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and Susquehanna Counties are currently experiencing oil and natural gas exploration targeting
the Marcellus Shale located more than 4000 ft beneath the study area. The exploration and
development uses horizontal drilling technology and hydraulic fractuning to stimulate gas
production. Data provided by the Pennsyivania Department of Environmental Protection
indicates the number of drilled wells in the Marcellus Shale has increased rapidly over the past 4
years. In 2007, 27 Marcellus Shale wells were drilled in the state; however, by 2010 the number
of wells drilled had increased to 1386.

The Marcellus Shale, also referred to as the Marcellus Formation, is a Middle Devonian-age
(about 390 million years), black, low density, organic-carbon rich shale that occurs in the
subsurface beneath much of Ohio, West Virginia, Pennsylvania and New York. Smaller areas of
Maryland, Kentucky, Tennessee, and Virginia are also underlain by the Marcellus Shale. The
Marcellus is part of a transgressive sedimentary package, underlain by sandstones and siltstones
{Onondago Formation), and overlain by carbonate rocks (Mahantango Formation). These
sediments were deposited under a sea that covered the Appalachian Basin. It is believed that
during the deposition of the Marcellus Shale very little oxygen was present at the bottom of the
ocean. Thus, organic detritus was preserved in the deposited sediments. Subsequent burial of
the carbon-rich sediments ultimately led to the formation of gas that became trapped in the rock.
Natural gas occurs within the Marcellus Shale in three ways: 1) within the pore spaces of the
shalc; 2) within vertical fractures (joints) that break through the shale; and, 3) adsorbed on
mineral grains and organic matenial. An assessment conducted by the U.S. Geological Survey
(2003) suggested that the Marcellus Shale contained an estimated 1.9 trllion cubic feet of
recoverable natural gas. Estimated volumes have increased significantly in more recent
assessments of gas reserves (U.S. Geological Survey, 2006).

1.3 Project/Task Description

Data collection in Phase I will involve sampling water from domestic wells and surface water
bodies. Sampling locations were selected during a reconnaissance trip to the area conducted in
August 2011. Due to privacy concerns of the homeowners and residents, actual well locations
are not provided in this QAPP. Additional sampling points may be included in the future and
will be noted in any subsequent QAPP revisions. Figure 2 shows the map locations of proposed
sampling points. Up to 38 domestic wells and three surface water locations are targeted for
sampling. Water analysis will be conducted for a range of organic and inorganic constituents,
including Gasoline Range Organics (GRO), Diesel Range Organics (DRO), volatile organic
compounds (VOCs), semi-volatile organic compounds (SVOCs), glycols, alcohols, carboxylic
acids, dissolved gases {methane, ethane, propane, n-butane), and major and trace cations and
anions, dissolved organic and inorganic carbon, stable isotope compositions of C and H in
methane (if detected), O and H isotope compositions of water, stable C isotope composition of
dissolved inorganic carbon, and strontium isotope ratios. Included in this set of measurements
are a selection of components of hydraulic fracturing fluids (e.g., potassium, barium, glycols,
alcohols, naphthalene, and boron), potentially mobilized naturally occurring substances such as
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arsenic, manganese, and other trace metals, and general water quality parameters (e.g., pH, TDS,
major anions and cations). Some of the chemicals used by hydraulic fracturing companies in
Pennsylvania are listed in Table 1. Of the target analytes noted above, those that are critical
analytes supporting the primary objective of the project (i.e., to determine if ground-water
resources in the selected areas of Bradford-Susquehanna Counties have been impacted by
hydraulic fracturing processes) are defined in Table 2. A tiered approach will be applied to the
use of glycol data. Initially, the data will be considered as “screening” data as the method is
under development and is not yet validated. Once the method is validated, the glycol data will
no longer be considered as “screening” data. A tiered approach will also be applied to the VOC
and SVOC data. See footnote to Table 2.

Methods for sampling ground water and surface water are described in Section 2.2. Water
analyses will be conducted at the R.S. Kerr Environmental Research Center (Ada, OK), U.S.
EPA Regional laboratories located in Fort Meade (MD) and Golden {(CQ), USGS laboratories
located in Denver (CO), and Isotech Laboratories located in Champaign (IL). Analytical
methods are discussed in Section 2.4.

It is anticipated that data collected from this case study will be incorporated into the larger
Hydraulic Fracturing report to be submitted to the U.S. Congress. It is also expected that these
data will be utilized in EP A reports, conference proceedings and journal articles. In addition,
data collected in this case study may be used in policy and regulation efforts by EPA and state
regulatory agencies.

A proposed schedule for field activities is provided in Table 3. This table will be updated in
subsequent revisions of the QAPP should they be necessary.

1.4 Project Quality Objectives and Criteria

The primary quality objectives of this case study relate to analytical measurements including
precision, accuracy, and sensitivity. These topics and associated quality objectives are discussed
in sections 2, 3, and 4.

1.5 Special Training/Certification

A current HAZWOPER certification is required for on-site work. HAZWOPER traimng and
yearly refresher training is provided to GWERD personnel at an appropriate training facility
chosen by GWERD SHEMP (Safety, Health, and Environmental Management Program)
manager. The HAZWOPER training records and documentation are kept by the GWERD
SHEMP manager. A HAZWOPER certificate and wallet card is provided to each person
completing the training.
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initial purging and subsequently connecting the tubing to the flow cell and YSI 5600
multiparameter probe (or equivalent probes). Following completion of well purging,
groundwater samples will be collected either from a homeowner tap located upstream of
any home water treatment systems or directly from the well using a separate submersible
pump (Proactive Monsoon or equivalent). The pump will be thoroughly rinsed with
distilled water between sampling wells and dedicated tubing will be used for each well.

2) The YSI probe (or equivaient probes) will be used to track the stabilization of pH,
oxidation-reduction potential {ORP), specific conductance (SC), dissolved oxygen (DO),
and temperature. In general, the criteria that will be used to determine when parameters
have stabilized are listed in Table 4. Thesc criteria are inttial guidelines; professional
judgment in the field will be used to determine on a well-by-well basis when stabilization
occurs. The time-dependent changes in geochemical parameters recorded by the YSI
probe will be logged by the handheld instrument and recorded on log sheets or in field
notebooks.

3} Once stabilization occurs, the final values for pH, ORP, specific conductance, dissolved
oxygen, and temperature will be recorded.

4) After the values for pH, ORP, SC, DO, and temperature have been recorded, the flow cell
will be disconnected. A series of unfiltered samples will be collected in the sequence as
follows:

a. Duplicate 40 mL VOA vials {amber glass) will be collected, without headspace, for
VOC analysis using RSKSOP-299v] or RSKSOP-259v]. Trisodium Sodium
Phosphate (TSP) will be added to the VOA vial prior to shipping to the field as a
preservative. Acid will not be used as a preservative due to a concem of acid
hydrolysis of some analytes. The samples will be stored and shipped on ice to Shaw,
NRMR L-Ada’s on-site contractor for GC-MS analysis.

b. Duplicate 60 mL serum bottles will be collected, without headspace, for dissolved gas
analysis {e.g., hydrogen, carbon dioxide, ethane, methane, n-butane, propane). The
bottles will be filled while being held inverted and submerged in a 5 gallon bucket.
The filled bottles will be pulled from the bucket: 2 drops of sulfuric acid will added as
a preservative and the bottle will be immediately sealed with a crimp cap. The
samples will be stored and shipped on ice to Shaw, NRMRL-Ada's on-site contractor
for analysis.

¢. Duplicate 40 mL VOA vials (amber glass) will be collected for organic acid analysis
using RSKSOP-112v6. Trisodium Sodium Phosphate (TSP) will be added to the
VOA vial prior to shipping to the field as a preservative. The samples will be stored
and shipped on ice to Shaw, NRMRL-Ada’s on-site contractor for HPLC analysis.
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developed by the National Exposure Research Laboratory (NERL). These archived
samples could be useful as test samples as those method development studies
proceed. Use of these samples would be elaborated in future QAPP revisions.

5) Next a high capacity ground water filter (0.45-micron) will be attached to the end of the
tubing and a series of filtered samples will be collected. Prior to filling sample bottles, at
least 100 mL of ground water will be passed through the filter to waste. A series of
unfiltered samples will be collected in the sequence as follows:

a.

A 60 mL clear plastic bottle will be filled for analysis of 83C of dissolved inorganic
carbon. This sample will be shipped on ice to Isotech Laboratories.

A 125 mL plastic bottle will be filled for dissolved metals analysis. Analysis of
these samples will be by ICP-OES for Al, Ag, As, B, Be, Ba, Ca, Cd, Co, Cr, Cu, Fe,
K, Mg, Mn, Mo, Na, Ni, Pb, Sb, Se, Sr, Ti, Tl, V, Zn, Si, and S and by ICP-MS for
Cd, Cr, As, Cu, Pb, Ni, Se, Hg, U, and TI. These samples will be preserved by adding
concentrated HNO; to pH<2 (pH test strips will be used as spot checks on samples to
confirm that the sample pH is <2). The samples will be stored and shipped on ice to
Shaw, NRMRL-Ada’s on-site contractor for analysis.

One 30 mL clear plastic bottle for CE (capillary electrophoresis) sulfate, chlonde,
bromide and fluoride. No preservative will be added. The samples will be stored and
shipped on ice to the RSKERC general parameters lab.

One 30 mL ciear plastic bottle for nitrate + nitnte and ammonium (Flow Injection
Analysis). This sample will be preserved with sulfuric acid to pH<2 (pH test strips
will be used as spot checks on samples to confirm that the sample pH is <2). The
samples will be stored and shipped on ice to the RSKERC general parameters lab.

Duplicate 40 mL glass VOA vials will be collected for analysis of dissolved inorganic
carbon (DIC). No preservative added will be added to these samples. The samples
will be stored and shipped on ice to the RSKERC general parameters lab.

Duplicate 40 mL glass VOA vials will be collected for analysis of dissolved organic
carbon (DOC). These samples will be preserved with phosphoric acid to pH<2. The
samples will be stored and shipped on ice to the RSKERC general parameters lab.

A 20 mL glass VOA will be collected for analysis of 8'*O and 8’H of water using
isotope ratio mass spectroscopy (IRMS). The sample will be stored and shipped on
ice to Shaw, NRMRL-Ada's on-site contractor for analysis.
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2.3.2 Water Sample Packing, Shippiﬁg, and Receipt at Laboratories

Samples collected from each location will be placed together into sealed Ziploc plastic bags.
The bags will be placed on ice and into coolers. Glass bottles will be packed with bubble wrap
to prevent breakage. The coolers will be sent via Fedex or UPS, overnight, to the appropriate lab
with chain of custody forms (see Figure 3) and custody seals.

R.S. Kerr Environmental Research Center

919 Kerr Research Drive

Ada, OK 74820

1-580-436-8920

ATTN: Kacie Bennett

(for samples analyzed by both Shaw and EPA General Parameters Laboratory)

Upon receipt at RSKERC, all samples shall be logged in and distributed to appropriate analysts
by Shaw using RSKSOP-216v2, Sample Receipt and Log-in Procedures for the On-site
Analytical Contractor. Before opening the ice chests the custody seal is checked by the sample
custodian to verify it is intact. [ce chests are opened and the temperature blank is located to take
the temperature and it is noted whether or not ice is still present. Chain-of-custody (COC) forms
and samples are removed. Samples are checked against the COC. The observations conceming
temperature, custody seal, if ice was not present, and any sample discrepancies are noted on the
COC and the sample custodian signs the form. A copy of the COC is distnbuted to the PI and
Shaw retains a copy. The Pl should be notified immediately if samples arrive with no ice and/or
the temperature records from the temperature blank is greater than 12°c.

Sample receipt and log-in at the Region 8 laboratory shall be conducted as described in their
SOP, Sample Receipt and Control Procedure, #GENLP-808 Rev. 1.0 and the Region § Quality
Manual, #QSP-001 Rev. 1.0.

EPA Region § Lab
16194 West 45" Drive
Golden, CO 80403
1-303-312-7767
ATTN: Jesse Kieman

Sample receipt and log-in at the Region 3 laboratory shall be conducted as described in their
SOP, Sample Scheduling, Receipt, Log-in, Chain of Custody. and Disposal Procedures, R3-
QA061.

EPA Region 3 Lab

701 Maples Road

Ft. Meade, MD 20755-5350
1-410-305-3032
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be on top of the bottle closure, i.e., the bottles will be transported upside down. All
samples will be transported on ice.

Isotech Laboratories will submit a final report at completion of analysis which includes:
tabulation of final results, list of SOPs uscd (title and SOP #), and full data packages.
Full data packages (can be provided at a later date, within 30 days of issuing final results})
shall be provided on CD for all sample analyses to allow for reconstruction of analysis:
Chain-of-custody forms, calibration data, QA/QC data, raw data, data reduction, data
qualifiers, deviations from method requirements, deviations from QC acceptance criteria,
and these deviations’ impact to reported results. The full data packages shall be sent to
Ralph Ludwig (ludwig.ralph@epa.gov) and copied to the GWERD QA Manager, Steve
Vandegrift. Results are expected within five weeks of the receipt of the samples.

Region II1’s LC-MS-MS method for glycols is under development with the intent to eventually
have a validated, documented method. Aqucous samples are injected dircctly on the HPLC after
tuning MS/MS with authentic standards (2-butoxyethanol, di-, tri-, and tetracthylene glycols) and
development of the HPLC gradient. The HPLC column is a Waters (Milford MA) Atlantis dC18
3um, 2.1 x 150mm column {p/n 186001299). HPLC gradient is with H,O and CH;CN with 0.1%
formic acid. The 3 glycols are run on a separate gradient than the 2-hutoxyethanol. All details
of instrument conditions will be included in the case file. EPA SW-846 Method 8000B and C
are used for basic chromatographic procedures. A suitable surtogate has not been identified.
Since there is no extraction or concentration step in sample preparation, cxtraction efficiency
calculations using a surrogate are not applicable. If a suitable surrogate is found, it will be used
to evaluate matrix effects. Custom standard mix from Ultra Scientific, (Kingstown RI) is used
for the instrument calibration . The working, linear range vanes for each compound, but is about
10-100 pg/L. and may change with further development. Initial calibration (IC) is performed
before each day's sample set; calibration verification is done at the beginning, afier every 10
sample injections, and at the end of a sample set. The system is tuned with individual authentic
standards (at | mg/L concentration) of each compound according to the manufacturer’s
directions using the Waters Empower “Intellistart” tune/method development program in the
MRM (multiple reaction monitoring) ESI+ {electrospray positive) mode. Tune data is included
in the case file. Target masses, transition data and voltages determined in each tune for each
compound are compiled into one instrument method. Only one MS tune file (which determines
gas flow rates and source temperatures) may be used during a sample set. For these samples, the
tetracthylene glycol tune is used as it provides adequate response for all targets. Due to
differences in optimal chromatographic separation, the three glycols are analyzed in one run and
2-butoxyethanol is analyzed separately. The mobile phases for both analyses are comprsed of
DI wate , ac  onitrile and formic acid. Exact mass calibration of the instrument is done annually
with the preventive maintenance procedure. Custom mix, supplied by Accustandard (New
Haven, CT), is used as a second source verification (SSV). The SSV is run after IC. Matrix
spikes and matrix spike duplicates are also performed.
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Matrix Spike Recovery

Matrix spikes sample spiking levels are determined at the discretion of the individual analysts
(based on sample concentrations) and are included with the sample results.

spiked sample concentration-native sample concentration

. _ X100
YoRecovery spiked sample concentration

2.6 Instrument/Equipment Testing, Inspection, and Maintenance

Laboratory instrumentation used for analysis of project analytes are in routine use and are tested
for acceptable performance prior to analyzing actual samples through the analysis of standards
and QC samples. Field instruments are tested prior to use in the field by calibrating or checking
calibration with standards. Routine inspection and maintenance of these instruments is
documented in instrument fogbooks. RSKSOPs provide details on instrument testing and
corrective actions.

2.7 Instrument/Equipment Calibration and Frequency

RSKERC calibration and calibration frequency are described in RSKSOPs (RSKERC Standard
Operating Procedures). For the Region III and VIII laboratories, these requirements are
identified in their SOPs and in Tables 9 and 11, and for the USGS laboratory in Table 14.

Field instruments (meters for pH, specific conductance, ORP, and DO) are calibrated (per
manufacturer’s instructions) or checked for calibration daily prior to use, mid-day, and at the end
of the day after the last sample measurement. Calibration standards (pH 4.00 and 7.00 buffers,
1413 uS/cm conductivity standard, ORP standard) shall be traceable to NIST, if available, and
verified that all dated calibration standards are not beyond their expiration date and will not
expire during the field trip. Prior to deployment in the field each test meter will be checked that
it is in good working order. Calibration data will be recorded in a bound waterproof notebook
and personnel making entries will adhere to the GWERD Notebook policy. Calibration of
instruments will be performed daily prior to initiation of sample collection and will be performed
according to manufacturer’s instructions and will be recorded in the field notebook. In addition,
calibration checks will be performed using known standards or buffers before use and at the end
of the day. With the exception of pH, all checks must be within +10% of known concentrations
and in the case of pH must be within £0.2 pH units. These calibration checks will be recorded in
the field notebook. If a calibration check fails, this will be recorded in the field notebook and the
possible causes of the failure will be investigated. Upon investigation corrective action will be
taken and the instrument will be recalibrated. Samples taken between the last good calibration
check and the failed calibration check will be flagged to indicate there was a problem. Duplicate
ficld measurements are not applicable to measurements in flow through cell (RSKSOP-211v3,
Field Analytical Q4/Q0C).
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2.10 Data Management

The PI is responsible for maintaining data files, including their security and integrity. All files
(both electronic and hard copy) will be labeled such that it is evident that they are for the
retrospective hydraulic fracturing project in Bradford-Susquehanna Counties, PA.

Data will be submitted to Ralph Ludwig as either hard copies {field notes), or electronically
(laboratory data) in Excel spreadsheets on CD or DVD or via email. Data in hard copy form will
be manually entered into Excel spreadsheets on Ralph Ludwig’s computer or designated
GWERD staff computer and will given to the PL. The PI, a technician, or student will conduct
this task. Data will be spot-checked (frequency of 10%) by Ralph Ludwig to ensure accuracy. If
errors are detected during the spot-check, the entries will be corrected. Detection of an error will
prompt a more extensive inspection of the data, which could lead to a 100% check of the data set
being entered at that time if multiple errors are found.

Data in electronic form shall be electronically transferred to the spreadsheets. Data will be spot-
checked (frequency of 10%) by the PI to ensure accuracy of the transfer. If errors are detected
during the spot-check, the entries will be corrected. Detection of an error will prompt a more
extensive inspection of the data, which could lead to a 100% check of the data set being entered
at that time if multiple errors are found.

2.10.1 Data Analysis, Interpretation, and Management

Data validation will consist of initial and final review of data. Initial review will include
continuous oversight during field collection of data by the principal investigator to avoid
common transcription errors associated with recording of data. Final review will include
evaluation of all collected data for suitability in data interpretation. It will include but is not
limited to the following activities: (1) assessment of data completeness, (2) review of log books
and forms used for data logging, and (3) review of calibration and standard checks.

2.10.2 Data Recording

Data collected during the ground-water investigation will be recorded into field notebooks and
entered into Microsoft Excel spreadsheets. Water quality data will also be entered into AQQA a
program for evaluating ground water quality and for evaluating data validity. Graphs will be
produced using Excel or Origin to show key data trends.

2.10.3 Data Storage

As this is a Category [ project, all data and records associated with this project will be kept
permanently and will not be destroyed. All data generated in this investigation will be stored
electronically in Microsoft Excel and backed up in RSKERC’s local area network ‘M’ drive. All
paper-based records will be kept in the PI's offices. If the project records are archived, the PI
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4.0 Data Validation and Usability
4.1 Data Review, Verification, and Validation

Criteria that will be used to accept, reject, or qualify data will include specifications presented in
this QAPP, including the methods used and the measurement performance criteria presented in
Tables 5, 8,9, 11, 12, 13, and 14. In addition, sample preservation and holding times will be
evaluated against requirements in Table 4.

Data will not be released outside of RSKERC until all study data have been reviewed, verified
and validated as described below. The PI is responsible for deciding when project data can be
shared with interested stakeholders in conjunction with the GWERDs Director’s approval,

4.2 Verification and Validation Methods

Data verification will evaluate data at the data set level for completencss, correctness, and
conformance with the method. Data verification will be done by those generating the data. This
will begin with the analysts in the laboratory and the personnel in the field conducting field
measurements, monitoring the results in real-time or near real-time. At RSKERC, Shaw’s,
verification includes team leaders, the QC coordinator, and the program manager. For the EPA
GP Lab at RSKERC, data verification includes peer analysts in the GP lab and the team leader.
Shaw’s and the EPA GP Lab’s process goes beyond the verification level, as they also evaluate
the data at the analyte and sample level by evaluating the results of the QC checks against the
RSKSOP performance criteria.

For the Region V1II laboratory, QA/QC requirements include data verification prior to reporting
and detailed description can be found in the QSP-001-10 QA Manua!l (Burkhardt and Batschelet,
2010). Results are reported to the client electronically, unless requested otherwise. Electronic
test results reported to the client inciude the following: data release memo from the analysts,
LQAO, and Laboratory Director (or their Designees) authorizing release of the data from the
Laboratory, and a case narrative prepared by the analysts summarizing the samples received, test
methods, QC notes with identification of noncompliance issues and their impact on data quality,
and an explanation of any data qualifiers applied to the data.

The Region II laboratory data verification and validation procedure is described in detail in their
Laboratory Quality Manual (Metzger et al., 2011). Briefly, the procedure is as follows. The
actual numeric results of all quality control procedures performed must be included in the case
file. The data report and narrative must describe any limitations of the data based on a
comprehensive review of all quality control data produced. A written procedure or reference
must be available for the method being performed and referenced in the namrative. If the method
to be performed is unique, the procedures must be fully documented and a copy included in the
case file. Results must be within the method, procedure, client or in-house limits. At least one
blank (BLK), duplicate analysis, and spiked sample must be carried through the entire method or
procedure. Peer reviewers complete the On-Demand Data Checklist. The data report must
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RSKSOP-211v3. Field Analytical QA/QC. 4 p.

RSKSOP-112v6. Standard Operating Procedure for Quantitative Analysis of Low Molecular Weight
Acids in Aqueous Samples by HPLC. 22 p.

RSKSOP-213v4. Standard Operating Procedure for Operation of Perkin Elmer Optima 3300 DV ICP-
OES. 22 p.

RSKSOP-214v5. Quality control procedures for general parameters analysis using Lachat Flow Injection
analysis (FIA), 10 p.

RSKSQOP-216v2. Sample Receipt and Log-In Procedures for the On-Site Analytical Contractor, 5 p.
RSKSOP-257v3. Operation of Thermo Elemental PQ Excell ICP-MS. 16 p.

RSKSOP-276v3. Determination of Major Anions in Aqueous Samples Using Capillary Ion
Electrophoresis with Indirect UV Detection and Empower 2 Software. 11 p.

RSKSQOP-296v]. Determination of hydrogen and oxygen isotope ratios in water samples using high
temperature conversion elemental analyzer (TC/EA), a continuous flow unit, and an isotope ratio mass
spectrometer (IRMS), 8 p.

RSKSOP-299v]. Determination of Volatile Organic Compounds (Fuel Oxygenates, Aromatic and
Chlorinated Hydrocarbons) in Water Using Automated Headspace Gas Chromatography/Mass
Spectrometry (Agilent 6890/5973 Quadrupole GC/MS System). 25 p.

RSKSOP-326v0. Manual Measurement of Groundwater Levels for Hydrogeologic Characterization. 4 p.

RSKSOP-330v0. Determination of Various Fractions of Carbon in Aqueous Samples Using the
Shimadzu TOC-VCPH Analyzer. 15 p.

RSKSOP-332+v0. Operation of Thermo X Series IT ICP-MS. 16 p.

Williams, J.H., Taylor, L.E. and Low, D>.J. (1998). Hydrogeology and Groundwater Quality of the
Glaciated Valleys of Bradford, Tioga, and Potter Counties, Pennsylvama. 1.8, Geological Survey and
Pennsylvania Geological Survey, Water Resources Report 68.

USEPA Method 180.1. Determination of Turbidity by Nephelometry, 10p.

USEPA Method 2320. Carbonate, Bicarbonate, and Total Alka v,

1

U.S. Geological Survey (2003). Assessment of undiscovered oil and gas resources of the Appalachian
Basin Province, 2002, USGS Fact Sheet FS-009-03.
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6.0 Tables

Table 1. Known constituents of the hydraulic fracturing fluids used in Pennsylvania.

1,2 4-Trimethylbenzene Giycol Ethers {includes 2BE) Glycol Ethers (includes 2BE)
1,3,5 Trimethy!benzene Guar gum Guar gum
2,2-Dibramo-3-Nitriloprapionamidc Hemicellulase Enzyme Hemicellutase Enzyme
2.1-Dibromo-3-Nitriloprepionamide Hydrochjoric Acid H ydrachloric Acid

J-butoxyethaniol Hydrotreated light distillate
2-Ethylhexanol Hydrowreated Light Distilled
2-methy!-4-isothiazolin-3-one [ron Oxide

Hydrotreated light distillate
Hydrotreated Light Distilled

5-chloro-2-methyl-4-isothizzotin-3-one Isopropanol Iron Oxide

Acetic Acid Isopropyl Alcohol Isopropanol

Acetic Anhydride Kerosine Isopropyl Alcohol

Acie Pensurf Magncsium Nitrate Kerosine

Alchohol Ethoxylated Mesh Sand {Crystalline Silica) Magnesium Nitrate

Alphatic Acid Methanol _ , Mesh Sand (Crystalline Silica)
Alphatic Alcohol Polyglycol Ether Mineral Spints Methanol

Aluminum Oxide Monoethanolamine

Ammonia Bifluoride Naphthalene Mineral Spirits

Ammonia Bisulfite Nitrilotriacctamide Monocthanolamine
Amunonium chioride Qil Mist Naphthalene

Ammonium Salt Petroleumn Distallate Blend Nirrilotriacetamide
Ammonia Persulfate Petroleum Distillates Oil Mist

Aromatic Hydrocarbon Petroleuin Naphtha Petroleum Distallate Blend
Aromatic Ketones Polyethoxylaled Alkanol (1) Petrolenm Distillates

Boric Acid Polyethoxylated Alkanol {2) Petroleum Naphtha

Borc Oxide Polyethylcnc Glye{)I Mixture POlye[hOXylatEd Alkanol {l}

Butan-1-0! Polysaccharide
Citric Acid Potassiuimn Carbonate
Crystalline Silica: Cristobzlite Potassium Chioride Crystalline

Polyethoxylated Alkanol (2)
Polycthylene Glycol Mixture

Silica: Cristobalite Potassium Chioride Polysaccharide
Crystalline Silica: Quartz Potassium Hydroxide Potassium Carbonate
Dazomet Prop-2-yn-1-01 Potassium Chloride
Diatomaceus Earth Propan-2-01 Potassiuvm Hydroxide
Diesel {use discontinued} Propargyl Alcohol Prop-2-yn-1-01
Diethylbenzene Propylene Propan-2-01

Doclecylbenzene Sulfonic Aeid Sodium Ash

E B Butyl Cellosoive Sodiuin Bicarbonate Propargyl Alcohol

Ethane-1,2-diol Sodium Chloride Propylene

Ethoxlated Alcohol Sodium Hydroxide Sodium Ash

Ethoxylated Alcohol Sucrasc Sodium Bicarbonate

Ethoxylated Octylphenol Tetramethylammenium Chloride Sodium Chleride

Ethylbenzene Tilaniaum Oxide Sodium Hydroxide

Ethylene Giycol Toluenc Sucrose

Ethylhexanol Xylene Tetramethylammonium Chloride
Ferrous Sulfate Heptahydrate Titaniaum Oxide

Formaldehyde Toluene

Glutaraldehyde Yalana

From the Pennsylvania Departmen of Environmental Protection websilc accessed June 13, 2011)
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Table 4, Ground and surface water sample collection.

60 mL serum bottles/2

H150,, pH<2; refrigerate

Sample Type Analysis Method Sample Bottles/# of Preservation/ Holding
(EPA Method) bottles* Storage Time(s)
RSKSOP-194v4 &- No Headspace [4 days

Dissolved gases 175v5 6oct
(No EPA Method)
RSKSOP-213v4 &-
Metals 2573 or 3320 e HNO,, pH<2: room 6 months {Hg
(filtered) (EPA Methods 125 ml. plastic bottle/] temperature 28 days)
200.7 and 6020)
RSKSOP179v2,
] RSKSOP-213v4 &- _
Metals 2573 or 332v0 125 mL plastic bottle/1 HNO, pH<2: room 6 months {Hg
(unfiltercd) (EPA Methods temperature 28 days)
200.7 and 6020)
SO,, C1, F, Br (Eﬁ](ﬁgifd?g;go) 30 mL plastic/1 Refrigerate <6°C 2§ days
RSKSOP-214v5 .
4 2.
NO; + NO:. NH; | {EPA Method 350.1 30 mL plastic/! H30-, pH{;o'Creﬁ‘gm‘e 28 days
for NH,, 353.1 for -
NO, ~ NO)
RSKSOP-330v0 ] ‘
DIC (EPA Method 40 mL "'f;[ﬁias” VOA refrigerate <6°C 14 days
JOG0A)
RSKSOP-330vD) . .
DOC (EPA Method 40 mL cle.:_ilri?zlass VYOA H\PO,. pl-iczotreﬁ'lgerate 28 days
9060A) via =6
RSKSOP-299vi or No Headspace
Volatile organic -259v] (EPA 40 mL amber glass VOA TSP pH>10- r]Zﬁ'i erate 14 davs
compounds (VOC) | Method 5021A plus vial/2 P soc g ¥
8260C) =
Low Molecular RSK3S0P-112Vo . TSP', pH> 1 0; refrigcrate i
Weight Acids (No EPA Method) | 20 ML glass VOA vial2 <6°C 30 days
0, H stable isotopes RSKSOP-296v0 . e o stable
of water (No EPA Method) 20 mL glass VOA vial/1 Refrigerate at <6°C
6'C of inorganic Isotech: gas No
o 0B stripping and IRMS 60 mL plastic botile/| Refrigerate <6°C information
varaen {No EPA Method)
1 s Isotech: gas ) . No
°c “’;: 5 H of stripping and IRMS I L plastic bottle/1 CEI‘L";Z‘C?E:;T‘?&‘;“;‘;TC information
methane (No EPA Method) + FETTEEraiE =
Thermal ionization . Ne
¥15e5Sr analysis mass spectrometry 50[2) ;Ei;e]ﬂ:bllT (t; ‘::rlnd :;:nd Refrigcrate <6°C information
{No EPA Method) fy 1V sampies
Semi-volatil i ORGM-5157L1. ldLﬁi‘rZ?cr glla[‘;,;abnt:“:t:szof 7 days unal
emivoiae Greanie EPA Method | 7 i P Refrigerate <6°C extraetion, 30
compounds 8270D ground water need 2 more d fi
botties for one selecied ays afier
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Table 5. Field QC samples for water samples.

QC Sample Purpaose Method Frequency Acceptance
Criteria/Corrective
Action*
Trip Blanks (VOCs | Assess Fill bottlcs with One in each ice <RL*; if >RL, P1
and Dissolved Gases | contamination reagent water and chest with VOA and | will determine if
only) during preserve, take to dissolved pas significant relative to
transportation. field and returmned sarmples. sample data.
without opening.
Equipment Blanks Assess Apply only to One per day of <RL; if >RL, PI
contamination from | samples collected sampling will determine if

field cquipment,

via equipment, such

significant relative to

sampling as filtered samples: sample data.
procedures, decon Reagent water is
procedures, sampie filtered and collected
container, into bottles and
preservative, and preserved samc as
shipping. filtered samples.
Field Duplicates Represent precision | One or more One in every 10 Report duplicate

of field sampling,
analysis. and site
heterogeneity.

sampies collected
immediately after
original sample.

samples, or if <10
samples collected
for a water type
{ground or surface),
collect a duplicate
for one sample

data; ifRPD > 30
for results preater
than 5xRL then
affected data will be
flagged as needed.

Temperature Blanks | Measure iemperature | Water sample thatis | One per cooler. Record temperature;
ol samples in the transported in cooler condition noted on
cooler. 1o lab. COC form***

Field Blanks** ASScss In the field, reagent | One per day of <RL*; if >RL, PI
contamination water is collected sampling will determine if
introduced from into sample significant relative to
sample container containers with sample data.
with applicable preservatives,
preservative

* Reporting limit or Quantitation Limit

*h Blank samples will not be collected for isotope measurements, including O, H, C, and Sr.

k%

The PI should be notified immediately if samples ammive with no ice and/or if the

temperature recorded from temperature blanks 1s greater than or equal to 12 °C. These
samples will be flagged accordingly.
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Analyte Method MDL (mg/L) QL or LOQ (mg/L)
v RSKSOP-213v4 0.002 0.007
Ba RSKSOP-213v4 0.001 0.004
B RSKSOP-313v4 0.005 0.017
Ti RSKSOP-213v4 0.001 0.004
Si RSKSOP-213vd 0.019 0.064
P RSKSOP-213v4 0.011 0.037
S RSKSOP-213v4 0.026 0.087
U RSKSOP213v4 0.009 0.030
Dissolved Gases™* MDL (ug/L) QL or LOQ (ug/L)
Methane RSKSOP-194v4 &

RSKSOP-175v5 0.08 L3
Ethylene RSKSOP-194v4 &

RSKSOP-175v5 0.56 4.1
Ethane RSKSOP-194v4&

RSKSOP-175vS 0.20 2591
Acetylene RSKSOP.194va & ; .

RSKSOP-175v5 :
Carbon Dioxide RSKSOP-194v4&

RSKSOP-175v5 20.4 262
Propane RSKSOP-194v4&

RSKSOP-175v5 0.24 4.1
n-Butane RSKSOP-194v4&

RSKSOP-175v5 0.22 322
Hydrogen RSKSOP-194v4&

RSKSOP-175v5 0.01 0.33
Anions/Nutrients MDL {(mg/1) QL or LOQ (mg/L)
Br RSKSOP-276v3 0.248 1.00
Cr RSKSOP-276v3 0.118 1.00
SO~ RSKSOP-276v3 0.226 1.00
NO, + NO. RSKSOP.214v5 0.014 0.10
F RSKSOP-376v3 0.052 0.20
NHe RSKSOP-214v5 0.012 0.05
LOW Molecular Weight Method MDL (mg/L) QL (mg/L)
Acids
Tactate RSKSOP-112v6 0.020 0.100
Tsobutyrate RSKSOP-112v6 0018 0.100
Acetate RSKSOP-112v6 0.011 0.100
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Propionate REKSOP-112v6 0.022 0.100
Formate RSKSOP-112v6 0.015 0.100
Butyrate RSKSOP-112v6 0.023 0.100

*For RSKSOP-259, MDL and QL values are provided for two different instruments identified as “CAIN" and

“ABEL.” Those in parentheses are for “ABEL.” If there is no difference only one value is listed.

** Aqueous concentrations are dependent on headspace volume, aqueous volume, temperature, pressure, eic. These
limits were calculated based on 60 mL bettle, 6 mL headspace, 25 degrees, headspace pressure of 1 ammosphere, and
using the “created” headspace calculations.
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Table 7. Region VIII detection and reporting limits and LCS and MS control limits for
semi-volatile organic compounds (SVOC) using Method 8270.

Analyte Detection Limits Control Limits
Lower Upper
DL (ug/L) RLGugL) | Mean | 0837 | L0 | Control
Deviation o -
Limit Limit
1-Chloronaphthalene
1,2-Dibromo-3-chloropropane
1,2-Dichlorobenzene 0.218 0.500 67.3 11.4 33 102
1,2-Dinitrobenzene
1,2-Diphenylhydrazine 84.8 0.4 57 113
1,2,4-Trichlorobenzene 0.208 0.500 71.7 [1.6 37 107
‘| 1,2,4,5-Tetrachlorobenzene

1,3-Dichiorobenzene 0.226 0.500 64.8 10.9 32 98
1,3-Dinitrobenzene
1,4-Dichlorobenzene 0.225 0.500 64.8 10.9 32 98
1.4-Dimitrobenzene
2-Chloronaphthalene 0.167 0.500
2-Chlorophenol (.243 0.500 71.3 114 37 106
2-Flvorobiphenyl (Surrogate) 79.9 10.6 48 112
2-Fluorophenol (Surrcgate) 63.7 14.8 19 108
2-Methylnaphthalene 0.190 0.500 75.0 9.5 46 104
2-Methviphenol 0.217 0.500 73.3 11,7 38 109
2-Nitroaniline 0.118 0.500 81.8 11.2 48 115
2-Nitrophenol 0.197 0.500 75.8 12.4 39 113
2,3,4,6-Terachlorophenol
2.4-Dichlorophenol 0.185 0.500 76.3 9.6 48 105
2 4-Dimethylphenol _ 0.142 0.500 688 | 13.5 28 109
2,4-Dinitrophenol 2.00 2.00 75.8 20.6 14 138
2 .4-Dinitrotoluene 0.086 0.500 843 11.2 51 118
2.4,5-Trichlorophenol 0.151 0.500 79.7 10.3 49 111
2,4,6-Tribromophenol (Surrogate) 32.9 13.6 42 124
2,4,6-Trichlorophenol 0.166 0,500 80.7 10.7 49 113
2,6-Dichlorophenol 82.7 11.3 49 117
2,6-Dinitrotoluene 0.091 0.500
3-Methylphenol 0.189 0.500 71.3 13 32 110
3-Nitroaniline (.394 3.500 72.6 17.7 19 126
3,3-Dichlorobenzidine 65.2 15.3 19 111
4-Bromophenyl phenyl ether 0.108 0.500 §2.9 10.2 52 113
4-Chloroaniline 0.546 1.00 62.2 15.6 15 109
4-Chloro-3-methylphenol 0.165 0.500 78.6 10.7 47 111
4-Chlorophenyi phenyl ether 0.120 0500 80.6 10.3 50 111
4-Methylphenol 0.189 0.500 71.3 13.0 32 110
4-Nitroaniline 0.320 0.500 77.2 13.7 36 118
4-Nitrophencl 0.085 0.500
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(Beginning | queue, 10-15 | (Immediately | difference individual
andend of | samples) after first of < QL exceeding
cach sample calibration {Every 15 70-130%
queue, 10- check) samples) Rec. {one
15 samples) per sample
set, 10-15
samples)
Metals RSKSOP- <ICP MDL | See See RPD<20* 80-120%
{unhiltered & 257v3 and - | for “undigested” | “undigested” | for 80% of | average rec.
digested) 332v0 RSKSOP- metals; with at least
213v4 for resulis 50% of
<5x QL, individuals
difference within 50-
of < QL 150% rec.
(Every 15 for pre-
samples) digestions
*35 for and 70-
solids 130% rec.
for all
results for
post-
digestions
(one per
sample set,
10-15
samples}
50, ClF,Br RSKSOP- <MDL 90-110% Rec. | PE sample RPD<10 80-120%
276v3 (Beginning | {(Beginning, acceptance {every 15 Rec.
and end of | end, and every | limils samples) {one per
each sample | 10 samples) {One per every 20
queue) sample set) samples)
NQ; + NO,, NH, <l lowest 90.110% Rec. | PE sample RPD<10 30-120%
RSKSOP- calib. std. {Beginning, acceptance (every 10 Rec.
214vs (Beginning | end, and every | limits samples) (one per
and end of 10 samples) (One per every 20
each sample sample set) samples)
queue)
DIC/DOC RSKSOP- <!AQL 80-120% of 80-120% of | RPD<ID 80-120%
33000 (after initial | known value known value | {every 15 Rec.
calib., every | (after initial (Immediately | samples) (one per 20
10-15 calib., every after or every set
samples, 10-15 calibration)
and at end} | samples, and
at end)
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Table 9. Region VIII laboratory QA/QC requirements for semi-volatiles, GRO, DRO.

QC Type Semivolatiles DRO GRO Frequency
<RL <RL <RL At least one per
Method Blanks Preparation or Method Preparation Preparation or sample set
Blank, one with each set or Method Method Blank and
of extraction groups, Blank IBL
Calibration Blanks are
also analyzed
Limits based upon DoD | 60-140% of | 70-130% of expected | Every field and
Surrogate Spikes statistical study (rounded expected value QC sample
to 0 or 5} for the target value
compound analyses,
Internal Standards Every sample, NA NA Every field and
Venfication. EICP area within -50% to QC sample
+100% of last ICV or
first CCV,
Initial multilevel ICAL: minimum of 6 ICAIL: 10- | ICAL:.25-125ug/L | As required (not
calibration levels ((25-12.5 ug/L) , 500 ug/L for gasoline daily if pass ICV)
one is at the MRL (0.50 | RSD<=20% | (different range for
ug/L), prior to sample or other compounds)
analysis (not daily) r2>-0.990

RSD £20%, r22.990 RSD<=20% or
**>=0.990
Initial and Continuing 80-120% of expected 80-120% of | 80-120% of expected | At beginning of
Calibration Checks value expected value sample set, every
value tenth sample, and
end of samplc set
Second Source Standards icvl ICVI ICVs Each time
70-130% of expected 80-120% of | 80-120% of expected calibration
value expectled value performed
value
Laboratory Control Statistical Limits from Use an Use and SRM: One per analytical
Samples (LCS) Dol LCS Study SRM: Values of all batch or every 20
(rounded to 0 or 5) or if Values of analytes in the LCS samples,
SRM is used based on all shounld be within the whichever is
those centified limits analytes in | limits determined by greater
the LCS the supplier.
should be
within the Otherwisc 70-130%
limits of expected value
determined
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by the

supplier.
Otherwise
70-130% of
cxpected
value
Same as LCS Same as 70-130% of expected | One per sample
Matrix Spikes (MS) LCS value set or every 20
samples,
whichever is
more frequent
% Recovery same as MS % % Recovery same as One per sample
MS/MSD RFD < 30 Recovery MS set or every 20
same as MS RPD <25 samples,
RPD < 25 whichever is
more frequent
Reporting Limits* 0.1 pg/L (generally)' for 20 pp/L 20 pg/L? NA
target compounds HF
special compounds are
higher

‘Based on 1000 mL sample to 1 mL extract

"Based on a 5 mL purge

*see QAPP Table 7
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Table 10. Region III detection and reporting limits for glycols.

Analyte’® Detection Limit (ug/L)’ Reporting Limit (ng/1.)
2-butoxyethanol NA NA
diethylene glycol NA NA
triethylene glycol NA NA
tetracthylene glycol NA NA

" Detection and reporting limits are stili being determined, most will be between 10 and 50 pbb.
! The samples are analyzed according to OQASQA On Demand Procedures- See the QA manual for procedures. Sec
Section 13.1.4.2 Procedure for Demonstration of Capability for “On-Demand” Data (Metzger et al., 2011)
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Table 13. Isotech Laboratory QA/QC Requirements for 8"C of dissolved methane and 8D
of dissolved methane.

QC Type Performance Frequency
Criteria
Difference of One @ beginning of day and afier
calibrated/true 1
o 0 samples are analyzed for & C*; one @
?;:CSRSPCC Calibration £0.5%0 for 8 Cand | peginning of day and every tenth sample
- L]
< 3% for 8D for 8D
13 13

Mas.s Spec Zero 0+/-0.1% for & Cand | Onccaday for & C and every tenth
Enrichment Check 0 +/- 1 %o for 8D sample for 8D
Lab Duplicates < 1% for 5”C and 1 per every 10 samples***

< 3%, for &D
Preparation System < 1%, for 5” C and One per every 10 samples
Check/Reference B
Standards < 3%, for 8D

*Woarking standards calibrated against IAEA (International Atomic Energy Agency) standard LSVEC and NBS-19;
referenced to 8"°C of the Peedee belemnite (NIST material).

**Working standards calibrated against VSMOW, SLAP, and GISP; referenced to VSMOW.
***1f < 10 samples are submitted, run a duplicate regardless of tolal number.
Corrective Actions: If any samples are affected by failure of a QC sample to meet its performance criteria, the

problem shall be corrected and samples will be re-analyzed. If re-analysis is not possible (such as lack of sample
volume), the data will be qualified with a determination as to impact on the sample data.
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APPENDIX A

Isotope Support for the EPA Hydraulic Fracturing Study
by the U.S. Geological Survey (USGS) Denver CO

Background: Stronliumris a;\‘.alka]inc earth element that closely follows calcium in the geochemical and biological cycles. The

critical parameter is ths% Sr/ Sr ratio which can be determined to a high degrese of precision by thermal ionization mass
¥ B7
spectremetry (TIMS).  Sr is a stable isotope of sirontium whereas some of the  Sr is radiogenic from the decay of Rb. In

hydrologic studies, Sr isotopes are used to study ([) mixing of waters, (2) groundwater evolution due to water-rock interaction,
(3) isotopic characterization of aquifers, and (4) weathering including the impact of climate change and acid rain. Numerous
examples of each of thesc arc available in the scientific literature. The addition of Sr isotopes to dissolved ion, trace metal, and
other isotopic analyses {e.g., O and H} provides a powerful combination for addressing critical hydrologic and hydrochemical
problems as shown by the selected references.

USGS Capability: Researchers in USGS isotope laboratories have been analyzing Sr isotopes for nearly a half century with
€vCr increasing precision as instrumcnlation continually improves. The laboratory in Denver has two state-of-the~art TIMS and
clean laboratorics for these analyses. During the past 20 years, the USGS Geochemistry Team has worked on the Yueea
Mountain Project under a stringent Quality Assurance/Quality Control program, and (he tearn continucs 1o use the DOE-
approved technical procedures (attached).

Application to Hydraulic Fracturing Study: Formation water is typically many times more saline than fresh water and
commonly more saline than ocean water. When hydraulic fracturing fluids are injected into rock units, it mixes with the
formation water, and thc flowback water typically has a high salinity. Potential contamination of groundwater can occur from the
injection water which commonly contains a number of proprietary chemical compounds and flowback water which is a mixture
of injection water and formation water. Use of Sr isotopes to detect contamination associated with the hydraulic fracturing
process requires samples of (1) uncontaminated groundwater, {(2) hydrofracking water, and (3) flowback water.

Scope and Cost of Analyses: Depending on the isotopic variability of the three water types, wi anticipatc that several tens of
samples would be required for each site study. The cost of $573 per sample will include the following:

l A high precision s?SwBﬂSr analysis with a Z-sigma uncertainty of £0.G0002.

2 ICPMS analysis of St concentration (coeflicient of variation of £5 percent),

3 Sr isotope measurements of USGS standard EN-1 which is analyzed every six samples. The RTSre“%Sr values for EN-|
allow precise interlaboratory comparisons of analyses. These data will be compiled and included in the report.

4 For each study sitc, a report describing (he isotopic results and their implications can be prepared.

5 Other isotopes (O, H. C, L, Pb) and other dissolved ions and trace metal concentrations can be determined by the

USGS laboratories in Denver if needed.
6 USGS personnel can participate or advise in the specific site studies and sample collection if needed by the EPA.
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Prepared by:

Zell E. Peterman, PhD, PE (emeritus)
U.5. Geological Survey MS 963 Box 25046 DFC; Denver CO §0225; Email: Phone: 303-
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2. RESPONSIBILITIES.
2.1 Principal Investigator is responsible for assuring compliance with this procedure and for
conducting the activities described in this procedure.

2.2 YMPB and Support Personnel are responsible for conducting the activities described in
this procedure.

3. INTERFACES. The USGS may receive samples from the YMP Sample Management Facility
following procedures for sample transmittal and control.

4, TECHNICAL REQUIREMENTS. Technical requirements of applicable planning documents
associated with Rb-Sr [sotope Geochemistry are met through the implementation of this procedure.
There are no other technical requirements.

5. ASSOCIATED WORK ACTIVITIES. Other work activities and procedures associated with
implementation of this procedure include:
*  YMPB-USGS-GCP-25, Determination of Chemical Composition by Energy Dispersive X-
Ray Fluorescence Spectrometry
s YMPB-USGS-GCP-38, Determination of Chemical Composition by Inductively Coupled
Plasma Mass Spectrometry
+  YMPB-USGS-GCP-42, Calibration of Laboratory Scales and Analytical Balances

6. METHODS. The general principles of isotope-dilution techniques are described by Faure (1986).
Procedures described herein for the analyses of rock samples in the Rb-Sr laboratory (Denver,
Colorado) are similar to those summarized by Peterman and others (1985). Adaptations of these
methods are readily made for other materials. The use of high-punty reagenis with certifications and
ultra-high punty water (18 x 10 ohms resistivity, hereafter referred to as UHP water) facilitates
maintenance of a low-blank environment.

6.1 Methods:

6.1.1 Sample Collection and Preparation: Samples analyzed under this procedure will be
collected and controlled in compliance with YMPB-USGS-QMP-SI1.01, RO
(Identification and Control of Samples). Standard thin sections may be used for
preliminary determination of mineralogic composition of some samples. Samples of
rock are crushed in a laboratory jaw crusher to particle sizes of 1.0 cm or less.
Approximately 100 grams of this material are further reduced to approximately 200
mesh size by pulverizing in a shatterbox using a hardened steel grinding container. To
prevent cross confamination among samples, the crushing equipment is cleaned
thoroughly between samples by washing and scrubbing using stainless steel brushes.
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6.1.2.3 Water Samples: Water samples are weighed and spiked with Sr isotope (if
necessary) then evaporated to dryness in Pyrex or Teflon beakers in an environmental hood.
The dried sample is brought up in HNO3 and centrifuged. A portion of sample solution may
be prepared for trace element concentration determination by I[CP MS in accordance with
YMPB-USGS-GCP-38, Determination of Chemical Composition by Inductively Coupled
Plasma Mass Spectrometry. Sr is isolated by ion-exchange methods, following the
procedures in Para. 6.1.2.1.

6.1.3 Mass Spectrometry: Isotopic analyses of Rb and Sr will be done by thermal ionization
mass spectrometry (TIMS). A drop of 1.0N HCl is added to the Sr sample (0.1-5
micrograms of Sr), which was prepared as described above in section. 6.1.2. Prior to
loading any solutions the rhenium or tantalum filaments used will be outgassed in a
vacuum to remove impurities. The Sr sample is dried on the filaments by passing a low
current (1.5-2.0 amps) through the filaments. The rhenium sample filaments are
configured with an ionizing filament and piaced sample turret of the mass spectrometer.
Tantalum filaments are used for single ﬁlamem runs. Following pump downto a

source pressure of approximately 4 x 10" mm of Hg, an ion beam is generated by heatmp_,

the sample filaments with the ionizing filament operating at approximately 1.8 x 10 C.
When a stable Sr beam of approximately 0.5-5 volts of Sr is attained, data collection is

. 11
started. Five or more blocks of data are to be taken until an average Sr/ Sr value with an
uncertainty (95 percent confidence level on the mean) of 0.0001 is attained. The measured

ratios will be corrected for mass discrimination by normalizing the St/ Srratio to a
value of 0.11940 and adjusting the other ratios accordingly.

Rb will also be loaded onto a rhenium sample filaments, configured with an ionizing
filament, and installed on the source of the Rb mass spectrometer. Operate the
ionizing filament at a lower temperature (approximately 1.5 x 10 C) than that for Sr.
Generally three to five blocks of data will yield a suitable mean value with <0.03
percent variation.

The Sr and Rb isotopic ratios will be combmed w1th data on samplcs and spike
weights to calculate Rb and Sr contents, and "Rb/"Srand St/ Sr ratios.

6.2 Materials and Equipment: Materials and equipment needed to perform this work include:

6.2.]1 Sample Preparation:

. Standard thin sections (For indication onty)
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. Laboratory jaw crusher
. Spex Shatterbox

. Stainless steel brushes

. Kevex energy dispersive X-ray fluorescence unit (For tndication only)
. Steel mortar and pestle

- Microscope for hand picking
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6.2.2 Chemical Dissolution:

. Ultra-high purity (UPH) H20 (18.2 x 10" ohms resistivity)
. Ultrex, Baker Analyzed, C Star Suprapur (EM Science) and/or
. reagents of equivalent or higher purity of the following: H2S04 (concentrated) HF

(concentrated) HCIO4 {concentrated) HNO3 (concentrated) HCI (concentrated) CH3COOH (acetic
acid} Disodium EDTA (ethylenedinitrilotetraacetate)

. Platinum dishes

. Teflon covers, jars, beakers, tubes and other equipment
. Electronic analytical balance

. NIST traceable weights

. E‘?Rb spike solution

. I:IIST SRM-607 Rb standard

. 8 Sr spike solution

. NIST SRM-610 or 611 Sr standard

. Hot plate

. Centrifuge

. lon-exchange resins and columnns

. Parafilm

. Environmental hood or laminaire flow hoods

. Appropriate standard laboratory equipment including, but not limited to: quartz, Teflon, and

Pyrex beakers; graduated cylinders; and glass and plastic centrifuge tubes (accuracies in all ranges to
45 percent)

. NIST glass and rock standards such as, but not limited 10, SRM-610, SRM-611 and SRM-
987 for strontium and SRM-607 for rubidium.

6.2.3 Mass Spectrometry: Including, but not limited to a thermal ionization mass spectrometer
(TIMS) e.g. Finnigan MAT 262 and Thermo Elemental Triton; and an inductively coupled
ptasma (ICP) mass spectrometer €.g. Thermo Elemental PQ-3:

. Rhenium ribbon

. Tantalum ribbon

. EN-1 standard carbonate

. Biotite or K-feldspar mineral samples

. NIST SRM-987 (for strontium)

. NIST SRM-727 (for rubidium)

. BCR-1 standard rock sample

. High purity elemental standard solutions
. NIST 1643 and 1640 water standards

. Liquid N2

Collected data will be traceable to the M&TE used to collect that data by lab notebooks and
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7.1 Prerequisites: There are no special prerequisites or precautions associated with the
implementation of this procedure. Although a clean area {e.g. HEPA filtered) is
necessary for chemistry operations.

7.2 Limits: Mass spectrometers are complex systems composed of a number of sensitive
electronic components. Any electronic problem will commonly manifest itself as beam
instability during the course of an analysis. This is identified immediately by the
operator on the basis of an unstable signal. The instruments will be shut down until the
problem is rectified. There are no unconstrained assurnptions in the laboratory
procedures that have not been experimentally tested during the long-term operation of
the facility.

7.3 Precautions: Besides the usual laboratory safety equipment there are no special
precautions associated with the implementation of this procedure.

7.4 Environmental Conditions: Water samples should be processed in an environmental
hood.

B. ACCEPTANCE CRITERIA. The satisfactory performance of this procedure can be judged by
the quantitative replicate analyses of NIST-certified standard samples. lsotope dilution
measurements will be accurate tg 1 percent of their values (2 sigma) or better.
Measurements of “Sr/“Sr will be accurate to 0.015 percent or better. Total laboratory blanks
for Rb and Sr will be determined as necessary, and these shall be below 10 nanograms for
the data to be accepted.

8.1 Unless otherwise stated, the precision needed for all measurements specified in this procedure
is 5 in the last significant figure. Volume and temperature measurements within the chemical
dissolution process and measurements of vacuum, filament current/temperature and accelerating
voltage within the mass spectrometry analysis are approximate and absolute determination of these
parameiers is not necessary for successful performance of the analysis. Approximate numbers are
provided within this procedure to ensure consistency between samples and standards tested. These
measurement parameters are encompassed within the operational checks of the chemistry/mass
spectrometry procedures where proper operation of the system is validated by testing standards of
known characteristics.

9. SAMPLES. Samples are handled as part of this procedure and shall be identified and controlled
in accordance with YMPB-USGS-QMP-SIL.01, Identification and Control of Samples.
9.1 Identification and Traceability: Samples shall be controlled and tracked in
compliance with YMPB-USGS-QMP-SIIL.01, RO, Identification and Control of
Samples.
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I5. RECORDS. The following QA:QA records are submitted by the PI, or delegate, to the Records
Processing Center through the Records Management Specialist in accordance with YMPB-USGS-
QMP-17.01, Quality Assurance Records Management: 15.1 Records Packages: The following may
be submitted as part of a records package:

15.1.1 Data Records: The basic completed analytical data sets obtained will consist of
the Rb and Sr contents (if applicable) and the "St/"$r ratios of the samples. These are
obtained from the mass spectrometer analyses, the sample and spike weights, and the
concentrations of the Rb and Sr spike solutions.

. Table of Sr Data

. Record of Mass Spectrometer Run

. Rb-Sr Sample Data Sheet (if appropriate}

. Copy of Calibration Certificates for Weight(s) (if appropriate)

. Copy of Mass Spectrometer Calibration sheet.

. Copy of Inclusive Pages from Laboratory Notebook (pages with inclusive operational check

dates, if appropriate)

15.1.2 Supporting Information:

. Calibration documentation identified in Para. 11.1 shall be submitted as supporting
information.

. Chemistry laboratory notebooks shall record, at a minimum, sample identification and dates
of analyses.

. Mass spectrometer logbooks shall record, at a minimum, sample numbers, dates anaiyzed,
element analyzed, instrument identification, and instrument operator.

. Notebooks and logbooks contain supporting information and are not considered data unless

specified so by the PI. If a notebook or logbook contains data, a statement will be noted in the book
documenting which information is data. As appropriate, the documentation contaimng the
information shall be submitted as part of the data records package identified in Para. 15.1.1.

Information obtained {rom the use of standard thin sections and the Kevex energy dispersive XRF
unit is used in this procedure for indicative purposes only and does not affect the outcome and

quality of the data acquired from the use of this procedure.

15.2 Individual Records: None

16. REFERENCES. References cited m this procedure are listed below.

. YMPB-USGS-QMP-5.01, Preparation of Technical Procedures
. YMPB-USGS-QMP-12.01, Control of Measuring and Test Equipment
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