, including constituents of interest to the State of Wyoming and USGS;

e Review analytical results for environmental and quality-control samples;

e Distribute approved environmental results to the public using the USGS National Water
Information System (NWIS) Web interface (NWISWeb), accessible at
http.//waterdata.usgs.gov/wy/nwis/qw and provide results to Wyoming Department of
Environmental Quality (WDEQ); and

e Prepare a USGS Open-File Report describing the sampling and analysis plan that
includes data collection, analytical methods, QA/QC procedures, and quality control and
analytical results.

Groundwater samples will be collected soon after applicable sections of this SAP have been approved
by the Director of the USGS Wyoming Water Science Center (WY WSC) in spring 2012. The USGS
will attempt to collect a representative groundwater-quality sample that will include both whole water
and filtered water. Sample processing will include filtering with a disposable 0.45-micron filter and
addition of preservation additives (such as nitric acid) required for the analytical schedules specified.
After all data have been quality reviewed, the approved quantitative water-quality data will be made
available to the public through a peer reviewed USGS Data Series Report and NWISWeb.

Study Organization and Responsibilities

The study of groundwater quality in two USEPA monitoring wells is the responsibility of the
USGS in cooperation with the State of Wyoming. Several government agencies and organizations have
interest in the data being collected during this study. For this reason, a multi-agency technical team was
formed to provide the USGS with technical advice during the compilation of this SAP. The agencies and
organizations involved with this study, including organizations participating with the technical team, are
listed in table 1.

The roles and responsibilities for key on-site personnel involved in this study are listed in
table 2. These personnel may be replaced with appropriately qualified personnel, if necessary. The
project chief is responsible for ensuring that personnel who do the sample collection have appropriate
groundwater-quality training and are cognizant of on-site safety considerations.

Sampling and Analysis Plan

Groundwater data will be collected in association with the two USEPA monitoring wells (MWO01
and MWO02) installed for the USEPA Pavillion, Wyo. groundwater investigation. USEPA scientists will
be on-site to collect samples and to assist USGS scientists with well access, pump operation, and
collection of split samples. USGS scientists will collect samples to be analyzed for a full suite of target
analytes (table 3). Laboratories will be requested to report tentatively identified compounds (TICs) while
performing some organic analyses. TICs are compounds detected during analytical testing that are not
part of the standard suite of reported analytes and would require additional analytical testing to confirm
their presence and quantify their concentration in the sample. TIC analyses provide a qualitative
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measure of the presence of compounds, and TIC data can be included in reports with sufficient
documentation, but will not be stored in the USGS NWIS database. A sufficient number of sample
bottles will be collected so that both USGS (including USGS contract laboratories) and USEPA
laboratories can perform analyses. This allows for a direct comparison of analytical results without
having to qualify differences that could be attributed to different sampling dates.

Several laboratory analyses performed by the USEPA for samples from the deep monitoring
wells will not be performed by the USGS because USGS does not have the analytical method available
in-house or through contract laboratories such as TestAmerica Laboratories (TAL). These analytes are
highlighted in appendixes A and B. Similarly, the laboratories and methods available to USGS do not
always provide detection and reporting limits that match USEPA methods. These differences also are
provided in appendixes A and B.

Other differences between the USEPA sampling and sampling for the USGS study are the
addition of constituents requested by USGS, the State of Wyoming, and representatives from the Wind
River Reservation. For example, USGS has added sample-collection and laboratory analyses related to
groundwater age dating, which are explained in table 4. The State of Wyoming requested a suite of
analyses that relate to their water-quality standards and routine testing (see appendix A). Wind River
Reservation representatives requested the addition of radium-226, radium-228, and radon to the list of
analytes, which are included in table 3.

In addition to the differences in analyte lists between USGS and USEPA, there is one difference
in a method of sample preservation. The USGS is collecting several volatile samples (volatile organic
compounds, gasoline range organics, and dissolved hydrocarbon gases) for which the standard method
of preservation is the addition of hydrochloric acid until the sample pH < 2.0. USEPA has expressed
concern that the addition of hydrochloric acid to the sample matrix will cause a loss of VOCs in the
sample. TestAmerica Laboratories is not able to modify methods to accommodate the trisodium
phosphate preservative as recommended by USEPA, so the USGS agreed to collect volatile samples
both with chemical preservative (hydrochloric acid and iced) and without (iced only).

Data to be collected during this study include information describing the site and well condition,
field properties measured during well purging, and final field water-quality measurements. Sample
collection, handling, and shipping procedures will be in accordance with laboratory and USGS
requirements (U.S. Geological Survey, variously dated). Samples will be handled and shipped in
compliance with chain-of-custody requirements (U.S Environmental Protection Agency, 2002).

Documentation

Ancillary well site information, site observations, well purging, and field sample collection
information will be documented on field forms and field notes (appendix C). The field data collected as
part of this study will be entered into the USGS NWIS database. Much of this data will be accessible at
http://waterdata.usgs.gov/wy/nwis/qw. Data entry will be timely, accurate, and quality assured.

Ancillary data that comply with the National Groundwater Monitoring Network Framework
guidance (National Ground Water Association, 2009) and meet USGS minimum data elements to
establish a groundwater site as published in USGS Groundwater Technical Procedure Document 2
(GWPD-2) (Cunningham and Schalk, 2011a) will be collected for each monitoring well. These ancillary
data are required to enter any information about a well into NWIS. Ancillary data to be described for
each well include point of contact, site identifier, geologic/hydrologic description, well location, well
characteristics, Wyoming State Engineer’s Office permit number, land-surface altitude, well
construction and completion information, and photographs at the wellhead. Data are recorded in the
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field on the USGS Groundwater Site Inventory (GWSI) Groundwater Site Schedule (Form 9-1904-A,
appendix C-1).

Site observations, well purge volume and time, and other data collected as part of groundwater
sampling will be noted on a USGS Groundwater Field Form (appendix C-2). These data include
sampling equipment; sampling conditions and weather information; field instrument calibration; water-
level depth; a log of field properties measured during the well purge; calculations of well and purge
volumes; preservation chemicals, blank water, and. lot numbers of filters. A chain-of-custody (CoC)
form will accompany samples to each laboratory. At least two different styles of forms will be used to
track samples sent to laboratories—a modified “Contract” Analytical Services Request (ASR) (appendix
C-3) required for samples sent to TAL under USGS contract, and appropriate sample request/CoC
forms that will accompany samples sent to laboratories other than TAL. All field observations and any
deviations from this SAP will be documented using the field forms described in this section of the report
or in logbooks.

Groundwater-Quality Sampling Procedures

This section describes procedures that will be used to collect groundwater samples from
monitoring wells MWO01 and MWO02. Preparation for sample collection, instrument calibration, water-
level measurement, well purge, environmental sample collection, and sample shipping and tracking are
described. A list of equipment needed to accomplish groundwater sampling is provided in appendix D.

Preparation

Upon arrival at each well site, field personnel will perform the following preparation steps:

1. Conduct a safety inspection of the well site and vicinity as outlined in the Job Hazard
Analysis (appendix E).

2. Describe well and site conditions in field notes or on field forms, as appropriate, to include
the well number, sampling date, sampling personnel, weather conditions, and condition of the
outer well casing, concrete pad, and any other unusual conditions around the well
(Cunningham and Schalk, 2011a).

3. Prepare site for purging and sampling by spreading plastic sheeting on the ground to keep
sampling equipment and tubing clean.

4. Unload and set up equipment and instrumentation for well purging and measurement of field
properties.

a. All sampling equipment will be precleaned and quality assured. Wells MWO01 and
MWO02 each have dedicated pumps installed that will be used for sampling. This
study will use Teflon®™ tubing with stainless steel fittings past the wellhead point of
discharge for sampling. All field instruments will be checked before deployment.

b. Unlock and open protective casing.

c. Release gas pressure from well by opening valve; as valve is opened, collect
measurements of released gas at discharge point and 2 ft away using a four-gas meter
(oxygen, flammable gasses (lower explosive limit), hydrogen sulfide, and carbon
dioxide) and document readings.

5. When safe (safe four-gas meter measurements are described in the Job Hazard Analysis,
appendix E), a water-level measurement can be made using an electric water-level indicator
(e-tape), a steel tape, or a sonic water-level meter. Additionally, an intrinsically safe pressure
transducer may be installed at this time to monitor water level continuously throughout the
well purge and sampling process.



6. All field instruments will be calibrated at the site before use.

Water-Level Measurement

Collecting water-level measurements during a groundwater-quality study is important. The initial
water level, which commonly is “static,” is used when determining the well purge volume, and can be
used with other aquifer data to determine hydraulic head. Sufficient data may allow evaluation of the
direction of horizontal and vertical groundwater flow. It is important to also monitor water levels during
the well-purging process to determine the effect pumping is having on the aquifer. If a well is pumped at
too high a flow rate, the water level could be drawn down to the pump level before sampling is possible.
This would cause pumping to stop until the water level in the aquifer has time to recover sufficiently to
allow for the collection of samples. Commonly, this cycle continues throughout the purging and
sampling process. By reducing (drawing down) the water level to the pump level, the well-purging
process essentially becomes a surging process, which could negatively affect the quality of samples. By
monitoring water levels throughout the purging process, pumping rates can be adjusted so they do not
exceed well recharge rates and well surging can be minimized. Purge data from wells MWO01 and
MWO02 (U.S. Environmental Protection Agency, 2011a) indicate that both wells could be affected by
water-level drawdown during purging. Water levels will be determined both before and during the well
purge. Because both wells are known to have gas in the water, it also should be noted that some
component of hydraulic head may be attributable to gas rather than hydraulic pressure.

Once it has been determined that the monitoring well is not pressurized and the workspace and
well casing have been cleared of combustible gasses (if necessary), the water level will be measured
using an electronic water-level indicator (e-tape), a steel tape, or a sonic water-level meter. If well
construction allows, each well will be instrumented with a transducer and data logger to continuously
record water levels. The general procedure for measuring a static water level using an e-tape follows; a
detailed description of the method used to measure water levels by use of an e-tape or a steel tape can be
found in Cunningham and Schalk (2011b, 2011c).

Procedure:

1. Determine location of a measuring point (MP). If not previously established, measure
distance from the MP to the land surface. Note the height of the MP, and describe MP
location in notes.

2. Using a calibrated e-tape, make two or more consecutive water-level measurements to the
nearest 0.01 ft.

3. Repeat measurement until precision is within 0.01 percent (£0.01 ft per 100 ft) of depth to
water below the MP (Cunningham and Schalk, 2011d; Garber and Koopman, 1968), until the
reason for lack of agreement is determined, or the results are shown to be reliable. If two or
more measurements are collected, use best professional judgment to select the measurement
most representative of field conditions. If well construction allows, each well additionally
will be instrumented with a transducer and data logger to continuously record water levels.

4. Record e-tape identification (brand and serial number), date, and time of each measurement.

5. Ife-tape is to be used to measure water levels throughout well purge then leave it in the well.
If e-tape will not be used during well purge, disinfect and rinse the part of the e-tape that was
introduced to the casing as described in the USGS National Field Manual (U.S. Geological
Survey, variously dated).

If a pressure transducer is used during the well purge, manufacturer’s recommendations and USGS
guidelines (Cunningham and Schalk, 2011d) will be followed for instrument selection, installation and
data collection.



Instrument Calibration

All instruments, including water-level meters, pressure transducers, and water-quality
instruments will be tested or calibrated before departing for the field and again before each use at each
new sampling site. Water-level meters and pressure transducers will be tested according to
manufacturer’s recommendations and USGS guidelines (Cunningham and Schalk, 2011d). Field water-
quality instruments will be tested according to manufacturer's recommendations and USGS guidelines
(U.S. Geological Survey, variously dated, chapter 6); these recommendations and guidelines will be
followed for instrument testing, calibration, and calibration checks of water-quality instruments. USGS
calibration guidelines for water-quality properties regularly measured in the field are summarized in
table 5. Calibration information will be recorded in instrument logbooks or on the groundwater field
form (appendix C-2) as appropriate. If at any time instrument readings seem inaccurate based on
historical data or professional judgment, the instrument calibration will be checked and the instrument
recalibrated if necessary.

Well Purge

Before collection of groundwater samples, the well will be purged of standing water and field
properties of the purge discharge will be monitored as indicators of when the water is being withdrawn
directly from the formation. The purging process is meant to reduce chemical and biochemical artifacts
caused by the materials and practices used for well installation, by reactions occurring within the well
casing and annular space between casing and borehole wall, and by the long residence time of water
within the pump tubing; purging also serves to condition sampling equipment with well water and helps
to remove chemical residues that might be introduced by the equipment. USGS well-purge procedures,
as outlined in chapter 4 of the USGS National Field Manual for the Collection of Water-Quality Data
(“Field Manual;” U.S. Geological Survey, 2006, p. 92 and 103; Yeskis and Zavala, 2002), will be
followed for this study and are summarized in this section as they apply to MWO01 and MWO02.

The Field Manual identifies standard procedures and exceptions to standard procedures for
purging wells before sample collection (U.S. Geological Survey, 2006, Chap 4, section 4.2.3).
Application of standard procedures to field situations generally falls into three categories: (1) a purge of
one borehole volume (see equation 2 in the “Well-Purging Procedures” subsection) is the minimum
standard procedure required and is predicated on the condition that variability of field-measured water-
quality properties has stabilized (table 5) prior to initiation of sample collection, (2) preferably, the well
is purged of three or more well (casing) volumes (see equation 1 in the “Well-Purging Procedures”
subsection) to ensure the evacuation of at least one borehole volume, while monitoring the stabilization
of field-measured water-quality properties prior to sampling, and (3) when the two previous standard
procedures cannot be followed (for example, the need to sample at a low-yield well), alternative
purging, field-property measurement, and sampling procedures that meet the data-quality objectives of
the investigation can be considered (U.S. Geological Survey, 2006, chap. 4, p. 103-104, 107-108).

The USEPA has collected samples from wells MWO1 (785 ft deep) and MWO02 (980 ft deep) and
provided a subset of their purging, drawdown, and well-development records, for both wells and
previous sampling periods in a draft report (U.S. Environmental Protection Agency, 2011a) and online
at http://www.epa.gov/region8/superfund/wy/pavillion/ (Accessed July 26, 2012). The USEPA well-
purging history indicates that well MWO1 provides sufficient yield to collect representative samples
using the existing dedicated sampling equipment while applying the USGS standard purge and field-
properties stabilization criteria. The purge and sampling history for well MWO02, on the other hand,
indicates that USEPA experienced much difficulty in collecting hydrologic information (water levels)
because pumping caused a rapid decline in water level and exsolution of formation gasses caused by
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reduction in hydrostatic head during purging (U.S. Environmental Protection Agency, 2011a).
Procedures for purging and determination of field-measured purge-water-quality properties before
sampling are described in the following subsections, as are the considerations to be applied to determine
well-yield information and the approach to sampling at well MWO02. Purge water discharged from these
wells will be collected in an approved container obtained from a licensed wastewater hauler and purge
water will be disposed of by a licensed wastewater hauler as directed by WDEQ. Procedures to mitigate
dangers from buildup and exposure to methane gas will be rigorously implemented.

Well MWO1

Following standard procedures in the Field Manual (U.S. Geological Survey, 2006, chap. 4, p.
103-106), the purge approach for MWO01 was determined by considering well-equipment, construction,
development, and purge history. If followed properly, the purge procedures described in this section
should remove standing water in the well screen and bore; providing a sample representative of water in
the formation in contact with well MWO1. Previous field tests conducted at USEPA monitoring well
MWO1 from 2010-2011 indicate that this well provides sufficient yield required to conform to the USGS
standard purge and field water-quality properties monitoring criteria (U.S. Environmental Protection
Agency, 2011a).

MWO1 will be purged and subsequently sampled as described in this subsection, using the
dedicated submersible pump currently (2012) in the well. To best meet the input of representatives on
the Technical Team regarding the choice of standard purging procedures of (a) a minimum of one
borehole volume, or (b) a larger volume associated with three or more well or borehole volumes, the
decision was made to collect two sets of split samples from well MWO1. The first sample will be
collected after one borehole volume (see the following “Well-Purging Procedures” subsection) has been
purged from the well, contingent on evaluation of stabilization criteria for sequential measurements of
temperature, pH, and specific conductance (table 5).' The second sample will be collected after removal
of three borehole volumes (equation 2 in the following “Well-Purging Procedures” subsection), which
includes the volume removed for the first borehole purge and the volume removed for the first sample
collection, contingent upon meeting the stabilization criteria for the same field-measured water-quality
properties (table 5).

In addition to splitting samples with the USGS, USEPA has proposed to collect several samples in
times series to document changes in water quality throughout the well purge. USEPA’s sampling methods
are described in the Ground Water and Ecosystems Restoration Research (GWERD) Quality Assurance
Project Plan for the Ground-Water Investigation in Pavillion, Wyoming at
ftp://ftp.epa.gov/r8/pavilliondocs/QA_Documents/QAPPs/SignedCopyPavillionQAPPv6Febl7 2012.pdf.

Well-Purging Procedures

Initially, the standing water in MWO01 will be purged at a rate of approximately 6 gal/min while
monitoring drawdown, until the well has been purged of one well-casing volume. A well-casing volume
(V) will be calculated using equation 1.

V = 0.0408HD? (1)

where
V' is the volume of water in the well, in gallons,

! Table 5 lists the standard USGS stabilization criteria for routine field-measured water-quality properties as they are to be applied to this study.
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D is the inside diameter of the well casing, in inches, and
H 1is the height of water column, in feet.

After MWOI has been purged of the equivalent of one well-casing volume, the pumping rate will
be reduced to 23 gal/min (to be determined at the time of purging), with the first complete borehole
purge continuing through the removal of the first effective borehole volume. For this study, a borehole
volume is defined as the wetted volume of unscreened casing plus the borehole volume throughout the
screened interval, but excluding the volume of prepacked sand in the screened interval. The borehole
volume can be calculated using equation 2, with values specific to well MWO1 given in parentheses
after the variable description:

Vg = (0.0408(Hyc — Hss)Dijrc) +

(0.0408) (Hs) (D) — [[(0.0408) (Hss) (D3s) — (0.0408) (Hss) (Dfyc)]] X Vs 2)

Vs  is the borehole volume, in gallons,

Hyc is the depth to base of screen minus static water level in feet,

Hgs is the length of screen in feet (20 ft),

Dy 1is the inside diameter of well casing in inches (4.026 in),

Dgy 1s diameter of borehole in inches (9.875 in),

Dos 1s outside diameter of pre-packed screen in inches (8.5 in),

Vs is the volume of sand in the pre-packed screen expressed as a fraction (0.55).
Assuming the space within the pre-packed screen is 100 percent filled with only sand and water, the
sand volume (V) was calculated by subtracting the effective porosity of the sand (0.45) from a total
volume (Carmeuse Natural Chemicals, 2012). The volume of the infrastructure within the well (pump,
power cord, and riser pipe) is not factored into these calculations as they are estimated to be less than 10
percent (USEPA, oral commun., 2012 date) and exclusion of this volume ensures that other uncertainties
in the borehole volume calculation (for example pre-packed screen porosity) do not result in an
underestimation of the volume of water to be removed.

Field water-quality properties, water levels, and pumping rates and volumes will be monitored
throughout the purge process at regular intervals of about 5- to 15-minutes? (determined by the
professional judgment of the field team), and the data recorded on the Groundwater Field Form (appendix
C-2). To monitor these and other water-quality properties3, water will be split from the discharge line
and run to a flow-through cell instrumented with a multi-parameter water-quality instrument (Y SI 6920 or
equivalent), designed to minimize sample contact with the atmosphere. A dissolved-gas monitoring
system developed by the USEPA Office of Research and Development, necessitating a third discharge
line, also will be installed [see USEPA Quality Assurance Project Plan (QAPP) at
ftp://ftp.epa.gov/r8/pavilliondocs/QA_Documents/QAPPs/SignedCopyPavillionQAPPv6Febl7 2012.pdf,
accessed July 16, 2012]. In addition, aliquots of water will be collected from the purge discharge line to
measure turbidity using a portable turbidimeter (HACH 2100P), and turbidity measurements and water
odor and color information will be recorded on the Groundwater Field Form (appendix C-2). Field-

2 The frequency at which sets of field-measured water properties are sequentially monitored can depend on the purging rate, which in turn is a function of
well depth and diameter, and aquifer transmissivity (U.S. Geological Survey, 2006).

? Field measurements of turbidity, dissolved oxygen, and oxidation-reduction potential also are to be monitored over time but will not be used to evaluate
inflow of fresh formation water or when to sample.
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measured water-quality properties will be collected, collated, and documented throughout the period of
purging and sample collection.

During removal of the first borehole volume of well water, the variability among sequentially
collected sets of measurements for temperature, pH, and specific conductance will be evaluated, as
described below. Sampling can begin after the well has been purged of at least one complete borehole
volume, conditional upon field-measured water-quality property stabilization (table 5) and field-team
expertise. The well-water discharge will be split for concurrent USEPA and USGS sample collection.

The second set of split samples will be collected after a total of three borehole volumes of water
have been removed (including sampling) and in accordance with USGS field water-quality property
stabilization protocols, summarized below:

e A minimum of 5 sets of water-quality field properties will be recorded sequentially at regular

5- to 15-minute intervals, or as determined by the professional judgment of the field team.

— After five sets of measurements have been collected, the set of measurement values
for the each field water-quality property will be checked against the field-
measurement stabilization criteria (table 5). The median of the final five
measurements is put on record as the value that represents formation water. This
signals that sample collection can begin.

— If criteria have not been met, an additional three to five sets of field water-quality
property measurements will be collected at regular time intervals, in accordance with
USGS guidelines or the professional judgment of the USGS field team. The extent to
which an individual field water-quality property meets the stabilization criteria will
be evaluated after each additional measurement set is collected. If the variability
among measurements for a given property continues to fluctuate beyond the
established criterion, the decision of when and whether or not to commence with
sampling relies on the expertise of the field team.

e The field conditions, problems encountered, and any modifications of standard field
procedures are to be documented on the Groundwater Field Form or in study log notes, as
appropriate.

USEPA will collect additional samples at well MWO1 during the USGS sampling sequence as described
in their QAPP
ftp://fip.epa.gov/r8/pavilliondocs/QA_Documents/QAPPs/SignedCopyPavillionQAPPv6Febl7 2012.pdf.

Well MWO02

Previous field tests conducted by USEPA at deep monitoring well MWO02 from 2010-2011
indicate that formation water enters the well at an exceedingly low flow rate (U.S. Environmental
Protection Agency, 2011a), characterizing well MWO2 as a low-yield well. The USGS operationally
defines a low-yield well as a well that produces substantially less than 1 gal/min and for which
drawdown occurs such that the well can be rapidly pumped dry or for which recovery to at least 90
percent of the pre-pumping water level (after removal of at least one borehole volume) takes many hours
to several days or longer (U.S. Geological Survey, 2006, p. 93). During phase IV sampling of well
MWO02 by the USEPA in April 2011, the USEPA reported a yield in well MWO02 of about 1 gallon per
hour (gal/h), (about 0.017 gal/min) (U.S. Environmental Protection Agency, oral commun., 2012).
Given a well yield of 1 gal/h and given that a single borehole volume of water in well MWO02 equals
about 510 gallons (U.S. Environmental Protection Agency, 2011a), recovery of the water level in the
well following purging of 1 borehole volume would take considerably longer than 24 hours, depending
on the water-level drawdown in the well.
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Standard USGS practice is to avoid sampling at low-yield wells, if possible, because of difficulty
and uncertainties in achieving an adequate purge to clear the well of artifacts inherent in standing well-
bore water that can compromise the representativeness of water flowing to or withdrawn from the
screened section of the well. The Field Manual allows for circumstances, such as specific study
objectives, well or formation characteristics, and other constraints, for which sampling at low-yield
wells might be necessary and states that the criterion for representativeness of formation water is defined
also by the specific sampling and data-quality requirements established for a given investigation (U.S.
Geological Survey, 2006, p. 107-108). It allows, for example, that the study team may customize purge
protocols to include stabilization of specific constituent analyses relevant to the purpose of the study, as
discussed by Gibs and Imbrigiotta (1990). The Field Manual provides technical information regarding
selection of low-flow purge techniques to address sampling needs at low-yield wells. As MWO02 was
determined to be a low-yield well, the initial intention of the USGS to sample well MWO02 using purge
procedures that would be as consistent as possible with the standard USGS approaches implemented at
well MWOI could not be carried out.

Since determination of an alternative approach for purging and sampling MW02 could not be
concluded prior to the April 22 sampling date set by USEPA, USGS and USEPA agreed, instead, that
USEPA would collect a split set of samples from MWO02 on April 22 and send these samples for
chemical analysis to the USEPA laboratories and the USGS contract laboratory TAL, to allow a
comparison of results among the laboratories. The TAL sample results will be provided by USGS to the
USEPA.

An abbreviated description follows of the observations and further work done at well MWO02
after the sample-collection activities were completed by USGS and USEPA at MWO01 and by USEPA at
MWO02 in April 2012. Because of the low yield of well MWO02, resulting in long recovery or purge times
relative to standard USGS procedures, the USGS, with permission from USEPA, redeveloped the well
during the week of April 30, 2012 in an attempt to increase the well yield (U.S. Geological Survey,
2006, p. 93). As a safety precaution prior to redevelopment, the well casing was filled with potable
water from the City of Riverton to reduce methane concentrations in the well. The City of Riverton
water was split sampled by USGS and USEPA as a quality control measure and USGS results will be
provided in the USGS Data Series Report for this study. The dedicated submersible pump was removed
from the well and the WYDEQ used a previously decontaminated down-hole video camera to examine
and film the well screen, the overall structure of which appeared to be intact; it was not possible to
determine the degree to which the screen slots may be plugged. Three hours were spent surging the well
using a 4-inch-diameter surge block attached to the stainless steel discharge pipe that formerly ran from
the well head to the pump. During well redevelopment precautionary steps were taken to monitor
methane levels from the well and ensure the safety of the field team. After surging, the well was bailed
from the bottom for 4.5 hours and from the top of the water column for 11.5 hours. The USGS Central
Region Research Drilling Chief’s project log for this redevelopment activity is contained in appendix F.

Redevelopment of well MWO02 was completed on May 4, 2012. Subsequent repeated
measurements of water-level recovery were made using an e-tape, as attempts to install a pressure
transducer near the well bottom by USEPA were unsuccessful. On the basis of the water-level
measurements made in well MWO02 on May 4 and May 10, 2012, the USEPA calculated a well yield of
approximately 0.65 gal/h (about 0.011 gal/min) (U.S. Environmental Protection Agency, oral
communication, 2012). The USGS calculated the same well yield based on the available information
(table 6). On the basis of the water-level measurements made in well MW02 on May 10 and May 21,
2012, the USGS calculated a well yield of about 0.44 gal/h (about 0.007 gal/min) (table 6). These yield
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estimates are somewhat less than the 1 gal/h previously estimated by the USEPA, indicating that the
redevelopment effort did not improve the flow of groundwater into the well.

At this point alternatives to the purge procedures used at MWO1 (U.S. Geological Survey, 2006,
chap. 4, p. 107-108) were considered again for well MWO02, including the use of a low-flow pump with
or without a packer system. These techniques are reported in the literature as used to maximize yield
and alleviate the problems associated with long recovery or purge times, and are provided as options in
the Field Manual (Puls and Barcelona, 1996; Shapiro, 2001; U.S. Geological Survey, 2006, p. 108;
ASTM International, 2007). To date, those techniques have not been tested at MWO02. Considering the
depth, yield, and gas-producing characteristics of MW02, in the experience and professional opinion of
the authors of this report, some period of testing would be required to determine whether such
methodologies could be applied successfully at MW02, both with respect to hydraulic and technical
capabilities of the sampling systems and the ability to meet the study and data-quality criteria
established for this investigation.

The Technical Team discussed using the Bennett low-flow sampling pump Model 1800-6.
Given the very low well yields (estimated at 0.007 to 0.011 gal/min) and potential head lift of several
hundred feet, it is not certain that the Bennett pump could reliably pump at those low rates. That kind of
pump performance appears to be at the margin of the pump specifications provided by Bennett (Bennett
Sample Pumps, Inc.). For example, author experience in the High Plains aquifer with the Bennett pump
Model 1800-6 indicates that the pumping rate may not always be adjustable down to near zero gal/min
and still produce a steady stream of water for measuring field properties and collecting samples.

Given that development, testing, and evaluation of the purge and sampling procedures
appropriate for MWO02 are beyond the scope of this study as agreed to by the USGS and WYDEQ, and
given the mid-September 2012 deadline for publishing the USGS Data Series Report for MWO1, the
USGS, in consultation with the Technical Team, concluded that it would not be possible to complete
sampling at MWO02 and evaluate the results by the report deadline. In summary, USGS did not collect
samples from MWO02 in April or following the attempted redevelopment. Sample-collection
discussions for well MWO02 by USGS and the Technical Team have been placed on hold, although
collegial deliberation on possible sampling strategies within the Technical Team could be reconvened at
some point in the future.

Sample Collection, Analysis, and Processing

Immediately after the well has been satisfactorily purged, a portion of the pump discharge water
will be redirected to the USGS sample-processing chamber using a flow manifold. Sample collection
will begin after approximately 5 minutes of rinsing water through the processing chamber to rinse
sample tubing with a minimum of 2 gallons of well water. To minimize the possibility of sample
contamination, all sample tubing from the wellhead will be Teflon® with stainless steel fittings. All
sampling equipment will be decontaminated before and immediately after sampling according to the
methods described in the “Decontamination” section. Samples will be collected in containers as
specified for the method used for each analyte and according to laboratory preference. USGS and
USEPA sampling teams will each have a separate line for sample collection. A modified splitter will be
added at the wellhead to allow for the concurrent collection of samples and monitoring of field water-
quality properties by both USGS and USEPA personnel.

Several laboratories will be used to analyze groundwater samples (table 3). Each laboratory was
selected on the basis of analytical capabilities. Most of the chemical analyses of the USGS samples will
be done by TAL, because they routinely use approved USEPA analytical methods. The USGS Reston
Chlorofluorocarbon and Stable Isotopes Laboratories in Reston, Va., will be analyzing dissolved gasses
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and isotopes, respectively. The USGS National Water Quality Laboratory (NWQL) will be analyzing
radon-222. Eberline Services will be analyzing radionuclides (radon-222, radium-226, and radium-228).
The USGS Tritium Laboratory in Menlo Park, Calif., will analyze for tritium (3H), which is an unstable
(radioactive) isotope of hydrogen. The Lamont/Doherty Earth Observatory in Palisades, N.Y., will
analyze for dissolved gases (helium, neon, argon, krypton, and xenon). Carbon-14 age dating will be
performed by the Woods Hole Oceanographic Institution-National Ocean Sciences Accelerator Mass
Spectrometry Facility in Woods Hole, Mass. Natural gasses and isotopes of methane will be analyzed by
Isotech Laboratories, Inc. in Champaign, Ill. Selected laboratories, laboratory schedules and codes, and
applicable field collection and processing information are listed in table 7. A detailed list of chemical
analytes to be collected during this study, including laboratory methods and laboratory quantification
limits, is provided in appendix A. In their draft report, the USEPA identified many constituents that
indicated “geochemical impacts” to the deep groundwater in monitoring wells in the Pavillion area
(table 3, U.S. Environmental Protection Agency, 2011a). A list of these constituents with the laboratory
reporting levels used in the USEPA study and the laboratory reporting levels for the proposed sampling
are shown in appendix B.

All sample bottles will be labeled with a site identification number, collection date and time,
bottle type, requested laboratory analytical schedules and chemical treatment, if required. Samples will
be collected in a sample-processing chamber following procedures described in Chapter 5 of the USGS
National Field Manual (Wilde and others, 2004). The processing chamber will be constructed of a
polyvinyl chloride frame with a clear plastic bag mounted inside, which reduces sample exposure to
airborne contamination sources. The chamber bag will be changed as necessary to minimize sample
contamination. Samples requiring preservation that are not collected in prepreserved containers will be
preserved in a preservation chamber, which is similar to the sampling chamber. Inorganic and organic
samples requiring chemical preservation will be set aside after collection; volatile organic compounds
(VOCs) that require chemical treatment will be collected using pretreated bottles. Samples requiring
similar treatments will be preserved together as a set. Field personnel will replace nitrile gloves and the
preservation chamber bag between treatment sets as necessary to prevent sample contamination. Field
personnel collecting and processing samples will wear disposable nitrile gloves during sample collection
and processing; gloves will be changed frequently and as necessary.

Bottle requirements and sample collection and preservation methods vary by constituent type and
laboratory (table 7). Bottles designated for chemical analysis will not be rinsed. Special bottle collection
and preservation information are included with sampling method descriptions in this section.

Samples to be analyzed for organic constituents will be collected first, starting with collection of
VOCs. USEPA has expressed concern that the hydrochloric acid regularly used to preserve VOC
samples will react with the sample matrix of samples from well MWO1 causing a loss (poor recovery) of
VOCs in the sample. VOCs will be preserved using two methods, warranting the collection of replicate
samples differing only by preservation method. One VOC sample will be collected without chemical
preservation into 40-milliliter (mL) septum vials and chilled. The replicate VOC sample will be
collected into three 40- mL septum vials provided by TAL, pretreated with hydrochloric acid (preserved
at a pH of less than 2.0), and chilled. During sample collection, pre-preserved bottles are carefully filled
to minimize over filling. A convex meniscus is left; if the sample will not be acidified, the vial will be
capped securely, inverted, and checked for gas bubbles. If gas bubbles are present, the vial will be
discarded and the process repeated. If degassing of the sample is evident and it is impossible to exclude
bubbles, this will be recorded on the Groundwater Field Form (appendix C—2) and ASR form (appendix
C-3) (Wilde and others, 2006). The preservation chamber bag will be replaced. Remaining unfiltered
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organic samples will be collected and if necessary set aside for preservation (table 7). If needed, the
chamber bag will be replaced.

Collection of samples to be analyzed for inorganic constituents will follow the collection of
organics. Filtered inorganic constituent samples (trace elements, major ions, nutrients, and alkalinity)
will be collected first. Flow will be directed away from the sampling chamber and a pre-rinsed
disposable 0.45-micron (um) capsule filter [pre-rinsed with 2 liters (L) of deionized water] will be
attached to the sample discharge line. Flow will be redirected to the sampling chamber; the filter will be
inverted to allow sample flow to force trapped air out of the filter, and then sampling will begin. Starting
with the trace element sample bottle, bottles will be filled, and if necessary, set aside for preservation
(table 7). Samples will be treated in sets as described in this subsection once all samples requiring
preservation have been collected.

Dissolved hydrocarbon gasses sent to TAL will be collected using 40-mL septum vials and will
be collected immediately after the VOCs. Carbon-14 (**C) samples will be collected with the filtered
inorganic samples. Once the collection of chemical samples is completed, isotope, dissolved-gas, and
age-dating samples will be collected. Collection and processing information for isotopes, dissolved
gasses, and age-dating methods are listed in table 7. A short summary of each collection and processing
method is described in this section; links to detailed sampling instructions are provided.

Detailed instructions for collecting isotope samples are provided by the USGS Reston Stable
Isotope Laboratory at Attp.//isotopes.usgs.gov/lab/instructions.html. Samples for analysis of stable
isotope ratios of hydrogen (ratio of hydrogen-2 to hydrogen-1 relative to a reference standard; 8°H) and
oxygen (ratio of oxygen-18 to oxygen-16 relative to a reference standard; 8'°0) in water will be
collected by filling two 60-mL glass bottles two-thirds full with filtered sample water. Bottles will be
capped with polyseal caps and stored at ambient temperature until shipped to the laboratory. Samples for
analysis of isotope ratios of carbon (ratio of carbon-13 to carbon-12) of dissolved inorganic carbon in
water (8'°C DIC) will be collected using a 60-mL syringe. The sample is then filtered into 40-mL vials,
containing copper sulfate preservative, using a 25-millimeter (mm) polysulfone GD/X syringe filter.
Three vials will be collected for each §'*C DIC sample.

Dissolved-gas samples to be analyzed by the USGS Reston Chlorofluorocarbon Laboratory will
be collected following the detailed instructions provided by the laboratory at
http.//water.usgs.gov/lab/dissolved-gas/sampling/. To summarize, dissolved-gas samples will be
collected into 150-mL serum bottles provided by the laboratory. In preparation, a needle is inserted
through the provided rubber stopper, and a container (larger and taller than the serum bottle) is filled
with sample water. The water discharge tube is placed in the bottom of serum bottle and the bottle is
filled to overflowing. The serum bottle, with sample tube still flowing, is placed in the container of
sample water. When it is evident there are no bubbles adhering to the bottle, the rubber stopper is
inserted. The needle will allow gas trapped under the stopper to exit the bottle. Once the stopper is
firmly seated, the needle is removed carefully, and the bottle is inverted and checked for bubbles. If
bubbles are found, the stopper will be removed, the bottle emptied, and the collection process repeated
as described in this paragraph.

Helium and other noble gases will be collected to evaluate the apparent age of groundwater
samples. The method used to collect the helium and noble gas samples to be analyzed by the Lamont-
Doherty Earth Observatory is available at Attp.//water.usgs.gov/lab/dissolved-gas/sampling/. Special
copper sample tubes that are fixed in an aluminum channel with stainless steel pinch-off clamps are
flushed with sample water to rinse the tubes and to remove bubbles. Back pressure is applied to sample
discharge to eliminate degassing, and the tubes are sealed by crimping both ends of each copper tube
using the stainless steel pinch-off clamps.

15


http://isotopes.usgs.gov/lab/instructions.html
http://water.usgs.gov/lab/dissolved-gas/sampling/
http://water.usgs.gov/lab/dissolved-gas/sampling/

Tritium, sulfur hexafluoride, chlorofluorocarbon, and e samples will be collected and analyzed
to evaluate the apparent age of groundwater samples collected from wells MW01 and MWO02. Tritium
samples will be collected into 1-L polyethylene bottles with no headspace and capped with a polyseal
cone cap. The sulfur hexafluoride samples will be collected using the bottles and caps described at
http://water.usgs.gov/lab/sf6/sampling/. The sample tube will be placed at the bottom of the sample
bottle and the bottle will be filled to overflowing. After 3 L of water have flowed through the bottle, the
bottle will be capped with no headspace. The chlorofluorocarbon samples will be collected in
accordance with the method described at
http://water.usgs.gov/lab/chlorofluorocarbons/sampling/bottles/. The sample bottle and cap (off) are
placed into a container. The sampling tube is placed at the bottom of the sample bottle and at least 2 L of
sample are allowed to overflow into the container. The bottle and cap are checked for bubbles. When
there are no bubbles present, the bottle is capped while still underwater.

Samples for '*C will be collected with chemical samples, immediately after all filtered inorganic
samples have been collected. Using the same filter that is used for inorganics, a 1-L plastic coated glass
bottle is filled to overfilling and capped using a polyseal cone cap. The samples for '*C should have no
headspace.

Alkalinity (filtered) and acid neutralizing capacity (whole water) samples will be collected in
replicate and will be determined using the incremental titration method as described in Chapter 6 of the
National Field Manual (Rounds, 2006). Measurements of ferrous iron, sulfide, and low-range dissolved
oxygen will be performed in the field using a HACH DR 2800 spectrophotometer. Methods of analysis
include HACH method 8146, the 1,10-phenanthroline method using Accu Vac ampoules for ferrous
iron; HACH method 8131, a methylene blue method for sulfide; and HACH method 8316, the indigo
carmine method using Accu Vac ampoules for low-range dissolved oxygen (HACH, 2007). The low-
range dissolved oxygen analysis is a quality-assurance check for the dissolved oxygen probe. The
HACH DR 2800 is factory calibrated and will be checked following manufacturer’s instructions before
field deployment. For this study, this quality-assurance check will consist of checking the accuracy of
dissolved oxygen and ferrous iron measurements and the precision of ferrous iron measurements. The
dissolved oxygen accuracy will be checked using a hydrosulfite reagent; the result should be 0 plus or
minus () 6 micrograms per liter (ug/L). The ferrous iron accuracy will be checked by measuring a 2
milligram per liter (mg/L) standard; the results should be between 1.80 and 2.20 mg/L. The precision
will be tested by measuring the standard 3 times. The single operator error should be = 50 pg/L.

Sample bottles will be sorted by time of collection and analyzing laboratory. In order to
minimize the possibility of sample cross contamination, environmental samples from each well will be
shipped in separate coolers. Additionally, quality-control samples such as blanks and spikes will be
shipped separately from environmental samples. Appropriate laboratory ASR forms and chain-of-
custody documentation will be completed and placed with sample bottles. Samples will be placed into a
cooler (or other appropriate packaging) and packed in ice if required; coolers will be sealed with custody
labels, taped shut, and shipped overnight by courier to each laboratory.

Decontamination

USGS policy requires that all water-sampling equipment is properly cleaned (decontaminated)
before sample collection and that the effectiveness of cleaning procedures be quality controlled
(Sandstrom, 1990; Horowitz and others, 1994; Koterba and others, 1995; Wilde, 2004). Equipment is
decontaminated to ensure that the equipment is not a source of contaminants that could affect the
ambient concentrations of target analytes. Additionally, the proper removal of contaminants from
equipment minimizes the likelihood of sample cross contamination and reduces or eliminates the

16


http://water.usgs.gov/lab/sf6/sampling/
http://water.usgs.gov/lab/chlorofluorocarbons/sampling/bottles/

transfer of contaminants to clean areas. This section summarizes the cleaning protocols that will be used
to decontaminate sampling equipment used during this study. A description of samples collected as part
of quality control of the cleaning procedures is included in the “Field Quality Control” section of this
report.

In preparation for sampling, all equipment to be used for collection of groundwater samples will
be cleaned in accordance with standard USGS protocols (Wilde, 2004). Any deviations from cleaning
protocols required by this study will be described in this section. Equipment will be cleaned onsite
directly after use or rinsed well with deionized water and returned to the USGS WY WSC office for
cleaning. Cleaning procedures vary depending on the types of water samples that will be collected and
processed with each piece of equipment. Samples for this study will be collected for both inorganic and
organic analytes.

The monitoring wells to be sampled have dedicated pumps installed for sampling. For the
purposes of this study, it will be assumed that these pumps and the tubing running from the pumps to
above land surface were clean and will not contribute contamination. If practical, the fitting where
portable sample tubing is attached will be rinsed with deionized water before attaching the portable
sample tubing. Above land surface, groundwater samples will be routed through Teflon®” sample tubing
with stainless steel valves and fittings. The tubing and fittings will be used for collection of all
groundwater samples and will be cleaned thoroughly using the method described in figure 2. Each well
will have a dedicated set of sample tubing and fittings.

Organic and Inorganic Constituents

Step 1. Step 2. Step 3. Step 4. Step 5.

Preparation Detergent wash Tap water rinse DIW' rinse Bag equipment

'DIW = deionized water.

Figure 2.  Cleaning procedures for sampling equipment used to collect samples for analysis of inorganic and
organic constituents.

A short piece of silicon tubing will be attached to the end of the sampling line during the collection of
filtered samples for analysis of inorganics. This will allow field personnel to attach a 0.45-um filter to
the end of the sample tubing. This short piece of silicon tubing will be cleaned following the procedures
outlined in figure 3.
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Inorganic Constituents

Step 1. Step 2. Step 3. Step 4. Step 5. Step 6.
—>
Preparation Detergent Tap water Acid' DIW? Bag
wash rinse rinse2 rinse equipment

'Hydrochloric: trace element grade (5 percent by volume in DIW).
?Acid soak if cleaning is occurring at workplace laboratory.
*DIW = deionized water.

Figure 3.  Cleaning procedures for silicon tubing used to collect samples for analysis of inorganic constituents.

Equipment used to collect isotope samples, dissolved gasses, and age-dating samples do not require
special cleaning procedures and will be cleaned following the procedures outlined in figure 2.

Chain of Custody and Documentation Requirements

Data collected as part of this study of groundwater quality from monitoring wells near Pavillion,
Wyo., need to be legally defensible. Groundwater-quality samples collected from USEPA wells MWO01
and MWO02 will be treated as physical evidence in an investigation, and transfer of physical samples and
sampling data will be controlled. Standard chain-of custody (CoC) procedures will be followed for field
documentation, sample labeling, packaging, and shipping as applied to environmental samples. This
section summarizes instructions and procedures provided by Standard Operating Procedure for Chain of
Custody Samples, Office of Environmental Measurement and Evaluation, USEPA New England —
Region 1 (U.S. Environmental Protection Agency, 2002) . The chain of custody and documentation
section of U.S. Geological Survey Protocol for Sample Collection in Response to Deepwater Horizon
Oil Spill, Gulf of Mexico, 2010 (Wilde and Skrobialowski, 2011) has been used as a guide for this
section of the report.

Field personnel are legally responsible for the care and custody of the samples collected until the
samples have been transferred to the laboratory. For this reason, it is important that field personnel
understand and follow basic documentation, sample identification, and CoC procedures. As few people
as possible will handle samples. All field documentation (logbooks, field forms, sample labels, and CoC
forms) will be completed using indelible ink. If it is necessary to use a pencil instead of a pen, this must
be noted in the field logbook.

Field Loghooks and Other Documentation

Field observations and data-collection activities will be documented in the field logbook
(logbook). The logbook will be a bound, paginated book, preferably with weather-resistant properties. It
is important that logbook entries are detailed enough so that others can reconstruct field activities
without relying on field personnel memory. The following steps will be followed to document activities:

e At the beginning of each day, record the date, start time, station identification number
and description, names of field team members present, and the signature of the person
making the entry;

e Include a record of all the names of all visitors to the site and the purpose of their visit;
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e Record measurements made and samples collected;

e Record CoC information for samples. Note courier, tracking information, and laboratory
to which samples were being transferred;

e All entries will be made in indelible ink as described in this section, and no erasures will
be made. If an incorrect entry is made, the information will be crossed out with a single
strike mark and the entry will be initialed and dated; and

e Logbook entries and field record sheets must all include the station identification number,
date, time, and names or initials of all personnel handling the environmental and quality-
control samples.

The Groundwater Field Form (appendix C-2) has been designed by the USGS to include all
necessary field documentation when properly completed by field personnel. To reduce duplication of
effort (documenting all field data in both the logbook and on field forms), field forms will be printed
onto adhesive-backed paper for addition into the logbook. All relevant field forms, logbook notes,
photographs, and other information will be included as appendixes in the final USGS Data Series Report
and will be available to the public in an online version of the report.

Sample Container Labels

Sample labels will be completed for each sample container collected for analysis, using indelible
ink. Figure 4 provides an example of a sample label. Each label will include the following:

e Station identification number;

e Sample collection date: a six-digit number indicating month, day, year;

e Sample collection time: a four-digit number indicating the local time [Mountain Standard
Time (MST) or Mountain Daylight Time (MDT)] of collection using the military or 24-
hour time convention;

e Laboratory schedule(s), laboratory code(s), or USEPA method(s);

e Sample preservation method; and

e Initials of personnel collecting and handling the sample(s).

USGS Pavillion Project
431525108371901 (Well MWO01)

Date Time

EPA 6020 1-500 mL FA  ph<2 w/HNO03

Figure 4. Example of a sample container label.

Transfer of Custody and Sample Shipment

To maintain a clear record of environmental sample custody from collection through sample
analysis, sample CoC will be documented. An ASR form will be completed to inform the laboratory of
the analyses being requested for each sample and will be used to document sample possession and
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custody. The transfer of samples from the field to a courier, to the laboratory, and through the analytical
process will be documented to clearly reflect movement of the samples.

A CoC/ASR form will be completed for each sample being sent for laboratory analysis. The
CoC/ASR form will include the station identification number, sample collection date, sample collection
time, requested analyses, and bottle types and numbers included in the sample shipment. At the bottom
of the CoC/ASR form is a location for signature. An example CoC/ASR form for a water sample being
sent to TAL is provided in appendix C-3.

Samples will be properly packaged for shipment (sample and laboratory dependent) and sent to
the appropriate laboratory for analysis, preferably as a batch shipment. Three copies of the CoC/ASR
form will be completed for each sample. Two properly completed CoC/ASR forms will accompany each
shipment of samples and one will be saved for study records. The CoC/ASR forms will all be signed and
dated by a member of the field team with the date and time of sample transfer. If samples will be
transferred to the laboratory by courier, tracking numbers will be included on the CoC/ASR form to
track sample chain-of-custody throughout the shipping process. Upon receipt of the samples at the
laboratory, the receiver will complete the transfer by signing and dating both CoC/ASR forms shipped
with the samples. The laboratory will keep one copy of the CoC/ASR form for their records and return
one copy to the USGS WYWSC for their records.

Sample Packaging

The lids or caps on all sample bottles will be checked to verify they are tightly sealed. If directed
by the receiving laboratory, lids or caps will be taped on sample containers with appropriate tape. Glass
containers will be wrapped in foam or bubble wrap to prevent breakage during shipping. Sample
containers will be sealed in Ziploc® bags. Similar containers (for example, VOC vials) can be sealed in
the same Ziploc® bag. Each sample will be compared to entries on the CoC/ASR form to ensure bottles
and CoC entries match. If ice is required for sample preservation, samples will be packaged in thermally
insulated, rigid coolers with ice and temperature blanks. The temperature blank is a small bottle filled
with deionized water that travels with iced samples to the laboratory; upon arrival at the laboratory, the
temperature of water in the bottle is measured to evaluate if samples were adequately cooled during
shipment. Each package of samples will be sealed with a signed and dated custody seal and appropriate
shipping tape.

Quality Assurance and Quality Control

The quality-assurance and quality-control procedures described in this section have been
developed to provide routine application of field and laboratory procedures to control the measurement
process and ensure the usability and reliability of sampling and analysis data. This Sampling and
Analysis Plan (SAP) is the first step to ensuring high-quality environmental data. Following standard
procedures for decontaminating field equipment; maintaining, calibrating, and operating field equipment
and instrumentation in accordance with manufacturer’s instructions; following standard operating
procedures outlined in the USGS National Field Manual (U.S. Geological Survey, variously dated);
using standard field forms; using skilled personnel for sampling; and adhering to this SAP constitute the
quality-assurance procedures for the study. Errors that affect environmental measurements can be
introduced in the field during sample collection, processing, shipment, in the laboratory, and during
database entry. Quality-control (QC) samples described in this section ensure that data collected in the
field, analyzed by the laboratory, and entered into the USGS National Water Information System
(NWIS) database will be of known and appropriate quality to meet the objectives of the study.
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U.S. Geological Survey Quality-Assurance Program

The USGS maintains personnel in Water Mission Area technical offices who work to ensure data
collected by the USGS are of the highest quality. The technical offices relevant to this study are the
Office of Water Quality and the Office of Groundwater. These offices along with the Office of Surface
Water establish the technical guidelines water science center personnel follow. Technical guidelines
applicable to this study can be found in the USGS National Field Manual for the Collection of Water-
Quality Data (U.S. Geological Survey, variously dated) and Groundwater Technical Procedures of the
U.S. Geological Survey (Cunningham and Schalk, 2011e). The technical offices are also responsible for
ensuring USGS water science center personnel are following established technical guidelines. One
method that the technical offices use to ensure all water science centers are producing hydrologic data
and information that meets USGS standards is through technical reviews of water activities in USGS
water science centers. The technical offices assemble multidiscipline teams that conduct reviews of
science center water activities within the USGS at integrated and water science centers. These technical
reviews are scheduled onsite at approximately 3-year intervals. The review includes a variety of
activities designed to accomplish the objectives of the review. A few of these activities include the
following:

e Visiting representative offices to observe field methods, equipment and field installations,
vehicles, laboratories, and warehouses for adequacy, safety, and compliance with policies
and guidelines;

e Reviewing selected data records and analytes, technical files, and documentation such as
flood plans and model archives;

e Evaluating NWIS and other databases;

e Reviewing quality-assurance plans and procedures that cover program planning, field
measurements, sample collection, laboratory analyses, data interpretation, and report
preparation and publication;

e Reviewing quality-control procedures for activities involving field measurements, sample
collection, laboratory analyses, and data interpretation provided by non-USGS personnel,
such as technical contractors, cooperators, observers, volunteers, and others;

e Reporting the findings of the review team to the science center at the conclusion of the
review, including major comments and recommendations resulting from the review.

The USGS WYWSC was last reviewed by the Office of Water Quality and Office of Groundwater
during the summer 2011. No major deficiencies were found, and recommendations made were unrelated
to the efforts involved with the proposed data collection activities at Pavillion, Wyo.

In addition to the USGS technical offices described in this section, the USGS also maintains a
Branch of Quality Systems (BQS) (http://bgs.usgs.gov/). The BQS conducts evaluations of USGS field
and laboratory quality assurance. The National Field Quality Assurance (NFQA) Program was created to
provide quality-assurance reference samples to field personnel who make field water-quality
measurements. The program monitors the proficiency of alkalinity, pH, and specific conductance
measurements determined by water-quality field analysts. The USGS WYWSC field analysts are all
participants in the NFQA Program. BQS laboratory programs focus on evaluating the USGS National
Water Quality Laboratory (NWQL) and USGS sediment laboratories.

Most of the chemical analyses for the USGS samples will be done by TAL, under contract to the
USGS NWQL. Both the NWQL and TAL are accredited by the National Environmental Laboratory
Accreditation Conference Institute (TNI; http.//www.nelac-institute.org/), actively participate in the TNI
National Environmental Laboratory Accreditation Program (NELAP), and participate in the proficiency
testing program specified by TNI. Most TAL methods comply with the most current version of the
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Department of Defense Quality Systems Manual (http://www.denix.osd.mil/edqw/upload/QSM-V4-2-
Final-102510.pdf) and provide technical and quality-assurance information for USGS studies preparing
and using the Uniform Federal Policy of Quality Assurance Project Plans (U.S. Environmental
Protection Agency, 2005) or other study-specific QAPPs. The TAL Arvada participates in the USGS
Standard Reference Sample (SRS) Program and is currently in the approval process of the USGS BQS
Laboratory Evaluation Program. Additional information on both of these programs is available at the
USGS BQS website available at http://bgs.usgs.gov/srs/. As the primary subcontractor to the NWQL,
TAL’s Arvada laboratory is also audited on an annual basis as part of the NWQL’s Quality Management
System, with the most recent audit being performed by members of the NWQL quality staff in
November 2011.

Field Quality Control

Collection of QC samples is critical for evaluating the procedures and protocols used during
sampling, as well as providing confirmatory information concerning concentration values for target
analytes. Many different types of QC samples are necessary. Although some of these samples are
complementary, each type of QC sample provides different information about site conditions, sampling
equipment and procedures, sample preservation, sample transport, and laboratory procedures and
analytical methods.

Several QC samples are described in this section because they are collected in the field. The QC
samples to be collected during this study include source-solution blanks, ambient blanks, field blanks,
replicates, matrix spikes, matrix spike duplicates, trip blanks, and temperature blanks. Some of these QC
sample types and definitions differ from those used by USEPA. Equivalent USEPA terms were
determined by comparing the QC samples listed in this section with descriptions of QC samples
published in USEPA SW-846 Chapter 1 and a USEPA table available at
http://www.epa.gov/superfund/programs/dfa/download/qctable.pdf, which is a summary of quality-
control samples and the information they provide (U.S. Environmental Protection Agency, 1996a;
2011b). In the following descriptions of QC samples, equivalent USEPA terms are indicated in
parentheses. The schedule for QC sample collection is presented in table 8. A brief description of each
type of QC sample follows:

e Source-solution blanks are collected by pouring certified organic-grade blank water
directly into the sample vial or bottle in the office, laboratory, hotel, or other clean area
on the day of sampling, before going to the field. These blanks are used to determine if
the blank water, sample container, or preservation chemicals are contaminated. One
source-solution blank will be included with each set of VOC, glycol, gasoline range
organics (GRO), and dissolved gas samples sent to the laboratory in 40-mL vials. Sample
bottles used to collect source-solution blanks are provided by the selected laboratory. The
blank water used in source-solution blanks will be from the same source as will be used
to prepare ambient and field blanks.

e Ambient blanks (USEPA also calls these pour or field blanks) are collected by pouring
certified organic-grade blank water directly into the sample vial or bottle in the field and
are used to determine if the environment in which samples are collected will contribute to
sample contamination. Ambient blanks are preserved in the same manner as
environmental samples.

e Field blanks (USEPA equipment blanks or rinsate blanks) consist of certified organic or
inorganic blank water (depending on the type of analysis) that has been processed
through the sampling system after field cleaning and is subjected to all aspects of sample
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collection, field processing, preservation, transportation, cleaning, and laboratory
handling as the environmental sample. Field blanks are used to evaluate the adequacy of
field equipment cleaning, and the cleanliness of sample collection, processing, storage,
and transport protocols. For this study, field blanks will be collected by passing water
through the entire sample tubing, from the connection to the well spigot, through the
sampling chamber, and the capsule filter (for filtered samples), before the sample tubing
is connected to the well to collect analytical samples. For filtered blanks, a peristaltic
pump with a small piece of precleaned silicone tubing (this tube also will be used during
collection of filtered inorganics) will be used to push the sample from the sample tubing
through the capsule filter. A separate piece of precleaned silicone tubing will be used for
sampling at each well.

Replicate samples are two or more samples collected or processed so that the samples are
considered to be essentially identical in composition. Replicate samples will be used to
evaluate the reproducibility (precision) of analyte concentration values reported by the
laboratory. Although two replicates are not adequate to assess precision, they can be used
to show whether variability of results for the samples is within the range of expected
precision based on the larger dataset available to the laboratory.

Matrix spike and matrix spike duplicate samples are environmental samples that will be
fortified (spiked) in the laboratory with a known mass of the analyte(s) of interest. These
samples are used to assess the potential bias for organic and inorganic analytes in a
particular sample matrix. In spiked samples, the bias is estimated by calculating the
percentage of each added analyte that is measured (recovered) in the sample. Bias can be
either positive or negative with possible recoveries greater than or less than 100 percent.
Because these samples are spiked at the laboratory, a separate sample aliquot will be
collected and identified for this purpose. Custom spike solutions have been determined
for selected organic and inorganic compounds identified by USEPA (Table 3, U.S.
Environmental Protection Agency, 2011a). These spike solutions will be purchased by
the USGS and provided to TAL to use as spike solutions, in addition the spike solutions
TAL regularly uses.

Trip blanks are VOC samples of analyte-free water that are prepared in the laboratory.
Trip blanks will be supplied by each laboratory providing VOC, GRO, and dissolved
hydrocarbon gas (ethane, ethane, methane, and propane) analyses and will be transported
with VOC bottles to the field, kept with these sample bottles throughout sampling, and
then returned to the laboratory for analysis with environmental samples. Trip blanks are
used to identify contamination introduced during sample transport and storage.
Temperature blanks (cooler blank) are sample bottles of deionized water included in each
shipping container so that the laboratory can measure the internal temperature of the
sample upon receipt. If the internal temperature of the temperature blank is at or below
the required holding temperature, it is assumed that all other containers in the cooler also
meet the required holding temperature.

In addition to the QC samples described previously, the USEPA has requested that USGS submit
proficiency samples to TAL. These proficiency samples will be used to validate TAL’s ability to
measure particular compounds of interest. USEPA will provide the USGS WY WSC with proficiency
samples that will be forwarded as blind samples to TAL. Laboratory contact information is shown in
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Laboratory Quality Control

Laboratory QC samples are used to evaluate the performance of the analytical methods. The QC
measures used by laboratories while performing analytical tests, including both internal and external QC
audits and performance evaluations, are described in each laboratory’s quality-assurance manual—
TestAmerica Laboratories (2010), NWQL Quality Management System (Maloney, 2005), and Isotech
Laboratories, Inc. (2009). For laboratory specific QC information contact the analyzing laboratory
(table 9). A summary of laboratory QA/QC requirements including acceptance or performance limits
of analyses performed by TestAmerica Laboratories, the primary laboratory to be used by USGS in this
study, is included in table 10.

Data Management and Reporting

USGS laboratories and USGS contract laboratories routinely transmit analytical results
electronically. All laboratories analyzing samples for this study will be requested to complete data
packages including electronic results. The results for the analyses from this study will be stored in the
NWIS database. Additional paper reports will be stored in study files. All data that meet or exceed the
method detection limit (MDL) will be entered into the NWIS database. The MDL is the minimum
concentration of a substance that can be measured and reported with 99 percent confidence that the
analyte concentration is greater than zero (U.S. Code of Federal Regulations, 2011). Although
compounds are detected with concentrations greater than the MDL, they will not be published in NWIS
without qualification unless concentrations are greater than the laboratory reporting level (LRL).

If a water-quality result is measured at a concentration less than the MDL, it will be reported as
less than the LRL, with a “<” remark code. The value following the “<” symbol will be the LRL
associated with that analysis. If a measured value is greater than the MDL but less than the LRL, it will
be reported as the measured value, but qualified with an “E” remark code, indicating an increased level
of uncertainty.

Data Review

All data collected in the field and generated by the laboratories will be extensively reviewed
before release of the data to identify unreliable or invalid field and laboratory measurements. The data
review process is used to qualify data for interpretive use. As part of the review process for this study,
chemical data (along with a full data package) received from TAL will be sent to a USGS NWQL data
validation contractor. Data validation services include the following:

e Receipt of the laboratory data package from the USGS, and logging/securing the data
package into a document control system;

e Assemble analytical documents and data to be validated, and review data records to
determine method, procedural, and contractual requirements needed and completeness of
the data package. If needed, acquire necessary supplements or corrections to the data
packages;

e Review and validate the reported analytical results collectively for the data package as a
whole, including laboratory data qualifiers in accordance with the appropriate criteria and
guidelines;

e Summarize data and quality control (QC) deficiencies and evaluate the effect on overall
data quality; and

e Assign appropriate data validation qualifiers as necessary and prepare a data validation
report.

24



The following steps will be followed by USGS staff while reviewing field and laboratory data:

All field and laboratory data will be reviewed promptly for possible transcription errors,
data omissions, and suspect or anomalous values. If reported results are considered
suspect, analysis reruns may be requested. If other problems are noted, corrective actions
will be taken by appropriate personnel.

Laboratory sample receipt forms will be reviewed to determine if all samples listed on
the ASR/CoC form were received and if coolers were received with an internal
temperature of 4 £ 2 degrees Celsius. Many samples require chilling as a preservation
method and analytical data will be flagged (qualified) if recommended temperatures are
not met.

The CoC forms will be reviewed to verify samples were analyzed for requested
constituents, using required preservatives, and within specified holding times. Results
that do not meet preservation and holding time requirements will be flagged.
Compounds with results for both filtered and unfiltered samples will be compared.
Filtered (dissolved) sample concentrations should be equal to or less than unfiltered
(total) sample concentrations. Sample results with filtered concentrations greater than
unfiltered concentrations will be flagged.

Field and laboratory blank results will be reviewed and evaluated relative to the
concentrations detected in the environmental samples. If an analyte is detected in a field
blank, the following actions will be taken, depending on concentrations of the analyte
measured in the field blank (Cz) and the associated environmental samples (Cs):

. NWIS database Use in data
Relation of Cis to Cj modification interpretation
Cs>10xCp No action No action
3xCp<Cs<10x Cp Add an “E” remark code  No action

Cs<3xCgand Cs<LRL  Adda “V” remark code Change Cgto “<LRL”
C¢<3xCpgand Cs>LRL  Adda “V” remark code Change Csto “< Cs”

The “E” remark code indicates an increased level of uncertainty, and the “V” code
indicates that the value could be affected by contamination.

Variability will be determined from replicate samples and incorporated into the
evaluation.

Percent recoveries will be determined from spiked samples and used to evaluate the
concentrations found in the environmental samples relative to the concentrations that
may actually be in the environment.

All relevant information provided by the laboratories and used in QA/QC analysis of the data will be
included in an appendix in the final USGS Data Series Report and available to the public online or will
be available in USGS files at the WY WSC.

Health and Safety

Under direction of USGS Central Region Program Memorandum 2000.01, a Job Hazard

Analysis (JHA) has been prepared for this study and will be provided to field personnel and reviewed
during a “tailgate” safety session each morning onsite. The JHA includes an assessment of job tasks;
potential hazards, unsafe acts, or conditions; required personal protective equipment and job
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responsibilities; and telephone contacts. A copy of the JHA for this study has been attached as appendix
E. Additional health and safety considerations are addressed in the USGS National Field Manual for the
Collection of Water-Quality Data chapter on Safety in Field Activities (Lane and Fay, 1998). Personnel
collecting samples from USEPAs wells MWO01 and MWO02 are required to be Hazwoper certified.
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Table 1. Key organizational responsibilities of on-site personnel.

[USGS, U.S. Geological Survey; SAP, Sampling and Analysis Plan; QA/QC, quality assurance/quality control; WDEQ,
Wyoming Department of Environmental Quality; WOGC, Wyoming Oil and Gas Commission]

Key personnel Organization Role Responsibility
David Mott USGS Site management Coordinates with other agencies, media, and local
residents’ concerns.
Peter Wright USGS Project chief Leads sampling crew and ensures SAP is followed.
Dave Mueller USGS Quality Tracks QA/QC requirements, assures
Assurance/Quality implementation, documents use.
Control manager
Scott Edmiston USGS Field technician Assist with sampling as directed by project chief.
Pete McMahon USGS Technical advisor Assist with quantification of well hydraulics and
planning for monitoring well MW02 sampling.
Deborah Harris WDEQ Purge water manager Coordinate contract water collection and disposal
and on-site requirements.
Tom Kropatsch WOGC Safety monitoring Monitors gas sensors in USGS mobile laboratory.

Table 2.  List of agencies and organizations participating with the technical team and organizational responsibilities during

this study.

[SAP, Sampling and Analysis Plan; ORD, USEPA Office of Research and Development]

Agency or organization

Responsibilities

Wyoming Department of Environmental Quality (WDEQ)
Cheyenne, Wyoming

U.S. Geological Survey (USGS) Wyoming Water Science
Center Cheyenne, Wyoming

U.S. Environmental Protection Agency, Region 8§ and ORD
Denver, Colorado and Ada, Oklahoma

Wind River Indian Reservation

USGS Office of Water Quality
Reston, Virginia

USGS Water Science Field Team
Denver, Colorado

USGS National Water Quality Laboratory
Denver, Colorado

TestAmerica Laboratories
Arvada, Colorado

Cooperating agency responsible for supporting this study of
characterization of groundwater quality.

Responsible for compilation of the SAP and collection of
groundwater-quality samples.

Well owners and principal investigators in the Pavillion,
Wyo. groundwater investigation.

Tribal concerns.

Leadership of Technical Team, technical assistance.

Study quality control and agency protocol adherence.

Technical advice regarding protocols and methods and
management of USGS contract with Test America
Laboratories.

USGS contract laboratory, providing technical input
regarding their capabilities.
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Table 3.

[USEPA, U.S. Environmental Protection Agency; TAL, TestAmerica Laboratories; SIM, selective ion monitoring; DAI, direct aqueous injection; LC, U.S.
Geological Survey laboratory code; BTEX, the compounds benzene, toluene, ethylbenzene, and xylene; MTBE, methyl tert-butyl ether; RSKSOP, Robert S.
Kerr Environmental Research Laboratory standard operating procedure.; NWQL, National Water Quality Laboratory; RCFC, U.S. Geological Survey Reston
Chlorofluorocarbon Laboratory; RSIL U.S. Geological Survey Reston Stable Isotopes Laboratory; 8'°0, ratio of oxygen-18 to oxygen-16 relative to a reference
standard; 62H, ratio of hydrogen-2 to hydrogen-1 relative to a reference standard, 813C, ratio of carbon-13 to carbon-12; MPTL, U.S. Geological Survey Menlo
Park Tritium Laboratory; WHOI-NOSAMS, Woods Hole Oceanographic Institution-National Ocean Sciences Accelerator Mass Spectrometry Facility; --, not

Laboratory analytical methods, approaches, and method references.

available]

Method number égglgt'g?; Description Analytical approach Reference
USEPA method TAL Volatile organic compounds Full scan gas chromatography ~ U.S. Environmental Protection Agency,
S) including ethanol, with mass spectrosco
8260B (VOCs) including ethanol ith p Py 1996b
isobutanol, isopropyl alcohol
USEPA method TAL Semivolatile compounds Full scan gas chromatography ~ U.S. Environmental Protection
8270C and with mass spectroscopy Agency, 1996¢.
8270/SIM
USEPA method TAL Metals: antimony, arsenic, barium, Inductively coupled plasma— U.S. Environmental Protection Agency,
6020 (for both beryllium, cadmium, chromium, mass spectrometry 1996d.
total and dissolved cobalt, copper, lead, manganese,
metals) molybdenum, nickel, selenium,
silver, thallium, uranium,
vanadium, zinc
USEPA method TAL Anions: bromide, chloride, fluoride, Ion chromatography U.S. Environmental Protection Agency,
9056 sulfate 1996e.
USEPA method TAL Metals: aluminum, boron, calcium,  Inductively coupled plasma— U.S. Environmental Protection Agency,
6010B (for both iron, lithium, magnesium, atomic emission 1996f.
total and dissolved potassium, silicon, sodium, spectrometry
metals) strontium, titanium
USEPA method TAL Mercury Manual cold-vapor technique = U.S. Environmental Protection Agency,
7470A (for both 1996¢.
total and dissolved
mercury)
Method 2540C TAL Total dissolved solids Evaporation Clescerl and others, 1998.
USEPA method TAL Nitrogen, ammonia Automated colorimetry U.S. Environmental Protection Agency,
350.1 1993a.
USEPA method TAL Nitrate + nitrite Automated colorimetry U.S. Environmental Protection Agency,
353.2 1993b.
USEPA method TAL Phosphorus, dissolved, total Semi-automated colorimetry U.S. Environmental Protection Agency,
365.1 1993c.
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Table 3. Laboratory analytical methods, approaches, and method references.—Continued

[USEPA, U.S. Environmental Protection Agency; TAL, TestAmerica Laboratories; SIM, selective ion monitoring; DAI, direct aqueous injection; LC, U.S.
Geological Survey laboratory code; BTEX, the compounds benzene, toluene, ethylbenzene, and xylene; MTBE, methyl tert-butyl ether; RSKSOP, Robert S.
Kerr Environmental Research Laboratory standard operating procedure.; NWQL, National Water Quality Laboratory; RCFC, U.S. Geological Survey Reston
Chlorofluorocarbon Laboratory; RSIL U.S. Geological Survey Reston Stable Isotopes Laboratory; §'°0, ratio of oxygen-18 to oxygen-16 relative to a reference
standard; 62H, ratio of hydrogen-2 to hydrogen-1 relative to a reference standard; 813C, ratio of carbon-13 to carbon-12; MPTL, U.S. Geological Survey Menlo
Park Tritium Laboratory; WHOI-NOSAMS, Woods Hole Oceanographic Institution-National Ocean Sciences Accelerator Mass Spectrometry Facility; --, not
available]

Analytical

Method number laboratory Description Analytical approach Reference
USEPA method TAL Diesel range organics Gas chromatography/flame U.S. Environmental Protection Agency,
8015B ionization detection 1996h.
USEPA method TAL Diethylene glycol, ethylene glycol,  Gas chromatography/flame U.S. Environmental Protection Agency,
8015B DAl in triethylene glycol, methanol, n- ionization detection 1996h.
water (8015B) butanol
USEPA method TAL Gasoline range organics + BTEX +  Gas chromatography/ U.S. Environmental Protection Agency,
8015B/8021 MTBE photoionization-flame 1996h.
modified ionization detection
USEPA method TAL Methylene blue active substances Ultraviolet-visible U.S. Environmental Protection Agency,
425.1 spectroscopy 1983.
RSKSOP-175 TAL Ethane, ethylene, methane, propane  Gas chromatography U.S. Environmental Protection Agency,
headspace equilibration 1994.
USEPA method TAL Total carbon, total inorganic carbon, Carbonaceous analyzer U.S. Environmental Protection Agency,
9060 total organic carbon, dissolved 1996i.
organic carbon
LC 1369 NWQL Radon-222 Scintillation counting ASTM D 5072-98 (ASTM
International, 2010)
LC 794, USEPA Eberline Radium-226 Radon emanation U.S. Environmental Protection Agency,
903.1 Services 1980a.
LC 1364, USEPA Eberline Radium-228 Radiochemical separation and ~ U.S. Environmental Protection Agency,
904.0 - modified Services beta counting 1980b.
-- RCFC Chlorofluorocarbons Purge and trap gas Bullister, 1984; Bullister and Weiss,
chromatography procedure 1988; Pankow, 1986, 1990;
with an electron capture Rasmussen and Khalil, 1983a, 1983b;
detector Reynolds and others, 1990.
-- RCFC Dissolved gasses: nitrogen (N3), Gas chromatography/flame U.S. Geological Survey, 2012.
argon (Ar), methane (CHy), ionization detection
carbon dioxide (CO,), oxygen
(0,)
-- RCFC Sulfur hexaflouride (SFg) Purge and trap gas Busenberg and Plummer, 2000; Law
chromatography procedure and others, 1994; Maiss and others,
with an electron capture 1994; Sliwka and Lasa, 2000;
detector Wanninkhof and others, 1991.
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Table 3. Laboratory analytical methods, approaches, and method references.—Continued

[USEPA, U.S. Environmental Protection Agency; TAL, TestAmerica Laboratories; SIM, selective ion monitoring; DAI, direct aqueous injection; LC, U.S.
Geological Survey laboratory code; BTEX, the compounds benzene, toluene, ethylbenzene, and xylene; MTBE, methyl tert-butyl ether; RSKSOP, Robert S.
Kerr Environmental Research Laboratory standard operating procedure.; NWQL, National Water Quality Laboratory; RCFC, U.S. Geological Survey Reston
Chlorofluorocarbon Laboratory; RSIL U.S. Geological Survey Reston Stable Isotopes Laboratory; §'°0, ratio of oxygen-18 to oxygen-16 relative to a reference
standard; 5°H, ratio of hydrogen-2 to hydrogen-1 relative to a reference standard; 3'°C, ratio of carbon-13 to carbon-12; MPTL, U.S. Geological Survey Menlo
Park Tritium Laboratory; WHOI-NOSAMS, Woods Hole Oceanographic Institution-National Ocean Sciences Accelerator Mass Spectrometry Facility; --, not

available]
Method number égﬁlyatt'g?; Description Analytical approach Reference
-- RCFC/Lamont- Dissolved gasses: helium (He), neon  Gas mass spectrometer with Stute and others, 1995.
Doherty (Ne), argon (Ar), krypton (Kr), electrostatical analyzer
xenon (Xe)
LC 1142 RSIL Isotope ratios of oxygen (5'0) and ~ Double-focusing mass Révész and Coplen, 2008a, 2008b.
hydrogen (8°H) in water spectrometer (DI-IRMS)
-- RSIL Isotope ratio of carbon (3'°C) of Total inorganic carbon-total Révész and Doctor, 2012
dissolved inorganic carbon in organic carbon method
water
-- Isotech Complete compositional analysis Shimadzu 2010 gas Based on ASTM D1945 (ASTM
chromatograph International, 2010)
-- Isotech Isotope ratios of carbon (5"°C) and Offline prep/dual inlet isotope  Industry approved method with no
hydrogen (8°H) in methane ratio mass spectrometry reference. Please contact Isotech for
more detailed information.
LC 1565 MPTL Tritium (CH) Electrolytic enrichment— Thatcher and others, 1977.
liquid scintillation
LC 3212 WHOI- Carbon-14 content of dissolved Accelerator mass spectrometer  Karlen and others, 1964; Olsson, 1970;
NOSAMS inorganic carbon with gas ionization counter Stuiver and Polach, 1977; Stuiver,

1980.
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Table 4. List of age dating analytes the U.S. Geological Survey added to sampling that the U.S. Environmental
Protection Agency has not collected and an explanation of their use.

[6"%0, ratio of oxygen-18 to oxygen-16 relative to a reference standard; 5°H, ratio of hydrogen-2 to hydrogen-1 relative to a
reference standard; 613C, ratio of carbon-13 to carbon-12]

Analytical laboratory Analytes Analytical approach Explanation of use
Reston Chlorofluorocarbons  Purge and trap gas Chlorofluorocarbons are used in hydrologic studies to
Chlorofluorocarbon chromatography trace the flow of young water and to determine the time
Laboratory procedure with an elapsed since recharge (infiltration) to groundwater.
electron capture
detector
Reston Dissolved gasses: Gas Provides concentrations of these dissolved gases in
Chlorofluorocarbon nitrogen (N,), argon  chromatography/flame  groundwater.
Laboratory (Ar), methane (CHy), ionization detection

carbon dioxide
(COy), oxygen (O,)

Reston Sulfur hexaflouride ~ Purge and trap gas Sulfur hexafluoride (SFy) is used in hydrologic studies to
Chlorofluorocarbon (SFe) chromatography trace the flow of young water and to determine the time
Laboratory procedure with an elapsed since recharge (infiltration) to groundwater.

electron capture
detector

Lamont-Doherty Earth  Dissolved noble mass spectroscopy Helium together with its isotopes could give particular
Observatory gasses: helium (He), information of detailed hydrogeological conditions. The

neon (Ne), argon results of noble gasses (He, Ne, Ar, Kr, Xe) support
(Ar), krypton (Kr), interpretations of the relative residence times,
xenon (Xe) palaeohydrogeology, and the concept of mixing.

Characterization of mean groundwater age and recharge
temperature through the use of noble gas techniques
provides information that is relevant to answering
questions that are not accessible through traditional
hydrogeologic approaches.

Reston Stable Isotope Isotope ratios of Double-focusing mass ~ The oxygen and hydrogen isotopes are used to evaluate
Laboratory oxygen (8'%0) and spectrometer (DI- sources and timing of groundwater recharge . The
hydrogen (8°H) in IRMS) carbon isotopes are used to evaluate sources of
water, and carbon dissolved inorganic carbon and chemical reactions that
(8"C) in dissolved affect it.

inorganic carbon
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Table 4. List of age dating analytes the U.S. Geological Survey added to sampling that the U.S. Environmental
Protection Agency has not collected and an explanation of their use.—Continued

[6"%0, ratio of oxygen-18 to oxygen-16 relative to a reference standard; 5°H, ratio of hydrogen-2 to hydrogen-1 relative to a
reference standard; 8"°C, ratio of carbon-13 to carbon-12]

Analytical laboratory Analytes Analytical approach Explanation of use
Menlo Park Tritium Tritium (CH) Electrolytic enrichment—  Tritium is an unstable (radioactive) isotope of hydrogen
Laboratory liquid scintillation (*H). Tritium is principally of interest to the hydrologist

as a water-dating tool and as a tracer, introduced either
naturally or artificially, for investigating groundwater
hydrodynamics in areas of relatively rapid flow. Tritium
exists fairly uniformly in the environment as a result of
natural production by cosmic radiation and residual
fallout from nuclear weapons tests of the mid-20th
century. Naturally occurring tritium is most abundant in
precipitation and lowest in aged water because of its
physical decay by beta emission to helium. The half-life
of tritium is 12.32 years.

Woods Hole Carbon-14 (*C) in  Accelerator mass Carbon-14 is a radioactive isotope with a half-life of 5,730
Oceanographic dissolved spectrometer with gas years, is useful for age dating as well as for tracing
Institution-National inorganic carbon ionization counter hydrologic processes

Ocean Sciences
Accelerator Mass
Spectrometry Facility
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Table 5. Water-quality property stabilization criteria and calibration guidelines.

[£, plus or minus value shown; °C, degrees Celsius; <, less than or equal to value shown; pS/cm, micro-
siemens per centimeter at 25°C; >, greater than value shown; unit, standard pH unit; mg/L, milligrams
per liter; NTRU, nephelometric turbidity ratio units]

Stabilization criteria’

W (variability should be Calibration guidelines

within value shown)

Temperature:

Thermistor +0.2°C Calibrate annually, check calibration
Liquid-in-glass +0.5°C quarterly.

Conductivity (SC): Calibrate each morning and at end of
for <100 pS/cm +5 percent each day. Check calibration at each
for >100 uS/cm +3 percent additional site; recalibrate if not

within 3 to 5 percent of standard
value.

pH: Calibrate each morning and at end of
(displays to 0.01) +0.1 unit each day. Check calibration at each

Allow +0.3 pH units if additional site; recalibrate if not
drifting persists within 0.05 pH units of standard.

Dissolved oxygen: Calibrate each morning and at end of
Amperometric or NA? each day. If electrode uses a Teflon®

optical/luminescent- membrane, inspect electrode for
method sensors bubbles under membrane at each
sampling site; replace if necessary.

Turbidity: Calibrate with a primary standard on a
<100 NTRU NA* quarterly basis. Check calibration
> 100 NTRU against secondary standards (Gelex)

each morning and at end of each day;
re-calibrate if not within 5 percent.

Redox potential Check against Zobell solution each

NA? morning and at end of each day.
Recalibrate if not within £5
millivolts (mv).

' Allowable variability between five or more sequential field measurements. For dissolved oxygen, £0.2 to = 0.3 mg/L; turbidity,
+0.5 NTRU or 5 percent of the measured value, whichever is greater when < 100 NTRU;
redox potential, this property is not a stabilization criteria, however it can often be useful for groundwater studies.

*These field-measured properties will not be used in this study to evaluate inflow of fresh groundwater.

Table 6. Well-yield data for well MW02.

First water-level measurement Second water-level measurement
Depth to water Depth to water Well yield
Date (feet below land Date (feet below land (gallons per hour)
surface) surface)
5/04/2012 955.03 5/10/2012 817.29 0.65
5/10/2012 817.29 5/21/2012 641.34 0.44
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Table 7.

Analytical laboratories, laboratory schedules and codes, and applicable field collection and processing information.

[USEPA, U.S. Environmental Protection Agency; mL, milliliter; <, less than; HCL, hydrochloric acid; mod, modified; LC, U.S. Geological Survey laboratory code; SIM,

selective ion monitoring; PAH, polycyclic aromatic hydrocarbon; BTEX, the compounds benzene, toluene, ethyl benzene, and xylene; MTBE, methyl tert- butyl ether; HNO;,
nitric acid; H,SOy, sulfuric acid; RSKSOP, Robert S. Kerr Environmental Research Laboratory, Ada, Okla., standard operating procedure; 8180, ratio of oxygen-18 to oxygen-
16 relative to a reference standard; 8°H, ratio of hydrogen-2 to hydrogen-1 relative to a reference standard,; 8'*C of DIC, ratio of carbon-13 to carbon-12 of dissolved inorganic
carbon; mm, millimeter; --, not applicable]

(Number of hottles) Bottle

Laboratory Method description Processin Preservation Hold Time
method P typels g
TestAmerica
USEPA 8260B Volatile organic compounds (VOCs)  (3) 40-mL clear glass vials Unfiltered Chill 7 days'
including ethanol, isobutanol,
isopropyl alcohol
USEPA 8260B  Volatile organic compounds (VOCs)  (3) 40-mL clear glass vials Unfiltered pH to <2 with HCL, chill 14 days'
including ethanol, isobutanol,
isopropyl alcohol
USEPA 8270C Semivolatile compounds (2) 1,000-mL baked amber Unfiltered Chill 7 days’
glass
USEPA 8270C PAHs, SIM (2) 1,000-mL baked amber Unfiltered Chill 7 days®
glass
USEPA 9056 Anions (1) 1,000-mL polyethylene Filtered, 0.45 micron Chill 48 hours to 28
bottle days’
USEPA 6020, Metals, filtered (1) 500-mL polyethylene bottle  Filtered, 0.45 micron pH to <2 with HNO; 6 months'
6010B
USEPA 6020, Metals, total (1) 500-mL polyethylene bottle  Unfiltered pH to <2 with HNOs, chill 6 months'
6010B
USEPA 7470A  Mercury, filtered (1) 250-mL glass Filtered, 0.45 micron pH to <2 with HNO; 28 days'
USEPA 7470A  Mercury, total (1) 250-mL glass Unfiltered pH to <2 with HNO; 28 days'
Method 2540C Total dissolved solids (1) 250-mL polyethylene bottle  Filtered, 0.45 micron Chill 7 days'
USEPA 365.1 Phosphorus, dissolved (1) 250-mL amber glass Filtered, 0.45 micron pH to <2 with H,SO,, 28 days1
chill
USEPA 365.1 Phosphorus, total (1) 250-mL amber glass Unfiltered pH to <2 with H,SO,, 28 days'
chill
USEPA 350.1, Nutrients: nitrate (NO3) + nitrite (1) 250-mL polyethylene bottle  Filtered, 0.45 micron pH to <2 with H,SO,, 28 days'
353.2 (NO;), ammonia (NHy) chill
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Table 7. Analytical laboratories, laboratory schedules and codes, and applicable field collection and processing information.—Continued

[USEPA, U.S. Environmental Protection Agency; mL, milliliter; <, less than; HCL, hydrochloric acid; mod, modified; LC, U.S. Geological Survey laboratory code; SIM,

selective ion monitoring; PAH, polycyclic aromatic hydrocarbon; BTEX, the compounds benzene, toluene, ethyl benzene, and xylene; MTBE, methyl tert- butyl ether; HNO;,
nitric acid; H,SOy, sulfuric acid; RSKSOP, Robert S. Kerr Environmental Research Laboratory, Ada, Okla., standard operating procedure; 6180, ratio of oxygen-18 to oxygen-
16 relative to a reference standard; 8°H, ratio of hydrogen-2 to hydrogen-1 relative to a reference standard,; 8'C of DIC, ratio of carbon-13 to carbon-12 of dissolved inorganic
carbon; mm, millimeter; --, not applicable]

Laboratory Method description (Number ‘;f bolttles) Bottle Processing Preservation Hold Time
method ype/s
USEPA 9060 Total inorganic carbon (1) 500-mL amber glass Unfiltered Chill 14 days'
Total organic carbon (1) 500-mL amber glass Unfiltered pH to <2 with H,SO,, 28 days'
chill
Dissolved inorganic carbon (1) 500-mL amber glass Filtered Chill 14 days'
Dissolved organic carbon (1) 500-mL amber glass Filtered pH to <2 with H,SO,, 28 days'
chill
USEPA Gasoline range organics + BTEX + (3) 40-mL clear glass vials Unfiltered Chill 7 days'
8015B/8021 MTBE
modified
USEPA Gasoline range organics + BTEX + (3) 40-mL clear glass vials Unfiltered pH to <2 with HCL, chill 14 days'
8015B/8021 MTBE
modified
USEPA 8015B Diethylene glycol, ethylene glycol, (3) 40-mL clear glass vials Unfiltered Chill 14 days'
and triethylene glycol, methanol, -
butanol,
USEPA 8015B Diesel range organics (DRO) (2) 1-liter baked amber glass Unfiltered Chill 7 days’
RSKSOP-175 Dissolved gasses (ethane, ethylene, (3) 40-mL clear glass vials Unfiltered Chill 7 days'
methane)
RSKSOP-175 Dissolved gasses (ethane, ethylene, (3) 40-mL clear glass vials Unfiltered pH to <2 with HCL, chill 14 days'
methane)
Propane (3) 40-mL clear glass vials Unfiltered Chill 7 days'
Propane (3) 40-mL clear glass vials Unfiltered pH to <2 with HCL, chill 14 days'
USEPA 425.1 Methylene blue active substances (1) 500-mL polyethylene bottle ~ Unfiltered Chill 48 hours*
Reston Chlorofluorocarbon Laboratory
-- Sulfur hexaflouride (2) 1-liter amber safety glass Unfiltered Keep in cooler, out of sun 180 days
-- Chlorofluorocarbons (2) 125-mL clear glass with Unfiltered Ice 180 days
5
caps
-- Dissolved gasses: nitrogen (N»), (2) 150-mL glass serum bottle Unfiltered Ice 180 days

argon (Ar), methane (CH,), carbon
dioxide (CO,), oxygen (O,)
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Table 7. Analytical laboratories, laboratory schedules and codes, and applicable field collection and processing information.—Continued

[USEPA, U.S. Environmental Protection Agency; mL, milliliter; <, less than; HCL, hydrochloric acid; mod, modified; LC, U.S. Geological Survey laboratory code; SIM,

selective ion monitoring; PAH, polycyclic aromatic hydrocarbon; BTEX, the compounds benzene, toluene, ethyl benzene, and xylene; MTBE, methyl tert- butyl ether; HNO;,
nitric acid; H,SOy, sulfuric acid; RSKSOP, Robert S. Kerr Environmental Research Laboratory, Ada, Okla., standard operating procedure; 6180, ratio of oxygen-18 to oxygen-
16 relative to a reference standard; 8°H, ratio of hydrogen-2 to hydrogen-1 relative to a reference standard,; 8'C of DIC, ratio of carbon-13 to carbon-12 of dissolved inorganic
carbon; mm, millimeter; --, not applicable]

(Number of hottles) Bottle

Lﬁgtrl?ct,%ry Method description typels Processing Preservation Hold Time
National Water Quality Laboratory
LC 1369 Radon-222 (1) Radon sampling bottle Unfiltered Scintillation cocktail 48 hours"
solution
Eberline Services
LC 794 Radium-226 (2) 1-liter acid rinsed Filtered, 0.45 micron pH to <2 with HNO; Requested
polyethylene bottles
LC 1364 Radium-228 (2) 1-liter acid rinsed Filtered, 0.45 micron pH to <2 with HNO; Requested
polyethylene bottles
Reston Stable Isotope Laboratory
LC 1142 Isotopes ratios of oxygen (8"*0)and  (2) 60-mL glass with polyseal Filtered, 0.45 micron Ambient temperature Indefinite
hydrogen (8°H) in water cone cap
-- Isotope ratio of carbon (8°C) of (3) 40-mL glass vials Filtered, 25-mm Blue copper sulfate 90 days
dissolved inorganic carbon in water polysulfone GD/X filter
Menlo Park Tritium Laboratory
LC 1565 Tritium (1) 1-liter polyethylene bottle Unfiltered None 365 days
with polyseal cap
Lamont/Doherty Earth Observatory
-- Dissolved noble gasses: helium (He), (2) copper tubes Unfiltered None 10 years
neon (Ne), argon (Ar), krypton
(Kr), xenon (Xe)
Woods Hole Oceanographic Institute - National Ocean Sciences Accelerator Mass Spectrometry Facility
LC 3212 Carbon-14 ("C) in dissolved (1) 1-liter plastic coated glass 0.45-micron capsule filter, Chill, pH and alkalinity Indefinite
inorganic carbon with polyseal cone cap no headspace required, perform
required test of sulfide®
LC 3223 Carbon-14 (**C) preparation’ -- -- -- --
Isotech Laboratories, Inc.
-- Complete compositional gas analysis (1) 1,000-mL glass septum Unfiltered Bactericide capsule 3 months'
bottle
-- Isotope ratios of carbon (8 °C) and Can be taken from above bottle ~ Unfiltered Bactericide capsule 3 months'

hydrogen (8°H) in methane

40



Table 7. Analytical laboratories, laboratory schedules and codes, and applicable field collection and processing information.—Continued

[USEPA, U.S. Environmental Protection Agency; mL, milliliter; <, less than; HCL, hydrochloric acid; mod, modified; LC, U.S. Geological Survey laboratory code; SIM,
selective ion monitoring; PAH, polycyclic aromatic hydrocarbon; BTEX, the compounds benzene, toluene, ethyl benzene, and xylene; MTBE, methyl tert- butyl ether; HNO;,
nitric acid; H,SOy, sulfuric acid; RSKSOP, Robert S. Kerr Environmental Research Laboratory, Ada, Okla., standard operating procedure; 6180, ratio of oxygen-18 to oxygen-
16 relative to a reference standard; 8°H, ratio of hydrogen-2 to hydrogen-1 relative to a reference standard,; 8'C of DIC, ratio of carbon-13 to carbon-12 of dissolved inorganic
carbon; mm, millimeter; --, not applicable]

Lﬁgtrl?ct,%ry Method description (Nugl&(telgc;;ggltgles) Processing Preservation Hold Time
Field Analyses
-- Specific conductance None Unfiltered None Field
-- pH None Unfiltered None Field
-- Ferrous iron None Unfiltered None Field
-- Sulfide None Unfiltered None Field
-- Dissolved oxygen, low range None Unfiltered None Field
-- Alkalinity, hydroxide, bicarbonate, (1) 250-mL polyethylene Filtered None Field
carbonate
-- Acid neutralizing capacity, (1) 250-mL polyethylene Unfiltered None Field

hydroxide, bicarbonate, carbonate

! Number of days from sample collection to start of sample analysis.

? These analyses have hold times of 7 days to extraction and 40 days from extraction to analysis.

* Nitrite, nitrate, and phosphorus have a 48-hour holding time from sample collection to start of sample analysis; bromide, chloride, fluoride, and sulfate have 28 days from sample collection to start of sample analysis.
4 Sample hold time is 48 hours from sample collection to completion of analysis.

* Bottles and caps are sold by Scientific Specialties, Hanover, Md.; item numbers B73504 and A69522, respectively.

¢ Samples sent to the Woods Holes Institute for carbon-14 analysis that contain hydrogen sulfide will require additional preparation. If hydrogen sulfide (positive sulfide test) is present, a statement indicating the
presence of hydrogen sulfide and an additional laboratory code (LC 3223) must be entered on Analytical Services Request/chain of custody form(s).
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Table 8.  Schedule for collection of quality-control samples (per sample set).

[USEPA, U.S. Environmental Protection Agency; SIM, selective ion monitoring; DAI, direct aqueous injection; BTEX, the compounds benzene, toluene, ethylbenzene, and

xylene; MTBE, methyl tert- butyl ether; --, not applicable; RSKSOP, Robert S. Kerr Environmental Research Laboratory, Ada, Okla., standard operating procedure. ]

Number
Laboratory » of Nurgfber Number  Number Nulgfber Nun';"al:fi;°f Number Tempe
; Method description source- : of field of : h oftrip  rature
analytical method solution ambient blanks replicates matrix sr_lke blanks  blanks
blanks blanks spikes  duplicates
USEPA method Volatile organic compounds (VOCs), 1 per 1 per 1 per 1 per well 1 per 1 per well 1 per 1
8260B including ethanol, isobutanol, isopropyl cooler well well well cooler per
cooler
alcohol
USEPA method Semivolatile compounds -- 1 per 1 per 1 per well 1 per 1 per well -- 1
8270C and well well well per
8270/SIM cooler
USEPA method 6020 Metals: aluminum, antimony, arsenic, -- 1 per 1 per 1 per well 1 per 1 per well --
barium, beryllium, boron, cadmium, well well well
chromium, cobalt, copper, lead, lithium, 1 per
manganese, molybdenum, nickel, cooler
selenium, silver, strontium, thallium,
uranium, vanadium, zinc
USEPA method 9056  Anions: bromide, chloride, fluoride, sulfate -- 1 per 1 per 1 per well 1 per 1 per well -- 1 per
well well well cooler
USEPA method Metals: calcium, iron, magnesium, mercury, -- 1 per 1 per 1 per well 1 per 1 per well -- 1 per
6010B potassium, silicon, sodium well well well cooler
USEPA method Nitrogen, ammonia -- 1 per 1 per 1 per well 1 per 1 per well -- 1 per
350.1 well well well cooler
USEPA method Nitrate + nitrite -- 1 per 1 per 1 per well 1 per 1 per well -- 1 per
353.2 well well well cooler
USEPA method Phosphorus, dissolved -- 1 per 1 per 1 per well 1 per 1 per well -- 1 per
365.1 well well well cooler
8015B DAl in water ~ Diesel range organics, glycols, methanol, n- 1 per 1 per 1 per 1 per well 1 per 1 per well -- 1 per
(8015B) butanol' cooler well well well cooler
8015B/8021 modified Gasoline range organics + BTEX + MTBE 1 per 1 per 1 per 1 per well 1 per 1 per well 1 per 1 per
cooler well well well cooler’ cooler
RSKSOP-175 Ethane, ethylene, methane, propane 1 per 1 per 1 per 1 per well 1 per 1 per well 1 per 1 per
cooler well well well cooler’ cooler
USEPA method Methylene blue active substances -- 1 per 1 per 1 per well -- -- -- 1 per
425.1 well well cooler

' Only analyses requiring 40-mL vials for collection will include source-solution and ambient blanks.

2 One trip blank per cooler containing VOCs samples.
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Table 9. Proposed analytical laboratories and contact information.

Laboratory Abbreviation Address
Isotech Laboratories Inc.  Isotech Isotech Laboratories, Inc.
1308 Parkland Court
Champaign, IL 61821
Lamont-Doherty Earth Lamont- Lamont-Doherty Earth Observatory Comer
Observatory Doherty Building
61 Route OW
Palisades, NY 10964
TestAmerica TAL TestAmerica Denver
Laboratories 4955 Yarrow Street
Arvada, CO 80002
U.S. Geological Survey RCFC U.S. Geological Survey
Reston CFC Laboratory
Chlorofluorocarbon 12201 Sunrise Valley Dr.
Laboratory Reston, VA 20192
U.S. Geological Survey RSIL U.S. Geological Survey
Reston Stable Isotope Isotope Laboratory
Laboratory 431 National Center
Sunrise Valley Dr.
Reston, VA 20192
U.S. Geological Survey MPTL Tritium Laboratory
Menlo Park Tritium 345 Middlefield Dr.
Laboratory MS 434
Menlo Park, CA 94025
Woods Hole WHOI- National Ocean Sciences AMS Facility
Oceanographic NOSAMS Woods Hole Oceanographic Institution

Institute, National
Ocean Sciences
Accelerator Mass
Spectrometry Facility

McLean Laboratory, Mail Stop #8
266 Woods Hole Road
Woods Hole, MA 02543-1539
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Table 10. Summary of laboratory quality-assurance/quality-control requirements.

[< MDL, less than the method detection limit; %, percent; TOC, total organic carbon; DOC, dissolved organic carbon; TIC,
total inorganic carbon; DIC, dissolved inorganic carbon]

Laborato Matrix spike

Compounds/analytes  anal fical Blanks' (frequency) L%b?ratf y c°"t|:°| samplcg)s3

method samples? (frequency) (frequency)

Nitrate plus nitrite as 353.2 <MDL (before and 80-120% of known value 80-120% recovery (one
nitrogen after each sample (one per sample set) per sample set )

(NO;+NO,-n) group)

Dissolved phosphorus (P)  365.1 <MDL (before and 80-120% of known value 80-120% recovery (one
after each sample (one per sample set) per sample set)
group)

Metals by inductively 6020 <MDL (before and 80-120% of known value 80-120% recovery with
coupled plasma / mass after each sample (one per sample set) all metals between
spectrometry group) 50-150% recovery

(one per sample set)

Anions (bromide, 9056 <MDL (before and 80-120% of known value 80-120% recovery (one
chloride, fluoride, after each sample (one per sample set) per sample set)
sulfate) group)

Metals by inductively 6010B <MDL (before and 80-120% of known value 80-120% recovery with
coupled plasma after each sample (one per sample set) all metals between

group) 50-150% recovery
(one per sample set)

Diesel range organics 8015B <MDL (before and 60-120% of known value 60-120% of known
after each sample (one per sample set) value (one per sample
group) set)

Glycols 8015B <MDL (before and 80-120% of known value 80-120% recovery (one
after each sample (one per sample set) per sample set)
group)

Gasoline range organics 8015B <MDL (before and 48-120% of known value 48-120% recovery (one
after each sample (one per sample set) per sample set)
group)

Total petroleum 8015B <MDL (before and 60-120% of known value 60-120% of known
hydrocarbons as after each sample (one per sample set) value (one per sample
gasoline group) set)

Volatile and semi-volatile ~ 8260B <MDL (before and 40-130% of known value 40-130% recovery (one
organic compounds after each sample (one per sample set) per sample set)

group)

Carbons (TOC, DOC, 9060 <MDL (before and 80-120% of known value 80-120% recovery (one
TIC, DIC) after each sample (one per sample set) per sample set)

group)

Methylene blue active 425.1 <MDL (before and 80-120% of known value 80-120% recovery (one

substances

after each sample
group)

(one per sample set)

per sample set)

' <MDL for 90% of all analytes.

? Analyte specific laboratory control sample information is included in the quality-control section of each TestAmerica Laboratories data packet. Data
packets include analytical and quality-control data. It is expected that at least 90% of the analytes in this group will meet these criteria.

* Analyte specific matrix spike information is included in the quality-control section of each TestAmerica Laboratories data packet. Data packets include
analytical and quality-control data. It is expected that a greater than normal number of analytes will be outside this criteria based on the expected matrix of

the sample.
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Appendix A. Table of chemical analytes, laboratory methods, and laboratory quantitation limits

[Shaded rows indicate analytes for which the U.S. Geological Survey National Water Quality Laboratory and TestAmerica Laboratories, the USGS contract laboratory,
currently (2012) do not have an analytical method. CASRN, Chemical Abstracts Service Registry Number; MDL, method detection limit; RL, reporting level; RSK-SOP,
Robert S. Kerr Environmental Research Laboratory, Ada Okla., standard operating procedure.; USEPA, U.S. Environmental Protection Agency; mg/L, milligrams per liter;
Rev., revision; pg/L, micrograms per liter; --, none or unavailable; ng/L, nanogram per liter; ORGM, USEPA Region 8 Laboratory, Golden, Colo., standard operating
procedure; LC/MS/MS, liquid chromatography with tandem mass spectrometry]|

i TestAmerica Laboratories .
Analvie U gl Reoor.  Laborat Method used in U.S.
yie y abor-  Labor- ~ Repor-  Laborato Environmental Protection Comments
(abbreviation) parameter code  atory atory ting analytica Agencv Pavillion stud
orCASRN' ~ MDL  RL  unifs  method gency y

Dissolved bromide (Br))  7726-95-6-BR 0.113 0.2 mg/L 9056 RSKSOP-276, Rev. 3 (USEPA --
Method 6500)

Dissolved chloride (CI)  16887-00-6 0.254 3 mg/L 9056 RSKSOP-276, Rev. 3 (USEPA -
Method 6500)

Dissolved fluoride (F) 7782-41-4 0.06 0.5 mg/L 9056 RSKSOP-276, Rev. 3 (USEPA -
Method 6500)

Dissolved sulfate (SO,2)  14808-79-8 0.232 5 mg/L 9056 RSKSOP-276, Rev. 3 (USEPA -
Method 6500)

Dissolved calcium (Ca) 7440-70-2 34.5 200 ng/L 6010B RSKSOP-213 Rev. 4 (USEPA --
Method 200.7)

Dissolved magnesium 7439-95-4 10.7 200 ng/L 6010B RSKSOP-213 Rev. 4 (USEPA --
Mg) Method 200.7)

Dissolved potassium (K)  7440-09-7 237 3,000 ng/L 6010B RSKSOP-213 Rev. 4 (USEPA --
Method 200.7)

Dissolved sodium (Na) 7440-23-5 91.6 1,000 ng/L 6010B RSKSOP-213 Rev. 4 (USEPA -
Method 200.7)

Dissolved aluminum 7429-90-5 18 100 png/L 6010B RSKSOP-213 Rev. 4 (USEPA --
(Al) Method 200.7)

Dissolved antimony (Sb)  7440-36-0 0.4 2 ng/L 6020 RSKSOP-213 Rev. 4 (USEPA -
Method 200.7)

Dissolved arsenic (As) 7440-38-2 0.33 5 ng/L 6020 RSKSOP-213 Rev. 4 (USEPA --
Method 200.7)

Dissolved barium (Ba) 7440-39-3 0.29 1 ng/L 6020 RSKSOP-213 Rev. 4 (USEPA --
Method 200.7)

Dissolved beryllium (Be) 7440-41-7 0.08 1 ng/L 6020 RSKSOP-213 Rev. 4 (USEPA --
Method 200.7)

Dissolved boron (B) 7440-42-8 4.37 100 ng/L 6010B RSKSOP-213 Rev. 4 (USEPA -
Method 200.7)
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i TestAmerica Laboratories .
Analvie B T i e e Method used in U.S.
yie y abor- Labor epor aborato Environmental Protection Comments
(abbreviation) parameter code atory  atory ting analytica Agencv Pavillion stud
orCASRN' ~ MDL  RL  unifs  method gency y
Dissolved cadmium (Cd) 7440-43-9 0.1 1 ng/L 6020 RSKSOP-213 Rev. 4 (USEPA
Method 200.7)
Dissolved chromium 7440-47-3 0.5 2 png/L 6020 RSKSOP-213 Rev. 4 (USEPA
(Cr) Method 200.7)
Dissolved cobalt (Co) 7440-48-4 0.054 1 pg/L 6020 RSKSOP-213 Rev. 4 (USEPA
Method 200.7)
Dissolved copper (Cu) 7440-50-8 0.56 2 png/L 6020 RSKSOP-213 Rev. 4 (USEPA
Method 200.7)
Dissolved iron (Fe) 7439-89-6 22 100 ng/L 6010B RSKSOP-213 Rev. 4 (USEPA
Method 200.7)
Dissolved lead (Pb) 7439-92-1 0.18 1 pg/L 6020 RSKSOP-213 Rev. 4 (USEPA
Method 200.7)
Dissolved manganese 7439-96-5 0.31 1 png/L 6020 RSKSOP-213 Rev. 4 (USEPA
(Mn) Method 200.7)
Dissolved mercury (Hg)  7439-97-6 0.027 0.2 ug/L 7470A RSKSOP-257 Rev. 2 (USEPA
Method 6020) or RSKSOP-332
Rev. 0
Dissolved molybdenum  7439-98-7 0.14 2 png/L 6020 RSKSOP-213 Rev. 4 (USEPA
(Mo) Method 200.7)
Dissolved nickel (Ni) 7440-02-0 0.3 2 pg/L 6020 RSKSOP-213 Rev. 4 (USEPA
Method 200.7)
Dissolved phosphorus 7723-14-0 0.005 0.05 mg/L 365.1 RSKSOP-213 Rev. 4 (USEPA
(P) Method 200.7)
Dissolved selenium (Se)  7782—49-2 0.7 5 ng/L 6020 RSKSOP-213 Rev. 4 (USEPA
Method 200.7)
Dissolved silicon (Si) 7440-21-3 34.7 500 pg/L 6010B RSKSOP-213 Rev. 4 (USEPA
Method 200.7)
Dissolved silver (Ag) 7440-22-4 0.033 5 pg/L 6020 RSKSOP-213 Rev. 4 (USEPA
Method 200.7)
Dissolved strontium (Sr)  7440-24-6 0.3 10 png/L 6010B RSKSOP-213 Rev. 4 (USEPA
Method 200.7)
Dissolved thallium (TT) 7440-28-0 0.05 1 pg/L 6020 RSKSOP-213 Rev. 4 (USEPA
Method 200.7)
Dissolved titanium (Ti)!  7440-32—6 0.595 10 pg/L 6010B RSKSOP-213 Rev. 4 (USEPA
Method 200.7)
Dissolved uranium (U) 7440-61-1 0.05 1 png/L 6020 RSKSOP-213 Rev. 4 (USEPA
Method 200.7)
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i TestAmerica Laboratories .
Analvie B T i e e Method used in U.S.
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Dissolved vanadium (V)  7440-62-2 0.5 5 ng/L 6020 RSKSOP-213 Rev. 4 (USEPA --
Method 200.7)
Dissolved zinc (Zn) 7440-66-6 2 10 pg/L 6020 RSKSOP-213 Rev. 4 (USEPA --
Method 200.7)

Total arsenic -- 0.33 5 png/L 6020 Not analyzed by USEPA Requested by State
of Wyoming

Total boron -- 4.37 100 png/L 6010B Not analyzed by USEPA Requested by State
of Wyoming

Total iron -- 22 100 ng/L 6010B Not analyzed by USEPA Requested by State
of Wyoming

Total silica -- 74.3 500 ng/L 6010B Not analyzed by USEPA Requested by State
of Wyoming

Total calcium -- 34.5 200 png/L 6010B Not analyzed by USEPA Requested by State
of Wyoming

Total magnesium -- 10.7 200 png/L 6010B Not analyzed by USEPA Requested by State
of Wyoming

Total sodium -- 91.6 1,000 png/L 6010B Not analyzed by USEPA Requested by State
of Wyoming

Total aluminum -- 18 100 ng/L 6010B Not analyzed by USEPA Requested by State
of Wyoming

Total antimony -- 0.4 2 ng/L 6020 Not analyzed by USEPA Requested by State
of Wyoming

Total phosphorus -- 13.5 3,000 mg/L 6010B Not analyzed by USEPA Requested by State
of Wyoming

Total cobalt -- 0.054 1 png/L 6020 Not analyzed by USEPA Requested by State
of Wyoming

Total silver -- 0.033 5 png/L 6020 Not analyzed by USEPA Requested by State
of Wyoming

Total uranium -- 0.05 1 png/L 6020 Not analyzed by USEPA Requested by State
of Wyoming

Total mercury -- 0.27 0.2 ug/L 7470A Not analyzed by USEPA Requested by State
of Wyoming

Total cadmium -- 0.1 1 ng/L 6020 Not analyzed by USEPA Requested by State
of Wyoming

Total beryllium -- 0.08 1 ng/L 6020 Not analyzed by USEPA Requested by State
of Wyoming

Total molybdenum -- 0.14 2 png/L 6020 Not analyzed by USEPA Requested by State
of Wyoming

47



U.S.Geological TestAmerica Laboratories Method used in U.S
Analyte Survey Labor-  Labor-  Repor-  Laborato Environmental Protection Comments
(abbreviation) parameter code atory  atory ting analytica Agency Pavillion study
or CASRN! MDL RL units method
Total lead -- 0.18 1 ng/L 6020 Not analyzed by USEPA Requested by State
of Wyoming
Total nickel -- 0.3 2 png/L 6020 Not analyzed by USEPA Requested by State
of Wyoming
Total strontium -- 0.3 10 png/L 6010B Not analyzed by USEPA Requested by State
of Wyoming
Total manganese -- 0.31 1 png/L 6020 Not analyzed by USEPA Requested by State
of Wyoming
Total chromium -- 0.5 2 ng/L 6020 Not analyzed by USEPA Requested by State
of Wyoming
Total copper -- 0.56 2 ng/L 6020 Not analyzed by USEPA Requested by State
of Wyoming
Total barium -- 0.29 1 png/L 6020 Not analyzed by USEPA Requested by State
of Wyoming
Total selenium -- 0.7 5 png/L 6020 Not analyzed by USEPA Requested by State
of Wyoming
Total vanadium -- 0.5 5 png/L 6020 Not analyzed by USEPA Requested by State
of Wyoming
Total zinc -- 2 10 ng/L 6020 Not analyzed by USEPA Requested by State
of Wyoming
Total thallium -- 0.05 1 ng/L 6020 Not analyzed by USEPA Requested by State
of Wyoming
Total lithium (schedule -- 2.61 10 ng/L 6010B Not analyzed by USEPA Requested by State
extra) of Wyoming
Nitrogen, ammonia 6484-52-2 0.022 0.1  mg/L 350.1 RSKSOP-214 Rev. 5 (USEPA --
Method 350.1 and 353.2)
Nitrate+Nitrite as 00630 0.019 0.1 mg/L 353.2 RSKSOP-214 Rev. 5 (USEPA --
nitrogen (NO3;+NO,-n) Method 350.1 and 353.2)
(R)-(+)-Limonene -- -- -- -- -- ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
1,1,1,2- 630-20-6 0.21 1 ng/L 8260B ORGM-501 & USEPA Method --
Tetrachloroethane 8260B/C
1,1,1-Trichloroethane 71-55-6 0.16 1 ng/L 8260B ORGM-501 & USEPA Method --
8260B/C
1,1,2,2- 79-34-5 0.21 1 ng/L 8260B ORGM-501 & USEPA Method --
Tetrachloroethane 8260B/C
1,1,2-Trichloroethane 79—00-5 0.27 1 png/L 8260B ORGM-501 & USEPA Method --
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1,1-Dichloroethane 75-34-3 0.22 1 ng/L 8260B ORGM-501 & USEPA Method --
8260B/C
1,1-Dichloroethene 75-35-4 0.23 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
1,1-Dichloropropene 563-58-6 0.19 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
1,2,3-Trichlorobenzene 87-61-6 0.21 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
1,2,3-Trichloropropane 96-18—4 0.33 2.5 pg/L 8260B ORGM-501 & USEPA Method --
8260B/C
1,2,3-Trimethylbenzene = 526-73-8 0.27 2 pg/L 8260B RSKSOP-259 Rev. 1 (USEPA --
Method 5021A plus 8260C)
1,2,4-Trichlorobenzene -- 0.21 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
1,2,4-Trimethylbenzene  95-63-6 0.15 1 ng/L 8260B ORGM-501 & USEPA Method --
8260B/C
1,2-Dibromo-3- 96-12-8 0.47 5 ng/L 8260B ORGM-501 & USEPA Method --
chloropropane 8260B/C
1,2-Dibromoethane 106-93-4 0.18 1 pg/L 8260B ORGM-501 & USEPA Method --
(EDB) 8260B/C
1,2-Dichlorobenzene 95-50-1 0.15 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
1,2-Dichloroethane 107-06-2 0.13 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
1,2-Dichloropropane 78-87-5 0.22 1 ng/L 8260B ORGM-501 & USEPA Method --
8260B/C
1,2-Dinitrobenzene -- Used as surrogate -- -- ORGM-515 Rev. 1.1 & USEPA --
8330 Method 8270D
1,3,5-Trimethylbenzene =~ 108-67-8 0.16 1 pg/L 8260B ORGM-501 & USEPA Method --
8260B/C
1,3-Dichlorobenzene 541-73-1 0.13 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
1,3-Dichloropropane 142-28-9 0.22 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
1,3-Dimethyl -- -- -- -- -- ORGM-501 & USEPA Method --
adamantine 8260B/C
1,3-Dinitrobenzene 2 10 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA --

49

Method 8270D



U.S.Geological TestAmerica Laboratories Method used in U.S
Analyte Survey Labor-  Labor-  Repor-  Laborato Environmental Protection Comments
(abbreviation) parameter code atory  atory ting analytica Agency Pavillion study
or CASRN! MDL RL units method

1,4-Dichlorobenzene 106-47-7 0.16 1 ng/L 8260B ORGM-501 & USEPA Method --
8260B/C

1,4-Dinitrobenzene -- 2 10 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D

1-Methylnaphthalene -- 5.66 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D

2,2-Dichloropropane 594-20-7 0.18 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C

2,3,4,6- -- 2 50 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA --

Tetrachlorophenol Method 8270D

2,3,5,6- -- -- -- -- -- ORGM-515 Rev. 1.1 & USEPA --

Tetrachlorophenol Method 8270D

2,4,5-Trichlorophenol -- 0.45 10 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D

2,4,6-Trichlorophenol -- 0.29 10 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D

2,4-Dichlorophenol -- 0.64 10 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D

2,4-Dimethylphenol - 0.58 10 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D

2,4-Dinitrophenol - 10 30 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D

2,4-Dinitrotoluene -- 1.66 10 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D

2,5-Dimethylfuran 625-86-5 -- -- -- -- RSKSOP-259 Rev. 1 (USEPA --
Method 5021A plus 8260C)

2,6-Dinitrotoluene -- 1.89 10 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D

2-Butanone 78-93-3 2 6 png/L 8260B ORGM-501 & USEPA Method --
8260B/C

2-Butoxyethanol 111-76-2 0.5 2 ng/L TIC/8260B ORGM-515 Rev. 1.1 & USEPA --
Method 8270D

2-Butoxyethanol 78-51-3 -- -- -- -- ORGM-515 Rev. 1.1 & USEPA --

phosphate Method 8270D

2-Chloronaphthalene -- 0.26 4 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D

2-Chlorophenol -- 2 10 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
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2-Chlorotoluene 95-49-8 0.17 1 ng/L 8260B ORGM-501 & USEPA Method --
8260B/C
2-Hexanone 591-78-6 1.7 5 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
2-Methylnaphthalene 91-57-6 5.15 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
2-Methylphenol 65-48-7 0.98 10 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
2-Nitroaniline 88-74-4 1.73 10 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
2-Nitrophenol 88-75-5 0.39 10 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
3 & 4-Methylphenol 108-39-4, 106— 0.25 10 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
44-5 Method 8270D
3,3’-Dichlorobenzidine -- 2 50 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
3-Nitroaniline 99-09-2 2 10 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
4,6-Dinitro-2- - 4 50 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA -
methylphenol Method 8270D
4-Bromophenyl phenyl 101-55-3 0.43 10 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA --
ether Method 8270D
4-Chloro-3- 59-50-7 2.41 10 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA -
methylphenol Method 8270D
4-Chloroaniline -- 2.14 10 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
4-Chlorophenyl phenyl 7005-72-3 1.66 10 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
ether Method 8270D
4-Chlorotoluene 106434 0.21 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
4-Methyl-2-pentanone 108-10-1 0.98 5 ng/L 8260B ORGM-501 & USEPA Method --
8260B/C
4-Nitroaniline - 2 10 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
4-Nitrophenol 100-02-7 1.23 10 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Acenaphthene 83-32-9 10.8 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
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Acenaphthylene 208-96-8 9.96 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Acetone 67-64-1 1.9 10 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Acrylonitrile 107-13-1 1.4 20 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Adamantane -- -- -- -- -- ORGM-501 & USEPA Method --
8260B/C
Allyl chloride 107-05-1 0.17 2 pg/L 8260B ORGM-501 & USEPA Method --
8260B/C
Aniline - 2 10 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Anthracene 120-12-7 14.2 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Azobenzene -- 0.23 4 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Benzene 71-43-2 0.16 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Benzo(a)anthracene 56-55-3 3.21 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Benzo(a)pyrene 50-32-8 5.14 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Benzo(b)fluoranthene 205-99-2 3.44 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Benzo(g, A, i)perylene 191-24-2 3.55 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Benzo(k)fluoranthene 207-08-9 5.05 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Benzoic acid -- 10 25 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Benzyl alcohol - 0.23 10 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Bis(2- 111-91-1 0.97 10 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
chloroethoxy)methane Method 8270D
Bis(2-chloroethyl)ether 111444 0.41 10 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Bis(2- 108-60-1 0.28 10 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --

chloroisopropyl)ether
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Bis-(2-ethylhexyl) -- -- -- -- -- ORGM-515 Rev. 1.1 & USEPA --
adipate Method 8270D
Bis(2- 117-81-7 0.56 10 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
ethylhexyl)phthalate Method 8270D
Bromobenzene 108-86-1 0.17 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Bromochloromethane 74-97-5 0.1 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Bromodichloromethane ~ 75-27-4 0.17 1 ng/L 8260B ORGM-501 & USEPA Method --
8260B/C
Bromoform 75-25-2 0.19 1 ng/L 8260B ORGM-501 & USEPA Method --
8260B/C
Bromomethane 74-83-9 0.21 2 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Butyl benzyl phthalate 85-68-7 1 4 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Carbazole 86-74-8 0.43 4 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Carbon disulfide (CS;) 75-15-0 0.45 2 ng/L 8260B ORGM-501 & USEPA Method --
8260B/C
Carbon tetrachloride 56-23-5 0.19 1 ng/L 8260B ORGM-501 & USEPA Method --
(CCly) 8260B/C
Chlorobenzene 108-90-7 0.17 1 ng/L 8260B ORGM-501 & USEPA Method --
8260B/C
Chlorodibromomethane 124-48-1 0.17 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Chloroethane 75-00-3 0.41 2 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Chloroform 67-66-3 0.16 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Chloromethane 74-87-3 0.3 2 ng/L 8260B ORGM-501 & USEPA Method --
8260B/C
Chrysene 218-01-9 3.19 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
cis-1,2-dichloroethene 156-59-2 0.15 1 ng/L 8260B ORGM-501 & USEPA Method --
8260B/C
cis-1,3-dichloropropene 10061-01-5 0.16 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
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Dibenz(a, h)anthracene 53-70-3 4.82 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Dibenzofuran -- 0.29 4 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Dibromomethane 74-95-3 0.17 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Dichlorodifluoromethane  75-71-8 0.31 2 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Diesel range organics -- 3.26 25 ng/L 8015B ORGM-508 Rev. 1.0 & USEPA --
Method 8015D
Diethyl phthalate 84-66-2 0.38 4 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Di-isopropyl ether 108-20-3 0.74 10 png/L 8260B RSKSOP-259 Rev. 1 (USEPA --
Method 5021A plus 8260C)
Dimethyl phthalate 131-11-3 0.21 4 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Di-n-butyl phthalate 84-74-2 1.16 4 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Di-n-octyl phthalate 117-84-0 0.35 4 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Diphenylamine -- 1.06 10 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Ethanol 64-17-5 94 300 pg/L 8260B RSKSOP-259 Rev. 1 (USEPA --
Method 5021A plus 8260C)
Ethyl ether 60-29-7 0.26 2 pg/L 8260B ORGM-501 & USEPA Method --
8260B/C
Ethyl tert-butyl ether 637-92-3 1.2 5 pg/L 8260B RSKSOP-259 Rev. 1 (USEPA --
(ETBE) Method 5021A plus 8260C)
Ethylbenzene 100-41-4 0.16 1 pg/L 8260B ORGM-501 & USEPA Method --
8260B/C
Fluoranthene 206-44-0 4.53 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Fluorene 86-73-7 18.8 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Hexachlorobenzene 118-74-1 0.66 10 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Hexachlorobutadiene 87-68-3 0.36 1 ng/L 8260B ORGM-501 & USEPA Method --
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Hexachlorocyclopentadi 77474 10 50 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA --
ene Method 8270D
Hexachloroethane 67-72—1 2.1 10 png/L 8270C ORGM-501 & USEPA Method --
8260B/C
Indeno (1,2,3-cd) pyrene  193-39-5 14.7 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Iodomethane 74-88—4 0.23 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Isobutanol 78-83—1 36.5 110 ng/L 8260B RSKSOP-259 Rev. 1 (USEPA --
Method 5021A plus 8260C)
Isophorone 78-59-1 0.21 10 png/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Isopropanol 67-63-0 13 40 png/L 8260B RSKSOP-259 Rev. 1 (USEPA --
Method 5021A plus 8260C)
Isopropylbenzene 98-82-8 0.19 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
m,p-Xylene 179601-23-1 0.34 2 pg/L 8260B ORGM-501 & USEPA Method --
8260B/C
Methacrylonitrile 126-98-7 1.6 10 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Methanol 3.9 5 mg/L 8015B --
Methyl acrylate 96-33-3 -- -- -- -- ORGM-501 & USEPA Method --
8260B/C
Methyl tert-butyl ether 1634-04-4 0.25 5 pg/L 8260B ORGM-501 & USEPA Method --
(MTBE) 8260B/C
Methylene chloride 75-09-2 0.32 2 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Naphthalene 91-20-3 0.22 1 ng/L 8260B RSKSOP-259 Rev. 1 (USEPA --
Method 5021A plus 8260C)
n-Butanol 71-36-3 17 60 pg/L 8260B ORGM-501 & USEPA Method --
8260B/C
n-Butyl benzene 104-51-8 0.32 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Nitrobenzene 98-95-3 0.81 10 ng/L 8270C RSKSOP-194 rev4 or RSKSOP- --
175 revS
N-nitrosodimethylamine ~ 62-75-9 0.29 10 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA --
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N-nitrosodi-n- 621-64-7 0.35 10 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
propylamine Method 8270D
n-Propanol 71-23-8 -- -- -- -- RSKSOP-259 Rev. 1 (USEPA --
Method 5021A plus 8260C)
n-Propyl benzene 103-65-1 0.16 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
o-Xylene 95-46-6 0.19 1 ng/L 8260B ORGM-501 & USEPA Method -
8260B/C
Pentachlorophenol 87-86-5 20 50 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Phenanthrene 85-01-8 9.75 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Phenol 108-95-2 2 10 ng/L 8270C ORGM-515 Rev. 1.1 & USEPA -
Method 8270D
p-Isopropyltoluene -- 0.2 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
Pyrene 129-00-0 8.08 100 ng/L 8270C/SIM ORGM-515 Rev. 1.1 & USEPA -
Method 8270D
Pyridine - 1.7 20 pg/L 8270C ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
sec-Butylbenzene 135-98-8 0.17 1 pg/L 8260B ORGM-501 & USEPA Method --
8260B/C
Squalene -- -- -- -- -- ORGM-515 Rev. 1.1 & USEPA --
Method 8270D
Styrene 100-42-5 0.17 1 ng/L 8260B ORGM-501 & USEPA Method -
8260B/C
Terpiniol - - - - - ORGM-515 Rev. 1.1 & USEPA -
Method 8270D
tert-Amyl methyl ether 994-05-8 1.4 5 ng/L 8260B RSKSOP-259 Rev. 1 (USEPA -
(TAME) Method 5021A plus 8260C)
tert-Butyl alcohol 75-65-0 11 50 ng/L 8260B RSKSOP-259 Rev. 1 (USEPA -
Method 5021A plus 8260C)
tert-Butylbenzene 98-06—6 0.16 1 ng/L 8260B ORGM-501 & USEPA Method --
8260B/C
Tetrachloroethene 127-18-4 0.2 1 ng/L 8260B ORGM-501 & USEPA Method --
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Toluene 108-88-3 0.17 1 pg/L 8260B ORGM-501 & USEPA Method --
8260B/C
Total petroleum -- 10 25 png/L 8015B ORGM-508 r1.0 or ORGM-506 --
hydrocarbons (TPH) as r1.0 & USEPA 8021B/8015D
gasoline
trans-1,2-Dichloroethene  156-60-5 0.15 1 png/L 8260B ORGM-501 & USEPA Method --
8260B/C
trans-1,3- 10061-02—-6 0.19 3 pg/L 8260B ORGM-501 & USEPA Method --
Dichloropropene 8260B/C
Tri(2-butoxyethyl) 78-51-3 -- -- -- -- ORGM-515 Rev. 1.1 & --
phosphate USEPA Method 8270D
Trichloroethene 79-01-6 0.16 1 pg/L 8260B ORGM-501 & USEPA --
Method 8260B/C
Trichlorofluoromethane  75-69—4 0.29 2 png/L 8260B ORGM-501 & USEPA --
Method 8260B/C
Vinyl chloride 75-01-4 0.1 1 pg/L 8260B ORGM-501 & USEPA --
Method 8260B/C
Xylenes (total) -- 0.19 2 png/L 8260B ORGM-501 & USEPA --
Method 8260B/C
Gasoline range organics -- 10 25 ng/L 8015B ORGM-506 rev. 1.0 & --
USEPA method 8015D
Dissolved lithium - 2.61 10 pg/L 6010B -- --
Dissolved carbon (DC) 7440-44-0-DC -- -- -- -- RSKSOP-102 rev. 5 --
(USEPA Method 9060A)
Dissolved inorganic 7440-44-0-DIC 0.155 1 mg/L 9060 RSKSOP-102 rev. 5 --
carbon (DIC) (USEPA Method 9060A)
Dissolved organic 7440-44-0-DOC 0.155 1 mg/L 9060 RSKSOP-102 rev. 5 --
carbon (DOC) (USEPA Method 9060A)
Non-purgeable dissolved  7440-44-0— -- -- -- -- RSKSOP-330 rev. 0 --
organic carbon NPDOC (USEPA Method 9060A)
(NPDOC)
Total carbon (TC) 7440-44-0-TC -- -- -- RSKSOP-102 rev. 5 --
(USEPA Method 9060A)
Total inorganic carbon 7440-44-0-TIC 0.155 1 mg/L 9060 RSKSOP-102 rev. 5 --
(TIC) (USEPA Method 9060A)
Total organic carbon 7440-44-0-TOC 0.155 1 mg/L 9060 RSKSOP-102 rev. 5 --
(TOC) (USEPA Method 9060A)
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U.S.Geological TestAmerica Laboratories

Method used in U.S.

Analyte Survey Labor- Labor- Repor- Laborato : -
: 4 ; Environmental Protection Comments
(abbreviation) parameter code  atory atory ting analytica Agency Pavillion study
or CASRN' MDL RL units method
Acetylene 74-86-2 -- -- -- -- RSKSOP-194 rev4 and --
RSKSOP-175 rev5
Butane 106-97-8 -- -- % ASTM D- RSKSOP-194 rev4 and --
1945 RSKSOP-175 rev5
Ethane 74-84-0 0.57 5 png/L RSKSOP-175 RSKSOP-194 rev4 and --
RSKSOP-175 rev5
Ethylene (C,Hy) -- 0.398 5 pg/L RSKSOP-175 -- --
Methane 74-82-8 0.218 5 pg/L RSKSOP-175 RSKSOP-194 rev4 and --
RSKSOP-175 rev5
Propane (TestAmerica 74-98-6 5 5 png/L RSKSOP-175 RSKSOP-194 rev4 and --
Laboratories RSKSOP-175 rev5
Pittsburgh)
Diethylene glycol 111-46-6 7.73 25 mg/L 8015B USEPA Region 3 --
LC/MS/MS method
Ethylene glycol 107-21-1 8.63 25 mg/L 8015B USEPA Method 8015M --
Propylene glycol 57-55-6 18.7 25 mg/L 8015B USEPA Method 8015M
Tetraethylene glycol 112-60-7 -- -- -- -- USEPA Region 3 --
LC/MS/MS method
Triethylene glycol 112-27-6 8.45 25 mg/L 8015B USEPA Region 3 --
LC/MS/MS method
Acetate 127-09-3 -- -- -- -- RSKSOP-112 Rev. 6 --
Butyrate 156-54-7 -- -- -- -- RSKSOP-112 Rev. 6 --
Formate 141-53-7 -- -- -- -- RSKSOP-112 Rev. 6 --
Isobutyrate 19455-20-0 -- -- -- -- RSKSOP-112 Rev. 6 --
Lactate 867-56-1 -- -- -- -- RSKSOP-112 Rev. 6 --
Propionate 137-40-6 -- -- -- -- RSKSOP-112 Rev. 6 --

1
This report contains Chemical Abstracts Services Registry Numbers (CASRN)®, which is a Registered Trademark of the American Chemical Society. The CASRN online database provides the latest
registry number information: sttp.//www.cas.org/. Chemical Abstracts Services recommends the verification of the CASRNs through CAS Client ServicesSM.
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Appendix B. Method detection limits and method reporting levels of selected
compounds identified by U.S. Environmental Protection Agency (USEPA) as
affecting geochemistry in deep groundwater monitoring wells near Pavillion,
Wyoming

[NA, not applicable; mg/L, milligrams per liter; pg/L, micrograms per liter; no available method, currently (2012) the USGS
National Water Quality Laboratory and TestAmerica Laboratories, the USGS contract laboratory, do not have an analytical
method for this compound; RS, U.S. Environmental Protection Agency Region § laboratory analysis; R3, U.S.
Environmental Protection Agency Region 3 laboratory analysis]

TestAmerica

TestAmerica Laboratories Laboratories

Compound method detection limits

USEPA reporting level

(abbreviation)

for proposed analyses

reporting level for
proposed analyses

pH NA NA NA
Potassium (K) 0.127 mg/L 0.237 mg/L 0.3 mg/L
Chloride (Cl) 1.00 mg/L 0.254 mg/L 3.0 mg/L
Methane (CHy) 2.5 pg/L 0.22 pg/L 5 ug/L
Benzene 0.25 ng/L 0.16 ng/L 1.0 pg/L
Toluene 0.25 pg/L 0.17 ng/L 1.0 pg/L
Ethylbenzene 0.25 pg/L 0.16 ng/L 1.0 pg/L
Xylenes (total) 1.0 pg/L 0.19 pg/L 2 ng/L
1,2,4-Trimethylbenzene 0.25 pg/L 0.15 pg/L 2 ng/L
1,3,5-Trimethylbenzene 0.25 pg/L 0.16 pg/L 1 pg/L
Diesel range organics 20 ng/L 32.6 pg/L 25 pg/L
Gasoline range organics 20 ng/L 10 pg/L 25 pg/L
Phenol 0.5 pg/LL 2 pg/L 10 pg/L
Naphthalene 0.25 pg/L 0.22 pg/L 0.1 pg/L
Isopropanol 100 pg/L 13 pg/L 40 pg/L
tert-Butyl alcohol 5 ng/L 11 ng/L 50 ng/L
2-Butanone 0.5 png/L 2 ng/L 6 ng/L
Diethylene glycol 50 pg/L 7,730 pg/L 25,000 pg/L
Triethylene glycol 10 pg/L 8,450 pg/L 25,000 pg/L
Tetraethylene glycol 10 pg/L No available method No available method
2-Butoxyethanol 1.0 pg/L (R8), 10 pg/L (R3) 0.5 pg/LL 2 ng/L
Acetone 1.0 pg/L 1.9 ng/LL 10 pg/L
Benzoic Acid 1.0 pg/L 10 pg/L 25 pg/L
Acetate 0.1 mg/L No available method No available method
Formate 0.1 mg/L No available method No available method
Lactate 0.1 mg/L No available method No available method
Propionate 0.1 mg/L No available method No available method
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Appendix C. Field forms.

FORM NO. 9-1904-A

Revised Oct 2010, NWIS 4.10 File Code
Coded by Date
Checked by
Entered by
U.S DEPT. OF THE INTERIOR
GEOLOGICAL SURVEY
WATER RESOURCES DIVISION
GROUNDWATER SITE SCHEDULE
General Site Data
AGENCY SITE ID ‘ ‘ PROJECT ‘ ‘
cooe ey |UISIGIS @ 5 (€5 Y O
STATION NAME (C12/900)
\I\\\\\\\\\\\\I\\I\\\\\\\\\\\\I\\I\\\\\\\\\\\\I\\‘
] NN (1]
(ngjEz) DISTRICT (C6) COUNTRY (C41) STATE (CT)
Primary Secondary |I|
COUNTY or TOWN (CB) P
LONGITUDE LAT/AONG
LATITUDE i | ‘(010) ‘ Y I | | ‘ACCURACY‘H‘ ‘S‘S‘R“:‘T‘M‘U
(C9) . . T e
€1 et i iear e " Unknown
LAT/LONG ALTITUDE
1 38ce0 CLOTSTCTMINTRISTOl il [NAD27_ NADSS] el | | | | ].[ 1]
rtag Teeread survey, HP- North American North American
Py Datum of 1927 Datumn of 1983
ALTITUDE ALTITUDE ALTITUDE
ACCURACY METHOD ‘A‘ ‘G‘ | ‘ J |L‘ |V| ‘ N‘ R‘ u ‘ DATUM ‘ NGVD29 NAVD88 ‘
(C18) (1 slimster DGFS GFS TSAR LIDAR Level Thea i (C22 \ational Geadetic ST ATRETCaN
‘ertical Datum of 1923 Wertical Datum of 1988
LANDNET(C”)‘ ‘ | ‘S\ |T\ [ ‘ N Y ‘
Ty g N section township range merid
TOPO-
GRAPUIC A B € D E F G H K L M O P S8 T u v W‘
(€19 aluvial  pliaya  stream  depress  dunes Tiat fiood- Fill- SNk Iake or mangrove  of ped- Tl Tar- Undo- valley  upland
fan channel  sion plain top hole  swamp swamp  shore  ment side race  lating flat draw
DAYLIGHT
HYDROLOGIC DRAINAGE SAVINGS TIME
GMTCODE | | | | | | | | | | | | | | | | ]onewcooe | | | smessenwe [T s [T
(€203 a0t G
=] | #heen [ 1]
(€19 | SCALE (C15)
AGENCY ‘ A D | L M O R z\lfvlﬂggfl\JLsEm
USE (C803)
active  discon- imactive active  active inventory remediated (C39)
nojna  tinued site written oral site
DATA TYPE (C304)
Place an 'A' {active), an
¥ (nactive), or an 0" [ B [ L 1|
(inventory) in the WL WL aw aw PR PR By EV wind tide tide sed sed peak low state
appropriate box cont int cont int cont int cont int vel cont int con ps flow  flow water
us
INSTRUMENTS (C805)
(Flaceid 2 inthe \ \ \ \ \ \ \ \ \ \ \ \ \ \ |
appropriate box): digital graphic  tele-  tele-  tele- AHDAS crest-  fide  deflec-  bubble stling CRIype weigh- tipping acoustic elecro- pressure
rec- rec- metry et metry stage  gage tion gage  wel recorder  ing  bucket velocity magretic transducer
order  order land radio satellite gage meter rain rain meter flowmeter
fine gage  gage
mvenrorep [ |-[ ) [- ) Formenics | Y C P L
readyis cond- proprie- Tocal Use
month day year msp}/ay fional FJtapry only
REMARKS (C806)
N e
FOOTNOTES
1SITE TYPE
(C502)
GL Glacier ocC Ocean GW Well SB Subsurface
WE Wetland QCc-co Coastal GW-CR Collector or Ranney type well S5B-CV Cave
AT Atmosphere LK Lake, Reservoir, GW-EX Extensometer well $B-GWD Groundwater drain
ES Estuary Impoundment GW-HZ Hyporheic -zone well SB-TSM Tunnel, shatt, or mine
LA Land SP Spring GW -IW Interconnected wells SB-UZ Unsaturated zone
LA-EX Excavation ST Stream GW-TH Test hole not completed as a well
LA-OU Outerop ST-CA Canal GW -MW Multiple wells
LA-SNK  Sinkhole ST-DCH Ditch
LA-SH Soil hole ST-TS Tidal strea m
LA-5R Shore FA-WIW Waste-Injection well
C22 Other (see manual for codes)
C36 Other (see manual for codes)
‘WS DO|CO| IN ‘ IR | MI ‘ v ‘ PH ‘ ST ‘ RM ‘ TE | Ag C39 is mandatory for all sites having data in SWUDS.
water dnmesﬂcmmmé’ indusirial imigation mning Tvestock temedia- thermo.  aqua-
supply ial Waler tion electric  cufture

astie vesment pover

Appendix C-1. Groundwater Site Schedule, Form 9-1904-A.
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GENERAL SITE DATA

oATA RELINBILITY (63

DATE OF FIRST CONSTRUCTION (C21) m T m - m
manth day

year
field hig minimal un-
checked location data  checked
USE OF SECOND- TERTIARY
(ch%) A C D E G H M O = R S T U v W X Z ‘SEYSH%E gISTEOF
anode StEarrr‘gEy drain tthE”nﬂra‘ seismic rEgEEg/tmr mine Sgisg oil or  recharge r:ﬁrr‘t;s; test unused n:;‘wé\/ uvrva‘(v’?/;\ waste [rdneyzrﬂ (C301) (see (C302) (see
supply n use of site) use of site)
USE OF SECOND- TERTIARY
W [ABCDEF HI1JKMNPQRSTUYZ SEConD TeaTa
(C24) I BoRing corm- 96 power fre dopes- e WdUs- Mg Med dUs- pUIC  ada fecrea- Stock el Unused Gesalt omer OF WATER WATER
ercial water tic gation trial al  trial  supply culture  tions tutional ation (C25) (see use (C26)
cooling) of water) (see use of water)
’T\(,JgéFER U N c M X ‘ PRIMARY NATIONAL
©713) AQUIFER (C714) AQUIFER (C715) L L]
unconfined unconfined confined confined mixed
single multiple single multiple
HOLE WELL SOURCE
e [ ). ) 8 ). $8¥%A b 6 L W o R s 7]
(€27 (C28) DATA(C29) ey [ 0G5 mermory owner  ofher rEpong other
govt gist reported  agency
WATER-LEVEL DATA
month day year
TIME DATUM WATER LEVEL TYPE WATER LEVEL
RELIABILITY (C269) CODE (C243) (C237/2411242) ¥
[ Kknown trans- land meas. ve rtical
mated ferred surface  pt. datum
MP SEQUENCE NO. (C248) WAERLEVEL NGVD29 NAVDSS ‘ RN
(Mandatory if WL type=M) (Mandattgryif\l)\lL type=S) anonal Geooen Amercan
ot Genacie, \/Ertn:a\ Datum - Other (See manual for codes)
SITE STATUS
FOR WATER ‘ A B C D E F G H | J M N O P R S T v w X Y4
LEVEL (C238)  Jpmos.  tide ice  dy recem\yﬂnwmg nearby nearby \me:mr injector aqmrer measure- nbstrul:r purmping  recently nearby  nearby fnre\gn well  affected by other
pressure stage Tow flowing  recenty site men pumped pumping  recently des- surface
flowing monitor \DS[ discontinued imped S[EHEE troyed water
METHOD OF WATER-LEVEL ‘ |
MEASUREMENT(C239) A B c D B F G H L M N O R &8 T vV Z
aifiine  analog callbrated differ- estimated  trans- pressure calibrated genphyslr manometer non-rec. ohserved reported steel  electric calibrated other
%ma\ du gage  press. gage cal i gage tape  tape slec. tape
WATER LEVEL SOURCE OF WATER-LEVEL
R e, [ SOURCE oF A D G L M O R s 7
foot  tenth hon- no other driler's geol  geophysi-  memory  owner other reparting other
dredth nEfareat gov't log Boist callogs reported  agency
PERSON MAKING MEASURING AGENCY (C247,
(WATER LEVEL PARTY) (20 chary
REMARKS (C267) RECORD READY FOR
(256 char) WEB (C858) Y C P L
ready to  condi- proprie- m:al use
display  tional = tary iy

CONSTRUCTION DATA

RECORD TYPE (C754) C O N S RECORD SEQUENCE NO. (C723) m

DATE OF COMPLE TED
CONSTRUCTION (C80)

-0

mmonth year

NAME OF CONTRACTOR ‘ RN ‘ SOURCE OF DATA ‘ A D G L M (@] R S Z
(C63) (Co4) other  drller  geol- Iogs  mermory owner  other reporting  other
govt ogist reported  agency
METHOD OF [A B ¢ D H J P R s T V wW Z
CONSTRUCTION(CB5) air-rotary bored o cable dug hydraulic Jetted air per- Teverse  somic  Urenching  driven  drive wash  ofher
augered  tool rotary cussion rotary
TYPE OF
el 0 /C F G H O P 8 T W X Z| sa |B C G N Z|
porous  gravel gravel horiz open perfor  screen sand walled open other ¢ ) hentonite  clay cement none other
concrete wiperf.  screen  gallery end  slotted point hole grout
BOTTOM OF SEAL (C68) m METHOD OF DEVELOPMENT (C69) ‘ A B c J N P S z ‘
airlit  balled compres- jetted  none purmped surged  other
pump sed air
HOURS OF DEVELOPMENT (C70) m SPECIAL TREATMENT (C71) ‘ ‘
chem- dryice explo-  defloc-  ydro-  mech- — omer
icals sives  culent f[ﬁﬁg anical

2 - Groundwater Site Schedule
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CONSTRUCTION HOLE DATA (3 sets shown)

recorp Tvpe c7esy | HOJL|E RECORD SEQUENCE NO. (C724) m SEQUENGE NO. OF PARENT RECORD (C59) m
cormirers [ 1].1]
INTERVAL (C75) .

DEFTH TO TOF OF |
INTERVAL (C73) ‘ ‘ ‘ ‘

‘ DEPTH TO BOTTOM OF ‘
| INTERVAL (C74) L]

RECORD SEQUENCE NO. (C724) II‘

DEPTH TO TOP OF ‘ ‘ ‘ ‘ ‘ ‘ ‘ i DEPTH TO BOTTOM OF ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
INTERVAL (C73) L4 INTERVAL (C74) .

e, [,
INTERVAL (C75) -

RECORD SEQUENCE NO. (C724) II‘

DEPTH TO TOFP OF |
INTERVAL (C73) ‘ ‘ ‘ ‘

‘ DEPTH TO BOTTOM OF ‘
‘ INTERVAL (C74) ‘ ‘ ‘ ‘

o, [11,00]
INTERVAL (C75) '}

CONSTRUCTION CASING DATA (4 sets shown)

RECORD TYFE (C758) C S N G RECORD SEQUENCE NO. (C725) E SEQUENCE NO. OF FARENT RECORD (C59) E

DEPTH TO TOP OF ‘
CASING (C77) L

| ‘ DEPTH TO BOTTOM OF ‘ |
CASING (C78)

4 CASING MATERIAL (C80) D CASING THICKNESS (C81) m |I|

sy (1),
CASING (C79) »

RECORD SEQUENCE NO. (C725) E SEQUENCE NO. OF PARENT RECORD (C59) E
soseresy [, )
CASING (G79) .

DEPTH TO TOP OF | | | ‘ DEFTH TO BOTTOM OF ‘ ‘ ‘ ‘
CASING (C77) ‘ | | | L] CASING (C78) ‘ ‘

4 CASING MATERIAL (C80) D CASING THICKNESS (C&1) m m

RECORD SEQUENCE NO. (C725) m SEQUENCE NO. OF PARENT RECORD (C59) E
DIAMETER OF
CASING (C79) .

DEFTH TO TOF OF ‘ | | ‘ DEPTH TO BOTTOM OF ‘
CASING (C77) N Y | CASING (C78) [

4 CASING MATERIAL (C30) D CASING THICKNESS (C81) m . E

RECORD SEQUENCE NO. (C725) E SEQUENCE NO. OF PARENT RECORD (C59) m

geerararoror [y | L] espmeesrremor [ ] [ et A NI
4 CASING MATERIAL (C80) D CASING THICKNESS (C81) m.m

FOOTNOTE:

YCASNGMATERAL Ao B ¢ D E FG H | J KLMN PQR STUV WXY Z 46

ahs  brick conciele copper PTFE F\hgr 0alv. Fiber Wiought Flper PYC glass Other PYC PVC or FEP mcknr steel
ass Iron glass Iron  glass thread- metal glued plastic ston
plastic

Tie coated stan- wood SIEEl  SIEl  omMer stain stain
S

teel

less
steel

carbon gava- mat Jess less
fized 304 316

Groundwater Site Schedule - 3
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CONSTRUCTION OPENINGS DATA (3 sets shown)

RECORD TYPE (C760) OIPIEN RECORD SEQUENGCE NO. (C725) m SEQUENGE NO. OF PARENT RECORD (C59) |j_|

DEPTH TO TOP OF ‘
INTERVAL (C83) N

| DEPTH TO BOTTOM OF ‘
‘ INTERVAL (C84)

1 s, [0
INTERVAL (C87) .

5 D STYPE OF OPENING LENGTH OF OPENING m m WIDTH OF OPENING m |I|

MATERIAL TYPE (C86) (css) (Cg9) . (C88) .

RECORD SEQUENCE NO. (C726) |I|

DEPTH TO TOP OF ‘
INTERVAL (C33) I I

‘ | DEFPTH TO BOTTOM OF ‘
INTERVAL (C84) ‘ ‘ | |

0 g, (0
INTERVAL (C&7) .

s STYPE OF OPENING

MATERIAL TYPE (CBG)D s (LCEBNQ?TH OF OPENING . WIDTH OF OPENING .

(C88)

RECORD SEQUENCE NO. (C726) lIl

DEPTH TO TOP OF
INTERVAL (C83) ‘ I

| DEPTH TO BOTTOM OF ‘
‘ INTERVAL (C84) ‘ ‘ | |

‘ DIAMETER OF
| INTERVAL (C&7) .
5 6
TYPE OF OPENING WIDTH OF OPENING
e e com| ] *RES = TR NI RN

FOOTNOTES:

5 TYPE OF MATERIAL CODES FOR
OPEN SECTIONS ‘

ABS brass concrete ceramic PTFE fiber- galv. fier- Wiought fiber- PVC 0SS ather pyc Pyc FEP  Stan- steel  tile  brick  mem- Steel  Steel other stain- stain
glass iron glass iron  glass thread- metal  glued less brane carban galva- [
branze lastic poxy  ed steel hized 304 306
S TVPE OF OPENINGS CODES
fractured  louvered or mesh perforated, wire- screen sand walled or open other
Tock shuter-type screen porousor wound (unk) paint shored nole
slotted screen

screen

CONSTRUCTION MEASURING POINT DATA

RECORD RECORD BEGINING ENDING

TYPE SEGUENCE E DATE ‘ = |-| | oare” | - | ‘

(C766) NO. (C728) (C321) | | [ (C322) | | [
rrorth day vear

ALTITUDE OF ALTITUDE ALTITUDE
T | e O R
M.P.HEIGHT (C323) . POINT (G325) T I (Ca26) (327
ALTITUDE

DATUM ‘ ‘ MPREMARKS(C324)‘ [
(Cazs) N Y

RECORD READY FOR
‘\\\\l\\\\\\\\\\\\l\\\\\\\\\\WEB(CHSD

readytn condi- proprie- local Use
tary only

display  tional

4 - Groundwater Site Schedule
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CONSTRUCTION LIFT DATA

REGORD TYPE RECORD SEQUENCE TYPE OF LIFT ‘ ‘
Reesl L s Pl A B C J P R S8 T U X Z
air bucket  centri- Jet piston  rotary submer- turbine  un-  nolit other
fugal sible Kknown

e L - -l ] B D E G H L Nswz

RECORDED - o INTAKE TYPE OF

(C38) DEPTH (c44)m POWER (c45)‘ ‘
month day year diesel electric  gaso-  hand  LPgas natural solar windmill other

line gas

HORSE-

POWER

RATING m MANUFACTURER‘ ‘ SERIALNO ‘

(Ca6) . (C48) Y Y Y O (C49) Y Y Y T O O W

POVVERCOMF’ANY(C{:D)‘ S O

POWER COMPANY ACCOUNT ‘ ‘
NUMBER (C51) Y O O O

POWER METER ‘ ‘ PUMP RATING (C53) E m ADDITIONAL LIFT m
NUMBER (C52) I O | (million gallonsfunits of fuel) o (C255)

PERSON OR COMPANY

RATED PUMP CAPACITY STANDBY POWER (C56)
MAINTAINING PUMP (C54) | (gpm) (C268) m (see TYPE OF POWER)

HORSEPOWER OF STANDBY POWER SOURCE (C57) m F m

MISCELLANEOUS OWNER DATA

RECORD TYPE (C768) OWIN|IR RECORD SEQUENCE NO. (C718) m DATE OF OWNERSHIP (C159) m = m - m
WU OVWNER
TYPE

P ‘ CP Gv IN MI OT TG WS ‘ _ _ m
(C350) END DATE OF OWNERSHIP (C374)
Corporation Govern- Individual  Military ~ Other Tribal Water
ment

Supplier

EXAMPLES: JONES, RALPH A
JONES CONSTRUCTION COMPANY

ACCESS TO
OWNER'S o 1 2 3

NAME Pubic Coop- USGS Distict Proprietary
(C351) (C352) Access erator  Orly ¥

OWNER'S ADDRESS

(LINE 1)
‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘

(C353)
OWNER'S ADDRESS

(LINE 2)

@@ [ ) ) 1]

OWNER'S CITY

NAME
I

(C355)
OWNER'S ZIP
STATE(C356) m CODE (G357) ‘ T T Y et O W B
OWNER'S COUNTRY
NAME

(°358)‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘

ACCESS TO OWNER'S R B B

PHONE/ADDRESS

(C359) Public  Coop- USGS  District Proprietary
Access erator Only  Only

MISCELLANEOQUS VISIT DATA

RECORD TYPE (C774) RECORD SEQUENGCE NO. (G737) E DATE OF VISIT (C187) m7 m - m
month day

year

NAMEOFPERSON(C133)‘\\\\\\\\\\H\\\\\\\\\‘

Groundwater Site Schedule - 5
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MISCELLANEOUS OTHER ID DATA (2 sets shown)

RECORD TYFE (C770)

RECORD SEQUENCE

NO. (C736)

RECORD SEQUENCE m
NO. (C736)

OTHER'D(CWU)‘\\\\\\\\\\\\\\‘

ASS|GNER(C191)‘\\\\\\\\|\\\\\‘

orvermeren [ | | | | [0 0L L)Ll

sl 1 1 (1 0 1 0 [ 11 114°7]

MISCELLANEOUS OTHER DATA

RECORD TYFE (C772) O T D T

RECORD SEQUENCE NO. (C312) E

OTHER DATA

TYPE (C181)
OTHER DATA LOCATION (C182) ‘ ‘
Cooperator's District Reporting other
Office, Office Agency

F M P zZ

DATA FORMAT (C261) ‘

files, machine

publisned,
readable,

other

MISCELLANEQCUS LOGS DATA (3 sets shown)

RECORD TYPE (C778) L O G S

RECORD SEQUENCE NO. (C739)

m TYPE OF LOG (C199) m

BEGINNING ENDING SOURCE OF
DEPTH DATA |

{C200) I R <\ I \\(m) ADGLMOR S Z
other diller  geo- logs memory owner  ofer  reporting other
govt ogist reported  agency

OTHER DATA
DATA FORMAT (C225) ‘ F M P Z‘ LOCATION (C226)
files machine published other

readable

RECORD TYPE (C778) L O G S

RECORD SEQUENCE NO. (C739)

I_‘_‘—_| TYPE OF LOG (C199) m

BEGINNING ENDING SOURCE OF

DEPTH DEPTH DATA ‘

{C200) NEETE R \\(cm) ADGLMOR S Z
other diller geo logs memary owher  other  reporting other
govt Ogist reported  agency’

F M P Z ‘ OTHER DATA

DATA FORMAT (C225) ‘ LOCATION (C226)

files maching published other

readable

RECORD TYPE (C778) L O G S

RECORD SEQUENCE NO. (C739)

] 1]

TYPE OF LOG (C199)

BEGINNING ENDING SOURCE OF

DEPTH DEPTH DATA ‘

{200, Lo o &y L |\(cm) ADGLMOR S Z
cther criler gen- logs memory owner other  reporting other
gov't ngist repotted  agency

OTHER DATA

DATA FORMAT (G225) ‘ F M P Z‘ LOCATION (C226)

files machine published other

readable

ACOUSTIC LOG:

AS Sonic

AV Acoustic velocity
AW Acoustic waveform
AT Acoustic televiewer

CALIPER LOG:

CP Caliper

CS Caliper, single arm
CT Caliper, three arm

CM Caliper, multi arm

CA Caliper, acoustic

DRILLING LOG:
DT Drilling time
DR Drillers

DG Geologists
DC Core

ELECTRIC LOG:

EE Electric

ER Single-point resistance
EP Spontaneous potential
EL Long-normal resistivity
ES Short-nommal resistivity
EF Focused resistivity

ET Lateral resistivity

ity

ty, forused
EO Microresistivity, lateral
ED Dipmeter

6 - Groundwater Site Schedule

ELECTROMAGNETIC LOG:

MM Magnetic log

MS Magnetic susceptibiity log

MI Electromagnetic induction log

MD Electromagn dual induction log
MR Radar reflection image log

MV Radar direct-wave velocity log

MA Radar direct-wave amplitude log

FLUID LOG:

FC Fluid conductivity

FR Fluid resistivity

FT Fluid temperature

FF Fluid differential temperature
FV Fluid velocity

FS Spinner flowmeter

FH Heat-pulse flowmeter

FE Electromagnetic flowmeter
FD Doppler flowmeter

FA Radioactive tracer

FY Dye tracer

FB Brine tracer

NUCLEAR LOG:

NG Gamma

NS Spectral gamma

NA Gamma-gamma

NN Neutron

NT Neutron activitation

NM Neuclear magnetic
resonance

OPTICAL LOG:

QV Video

OF Fisheye video
OS Sidewall video
OT Optical televiewer

WELL CONSTRUCTION LOG:
WC Casing collar
WD Borehold deviation

OTHER LOG:

OR Other

COMBINATION LOG:

ZF Gamma, fluid
resistivity, temperature

ZI Gamma, electromagnetic
induction

ZR Longfshort normal
resistivity

ZT Fluid resistivity,
temperature

ZM Electromagnetic flowmeter,
fluid resistivity,
temperature

ZN Longfshort normal
resistivity, spontaneous
potential

ZP Single-point resistance,
spontaneous potential

ZE Gamma, long/short
normal resistivity,
spontaneous potential,
single-point resistance,
fluid resitivity,
temperature

Appendix C-1. Groundwater site schedule, Form 9-1904-A.—Continued
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MISCELLANEQOUS NETWORK DATA (3 types shown)

TYPE OF
RECORD SEQUENCE BEGINING ENDING
FESHO TR AR B o SERRs [ R Rie 11 1 ]

quality

YFE OF

s [ A B C D E F G H I J K L M N P Z|]
physical common trace pesti- nutri- sanitary codes codes codes codes codes codes all or codes codes other
per- ions elements cides ents analysis D&B BEE B&C B&F D&E C.DEE most BE&CE B.C&A
ties

radio-
active

- BPRIMARY BSECONDARY
gomee {1y | ToemERee, | | EEmEEL [0 01 | B Nepeorie | |
AGENCY (C117) COLLEGTION (C118) AGENCY (€307) SITE (C257) SITE (G708)

TYFPE OF
RESORD TYPE SR o o czoee s I 5202 11 1]
{C780) NO. (C730) (C708) YEAR (C115) YEAR (C118)
level
- 8 PRIMARY s
SOURCE m FREQUENCY OF D NETWORK D SECONDARY D
AGENCY (C117) COLLECTION (C118)

SHE(C25T) NETWORK SITE (C708)
TYPE OF
(C780) NO. (C730) {C708) YEAR (C115) YEAR (C116)
P!

drawals
8 8
7 METHOD OF PRIMARY SECONDARY
SOURCE II‘ EREGQUENGYOF coLLEcTioN | C E M U Z ‘ NETWORK NETWORK
AGENCY (C117) COLLECTION (C118) (C133) SITE (C287) SITE (C708)
calcu- esti-  meter- un- other
lated mated ed known
FOOTNOTES:
7 FREQUENCY OF COLLECTION | A B { &3 D F | M (@] Q s w Z 2 3 4 5 X ‘
CODES
annually bl continu-  dally  sermi-  inter  monthly one-tme quarer-  semi- weekly  other [ everyd every4 every 5 every 10
monthly  ously monthly  mittent only Iy annually annually years  years  years  years
8 NETWORK SITE CODES | 1 2 3 4

national, district, project,  co-
operater,

MISCELLANEOUS REMARKS DATA (4 types shown)

?c%%g)RDWPE RIMK|S RECORD SEQUENCE NO. (G311) m DATE OF REMARK (C184) ‘ | ‘7‘ | ‘7‘ [

month day’ year
REMARKS (C185)

Subsequent entries may be used to continue the remark. Miscellaneous remarks field is limited to 256 characters.

?o%%g)RDTYPE RIMK|S RECORD SEQUENCE NO. (C311) m DATE OF REMARK (G1534) ‘ | ‘7‘ | ‘7‘ L[]

month day year
REMARKS (C185)

Subsequent entries may be used to continue the remark. Miscellaneous remarks field is limited to 256 characters.

Groundwater Site Schedule - 7
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DISCHARGE DATA

RECORD SEQUENCE NO_(C147) |I|

TYFE OF
DATE DISCHARGE ‘ | ‘,‘ | | _ ‘ ||| | DISCHARGE DISCHARGE (gpm) ] |
MEASURED (C148) (C703) B (C150) Ld
month day year RHmpe o
D —— SOURCE OF DATA (C151)
DISCHARGE | ‘
MEASUREMENT (C310) ‘ E G F P ‘ A D G L M O R ) z
T other driller geologist Ings rnemary owner other reporting ather
excellent good  fair  poor :
(LT 2%), (2%-5%) (5%-8%) (GT 8%) goxit Feparted ageney
METHOD OF
DISCHARGE
nerer - T T R T U V W X Z|
©CAp2) acoustic  baller  cument  Doppler  estmated  fume  fotaling  onfice  piottube repoted  tajectory  venturl  vOMMENC  weir unknown otner
eter mete meter reter et meas

PRODUCTION WATER LEVEL (C153) ‘ ‘ | ‘ ‘ ‘ ‘ STATIC WATER LEVEL (C154) ‘ ‘ ‘ ‘

SOURCE OF DATA (C155) ‘ A D G L M (@) R S Z ‘
other driler geologist 10gs mermory owner other reporting other
oov't reported agency

memoporwteRteve [A B € D E F G H L M N O P R ST V Z

airine recorder calibrated  Oer-  esti- trans  pressure calibrated geophysi mano-  non-rec. observed acoustic reported steel electric calibrated other
aire Al mated  ducer | gage press cage callogs mefer  gage pulse tape tape  elec, tape

Lo L] e L0101 R e ]
PUMPING FERIOD (C157) . CAPACITY (C272) . (C300) .
GEOHYDROLOGIC DATA

RECORD DEPTH TO DEPTHTO

RECORD G E O H SEQUENCE NO II‘ TOP OF UNIT | | ‘ ‘ ‘ ‘ ‘ BOTTOM OF ‘ ‘ ‘ ‘ ‘ ‘ ‘
TYPE (C748) (C721) (Col)y » UNIT (C92) L4

UNIT ‘ | ‘ LITHOLOGY II_‘ CONTRIBUTING ‘P Q s N U
IDENTIFIER (C93) I \ (Cas) UNIT (G304)

principal  agoregate secondary o unknown
acuifer  aflithologic  acuifer contrib-
ufion

GEOHYDROLOGIC AQUIFER DATA

RECORD TYPE (G750) AQFR RECORD SEQUENGE NO. (C742) m SEQUENCE NO. OF PARENT RECORD (C256) E
DATE (C95) ‘ | ‘7‘ | ‘7| [ STATIC WATER LEVEL (C126) m . |I| CONTRIBUTION (C132)m

month day year

SITE LOCATION SKETCH AND DIRECTIONS

Township Range

Section #

8 - Groundwater Site Schedule
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U. 5. GEOLOGICAL SURVEY GROUNDWATER QUALITY FIELD NOTES

MWIS RECORD NO

i
Sation Mo, Siation Mame Fleid ID
Sampie Dae Mean Sampie Time (waich) Time Ditm (. EST, EDT, UTC)
Samgie Medium Sampie Type Sampie PUrpose (71939) Purposs of Site Vislt (S0250) @ Sampies Colected ¥ N
Project No. Project Mame
Samping Team Team Lead Signature Date
FIELD M_FMUH.EMFNTS
o Rul
Re- | valus Jvalus
Parm mark | Guall- | Gusll
Proparty Code Method Code Rasult Unitz | Coge | fer | mer MWI5 Result-Level Comments
[ el (a2 p. 5
[for codes and unlis)
[ TS galmin
[Sampling Degth [k ] m
[Tt 1o fop of T
fsamping Interval Tt bl ted
[Tt 1o Cotom o Fisk[:3
|samping interval TLoiw 5
Tﬁ%ﬁ.mr Luisii] -
[THMDS (thermometer)
[Temperaiue, Waer | oooiy <
[THMI2 (thermome!
ot Condicance | m‘m‘{ﬁ%ﬁ} =
[Cizecived Daygen TOS00 [Cr 10| Spec T apotomeTer |
LUMN (uminescent
MEMER {Amperometic) mgiL
[Iaamenc Presane | O0Es mm Hg
|Eil TR | ProtE (gecaode) uniE
[RFIC, Urnered, 1 =510 W]
mgiL
13
maL
Tiute
mgiL
TIoi7
mgiL
TS
maiL
mvOits
[Fiyarogen sURIOe Coor | 7157 [SMIT 1 (e =6t acdited W e
dessrtanT sampie) & Yes Eampie acdified beforehand? yes  no
SMIF2 (SPiT fest, non- T e
ackifl et sample iciet
Fyarogen sulioe, ELIEER
unfliered, messur KITD {Chemetrics) mgiL
KITOZ {Hach)
Ofther
[t
SAMPLING INFORMATION
Parameler FPeodel Value Information
ng Londisor SamplerPump Type (make/model):
amping MemoaT Fohi o] Pump/Sampler|D:
Sampler Material: stainl teel ther
Eora g Ty mp r : stainless 5 pu':l fluoropolymer o
Toee p_§ For values Tubing Material: ﬂunmpotyrner plastic tygon copper other
Fitertype({s) capsule disc 142Zmm 25mm GFF membrane
COMPILED BY: CHECKED BY: LOGEED N0 NWIS BY:
Dtz et Datz
Novombar 2008 1 GW Form verslion 8.0

Appendix C-2. Groundwater Field Form, version 8.0.
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U. 5. GEOLOGICAL SURVEY GROUNDWATER QUALITY FIELD NOTES

—nang o e o

MV RECORD NO

Sation Mo Hation Name Fled ID
Sampie Dale Mean Sampie Time [waich) Time Diahsm {eg. EST, EDT, UTC)
Sample Medium Sampie Type Sample PUrpose (715949 Purpose of Sie Vsl (50260 QO Samples Colected? ¥ N
Praoject Mo, Project Mame
Samping Team Team Lead Signature Date
FIELD MEASUREMENT 5
1 1 Tl
Re- | Valus [valus
Parm mark J@ueall- | Guall
Proparty Code Method Code Rasult Unite | Code | fer | @er NWI5 Result-Level Comments:
Waer Level(s=2 pL g
of codes and unlts
TR et gal'min
Fing Dept TS T
Csapth o top of v
amping Interval ft biw Isd
Deapih 30 DOEom o i
ping Interval L biw Isd
peraiure, Alr M c
[THMES (thermomater
TETaIE, WaE AT -
SRECTIc LORdUCIanca wSicm
Lisstived Lhaygen GG 1 U SoecTopnotome &
LUMM [uminescent
MEMER [ATperometic) mgiL
Haromenic Pressme | Oes mm Hy
p W00 | PRCGE [=eciode) units
[ARE lered OO TS | T
incramental maiL
B ETT R L
Incramental mgiL
Taroonane, e [t ]
Incramental | mgL
Bicarorate, Tilered, 00453 | T
incramertal maiL
Myaromae, mhered, 1 g
Incramental mgiL
LNy fsee aEschrment
or Codkes)
M0 POTENEa (o) DIl TIVDiE
Hiyid [ RI0E DD
dedactad? ple) 4 ves |4 bEampie acdfed beforehand? yes  no
SMIFZ (SNt fest, non- N
acidfled sample et
TQen SURIGE, E:iEER
|uriterad, measured KITD {Chemetrics) mgiL
KITDZ {Hach)
Oty
[Sther
SAMPLING INFORMATION
Parameier Pcode] Value Information
ng Londibon SamplerPump Type (makefmodel):
amping MemoaT T Pumg/Sampler ID:
Sampler Material: stainl tesl ther
e Ty P r'rp r . stainless 5 p'l.n:. fluoropalymer o
Toec p. ¥ for values Tubing Material: ﬂmmpohTTEl' plastic tygon copper ofher
Fiter type{sk capsule disc 142mm 25mm GFF membrane
COMPILED BY: CHECKED BY: LOGEED INTD MWIS BY:
Dt 1]
Mowombar 2009 1 GW Form version 6.0
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FELD ID

SAMPLING CONDITIONS

Agquifer name Depth pump set at: ftblw Isd msl mp

Sampling point deschption

GW Color: brown  gray blue green yellow offer

GW Clarity: clear twbid muddy obher Foaming: Yes No

Sand Pesent: Yes MNo Nyes colorofsand: Black Brown Tan Yelow  Gray Ofher
GW Odor  Yes No descrbe

Sample in contact with: atmosphere oxygen nitrogen other

Weather sky- clear pariycloudy cloudy precipigtion- none light mediem heawy snow sleet rain mist
wind- cam lght breeze gusty windy est wind speed mph emperansre- very cold cool wam hot

Obsenalions:

Sample Comments {for N\WIS: 300 characters mas. )

LABORATORY INFORMATION Sample SetlD
SAMPLES COLLECTED:

Muients: _ WCA _ FCC _ FCA  Majrcafions:_ FA _ RA Majranions _ FU  Traceclements _ FA _ RA
Mercury:_ FAM _ RAM _ Wis Hglab Lah pHISCIANG: _ RU

VOC: GOV ([ vals) Orgamics: _ GOC fiered_ unfilered . _ C18  _ Kansas OGRG Lab

Suspended soildE _ SUSO  Twokiy: _ TEY

Phenok: __ PHE  OlAGrsase _ OAG  Melylene Blue Aclve Substances __ MBAS  Color __RCB

Carbor __ TPCHN ___ PIC fillert-woifikered mi fller2-vol fikered mi fiker3-wolfilered  mi _Doc _ TOC

Radon: ___ RURCV (Radon sample colleclion time:__ ) Siable lsolopes: _ FUS _ RUS

Fadiochemicals: _ FUR _ RUR _ SUR _ FAR _ RAR __ RURCT __BoD __CoD

Orther Lab ) Oiher; {Lab ) Omer (Lan 1]
Crher {Lab ) Oiher; (Lab ) Caner; (Lan 1]
Microbialogy: {Lab ]

Lanoratory Scheduies:

Laiy Codes: add'delete add'delete add'delete addidelete add'delete

Comments:

Caleshipped Laboralony Dake shipped Laboratory

Date shippatt Laboraiorny Dake shipped Laboratary

**Notiy the NWGaL In advancs I shipping potentially hazardows samplees—phons 1-B65-ASH-NWaAL or emall LablLoging uags. gov

2 GW Form version E.0

Appendix C-2. Groundwater Field Form, version 8.0—Continued.
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FIELD ID

Calibeated by Location:___
Date: Time:
METER CALIBRATIONS/FIELD MEASUREMENTS
TEMPERATURE Metar make/miodel SN Thermisior S/ Thermometer 10
IDui:luiu- wiemn: =1 percendor =005 °C for iuid-illed fermometers =02 °C for fhemmizioes I Local Ma=r O
Lab Tested against MIST Thermometer Thermistor? Y Y Dana: + "C
Measurement Locatlon ©  FLOW-THRU CHAMBER SIMGLE POIMT AT ftow Lso VERTICAL ANG. OF PORTE
Fleld Readings F 1 #2 #3 & #5 MEDIAN: °C Mefhod Code Remark ____ Cualfler
pH Meker makaimodal _ S Eleciroda Ma. Type: GEL Lo  OTHER
Sampe: FLTERED UWFLTERED  FLOW-THRU CHAMBER EINGLE POINT AT fibw Lao WERTICAL AVa. OF PORTS
Y [ e —— o e e e A |
pHtoen || Betoen Aay. | Aner Ay Local Meker -
tabie
oHT pH Buffar Lot No. Expiration Date
pHT
pH T pHT
pH BH 10
pH
pH__ pH4
CHECK
pH__ Calibmbion Crierer =0.1 pHunie, +0.3F3C <Tusfon
Fleld Raadings #1 #2 £ ] #5 METHAM: uniiz Meathod Code Femark ___ Cualifier
SPECIFIC COMDIUCTANCE Metar maked modal SN Sensor Type: Dip  Flow-thru  Other
Sample:  Flowihru chamber  Singie point at i bilw Is Verticilavg. of __ pamis  LocalMeler ID:
=id value | Std sC =C std statype | Std Exp. Date | xorer oo <o e S0 <A S
mSiem Tamp Bafore Afier Lot Mo r ST =100 pSiam
&d| [HCL NaCh)
' i AUTE TEWP COMPE HEATED
METERT ¥ N
CompECTION FacToR APPLEDT Y N
CoRRECTION FACTOR=
Fleld Readings 1 #2 #3 =4 = MEDHAN: waicm Meihod Code Remark ____ Qualfer __
NS SOLVED OXYGEM Meler make/modal M Loca
Sensor Type: Amperomefric  Luminescant Specirophoipmeder  Probe Mo o
Sample:  Flow-thru chamber  Single polnt at fiblwisd Verlcal avg of points BOD boitie SHrmer Used? ¥ N
‘Waler-Sawraied Alr  Alr-Saturaied Waler Al Calbration Chamber In Waier Alr Callbrallon Chamber In Alr - Alr Saturaied Waker
Catbration | Barcenctric | DO Tabie | Sabinity Do oo
Temp Presmure | Reasing | Comec- Belore Afer Zerm DO Check il Ad. o mgfl Duates
E ma g 2t F::' MJ‘"'I Ayt | o DO Sciution Dt Themmistor Check? ¥ N Dale.
Membrane Changed? M Y WA Dale: _ Time
Bammeter Calbrated? M Y Dale: Times
Calibmfion Crierin: + 0.2 mglL DO saturation % Phase Degrees ShopsGainSc sk Fackr (100%)] [Zern)
Fleld Readinga =1 ur #3 T = MEDIAN: m@/L Method Code Remark____ Qualfler
3 GW Form version B.0
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FELD ID

Samping condtion (72006] pumping (B) fiowing (&) siabc (na)
[ e il o ke vl i o]

i biw L3S0 (TZ013) Tt bhw MF (S1055) & abv MEL (RGWD 1923)
% mby MESL (NALVD 1228) (E3511) [enter the selecied poode on p.
Walker Level Mefiod: siesiiape  eiecFiciaps  arime  other

Comments:

Waler Levet

TURBIDITY Meter make'model SN Type: turbidmeter submersible specimphotometer
Sample:  pump discharge Ine  fow-Svu chamber  single paint at fiblw LSD MSL MP  SensorlD

SH"HHE Coliection Time: Measurement Time: Measurement n-shuln-sks Vehicle Officelab NWGL  Ofer

7
Sample diuted? ¥ N Vol of diufion waler mL Sample volume mL Tumsicars waise =& x [B+C1C
where:
IE:“H.-'I:HH:I EIFDI-T'I Concantration TC.HH:I::“ In;:i:lnlt R:dn-'lg afer AETI.!!:-'W P ——
F e ) ) B voLuue oF SILuTion waTer, ml
l S r 3 C= mamii i oL, mL '

EEArETT '

Standard Calibenfion Criierin:

Too _= 100 Twrbidily unils = 0.5 urbidily unis or

Standard (D) = 7% of e measared
ERGEGR Value, whichever

|= gremier

[ Standard ¢ =100 Tukidy wis = 10%

Standard 1

Fleld Readinga #1 w2 #3 4 5]

MEDLEN Parametar Code TRL WTLS WTELS FHMU PaEs A0 FBu a METHOD CODE Remark_ _ Gualfer

WELL and WATER-LEVEL INFORMATION
an

VELL_ EPehS MOMITOR___ sieely  otheR sp— T
BUPPLY WELL OMARY USE: DOMESTIC__  PUBLIC SUPPLY.__ WRIGATION __  OTHER,
Casing Maberial: MTude (and suface) W abv M3L
Meazuring Poink ft abv bW LSO WS
Wel Depth ® mbv bw LD MEL WP [eiecinic tape reading]

— Meazurng pant (]
|+ ' MF bedow ILE]

(52690 )
11

WATER-LEVEL DATA FOR GWSI

MEASLIREMENT{C239)

CATEWATERLEVEL MEASURED (C238) __ _ - - {e7e) w.ernl.EuELﬁPE
= Wmth Doy Wear e — CODE (C243)

[0 (== h
Bnd s e

WEATER LEVEL — HFE‘,]-IJEH:EHU.:Q-‘[I — mrEs -

(CEI243/ 242) {Marciatory F WL type=M}

WATER LEVEL

CATLM (C245) [pevo2o mavoss | 5, ) |

(Mandatory F WLtype=5]  nsoralGecdel  mers drarew i (S WWSL sl for coda

Yaric ol Do oF :-nunu

SITE STATUS

FOR WATER E N

LEVEL (CrE) — = e

P ) Mo o ™ e e nal N § SN
™A B € E F G H L M N O R 5T V Z |

Mirs wokg abiEsl st e aoaase cbne QaphayDe TACMMIE Boi- Cheead mporied gee elactk caleMed  of
Lo

e T ) E gagh Pk gige ol kg 1

ymen smgye=en [ o 6 Lm0 % s 7]
T ;u ol drilarl gesk gRphy D mERDY Sendt OB SRSy o
m— vt g ol kge [
PERSON MAKING
e [T T] (Semereoen [T 1] enee[y ¢ v 1]

chackat; mat  propristaey; kool s

= =l L~ T
fmw  cwln Ay
4 GW Form version B.0
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WELL PURGE LDG FIELD I

Allowable Drawdown: it Purge method: stasaro LOW-FLOW  OTHER
START TIME: END TIME
e
Time | Waksr D awi- Wil Pumping | water | Conduc- pH Diz- | Turbidity Comments
Leavel biw | down Yield Raig Temp ity units | solhved [cdarity, eic]
MP LED it apm apm °C walem oaygen | ——
MEDIAN VALUES
CanEsceENT FH
FINAL AELD MEASUEE.
Wed Volume (gal) = V= 0.0408 HD¥ or Well Volume = Hx F Par B [t movm information ses KFW Tabie 0-1)
whiere: ﬁ-l tﬂ.1ﬁEhﬂ.BﬁEﬂmm1ﬂﬁa}5u’m
Vs volume of water In the well, In gallons digits o e right of he declmal)
H |5 helght of walter column, In fest + (.3 I SC <~T5uS/cm
[ |5 Imside: Diameter of wedl, In Inches E Ara + 1.
F |5 casing Volume Facior {see @kie) 5 paclt i 3%, = m
[SC) + 3% for SC > 100 pSicm
H = Wedl depth - Static water lavel - feet m‘ﬂ'ﬂrﬂ ;
Dtameter, Inside (D) = nchag Turbmny oy [ e " an = 5 Of Mos;
1 well volume (V) - galons wailer systems (vsible TU = 5)
— mmW_!wmm:mEMmmﬁm
Purgs Volume = (nj{\}=_______gallona[Actuml=___ gl popin o set pump from MP (il unis In feet except where noted)
115 mumber of well volumes to be removed during purging Digtancs
Vis volume of waler In the well, In gallons Iniop of screen flom LSO
Q - estimaied pumging rae - gallons per minute + WP - If MP Delow LS}
ApproXimate purge Sme - (purge volume)i@ = minutes — [7 o 10 xdlameter {Inches) of the wel)
WOCTMETACTORS [comert io feed]
= Depih to pumg Intake from MP
SereansdiOpen Infenak Top ___ fthiw Lsp wsL Diepin to pump from LSD (3l units in feed) -
Bottom . fibhw LeD msL e
Depth io Top of Sampling Interval . Tl bw LsD msL
Deapih o Bottom of Samping Imterval ) fbiw Le0 e = Depih pump s&t from Len WsL
Motes/Calculations:
5 GW Form verslon 8.0

Appendix C-2. Groundwater Field Form, version 8.0—Continued.
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FIELD I

ALKALINITYTANC CALCULATIONS

BEGHMMING Hal TEMP. b BEmmmNG Hod TEMP. " CALCULATIONS

PH APH WOL ACED g0l ACID .H‘I PH aFH VoL aCiD | gVoL aom i APH Bl KA NITY {magil. &= CalOn} = 50044 (B (Ca) (CF) /e
DConmL § CCorml | & DConmlL | DConmL | & whese:

ACID aIn
B = wolume of acid firantadded fom he niti@l pH b

e bicarbonaie equivalence point [near pH 4.5), i

millilifers. To comvert #som digilal counds 1o millifiers,

diie by B0 {1.00 ML = B0 counts)

C, = conceniadon afacid fiamt, in millequivaents

per miliier {same as equivalents per e, of N)

CF = Hach camridge comecion Boior [defiulvake
1.01) e CWQ Waidl Nole 2005.02 for in]

V= VHUME of sample, in milifers

For samples wilh pH = 9.2

BLARBOMATE [mglL) =617 (B-2) {u {CF] /¥,

CARBOMATE jmail = 60009 &) [C,] {CF)1 ¥,

where:

A= wolume of acid frantadded fom he ini@l pH ©
he carbonalke equivalence point {near pH 8.3, in
millifers. To convert from digital cous i miliiess,
divide by BOO {1.00 mL = S0 counts)

NOTE: For ssmpleswih pH > 9.2, hese squaiions fr
bicarbonaie and carborale wil Hi o give socursie rells

Use the Aixalinity Calcudator at
http:lomegon ysas ool or PCFF [htto:l

walter. owiurs T hitmi

End temp. b H End temp. A
Hed - Ha¥ - pH metar Miefer makeimodel =
FIRET TITRATION RESULTS SECOMD TITRATION RESULTS
Calibraion Location:
Dure mwia Due Wi
Elecinode Mo.
Bcan et Ewo et B Tt Entr Taat, Zlopa | W oiE
Type: gel lquid
BupswrsiANG mgil sa Cali0y By pmmirsiANC mugil as Cali0y j— —
BicARBONATE mgl. as HCOT Bowesownte__ mglasHCOr  Mopnemer | Buter |Theomtiosl | pH mH
[ mgl s COF Comgownre __ mgl s COF DHH. ad —>
Aon: 1BM DA6N  DO9E3SN Beoc TGN DAEN  DUDME3EN PHT
O, O
foo Lot N, Bcw Lot No, H—
BAon Exemarion Oane B Expsimon Dwre ﬁ:ﬁk
Saar i Vouumi- L S i VoL _mL C ants/Calculations
Futenen  Usetenes  Chum  Cowse Furerin  Usentesss  Chs  Cose
Mirnoo:  WrLecTion Post G Mmoo roBcTion Pomt G
Fuoes Esomomt Foen Excent
Smmmwa Methos  Macsere Wlapms Sneemc Metnoo:  Maserc Manuss
Field firsrfion by Chegked by
B GW Form version B.0
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FIELD I

QUALITY-CONTROL INFORMATION

ERCSCRYATIVE LOT NUMBERS
T.5H—TTH HND, B HE 4.5M Hy504 Conc. B304 1-1HEL
Exp. Daie: Exp. Dl Exp. Dae: Exp. Darie- Exp. Dae:
[meTaLsdcaTonE] [Ha) |WurrEsT shooc) (oo, FrewoL, o) [VOC)

Orops of HOL. adideed i lower pH ip = 2

[ MOTE: Maxmum memberof drops = 5) BLANK WATER LOT NUMBERS
Inceganic (39200} Ind Inorgaric 3920
Pasficide S92 2rd Pasficide (38203)
WOC Pesicids |39204) Ind VOCPasicide (90205)

Eifer Lot Numbers
Fiiter descriptlons with parameter codes require NWI1S LOT NUMBERS avallable at hitp:ihwwwiwglcr. usgs. povigas. shimiHilters homs
Filter Type Pore Size (microns) | Manufacturer's Lot Parameter Code NWIS Lot Number
Mumber
Capsule 0.45 99206
Disc 045
142 mm GFF oo
[organics)
25 mm GFF (organic 0oTF0
carbon)
142 mm membrane 0.45
(norganics)
e
Starting daie for sst of samples [39109) [ YMMDD) Ending dats for set of samples (59110) (YMMDD)
acC SAMPLES

Sample Type NWIS Record Mo, Sampie Type HWIS Recond Mo,  Sample Type NWIS Recond Ho.
Equip Blank Sequential Trip Blank
Fleid Blank Spike Criher
Spiit - Concumrent Orther

WL Schedilies/lah codes (G Sampies)

COMMENTS:

99100 Blank-soiution typa

10 Inomanic grade [diviledideionzed) 0106 Spke-=mmpk ype o7 ST
40 Pesicide gmds [0K for arganics and 10 Field 10 wum
amEnic caban) 20 L=k
50 Vinksble-organic grads (08 for VO3,
armgenics, and onganic carbon| 99108 Spicesowtonvoheme, ml.
200 O Praseraka
n
99101 Source of blark walor - ?&""w“h"’ﬂm'ﬂ' ?MMTPEI'”F""‘
]‘g :"E","T“'- 100 Field 0 Topial forhigh bias [mat=mingfon)
5 Wmcorsin Mescury Lab 00 Oher 20 Topial for low biss |recoery]
14} EMD Chemials 29111 OC sampie assodated winh his emvronmental sampis }ﬁ 1“:::;3;%;:;1"]
130 Ricon Chemical Company ! Noszocekd Qhdoke 120 Topialior vribiy [fck persomed
20 Cher 10 Blark 130 Topinl forvarnbiiy [Reld processing)
30 Replicaie Ssmpie 140 Topical far varabiiy [shipping Ahending]
99105 Replicate-sampie typa 40 Epie 2ample 200 Topical fr varsbify [las)
10 Conrrent 40 SpitConcurrent [ 100 More fhan one bype of QA sample 900 OHer kopical O purpose
M Sequenial 50 SpilSequenial |20 Chher
T Sa 200 Other A compildle st of Msed-wmiue codes can ba found onling at:
7 GW Form version £.0

Appendix C-2. Groundwater Field Form, version 8.0—Continued.
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REFERENCE LIST FOR CODES USED ON THIS FORM

SampleMedium Codes compiatn sof of fixed-wiue cofes £an ba found onling at- Tiene: Dsben Codes:
i =imd=x him| Sl uTe Daylght  UTC
Tima Offsot Time: Otk
Time fone: Code fhousy Code {hoursy
Sampia Type Code FHewoi-feuian  HST  -10 HOT r
9 Fmgular Hakca BET 8 HKDT &
7 Raglca Pacfc PST & POT T
2 Elmnk Mounlzin MET 7 MOT £
1 S Cenal ceT € coT 5
Exsler EST 5 EDT 4
tearic AST 4 ADT 3
E4164 Sampier typs
; .b-im:.-d-:i;m' - tfl:;“nhue IIZ“5'3?"']1‘s‘t"'ﬁ““'“lﬂﬂ :g o Eaer
zampl mpoper
o nsuficient amountofwerier e pebp el S0 Double-sabve Bailer
: ﬂ:t:mwr:'hmm 4G50 Suckon pump :g &inuﬂﬂeﬂenﬁgdﬂl‘rp
¢ sample ruined i prepamicn 4MD Sumersiie pump 4040 Psivepressum Pum
: = 45 Sumershie muliple mpelier AD41 mﬂuel-umm';:mnp F
50280 Furposa of 5o visil w50 é:"""]"“l’ 405 Submersile Gesr Pump
2001 Primary [primary somples shoulbd notexiors  moee bhan one die previie e g pemp 4050 Blodder Pump
per HF, and he peimary sampling dele gerasmly has the highesl numbsr of AT Cas 4DE)  Ges Recprocaing Pump
KAWCA analyies] #0860 Persislic pump 4070 Gasld
a1 Supplmmﬂ Ih'ﬂ rnmng mh:dl.ksnd:m#d wbﬂﬁ - :% S]MHHi:::bhn Pump
2003 Temporel c for previusly sampied athe: incld £100 Flowing wel vkl Pump
ondsessonelsamples] L #110 Fesin bap collsior proi A
2004 F 7 i prmary ssmpls| N0 Chee ine-Ehaf Turbine Pump
H1'% Ground-waler qually confrol A0 Flowing Wel
1% Cther [ground-saier relnied samples wih medim oode ofher "8, h B0 Ofher
s w0l samples or core maier)

72006 Sampiing CondRion
001 The sie was dry |no sl level i recorded)
The sile: hadl been floming
The silke wes flowing, hend could nof be messred
A nearby sie thatbps e Aguikrees  fowing
Neamy st tspping =ame Squiicr had been fioming recenlly
Injecloe sie
Injecloe =i monioe
bemmiement decorinued
Ch=budion sncouniered n wel sbove weler surhe
The sile: had been pumped recendy
Nearby sike tspping the same Squifer wos being pumpsd
Neary sl tspping the Same Sguiier was pu ped recendy
Foreign sub=iance present on e surce of fe weisr
Waler level sfecled by =isge in nearby sie
Ciher condiinns sffeciing e measred waler l2uel
2 Llrdugnu'hd

]

on2
03
nna
005
006
iy
0ne
one
0in
011

013

G Flowing on gas i

AlicainkyANC Parameter Codes
30086 Akslinily, weier, fiered incrementsl Brafion, mg/L
00418 Akslinity, weier, fiered fxed endpoint, mgl
29002 Alkalinity, weler, liered Gean Fresfion, mgl
00419 ANC, werier, uniliered, incremenisl Frafion
00410 ANC, weer, uniliered, fxed endpoink mgll
13 ANC, weier, unflered, Gran beafion, mgl
2530 Bicarbonste, waler, fliered, fxed endpoint, mgl

T1ETE Hydrogen Sulfide Ddor

Value
¥ none enfered (pull)

Remark Code Method Code
M delec U wracidified sample
U non-delec ¥ noidifed sample

E3TEE Bnrbmut walker, fliered, Gron rrgul.
{0453 Bicark waler, Blered, i

{l}H{IBnrbuut walker, unfliered, fmed endecin, mglL
mﬂhmﬁ,-h,ﬂhmd,imhllmg'l
25307 Corbonale, warker, filiered, fned endpoink mgil
E3TBE Corbonale, werker, filfiered, Gean, mgll
mm,m i'hmd munaﬂ,ny'l.
00445 Corbonale warler, unifisred |, fxed endpoind mgl
44T Corbonale, warier, mitred roremenhl, mgL
23310 Hydrouide, werier, fllered imd:mhnd,mg.ﬂ.
TiEd Hgdmitluﬂtr,fh:mdl ncremeninl, mgil
T1830 Hydmaide, weier, uniliered, fxed endpoint mglL
7183 Hydeaxide, waler, unfllered, incremenisl, mgil

00003 Sampling deph, £

TE200 Sam plng deph, & biwm:sl

052 Flow rale, imknbneows, galons per
mimde

THM Pump or fiow perind prior o sam-
pling, mirues

Ihmhmlﬂ:]gn

Ezide-modified Winkier
NDEI:I Sepcbopholmeler, indigo carm ine
INDKT  Fiedd Kit, ndigo cormine, visual
LUMM  Luminsgence sensor
MEME?  Amperomelric, Membesne (DODEC)
MEMBR  Ampemelic Membmnd siechode
RHODA  Field Kit, Rhodezine-0), visusl
SPCW  Speckopholomeler, Rhaxdezine-0

‘Water Leval

G1065 Waler level, depl below men=uring
poir, feel

EIE10 Geound-weier vl sbove NGVD
1529, ek

E2E11 Geound-werier kel sbove NAVD
1938, feek

T20% Deph fo waler level, feet below land
surface

waterysgs goviysgas/owa/Fomms himl

Parameter and method codes for field measurements and tur-
bidity can be found in separate attachments at hitp-J

Appendix C-2. Groundwater Field Form, version 8.0—Continued.
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U.S. GEOLOGICAL SURVEY — ANALYTICAL SERVICES REQUEST (ASR)
For USGS Contract No. 07CRCN0028 with TestAmerica Laboratories (TAL)

SAMFPLE IDENTIFICATION

I WHN INRTNRNARRNAN )
SAMPLE TRACEING ID User Code Project Account LABORATORY ID
| | |20 1
STATION ID* Begin Date (YY" YMMDD )" Begin Tme*  Medium code®  Sample Type
I | 204 | | || |
USGS Project Contact Mame End Date (YY" YYMMDD) End Time WSGS Project Contact Email
SITE / SAMPLE / PROJECT INFORMATION (Optional)
Lﬂe_ll | | |l I I I | 30 days (USGS contract) |
County Geologic Analysis Analysis Hydrologic  Hydrologic Tum Arcund Time
LUinit Code Status Source Condition Event Required
Mate: Sfate, County, and Geologic Unit Code daia will not be enfered in by Contract Laboratory
Lisa Uriell lisa.urieli@@
303-738-0103 testamericainc.com
TAL Name & Ph.no.  TAL Contact Email USGS Project Mame

Station Name or Field ID:

Sample conditions or hazards:

AMNALYTICAL WORK REQUESTS: SCHEDULES AND CONTRACT ITEM NUMBERS (CINs)
MNote: Contract lfemn Numbers [CIMs) are used as Lab Codes for this specific ASR.

Analysis schedule(s) |

Contamers/Preservatives
CIN F::g‘:rd Remarks: list analytical method no., specific analytes for metals . é 8 =
Um:ﬁ&t‘l and anion analyses, special instructions, and other comments & E g § g §

CHAIN OF CUSTODY RECORD
ASER: Relingoished by: Diate:
ASR: Received by: Date:

Time:
Time:

USGS DODESP Contract ASE. revision 2.2, 010ci2010

Appendix C-3. U.S. Geological Survey — contract laboratory analytical services request form.
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Appendix D.

List of Groundwater Sampling Equipment and Supplies

Paperwork
O sampling and Analysis Plan
O well construction Information
O sample analysis and bottle workshest
Blank Field Forms
CGroundwater site schedule (form 9-1904-4), 2 ea.
Groundwater-Quality Field Motes [ver. 8)
O ol
O w2
Microbiclogy Field Form [ver. 4)
O Mol
O mwinz
sample labels
O w0 field blank
O mwol environmental sample (Enviro.)
O MWl replicate
O mrwoz2 field blank
O mWo2 enviro. sample
O Mwi2 replicate
O ambient blank
O Trip blank
O chain-of-Custody Seals [CoC)
Analytical Services Report/CoC forms

w1 field blank O wWwaL O TaLO other
MWO1 enviro. sample O NwaL O TaL O other
MWL replicate O wwaL OTtalL Oother
w02 field blank O wwiaL O TaL Dother
MWO2Z environ. sample O NwaL O TaL Dother
MWO2 replicate Onwalr O TaL Dother
Ambient blank O wwar O TaL Dother
Trip blank O wwaL O TaL Dother

O Field Motebook

1 Job Hazard Analysis/Health and Safety Flan

O pens — indelible ink

O calculator

Fedex shipping forms O mwol OTar O other

Sampling Equipment

O stesl tape, carpenters chalk, bleach solution

O water-level meter |electric tape)

O Generator with extension cords to run pumps

Osample tubing — Teflon® tubing with stainless

fittings and valves, 1 for each well, precleansd

Osampling manifold — All Teflon® and stainless steel

OGarden Hose, for wastewater disposal

OmMultiparameter water-quality instrurment:

OFlow-thru cell for water-quality probe

O Turbidity meter, HACH 2100P, calibrated

O Barometer

O Thermometer, air temparature

O HACH DR2ED0 with appropriate chemicals

O Teflon pressure filtration unit

O peristaltic pump with air filter

O wvalve and tube for He/dissolved gas collection

Sampling Supplies - disposable

Sample Bottles by laboratory

O nwaL O TaL O cFCs O sotopes

O mp O NOSAMS

O Filters, 0.45-micron capsule

O Gloves, disposable

Instrument Standards
OpH 4
O specific conductivity standards, bracket range
O Zero 0O solution

O pH7 O pHio

O Zobell's solution
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Appendix E. Job Hazard Analysis

Collection of groundwater samples near
Pavillion, Wyoming

JOB HAZARD ANALYSIS

JOB: Collecting Groundwater
Samples from Wells

PREPARED BY:
P.R.Wright

REVIEWED BY:

See JHA on Environmental
Hazards — attached below

Date Created: 1/30/12

PAGE 1 OF 3

Recommended Protective Clothing and Equipment:

Safety goggles, appropriate
gloves, foul weather gear.

Emergency | Ambulance 911
Contacts
Fremont County Fire Protection District 911
Fremont County Sheriff 911
Poison Control Center 800-222-1222
David Mott — WYWSC Chief Office. 307-775-9162
Cell 307-631-9816
Peter Wright — Proj. Safety Office 406-656-1444, ext. 11
Officer Cell 406-696-23375
Riverton Memorial Hospital (307)856-4161
Local 2100 West Sunset Drive
Hospital Riverton, WY 82501
Sequence of Potential Recommended Safe Job
Basic Job Accidents/Hazards Procedures
Steps
Conduct a Slip, trip and fall hazards Assess work area around monitor well and
safety remove hazards if necessary.
inspection

Breathing hazardous
fumes

Make a site assessment. Using a calibrated
(document in project logbook) four-gas meter
(oxygen, combustible gasses (LEL), carbon
monoxide, and hydrogen sulfide) measure air
in work area, particularly around monitor
well for hazardous (explosive or low oxygen)
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Collecting
water
samples

Real-time air monitoring
action levels

Pressurized monitoring
well

Back or muscle strain

Back or muscle strain

Fire / explosion /
contamination hazard
from refueling generators

Electrocution

conditions. Document gas meter readings in
project logbook. If conditions are hazardous
(see real-time air monitoring action levels
below), ventilate work area and evaluate why
conditions changed. If conditions persist and
are explosive stop all work, shut down all
powered equipment, such as generators, take
four-gas meter, and evacuate all personnel to
a safe location upwind from the site. If
conditions persist and are hazardous due to
low oxygen and/or high carbon monoxide or
hydrogen sulfide stop all work, take four-gas
meter and evacuate all personnel to a safe
location upwind of the site. If appropriate,
contact the local fire department. Use four-
gas meter to determine when it is safe to
return to site. Be aware of hazardous fumes.
Work upwind and in a well-ventilated area.

Oxygen: <20% O,

Oxygen: >22% O,

Combustible gas: <10% LEL
Hydrogen sulfide (H,S): >10 ppm H,S
Carbon monoxide (CO): <25 ppm CO

All measurements must be confirmed prior
to any action.

Open pressure release valve on monitoring
well and allow pressure to equilibrate before
continuing sampling operation. Continue air
monitoring during this process.

Use proper lifting techniques when lifting
pumps or generators.

Use proper lifting techniques when lifting
pumps or generators.

Before refueling generator, let the generator
cool down.

Fuels and other hydrocarbons will be
segregated from samples to minimize
contamination.

All fuels will be transported in approved
safety containers. The use of containers other
than "safety types" is prohibited.

See attached JHA for Gasoline Use -attached

A ground fault circuit interrupter device must
protect all AC electrical circuits. Make sure
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Sample
processing

Fire / explosion hazard
from refueling generators.

Breathing hazardous
fumes

Infectious water-borne
diseases

Breathing fumes from
sample preservatives

Contaminated water
source

the electrical cords from generators and
power tools are not allowed to be in contact
with water. Do not stand in a wet area while
operating power equipment.

Before refueling generator, let the generator
cool down.

Monitor air quality during well purge and
groundwater sampling using a calibrated
four-gas meter (oxygen, combustible gasses
(LEL), carbon monoxide, and hydrogen
sulfide) conditions to ensure safe air quality
throughout sampling activities. Document
gas meter readings in project logbook. If
conditions become hazardous (see real-time
air monitoring action levels, above), verify
instrument measurements, ventilate work
area and evaluate why conditions changed. If
conditions persist and are explosive stop all
work, shut down all powered equipment,
such as generators take four-gas meter, and
immediately. If conditions persist and are
hazardous due to low oxygen and/or high
carbon monoxide or hydrogen sulfide stop all
work take four-gas meter and immediately
evacuate all personnel to a safe location
upwind of the site. If appropriate, contact the
local fire department. Use four-gas meter to
determine when it is safe to return to site. Be
aware of hazardous fumes. Work upwind and
in a well-ventilated area.

Wear appropriate gloves. Prevent water from
contacting your skin.

Always work in a well-ventilated area.

Wear appropriate gloves and safety glasses.
Prevent water from contacting your skin. A
pair of coveralls or Tyvek suit or apron can
be worn to minimize skin contact. Work in
well-ventilated area.

Well water will be contained onsite in a
container truck provided by a waste hauler
contracted by the State of Wyoming. Waste
water will be disposed in accordance with
State of Wyoming requirements.

See JHAs for use of appropriate sample
preservatives such as Nitric Acid,
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Shipping
samples

Good hygiene

Freeze burns, back strain,
hazardous chemical or
sample leakage.

Hydrochloric Acid, and Sulfuric Acid
Ampoules — attached.

Wear appropriate gloves when handling dry
ice. Follow safe lifting techniques.

Vehicles that transport chemicals shall be
equipped with applicable Material Data
Safety Sheets (MSDSs). Chemicals will be
transported in compliance with Wyoming
Department of Transportation (WDOT)
regulations.

Samples shipped to laboratories will be
appropriately labeled for potential hazards.
All reasonable precautions will be used to
prevent leaks or broken samples.

Samples that contain hazardous materials
must be packed, manifested, and shipped by
personnel that have WDOT or appropriate
HazMat training.

Wash hands prior to touching food or
smoking (There will be no smoking on site!)
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JOB HAZARD ANALYSIS

JOB: Environmental Hazards

PREPARED BY: Peter
Wright

REVIEWED BY:

Sequence of
Basic Job
Steps

Walking to,
from and
around field
site

Date Created: 2/13/12

PAGE 1 OF 2

Recommended Protective Clothing and Equipment:

Safety glasses, appropriate gloves, appropriate foot wear,
personal floatation device (PFD), water, sunblock,
sunglasses, protective clothing, foul weather gear, rope,

Potential
Accidents/Hazards

Slip, trip and fall hazards

Lightning strikes

Dehydration/heat
exhaustion/sun stroke

Hypothermia/frostbite

Sunburn

Slippery conditions

Snake bites

Attack by wild animals

Insect bites or stings

Poisonous plants
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and shovel.

Recommended Safe Job Procedures

Ensure path is clear and free of obstructions.
Ensure footing at the field site work area is
sound.

Do not work around or during thunderstorms.

In warm/hot weather, rest often and drink
plenty of water or electrolyte drink.

Wear foul weather gear during winter months.

Protect yourself from the sun. Use sunblock
when it will not interfere with water-quality
samples, wear light protective clothing,
sunglasses and hat.

Use appropriate footwear when mud, snow or
ice conditions exist.

Wear appropriate foot and leg protection. If
you are bitten seek help immediately. DO NOT
CUT and SUCK!! This may make the bite
worse.

Be familiar with animal behavior. If firearms
are needed for protection from animals follow
regulations as stated in WRD memo 98.27.

Wear appropriate insect repellant if it will not
impair water-quality samples. At the end of the
work day check body for ticks. Avoid wasp or
hornet nests.

Wear appropriate clothing. Wash all exposed
areas of skin with cold water only.



Opening gage
house or
monitoring well

Working in or
around surface
waters

Insect bites or stings

Infectious diseases

Infectious water-borne
diseases

Contaminated water
source

Snake bites

Drowning/rapidly rising
stage

84

Check carefully around shelter for wasps or
spiders. Use sprays to kill insects. Do not use
chemicals if they will contaminate a well or
could cause contamination of water-quality
samples.

Watch for bats, rodent nests or droppings. If a
nest or droppings are present special
precautions must be taken to prevent illness or
death.

Wear appropriate gloves. Prevent water from
touching your skin.

Wear appropriate gloves. Prevent water from
touching your skin. Work in a well ventilated
area.

Wear appropriate foot and leg protection. If
you are bitten seek help immediately. DO NOT
CUT and SUCK!! This may make the bite
worse.

Wear appropriate personal floatation device
(PFD). Be familiar with weather conditions
occurring upstream. Be prepared to move to
higher ground.



JOB HAZARD ANALYSIS

JOB: Gasoline Use

PREPARED BY: Peter
Wright

REVIEWED BY:

Sequence of
Basic Job
Steps
Filling up gas

cans

Transporting
gasoline

Refueling small
engines

Date Created: 2/13/12

PAGE 1 OF 1

Recommended Protective Clothing and Equipment:

Safety glasses, Appropriate gloves

Potential

Accidents/Hazards

Fire, explosion

Breathing fumes/toxic
vapors
Chemical burns

Fire/explosion

Breathing fumes/toxic
vapors

Fire, explosion
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Recommended Safe Job Procedures

Remove gas cans from field vehicle to fill. Do
not fill gas cans in pickup truck with plastic bed
liners. Static electricity may cause fire or
explosion.

Avoid breathing fumes. Stand up wind if
possible. Gasoline contains harmful fumes.

Wear appropriate gloves. Avoid contact with
skin. May cause serious chemical burns.

Transport gasoline in an approved container
with a flash arrestor vent. Transport no more
than 5 gallons. Do not store overnight in field
vehicles.

Use only cans that are in good working order.
Secure caps tightly to prevent fumes from
entering the vehicle. Secure can tightly to
vehicle. When transporting gasoline cans do not
mount cans outside of motor vehicle.

Let engine cool down before refueling.



JOB HAZARD ANALYSIS

JOB: Sample preservation: Nitric

Date Created: 2/14/12

Acid and Hydrochloric acid ampoule

PREPARED BY:
Peter Wright

REVIEWED BY:

PAGE 1 OF 1

Recommended Protective Clothing and Equipment:

Safety glasses, safety goggles, protective gloves, eye

wash

See MSDS for additional HNo3 and/or HCL safety information

Sequence of Potential

Basic Job Accidents/Hazards
Steps
Opening box Cuts or punctures with a
of ampoules knife
Open/leaking ampoules in
box

Open ampoules in box —

Breathing fumes
Opening Skin contact chemical
ampoules burns

Eye contact

Breathing fumes
Adding acid Chemical reaction
to sample

Eye contact

Skin contact chemical

burns
Ampoule Eye and skin contact
disposal chemical burns

Recommended Safe Job
Procedures

Use appropriate techniques when using a
knife.

Wear protective eyewear and gloves when
removing ampoules from box. Dispose of

preservative and ampoules by an approved
method.

Always work in a well ventilated area.

Wear protective eyewear and gloves. Fumes
may come in contact with perspiration on your
skin and rehydrate to form acid. If skin itches,
flush affected area for up to 15 minutes with
water. Tap water is kept in vehicle for
cleaning.

Wear protective eyewear. If acid splashes in
the eyes, flush eyes using eye bottle and seek
medical advice.

HNOj3 and HCL have high vapor pressure.
Always work in a well ventilated area.

Wear protective eyewear and gloves. Acid
may react with highly alkaline sample and fizz
(releasing COy).

Wear protective eyewear. If acid splashes in
the eyes, flush eyes using eye bottle and seek
medical advice.

Wear protective eyewear and gloves.

Follow recommended procedures listed above
until ampoules are disposed of properly.
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Appendix F. USGS Central Region Research Drilling Chief’s Project Log for
Redevelopment of MW02

USGS ACTION PLAN FOR REDEVELOPING EPA WELL MW-02 SITE AT PAVILLION,
WYOMING

The following is the action plan developed by Art Clark (Chief, USGS Central Region Research
Drilling Project) in conjunction with the Pavillion Technical Team during April, 2012 for
redevelopment activities for deep monitoring well MW-02 at Pavillion, Wyo. The effort was
undertaken to extract the existing pump and to attempt to improve the yield on the monitoring pump.

The planned activities are given below (black) with a review of the actual activities and observations
(blue).

Monday 4/30/12 planned:
e Drive from Denver to Riverton. Meet with USEPA at MWO02 at ~ 14:00 to discuss plans and
logistics.
e USGS (Denver) brings two new enclosed 500-gallon water tanks for storing Riverton water at
site.
e Water truck arrives with 1,000 gallons of Riverton water at 15:00 — transfer water into holding
tanks.
e Drill rig and equipment drives from Denver to Riverton.
Monday 4/30/12 actual:

o Art Clark (Chief, USGS Central Region Research Drilling Project) and Jeff Eman (USGS drill
foreman) drove from Denver to Pavillion, WY site MW-02 to meet with USEPA, USGS-WY, and
WY-state personnel to discuss and finalize site plans and stimulation methods. We delivered two
new 550-gallon water storage tanks to hold Riverton drinking water and water removed from
well.

e Water truck contracted by WY DEQ delivers 1,100 gallons of Riverton water to the site and the
holding tanks are filled.

e  Monitored for methane (CH4) at the wellhead: 14% CH4 inside wellhead and was 0% CH4
outside wellhead.

o The drilling rig and associated equipment was driven by the drill crew from Denver to Riverton.

Tuesday 5/1 planned:
e Mobilize drilling equipment to Pavillion, Wyo., site MW-02
e Setup decon area and steam-clean drill rig and equipment as necessary
e Monitor for CH4 at wellhead and inside 20-in protective well cover
o Vent accumulated CH4 from inside cover if/as necessary
¢ Inside protective cover, remove 2-in side bushing from 4-in well casing
e Insert hose in 2-in side opening and pump Riverton water into 4-in casing at 10-20 gallons per
minute (gpm) until full
o Collect splits of purge water from discharge side during purging activities
o Monitor vented gas during purge
o When 4-in casing is filled, let sit for ’2 hour and top off with fluid
e Reinsert 2-in bushing, monitor and vent gas from wellhead area if/as necessary, and cut 20-in
well cover to ~2-ft height for increased rig accessibility
e Position drill rig over MW-02 and move other equipment onsite as required
o Install visqueen liner beneath rig
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Attach to 4-in well cover and raise from 4-in well casing
o Assess discharge pipe, monitor pipe, and pump cable configuration and determine
optimum equipment removal methodology
Remove equipment from well
Pipe to be placed on saw horses or designated trailer
Pump cable to be coiled on designated spool
Pump to be left attached to cable or disconnected and placed on pipe trailer
Wellhead area to be monitored for CH4 throughout pull.

O O O O

Tuesday 5/1/12 actual:

The drill rig was driven from Riverton to MW-02 site and steam-cleaned. The drill rig was also
steam-cleaned in Denver prior to leaving as was all equipment used at the site.

Removed the 2-in bushing from side of the wellhead, assembled the pumps and hoses, and slowly
pumped Riverton water from one 550-gallon tank into the well. USGS-WY and EPA collect
samples of water used to purge well.

Monitored for CH4 vented from the well during purge. The concentration inside wellhead
increased from 14% CH4 at start to 100% CH4 towards end of the well purging. Once the
water inside well reached land surface, CH4 readings drop to 0%.

Cut the 20-in diameter protective well cover to 2 ft above land surface to allow for better rig
access. Set rig over the well and pull the submersible pump assembly (1-in stainless steel
discharge pipe, 1-in PVC tagging tube, 4-strand pump wire, and 4-in pump) from well.
Monitor for CH4 during pull — 0% readings.

Based on the removed discharge pipe, the pump intake was set at 964 ft below land surface (bls).
Run tagging tape down well and tag bottom at 990 ft bls.

Wednesday 5/2 planned:

Run state-owned optical televiewer in well

o Verify well bottom depth with televiewer or tag line
Attach 4-in surge block to 1-in drop pipe removed from well and insert to well bottom

o l-in ball valve attached to top of pipe will allow for vacuum or venting as desired
Begin surging activities.

Wednesday 5/2/12 actual:

Monitored for CH4 at wellhead — 0%.

Set up and ran WY state-owned and operated down-hole camera in well to bottom. Saw that the
screen was intact but some mud/sediment was noted along screen surface. Impossible to tell
whether screen was plugged because only the inner-surface of the screen slots can be seen.
Removed camera, attached 4-in surge block to cleaned 1-in stainless steel discharge pipe and
installed it to 924 ft bls. Note: Did not run block inside well screen as the screen’s internal ribs
would have cut the rubber block rendering it useless and leaving rubber material in the bottom
of the well.

Spent 3 hours surging the well between 904 ft and 924 ft bls using I-in ball-valve attached to the
top of the pipe to alternatively create under- and over-pressure conditions at the well screen.
Removed surge block from the well while monitoring for CH4 — 0%. Well water was not pulled
to surface during the removal of the surge block as anticipated. Therefore, no additional
Riverton water was added to the well.
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o Attempted to run 3-in diameter bailer down hole to remove sediment and collect water sample
from well bottom for observation purposes only. Bailer wedged in well at approximately 200 ft
bls and could not be worked past this point.

e Removed 3-in bailer and installed a 2-in polyvinyl chloride (PVC) bailer. Made five runs with
bailer to well bottom, removing moderate amount of sediment and approximately 15 gallons
total fluid. Fluid removed was very dark and had a strong odor.

o Tag water level in well at day’s end at approximately 235 ft bls.

Thursday 5/3 planned:
e Continue surging activities
o Surge slowly thru screened interval
o Monitor at wellhead for CH4 during surging activities
e Remove surge block from well and tag well bottom
o Collect and store purged water (between 4-in and 1-in pipe) in emptied 500-gallon tank.
o Add Riverton water in top of 1-in pipe every 20 ft to keep well area below surge block

fluid filled
e Use bailer to remove sediment from well bottom if/as necessary
Thursday 5/3/12 actual:

o Monitored for CH4 in wellhead — 0%. Tag water level at ~234 ft bls.

e Set up and ran downhole camera in well to bottom. However, the fluid in the well was too turbid
to view anything.

e Removed camera and bailed well from bottom for 4.5 hrs then begin bailing from top of fluid.
Fluid removed from well bottom became slightly less turbid, but continued to have a strong
odor. Fluid from the top is turbid but odor-free. All removed fluid is captured and held in
emptied 550-gallon water tank.

o Bailed well for 2.5 hrs from top of fluid.
o Tag water level at day’s end at ~503 ft bls. CH4 reading at day’s end is 0%.

Friday 5/4 planned:
e Run downhole camera in well
¢ Install downhole equipment or purge water from well as directed.
o Collect purge water in 500-gallon tanks
o Monitor for methane gas during water purge

Friday 5/4/12 actual:
e  Monitor for CH4 in wellhead — 0%. Tag water level at ~498 ft bls and begin bailing.
e (Collected one bail from well bottom then bailed ~9 hrs from fluid surface to within ~40 ft of well
bottom. Water continued to be turbid and water from well bottom continued to have a strong
odor.

e Discontinued bailing and tagged water level at ~950 ft bls.

o  Water truck arrived to transport well fluid for disposal. Pumped water from holding tank into
truck.

e Dropped water storage tanks, pipe, and 4-in submersible pump and cable in rancher’s yard.
Packed equipment.

e Reattached 20-in protective well cover and drove equipment from Pavillion site to Riverton.

Saturday 5/5 planned:
e Monitor for methane gas and install lockable well cover
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o If no methane at surface, weld removed 20-in well pipe and cover onto well.
o If methane is present (no torch or welder can be used), install prefabricated lockable 4-in
well cover to well.
e Water truck arrives to collect and dispose of purged water.
e Remove rig and equipment from site
e Steam-clean rig and/or other equipment before leaving location if/as necessary
e Drive rig and equipment to Riverton

Saturday 5/5/12 actual:
Drove drilling equipment from Riverton to Denver.

Sunday 5/6
e Transport equipment from Riverton to Denver.
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