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A3. Distribution List

Each person listed on the approval sheet and each person listed under Project/Task Organization will
receive a copy of this Quality Assurance Project Plan (QAPP). Individuals and other organizations taking
part in the project may request copies of the QAPP from personnel listed under Section A4.

This document has been prepared according to the United States Environmental Protection Agency
publication The Volunteer Monitor’s Guide to Quality Assurance Project Plans, EPA 841-B-96-003, 1996,
available on line at http://water.epa.gov/type/rsl/monitoring/gappcovr.cfm and EPA Requirements for
Quality Assurance Project Plans, EPA QA/R-5, 2001, available on line at http://www.epa.gov/quality/qs-
docs/r5-final.pdf.

A4. Project/Task Organization
Personnel involved in project implementation are listed in Table 1, and shown in the organizational chart
in Figure 1 (page 5).

Table 1. Project Implementation Personnel

Individual Role in Project Organizational Affiliation
Julie Vastine Project manager ALLARM
Jinnieth Monismith Quality assurance manager ALLARM
Holden Sparacino Outregch and data management ALLARM

coordinator
Candie Wilderman Science advisor ALLARM

Training, research, laboratory,
Student staff and QA/QC assistance ALLARM
Katy Dunlap Trout Unlimited
Kathryn Hilton Mountain Watershed Assoc.
Faith Zerbe Delaware Riverkeeper Network
Arthur Kuypers & Jessica Helm | Service provider partners New York Water Sentinels
Melanie Houston Ohio Environmental Council
Matt Trokan Ohio Water Sentinels
Rita Chapman Michigan Water Sentinels

Task Organization:
The project manager is responsible for the following activities:
e Oversee program
e Develop training resources and follow-up strategies
e Implement training workshops
e Network with partner service providers
o Work with regional and national partners to explore a broader use of the monitoring protocol
e Communicate with agencies about the monitoring program

The quality assurance manager is responsible for the following activites:
o (Create monitoring resources
e Process quality assurance/quality control (QA/QC) samples submitted by monitors
e Send water samples to Pennsylvania-certified lab for barium and strontium (Ba/Sr) analysis
e Send monitors QA/QC and Ba/Sr results
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e Review and QC incoming data from monitors

The outreach and data management coordinator is responsible for the following activities:
e Advertise and promote upcoming shale gas workshops
o Implement training workshops
e Provide follow-up assistance and support for shale gas monitoring groups
e  Assist with data management strategies and data wrangling

The science advisor is responsible for the following activities:
e Develop scientific protocols
e Develop training workshops
e Network with the scientific and research community

The student staff is responsible for the following activities:
e  Assist with training workshops
e  Assist with protocol research
e Assist in laboratory analysis
e Assist with data management

Service provider partners are responsible for:
e Assist with organizing training workshops — securing location and advertising event
e Communicate directly with local community and watershed organizations

Volunteers and Data Users (Organizational Chart):

Volunteers collect field data at their chosen sties and are trained to act upon that data, should they find
a reportable event. Volunteers are therefore the primary data users. Other data users include agencies
to which events are reported, as well as researchers who may access data through public databases,
such as Shale Network (www.shalenetwork.org).

Figure 1. Project Organizational Chart
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A5. Problem Definition/Background

The Marcellus Shale, named for a distinctive outcrop near the village of Marcellus, New York, is a vast
black shale deposit formed 390 million years ago under inland seas along much of the Appalachian
Basin. As the materials were deposited, they incorporated microscopic organisms, which later slowly
decayed to form a mixture of gases, most of which is methane. Approximately 3,000-7,000 feet below
the Marcellus lies the Utica Shale formation, which was formed about 450 million years ago by the
erosion of the Taconic Mountains. In both shale formations, the gas still resides tightly bound within the
rock formation (Soeder and Kappel, 2009). The area underlain by Marcellus Shale is estimated to cover
about 95,000 square miles in the states of New York, Pennsylvania, Ohio, Maryland, and West Virginia.
The Utica extends further, reaching from parts of Ontario to Kentucky and Tennessee. These two shale
gas plays form the largest natural gas development region in the country in terms of geographic extent

(US Dept of Energy, 2009).

Although there has been natural gas drilling for many years, Marcellus Shale extraction relies on two new
“game changing” technological advances, horizontal drilling and slick water hydraulic fracturing, that
were developed a few years ago for extracting gas from the Barnett Shale in Texas. A vertical well is
drilled to the depth of the gas reserves and then turned horizontally for thousands of feet. Hydraulic
fracturing ("fracking") is a process whereby a mixture of water, chemicals, and a particulate material
(usually sand) is pumped into the well at high pressure to create fractures in the rock to release the gas.
These fractures can extend for thousands of feet (Zoback et al., 2010).

Extraction activity is increasing at a high rate. In
Pennsylvania, only 17 unconventional wells were permitted
in 2005, however by the end of 2013, a total of 15,389
unconventional wells have been permitted in the state (PA
DEP?). In addition, 1.5 million acres of Pennsylvania’s state
forest is also underlain by Marcellus Shale, and nearly half
of those acres have been leased to drilling companies
(Brasier and Ward, 2010). The majority of Utica extraction
activity has been located in Ohio. According to the Ohio
Department of Natural Resources, 375 horizontal permits
have been issued since December 2009, with 134 of them
drilled by September 2012. Concerns about the drilling
process include the impacts of seismic activity necessary to
locate productive drill sites, disposal of the ‘mud’ used to
drill the wells, the millions of gallons of local water
resources necessary in ‘fracking’ (SRBC, 2010), the
management and clean-up of chemical additives, deep
earth salts and radioactivity that surface in flowback water
(Zoback et al., 2010) and impact to surface land and built
infrastructure as pipes, roads, drilling storage and
compressor stations that are built to access and manage
the resource (Simpson et al., 2010).

Figure 2. Areal extent of the Marcellus
and Utica Shale formations.
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In particular, many residents are concerned about the impact of extraction activities on their water
resources. A summary of water-related impacts of Marcellus Shale operations include:



e Impact of withdrawals and consumptive use of large amounts of water on small streams and
local water supplies;

e Potential for surface and ground water contamination from poor casing of well bores, accidental
spills, flooding of well pads in floodplains, and the poor handling, treatment and disposal of
fracking and flowback fluids;

e Land disturbance and runoff from well pads, pipelines, increased trucking activity and access
roads;

e Air pollution from transport vehicles, compression stations, pipelines and well pad activities,
much of which translates into water pollution; and

e Fragmentation of sensitive lands adjacent to water bodies.

Experience in the state has demonstrated that spills and accidents are common. According to the
Pennsylvania Department of Environmental Protection (PA DEP?), 1,643 unconventional wells were
inspected in Pennsylvania between 2005 and 2013, with recorded violations totaling 4,688. With such a
rapid growth of activities, our state agencies are simply not able to provide the oversight to assure that
environmental impacts are systematically documented and mitigated. For this reason, members of many
communities who are impacted by Marcellus gas extraction activities have asked ALLARM to provide
technical assistance and training for them to act as watchdogs of their resources.

The objectives of this project are:
1) Early detection of contamination of small streams and of disturbance in the surrounding
watersheds of gas extraction activities.
2) Prevention of future environmental impact through the continuing presence of watchful
residents.
3) Determination of cumulative impact to aquatic resources caused by drilling activities.

The protocol that is being used is a “red flag warning” protocol. Volunteers are trained to identify data
that indicate a reportable event (ALLARM Shale Gas Volunteer Monitoring Manual, pages 36-38) and to
report it to the appropriate state or local agency for action. ALLARM has developed an agreement with
the PA Department of Environmental Protection, Bureau of Qil and Gas, to prioritize calls that come in
from trained ALLARM volunteers.

Other examples of how volunteers may use the data include:
e (Calling companies to report findings and seek mitigation;
e Publicizing monitoring activities in newspaper articles, op ed pieces, letters to the editor, etc.;
Determining the cumulative impact from gas development;
Testifying at permit application hearings; and
e Discussing findings with landowners

Data are also archived and made available to professional scientists who may use the data in their
research.

A6. Project/Task Description

Ideally, volunteers will monitor a single stream site for one year prior to drilling to establish baseline
data. Once drilling and gas extraction begins, volunteers will continue to monitor on a weekly basis, until
such time that the drilling activities are completed or that the volunteers decide that the resource



and/or landscape is no longer in danger of contamination or disruption. Volunteers will choose their site
locations either at the time of the initial training or at a follow-up meeting. They will do so by first
accessing available information in their watershed concerning water withdrawals and drilling permits.
They will also consider accessibility, safety, and resources. After volunteers choose the location of their
sites, they will document the latitude and longitude of the location using GPS, and perform chemical
analysis, stream stage measurement, and a visual assessment on a weekly basis in the field.

Volunteers will fill out data sheets on site, and then following data collection, data will be entered into
an Excel spreadsheet, which will automatically graph the data to show the relationship between stream
stage and conductivity. All data will be archived in a local database by the groups’ local data manager.
Once the databases are in place, data will also be archived in central databases such as Shale Network.
Once central archiving of the data is achieved, there will be the ability to map and compile data online
by other interested users. If there is evidence of an outlier or possible reportable event, the volunteers
will consult the decision trees in the ALLARM Shale Gas Monitoring Manual (Wilderman and Monismith,
2012) to determine if the event is reportable and to whom the report should be made.

Chemical Analysis

Since there are hundreds of different chemicals found in the waters associated with gas extraction, it is
not possible to test for each possible constituent. The ALLARM protocol assesses two indicator
chemicals: conductivity and total dissolved solids (TDS). A large increase in conductivity/TDS is an
indicator that the water may be impacted by spills or leaks from gas extraction and other activities.

In addition to using conductivity/TDS as indicator parameters, signature parameters, that is, those
chemicals that point to gas extraction activities as the cause for the increase in conductivity, are
measured twice a year. Although the composition of flowback water varies quite a bit, two parameters
are almost always found: Barium (Ba) and Strontium (Sr).? These two analytes will will be used as
signature chemicals. Simply put, if conductivity/TDS is high, we then test for Ba and Sr, and if they are
high also, we assume that the source of impact is Marcellus Shale flowback water.

Volunteers will collect water to be tested in a certified laboratory for Ba and Sr two times per year
(ideally during high and low flows) for background information, and then again if the conductivity/TDS
indicates a possible reportable event.

Stream Stage

Volunteers will measure stream stage (the depth of the water at a given point) in order to understand

the relationship between stream flow and the conductivity/TDS values in the stream. Understanding

this relationship helps to decide whether increases or decreases in conductivity/TDS are simply due to
changes in flow, or to a contamination event.

Visual Observations

Volunteers will systematically make and record visual observations on land disturbances, spills and
discharges, gas migration and leakages, and best management practices for multiple stages of the gas
extraction process from well pad preparation to pipeline construction. Visual assessment is a powerful

1 The New York Department of Environmental Conservation completed a draft Environmental Impact Statement on
the gas regulatory program in September, 2009. They reported typical concentrations of flowback constituents
based on limited samples from PA and WV. There were more than 75 different chemicals listed.



tool which allows volunteers to evaluate management practices and their impact on the physical
conditions of the ecosystem. Impacts can be documented through photography.

A7. Data Quality Objectives for Measurement Data

Precision, Accuracy and Measurement Range

Table 2 shows the precision, accuracy and measurement range for conductivity, TDS, barium, strontium
and stream stage measurements. Volunteers take two replicate samples for measuring
conductivity/TDS and stream stage, and average them.

Table 2. Precision, Accuracy and Measurement Range Objectives

Matrix | Parameter Precision Accuracy Measurement Range
Water | Conductivity 0.1 uS/cm +2%FS 0-19.99 mS
(0 -199.9 uS/cm)

1.0 uS/cm
(200 - 1999 pS/cm)
0.01 mS/cm
(2.00 - 19.99 mS/cm)
Water | Total Dissolved Solids | 10 mg/L * 2% FS 0-9.99g/L
Water | Barium EPA method 200.8
Water | Strontium EPA method 200.8
Water | Stream Stage 0.1 feet | 0.1 feet | 0 -4 feet

Representativeness

To achieve the goals of the monitoring program, ALLARM has a targeted monitoring study design, where
a single site is chosen based on its proximity to drilling activities and its importance to the volunteer.
The monitoring program does not attempt to represent conditions in a broader sense or over a larger
area. Volunteers collect water to be tested from as close to mid-stream as is feasible, and swipe the
sampling bottle vertically through the water column. In that way, the single sample is representative of
the conditions in the stream at that particular site location, which has been determined to be potentially
threatened by gas extraction activities.

Comparability

Volunteers achieve comparability by 1) attending at least one workshop training event, 2) following very
detailed methodology directions found in the ALLARM Shale Gas Volunteer Monitoring Manual and
ALLARM Shale Gas Monitoring Toolkit (http://blogs.dickinson.edu/marcellusmonitoring), and 3) using
the monitoring equipment supplied by ALLARM. Volunteers also must pass a split sample QA/QC test.
The barium and strontium samples are tested Pennsylvania certified laboratory, thereby ensuring
comparability.

Completeness

There are no legal or compliance uses anticipated for the data, as this is a red flag warning protocol
which requires agency or industry follow-up. It is however important that at least 75% of the weekly
samplings during the year of baseline data collection be completed, to have a strong enough record of
the relationship between flow and conductivity/TDS to be able identify outliers in the monitoring phase
after drilling has begun and to detect long-term cumulative impacts over time.
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Qualitative measurements

The visual assessment process is not quantitative and so it is not possible to state data quality objectives
in terms of precision, accuracy or measurement range. A detailed visual assessment checklist (ALLARM
Shale Gas Volunteer Monitoring Manual, page 34) is required to be completed every week over the same
designated reach of the stream; if there are any concerns, volunteers are encouraged to photograph the
impact for documentation. It is expected that a visual assessment will be completed at every sampling
event. Comparability is insured in part by the extensive training that volunteers receive and their access
to photographs of different disturbance scenarios on the ALLARM Shale Gas Monitoring Toolkit
(http://blogs.dickinson.edu/marcellusmonitoring/).

A8. Training Requirements/Certification
Volunteers are required to attend a one-day training workshop in their region. The workshop includes?:
e background information on the science of shale gas extraction and flowback water;
e role of volunteer monitoring;
e training on accessing permit locations;
e hands-on training on choosing site locations, using a case study;
e safety information;
e training on visual assessment, using photographs to illustrate various examples of disturbance;
e information on water quality impacts and the significance of the indicator and signature analytes
that we will be measuring;
e training on field methods for sample collection and stage measurement;
e hands-on training to calibrate and use the LaMotte conductivity/TDS meter;
e training on the method to collect samples for Ba and Sr laboratory analysis;
e hands-on training on the identification of outliers or reportable events using decision trees;
e training on how to prepare samples for split sample analysis for QA/QC;
e training on how to record and enter data into our customized Excel database.

Volunteers are given all materials needed to begin monitoring following the workshop. After they
complete QA/QC successfully, they can begin their weekly monitoring. Volunteers also receive copies of
the ALLARM Shale Gas Monitoring Manual, which contains all of the training information as well as all
necessary data forms, and are referred to ALLARM'’s Shale Gas Monitoring Toolkit, where they can access
information and training videos to supplement and reinforce what they have learned at the workshop.

ALLARM staff provides these training workshops on an as-needed basis. In most cases, ALLARM partners
with local community and watershed groups. Funding for these workshops is provided by private
foundations, state grants, and Dickinson College.

Volunteer performance is evaluated at the workshop during the hands-on activities. Staff members
work very closely with individual volunteers during the hands-on training exercises to be sure that they
have achieved the goals of the exercises. For example, staff will work with each volunteer until they
successfully calibrate their meters and make accurate measurements on the samples provided. Itis
expected that each volunteer will be able to identify reportable events; during the hands-on exercise to
train them in this skill, staff make sure that every volunteer understands the criteria and can apply the

2 A workshop agenda can be found in Appendix A.
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decision trees. And finally, after their first visit to their stream site, volunteers must submit a split
sample to the ALLARM laboratory for analysis; their result must be within 20% of the laboratory’s result.

A workshop evaluation sheet is distributed to all participants at the end of the workshop. This
evaluation focuses on self-reporting of perceived levels of understanding of the important concepts
covered. ALLARM staff are constantly fine-tuning and improving the pedagogy of the workshops, based
in part on these evaluations from the participants.

A9. Documentation and Records?

Each volunteer completes two field data sheets at the time the sampling occurs: a visual assessment
checklist and a chemical and stage monitoring data sheet. If there are visual disturbances found, they
are documented through photographs as well.

On the field data sheet, volunteers record their name, date, time, sample site location (latitude and
longitude), and sample site name. They also record weather conditions, whether or not they calibrated
their meter, and time spent monitoring. The data themselves are entered into a table on the data sheet,
including values for both replicates and the average. These data sheets are either archived by the
volunteer for the entire sampling period and/or passed on to the watershed group leader for archiving.

Upon returning from the field, each volunteer enters their data into their provided Excel spreadsheet
and determines whether or not they have reportable events. These Excel files are passed on to the
watershed group leader for archiving. ALLARM checks in with each new group after 2-3 months of data
collection to assure that the data are being housed locally and correctly. In addition, groups are asked to
send their data to ALLARM for quality control checks on an annual basis.

ALLARM is currently working with several partner organizations to develop a user-friendly and secure
online central database for Shale Gas volunteer data.

When volunteers do split sample analysis with the ALLARM laboratory for QA/QC, they fill out a data
form and send it along with the samples. Before a sample is analyzed, the monitor and sample
information are entered into the laboratory Shale Gas QA/QC binder (the monitor’s results are not
entered so there is no bias when recording the lab results). The same information, as well as the
monitor’s results are also entered into the Shale Gas QA/QC Results Excel spreadsheet. The original
QA/QC data sheets are then filed.

After samples are processed for QA/QC, the samples are acidified and refrigerated until the end of the
month, when they are sent to a PA-certified laboratory for barium and strontium analysis. The PA-
certified laboratory tests the water samples and sends the results to ALLARM, which are then recorded
into the Shale Gas QA/QC Results Excel spreadsheet and sent to the monitors. The original Ba/Sr results
are then filed.

3 Copies of all forms can be found in Appendix B. (B1: Chemical and Stage Monitoring Data Sheet, B2: QA/QC Form,
B3: Visual Assessment Checklist, and B4: Image of Excel Spreadsheet)
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SECTION B — DATA GENERATION AND ACQUISITION

B1. Sampling Process Design

Table 3 illustrates the overall sampling design. When feasible, volunteers start their sampling period
with a full year of baseline data collection prior to the drilling and gas extraction period. After drilling
begins, they continue to monitor the same parameters, using the same methods as during the baseline
sampling period.

Volunteers test their stream site on a weekly basis, measuring conductivity/TDS, stream stage, and
conducting a visual assessment, which includes observations on earth disturbance, spills and discharges,
and gas migration or leakage. They collect samples for QA/QC analysis during their first sampling week,
and then collect samples for barium and strontium laboratory analysis twice per year, preferably during
a high and a low flow.

The process during the drilling period is identical to the process during the baseline period, unless they
encounter a high conductivity/TDS measure (which is above what would be expected based on the
relationship between conductivity/TDS and stream stage established during the baseline monitoring
period). Should this occur, they then also sample for barium and strontium to determine if the spike is
due to a flowback contamination event.

Table 3. Summary of Sampling Design

Survey Type Parameters Methodology Frequency
Chemical ¢ Conductivity and TDS e LaMotte PockeTester | « Weekly
e Barium and strontium o Certified lab analysis | @ Twice a year and
to confirm
contamination
event
Water Quantity | Surrogate flow Stream stage Weekly
Physical e Gas Related Earth Disturbance
e Spills and Discharges
e Gas Migration or Leakage Visual survey Weekly
e Pipelines

Sites are selected by accessing information on drilling permit locations. Volunteers consider their own
resource constraints, accessibility of sites, and safety issues.

Volunteers are briefed on safety plans during the training workshops. During high flow and icy
conditions, they are instructed not to attempt to enter the stream for monitoring. Volunteers are also
trained to obtain appropriate access permission prior to monitoring.

B2. Sampling Methods Requirements

The ALLARM Shale Gas Volunteer Monitoring Manual is distributed to all participants during training
workshops and is also available on the ALLARM Shale Gas Monitoring Toolkit. The monitoring manual
contains detailed information on all sampling protocols and equipment. The ALLARM Shale Gas
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Monitoring Toolkit contains additional information, such as narrated Powerpoint presentations and
demonstration videos on sampling methods. Table 4 summarizes a portion of this information.

Table 4. Summary of Sampling Protocols and Equipment

Sample Method Maximum Monitoring Monitoring

Parameter Holding Sample Holding Manual Toolkit

Container | Preservation Time Pages: Click on:

250 mL Monitoring

Conductivity/ | high density . i Resources/

TDS polyethylene None Immediately | 10-11,23 Chemical &
bottle Stage

250-mL Add 5 mL of Monitoring

Barium & low density concentrated Resources/

Strontium polyethylene | nitric acid and 6 months 11,26 Chemical &
bottle refrigerate Stage

Monitoring

11-12, Resources/

Stream Stage | N/A N/A N/A 2731 Chemical &
Stage

Monitoring

Visual Resources/

Assessment | /A N/A N/A 12-13, 34 Visual
Assessment

Methods for sample bottle preparation and sample collection are found in Appendix Al of the ALLARM
Shale Gas Volunteer Monitoring Manual (page 22).

B3. Sample Handling and Custody Requirements

Water samples that are collected for split sample
QA/QC analysis and for laboratory barium and
strontium analysis are labeled in the field with name

of volunteer monitoring, stream name, and collection o S G | e |G | i | i | g

SHALE GAS VOLUNTEER MONITORING PROGRAM
Quality Assurance/Quality Control Results

Chloride P
(meg/L)
Accumet

date. In the field, the samples are the responsibility of ; ; T

the volunteer. The volunteer then sends the samples

along with a QA/QC form (Appendix B2) to the

ALLARM lab via mail. When a sample arrives at the

ALLARM laboratory, the sample information (sample

number, data sample is received, and stream name) is

recorded and the sample is set to be processed for

QA/QC. The laboratory results are recorded next to

the sample information. Once the sample is analyzed,

it is weighed, acidified with a 5% nitric acid solution,
weighed again, and refrigerated until it is transported to a PA-certified lab for barium and strontium
analysis.
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B4. Analytical Methods Requirements
The ALLARM Shale Gas Volunteer Monitoring Manual is distributed to all participants during training
workshops and is also available on the ALLARM Shale Gas Monitoring Toolkit. The monitoring manual
contains detailed information on all sampling protocols and equipment. The ALLARM Shale Gas
Monitoring Toolkit contains additional information, such as narrated PowerPoint presentations and
demonstration videos on sampling methods. Table 5 summarizes a portion of this information.

Table 5. Summary of Analytical Methods

Analysis Monitoring | Monitoring
Parameter . Methods Performance Criteria Manual Toolkit
Equipment .
Pages : Click on:
Conductivity/ | LaMotte Meters must be calibrated each 10-11, 23 Monitoring
TDS Tracer time before use with calibration Resources/
PockeTester | solution. Replicates must be within Chemical &
(calibrated) 10% of each other; if not, then Stage
analysis must continue until
criterion is met.
Split sample | LaMotte 20% RPD
analysis for Tracer
conductivity/ | PockeTester
TDS
Barium & Perkin-Elmer | EPA method 200.8 11, 26 Monitoring
Strontium ICP-MS USP 730 Resources/
(certified lab) Chemical &
Stage
Stream Stage | Gage stickor | Gage sticks made in the ALLARM 11-12, Monitoring
staff gage lab have an accuracy of 0.1 ft; 27-31 Resources/
sticks constructed by volunteers Chemical &
must meet this criterion as well; Stage
volunteers are trained to return to
the same place in the stream for
weekly measurements.
Visual Camera Volunteers must assess the same 12-13,34 Monitoring
Assessment area on a weekly basis and Resources/
photograph any possible Visual
disturbances. If volunteers find a Assessment
reportable incident they are to send
a photograph to the appropriate
enforcement agencies as they file
their report.

B5. Quality Control Requirements
Volunteers visit their monitoring site once a week and assess it for water quality (conductivity and TDS),
water quantity (stage), and visual observations. Monitors submit samples for QA/QC processing and
Ba/Sr analysis twice a year: 1) within a month of being trained by ALLARM, and 2) later in the year during
a different flow condition (high or low). Monitors should submit samples to ALLARM once during a low
flow condition and once during a high flow event.
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B6. Instrument/Equipment Testing, Inspection, and Maintenance Requirements
Field and laboratory equipment are routinely checked to be sure that is everything is working properly.
The probes of the LaMotte Tracer PockeTester are rinsed with distilled water after each use and stored
per the manufacturer’s recommendation. Information on replacement parts are found in the ALLARM
Shale Gas Volunteer Monitoring Manual (page 13).

B7. Instrument/Equipment Calibration and Frequency

Volunteers calibrate the LaMotte Tracer PockeTester every other week using the middle range calibration
solution (1,413 pS/cm), per the manufacturer’s recommendations. Volunteers record on their data
sheet and also in their Excel spreadsheet when they calibrate their meter. The ALLARM lab calibrates the
QA/QC LaMotte Tracer PockeTester instruments before each QA/QC event.

B8. Inspection/Acceptance of Supplies and Consumables

Monitoring equipment is selected and ordered by ALLARM in bulk and is then given to volunteers during
a training workshop. All water quality monitoring equipment (meter, calibration solution, wash bottle,
sample bottle, QA/QC bottles) are all ordered from laboratory supply companies. Water quantity
equipment (gage stick) is purchased locally by ALLARM and calibrated by ALLARM staff. All supplies and
equipment are purchased under the supervision of the Quality Assurance Manager.

B9. Data Acquisition Requirements

To determine site locations for monitoring, volunteers get information on the location of gas extraction
activities by accessing permits applications, permits issued, drilling commence dates (SPUD dates), as
well as inspections, violations and enforcement actions. These data can be organized by county and/or
operators and are found on the PA Department of Environmental Protection website (ALLARM Shale Gas
Volunteer Monitoring Manual, page 14, and ALLARM Shale Gas Monitoring Toolkit under Monitoring
Resources/Well Tracking & Monitoring Site Location). For the most part, these databases are kept up to
date and are accurate.

Volunteers are also provided with baseline maps of their watersheds, constructed by ALLARM and based
on standard GIS files, most of which are available for download from Pennsylvania Spatial Data Access
(PASDA) at: http://www.pasda.psu.edu/. These baseline maps are customized and typically include:
watershed boundaries, municipality boundaries, streams, state roads, towns, and unconventional wells
that have been permitted and/or drilled. These maps are helpful to volunteers as they choose their
monitoring locations, however as additional wells become permitted, they need to be documented and
recorded on the map. The other map layers are static. Volunteers are also encouraged to use topo
maps.

B10. Data Management

The primary intention of this monitoring protocol is to have data interpreted and used immediately after
it is collected. To that end, volunteers are trained to identify reportable events and to report themin a
timely and efficient manner to interested and responsible parties, depending on the nature of the event.
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The secondary intention of data collection in this monitoring protocol is to archive the data for future
use by interested parties. To that end, ALLARM is currently working with partner groups to establish a
central online database with a mechanism for volunteers to enter their own data (volunteer-friendly
ingestion portal). Such a database will also be designed to provide feedback on data that would be
considered outliers (either errors or reportable events) based on the criteria provided.

Path of data

At the present time, data are collected by volunteers in the field and entered into a field data form
(ALLARM Monitoring Manual, p. 24). Volunteers then return to their homes and enter the data into a
Microsoft Office Excel file, provided to them by ALLARM and available at
http://blogs.dickinson.edu/marcellusmonitoring/data-management/2012-chemical-and-flow-database-
3/. This file automatically graphs conductivity against stream stage and allows volunteers to make an
assessment regarding whether there is a reportable event. The data file gets sent to the volunteer
coordinator periodically, based on an agreement within the group. The coordinator compiles multiple
databases (http://blogs.dickinson.edu/marcellusmonitoring/data-management/2012-chemical-and-
flow-database-3/) and sends a copy of the latest Excel workbook to the ALLARM office, where it is also
archived. As mentioned above, it is the intention to have a central online database available to
volunteers for archiving data in the near future.

How check for accuracy and completeness and minimize and correct errors

Volunteers are trained in data entry, management, and interpretation, including the identification of
reportable events during the training workshop. At this time, volunteers also learn how to validate their
data by comparing numbers to previous weeks of similar stage, and to check that the values entered are
within the expected ranges. If the numbers are outside the expected ranges, the volunteers are
instructed to first check and be sure the values are entered correctly, and if so, only then to consider if
they have found a reportable event. Data are checked again by the coordinators when they are
submitted to them. If volunteers detect a disturbance during the visual assessment, they photograph
the evidence and consult with either their volunteer coordinator or their local County Conservation
District to verify the severity of the disturbance.

ALLARM conducts a follow-up meeting within two months of the initial workshop to examine the data
collected thus far and to assess completeness and accuracy, to make sure that volunteers are aware of
any errors they may be making, and to correct them. ALLARM also maintains constant communication
with coordinators to make sure that active volunteers are going through the QA/QC process with the
ALLARM lab.

ALLARM also examines compiled data that is periodically submitted by the coordinators for
completeness and accuracy and follows up on any shortcomings observed. ALLARM has written
directions on how to enter data into the Excel spreadsheet as well as a checklist for data entry that
includes review steps such as: values in proper column, values within range of similar flows, decimal
points in correct place, proper date entered, and values are the same as on field data sheet, etc.

Barium and strontium data are collected semi-annually and/or to confirm a possible contamination
event follow a different pathway. For most groups, the samples are sent to the ALLARM lab and
delivered by laboratory staff to a certified lab for analysis. The results are returned to the ALLARM lab,
where they are entered into a common database, and then sent to the volunteers. The certified
laboratory disposes of the samples. ALLARM will be responsible for submitting these data to the
common database once it is established. In the case of a sample that is collected to confirm that a spike
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in conductivity/TDS is due to a contamination event, the sample is brought to a certified lab by the
volunteer and returned directly to the volunteer, so that the results can be timely. In these cases, the
results are also sent to the ALLARM laboratory for archiving in the barium and strontium database.

SECTION C— ASSESSMENT AND OVERSIGHT

C1. Assessments and Response Actions

Volunteer performance is evaluated at the workshop during the hands-on activities. Staff members
work very closely with individual volunteers during the hands-on training exercises to be sure that they
have achieved the goals of the exercises. For example, staff will work with each volunteer until they
successfully calibrate their meters and make accurate measurements on the samples provided. ltis
expected that each volunteer will be able to identify reportable events; during the hands-on exercise to
train them in this skill, staff make sure that every volunteer understands the criteria and can apply the
decision trees. And finally, after their first visit to their stream site, volunteers must submit a split
sample to the ALLARM laboratory for analysis; their result must be within 20% of the laboratory’s result.
ALLARM tracks the percentage of volunteers who pass QA/QC and use these data to evaluate the
effectiveness of our trainings. To date, 94% of monitors have passed QA/QC.

A workshop evaluation sheet is distributed to all participants at the end of the workshop. This
evaluation focuses on self-reporting of perceived levels of understanding of the important concepts
covered. ALLARM staff are constantly fine-tuning and improving the pedagogy of the workshops, based
in part on these evaluations from the participants. Examples of ways in which we have improved our
workshops based on volunteer feedback include: changing the presentation materials on visual
assessment to be more specific and to engage the audience in a more interactive mode; adding an
exercise requiring participants to enter data into the Excel spreadsheet; improving a hands-on exercise to
train them to identify a reportable event, based on actual measurement of samples; and developing an
online toolkit with narrated PowerPoint presentations and videos to further explain sampling and
analytical methods.

ALLARM hired a full-time professional staff person in May 2012 to respond to a need that was identified
for stronger follow-up with volunteer groups to promote better performance and to ensure a higher
level of data quality. This Outreach and Data Management Coordinator revisits the monitoring groups to
provide additional follow up assistance. Meetings with new groups are held within two months of the
initial training to answer any early questions and to better understand the group’s mode of organization.
A subsequent meeting is held with the group’s data management coordinator to ensure that data is
being correctly entered into the template. Additionally, there are monthly phone calls with group point
contacts to assist with any additional questions or concerns.

The laboratory that performs the barium and strontium analysis is certified by the Pennsylvania
Department of Environmental Protection, and ALLARM relies on their process to ensure data quality.
Prior to choosing the LaMotte Tracer PockeTester meter, ALLARM tested a variety of popular
conductivity/TDS meters (under $200) and determined, through trial tests with untrained volunteers,
that the LaMotte PockeTester exceeds all other meters tested in terms of accuracy, precision and ease
of use. ALLARM also tracks the LaMotte PockeTester performance in comparison to a Fisherbrand
Accumet benchtop meter. Data accuracy and completeness is evaluated as discussed in Section B10.
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C2. Reports to Management

As ALLARM continues to develop and enhance its shale-gas monitoring protocol, changes are
documented and shared with funders, service providers, and volunteer coordinators to make sure that
the program is consistent. On a group-by-group basis, ALLARM helps with internal data and metadata
management to ensure that there is full documentation. At this time, until there is a centralized data
system, ALLARM helps local communities with their own localized data reporting on an annual basis. In
addition to reports to data users, sponsors and partnership organizations, ALLARM has the intention to
publicize this project nationally to a variety of audiences, including those involved in Public Participation
in Scientific Research (citizen science) and academic scholars and teachers interested in community-
based learning. We have written a number of articles highlighting the project activities in our annual
newsletter (The Stream of Consciousness), in the nationally-distributed The Volunteer Monitor journal
(Zerbe and Wilderman, 2010).

SECTION D — DATA VALIDATION AND USABILITY

D1. Data Review, Verification, and Validation Requirements
The requirements for data review, verification, and validation are that all the following steps be
completed:

1) Volunteers will be trained to carefully compare their computer entries to the field data sheets
and, if possible, to enter data weekly. They will be trained to use the automatic graphing
capability of the spreadsheet to identify outliers and nonsensical readings. Volunteers do not
need to make any calculations during data entry, but they are required to carefully review their
entries.

2) Data will be first reviewed by the volunteer group coordinator, and then by our Quality
Assurance Manager for completeness and accuracy. The Quality Assurance Manager will make
decisions to reject or qualify data. Data on barium and strontium concentrations will be
compiled and managed by the Quality Assurance Manager.

3) In addition, the Outreach and Data Management Coordinator will meet with volunteers several
months after they have started monitoring, to review and verify their data. Volunteers will be
made aware of any errors they may be making, and correct them.

D2. Validation and Verification Methods

Before any data can be accepted, volunteers must attend an ALLARM training workshop and
demonstrate that they can calibrate and use the conductivity/TDS meter and then, during the initial
phase of their field sampling, they must pass our split sample QA/QC requirement which will verify their
correct sampling procedures as well as calibration and use of the equipment. Volunteers are trained to
carefully compare their computer entries to the field data sheets and, if possible, to enter data weekly.
The automatic graphing capability of the spreadsheet helps volunteers identify outliers and nonsensical
readings. Volunteers do not need to make any calculations during data entry.

The data are then checked again by the volunteer coordinators when they are submitted to them for
compilation. If errors are detected, they will consult with our Quality Assurance Manager. If errors are
verified, those data will be discarded and the data collector will be contacted for a discussion on how to
prevent the errors from continuing to occur. The Quality Assurance Manager also examines compiled
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data that is periodically submitted by the coordinators for completeness and accuracy and follows up on
any shortcomings observed.

If volunteers detect a disturbance during the visual assessment, they photograph the evidence and
consult with either their volunteer coordinator or their local County Conservation District to verify the
severity of the disturbance.

The Outreach and Data Management Coordinator follows up with the group within two months of the
initial workshop to examine the data collected thus far and to assess completeness and accuracy, to
make sure that volunteers are aware of any errors they may be making, and to correct them.

D3. Reconciliation with Data Quality Objectives

During follow-up trainings by the Outreach and Data Management Coordinator, calculations and
determinations for precision, accuracy, completeness, and comparability will be made and corrective
action implemented if needed. If data quality indicators do not meet the project’s specifications, data
will be discarded and the cause of failure will be evaluated. If necessary, the training workshops will be
revised to address these issues. If the problem is found to be the equipment, calibration and
maintenance techniques will be reassessed and if necessary, substitute equipment will be provided.

If the data collected do not meet the intended data use, the protocol will be revised to strengthen the
robustness of the data collected in detecting flowback water contamination and land disturbance due to
gas extraction activities. For example, we are currently revising the protocol to distinguish between high
conductivity related to acid mine drainage from that related to shale-gas flowback water contamination,
a concern expressed by volunteers working in areas of abandoned mine drainage. If the protocol or
specifications therein are revised, these revisions will be submitted to EPA quality assurance officers for
approval.
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Appendix A: ALLARM Shale Gas Monitoring Workshop Agenda

Alliance for Aquatic Resource Monitoring
Shale Gas Monitoring Workshop

February 23, 2012
9:00 AM - 3:30 PM

Bossard Nature Center
22088 State Highway 198
Saegertown, PA 16433

9:00 AM - 9:15 AM | Welcome and Introductions
e CCTU and BWC

e ALLARM

e Colcom Foundation

9:15 AM - 10:00 AM | Background of Shale-gas Monitoring

e Overview of Marcellus Shale & flowback water

e Role of volunteer monitoring

¢ Introduction to ALLARM’s Marcellus Shale Monitoring Protocol

10:00 AM - 10:15 AM | Break

10:15 AM - 10:25 AM | Determining Where the Wells Are
e Access permit information & mapping well locations
o PADEP eNotice/eFacts/well location database

10:25 AM - 11:15 AM | Choosing Monitoring Sites
e General monitoring guidance
e Mapping activity - brainstorm about monitoring site strategy

11:15 AM-11:25 AM ‘ Break

11:25 AM - 11:35 AM | Safety Presentation

11:35 AM - 12:05 PM | Visual Observations: What to Look For
e Earth disturbances
Spills and discharges
e (Gas migration and leakages
e Pipelines
e Recording and reporting data

12:05 PM - 12:30 PM | Data Management
e Recording, reporting, and managing data

12:30 PM - 1:10 PM | Lunch

1:10 PM - 3:00 PM | Monitoring Water Quality

o Key parameters (TDS, Conductivity, Stage)

e Sample collection

e Calibration and use of field meters - hands on activity
® Quality assurance/quality control

3:00 PM - 3:30 PM ‘ Wrap Up and Evaluation




Appendix B1:

Chemical and Stage Monitoring Data Sheet

VOLUNTEER MONITORING FOR SHALE GAS IMPACTS

Chemical and Stage Monitoring Data Sheet

1. Record your site and sample information in the boxes below:

Site Information

Sample Information

Stream Name

Monitor’'s Name

Site Location

Collection Date

Latitude Coordinate

Collection Time

Longitude Coordinate

County Monitored

2. Check the description that best matches your observation:

Weather Precipitation Precipitation Last 48 Hours
Sunny Light rain None
Partly Cloudy Heavy rain Light
Cloudy Snow Heavy
3. Record your results in the boxes below:
Parameter Units Replicate #1 Replicate #2 Average Result
Conductivity pus/cm
Total Dissolved Solids mg/L
Stage feet
Inches to feet conversion:
Inches 1 2 3 4 5 6 7 8 9 10 11
Feet 0.08 0.17 0.25 0.33 0.42 0.50 0.58 0.67 0.75 0.83 0.92
4. Did you calibrate your meter this week? Yes No
5. How much time did you spend monitoring? hours
Alliance for Aquatic Resource Monitoring (ALLARM) June 2013
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Appendix B2: QA/QC Form

SHALE GAS VOLUNTEER MONITORING PROGRAM
Quality Assurance/Quality Control Form

ALLARM Shale Gas Volunteer Monitoring Program

1. Fill out the label on your QA/QC bottle.
Quality Assurance/Quality Control Bottle

2. Enter the stream and face upstream. Fill your Monitor Name

QA/QC bottle and pour the rinse water out Stream Name
downstream. Rinse your bottle and cap three

times. Fill your QA/QC bottle completely with Collection Date
stream water and close it tightly with the cap. Bottle #: 0021-01-1301
3. Record your results in the boxes below.
Parameter Units Replicate #1 Replicate #2 Average Result
Conductivity uS/cm
Total Dissolved Solids mg/L
Stage feet
4. Fill out the information in the boxes below.
Monitor Information Sample Information
Monitor’s Name Stream Name

Latitude Coordinate

Mailing Address
Longitude Coordinate

Email Address Collection Date
County Monitored Collection Time
Affiliation Equipment Used
(if applicable) (i.e. LaMotte meter)

5. Pack a small box with your QA/QC bottle and this QA/QC form. Secure the bottle so it cannot move around

during shipment. Mail the box to ALLARM for QA/QC processing at: ALLARM
Dickinson College

5 N Orange Street
Carlisle, PA 17013

|
Alliance for Aquatic Resource Monitoring (ALLARM) June 2013
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Appendix B3: Visual Assessment Checklist

Visual Assessment Checklist

Monitor’s Name Date & Time

Site Coordinates Stream Name

Earth Disturbances:

Stream: Yes | No | Pipeline | Photo
Sediment enters stream, pond, or other water body
Access Road: Yes | No | Pipeline | Photo

Banks are not stabilized (no mulch, seeding, vegetation, etc.)
Crosses stream and drainage from road empties into stream
Not stabilized with clean substrate material (i.e. gravel)

Drainage/mud/sediment from access road enters road ditch

Drainage/mud/sediment from access road travels to main road
Drill Pad, Storage Pond & Staging Area: Yes | No | Pipeline | Photo
Earth disturbed at edge of water; no controls to stop/filter runoff
Clean water enters the site from uphill with no diversion ditch
Sediment BMP outlets empty into water body without filtering runoff

Sediment BMP outlets are not stabilized (no mulch, seeding, vegetation, etc.)

Spills and Discharges:
Stream: Yes | No | Pipeline | Photo
Unusual odor

Discolored water (i.e. oily film)

Persistent foam/bubbles (where there isn’t normal agitation
Dead fish/organisms
Evidence of illegal dumping

Gas Migration and Leakages:
Stream: Yes | No | Pipeline | Photo
Gas bubbling to surface

Unusual gas-like odor (mercaptan)

Description of Observation(s):

]
Alliance for Aquatic Resource Monitoring (ALLARM) November 2013



Appendix B4: Image of Excel Spreadsheet

e ) et

2014 Databas

Isx [Compatibility Mode] - Microsol

Home | Inset  Pagelayout  Formulas  Data  Review  View  Developer  Adddns a@oF R
£ Calibri B TR - M~ SiWrapTedt Humber - 1‘3 ﬁjﬂ W T E“ /_;T_‘ I Autosum - ‘W Eﬁ
y H » ¥ =3 ‘ @] Fin - Fi
B I U- < Bn- A- EfMerge & Center - § - % 3 | % 0% Conditional Format Cell | Insert Delete Format Sort & Find &
- - Formatting * as Table = Styles = - - - 2 Clear ~ Filter v Select ~
Clipboard & Font 5 Alignment 5 Number 5 Styles Cells Editing
125 - 5| v
A B 3 D E F 8 H 1 3 3 L 0] N 0 3 Q =1
1 Stream Name: Cherry Creek B
2 Site Location: At Locust Road bridge
3 | Latitude: 40.7189437
4 |Longitude: -77.4589231
5 Monitor's Name: Bea Smith
6
7 Chemical and Cross-Sectional Area Results
8 Weather i Gas Re
©  Sample Date Sample Time C i DS Stage Calibrate  Time Spent |  (clesr,  Precipitation - lastds - = _ Streams Acce!
M/D/YYYY) (24:00) {uSfem) (mg/L) o) (i (Yes/No) (hours) | cloudv. partly (none, drizzle, Hours (nane, sediment | Discolored | SSdimenton | Sediment Sediment |Mats|
cloudy,ar  rain,orsnow)  light, to Report stream travelsto | entersroad | wit
10 fog/haze) moderate, plume water bottom main road ditch m
11 [ 1/1/2013 10:00 220 150 8 5 Yes 100 Cloudy None None x
12 | 1/16/2013 1030 182 120 8 10 Yes 075 Clear None None x
13| 1/30/2013 10:30 130 %0 8 15 Yes 050 ParlyCloudy  None None x
14| 2/14/2013 11:00 168 110 50 13 Yes 100 PartyCloudy  None Nene x
15 | 2/28/2013 10:00 174 120 50 7 Yes 075  PartlyCloudy  None None x
16 | 3/13/2013 10:30 156 110 53 1 Yes 100 Cloudy Drizzle Light x
17 | 3/26/2013 10:30 113 7 53 1 Yes 050 Clear Nene Nene x
18 | 4/10/2013 11:00 113 7 56 1 Yes 075 PartlyCloudy Drizzle Light x
19
20
21
]
2 2013 Conductivity & Stage Results: Example Data 2013 Visual Assessment Observations: Example
24 250 0 10
2% e
@ g H £
= g nE H &
2|2 ] 2
0|5 s o
3| 23 5
2t H 3
= £ £ 2
v 2
3
35 ﬂ ° °
36 o o
7 112013 Mo reportable Gas related earth Spills & discharges Gas migratior
38  Cross Sectional Area @ Conductivity ‘observations disturbances leakages
39
40
41 | Chemical & Cross-Sectional Area Summaries Visual Assessment Summaries
42 Average Median | Minimum | il # of entries Category Frequency |
43 Conductivity 157 162 113 220 B No reportable i 3
44 DS 105 110 7 150 H Gas related earth disturbances 2
45 Temperature 51 50 5 56 B Streams 3
46 Stage 10 1n 5 15 8 Access roads 1] -
W 4 ¢ ¥ | Example Data_2013 %3 E|< [T}
Ready | |

The Excel spreadsheet is available on the ALLARM Shale Gas Monitoring Toolkit at:
http://blogs.dickinson.edu/marcellusmonitoring/?attachment id=673
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