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SECTION 1

PURPOSE AND OBJECTIVES

1.1 PURPOSE AND OBJECTIVES OF THE PLAN

Data derived from water quality sampling and analysis provide the primary indicator of
the state of waterquality in the Edwards Aquifer. These data are also a key component of
assessing water quality changes over time. Water quality data also compose the primary
source of information for our understanding and monitoring of contaminant loading and
migration in the Edwards Aquifer. As such, analytical samples collected for assessing
water quality must be collected under a set of standard operating procedures (SOPs),
which are outlined in this plan. Included herein are sections on data quality objectives
(DQOs), sampling programs, analytical methods, field procedures, and guidelines for
plan review.

The purpose of this plan is to provide an SOP document ensuring that useful, consistent,
and defensible water quality data are produced by implementation of appropriate
procedures and methods when water quality samples are being collected and analyzed.
Water quality samples are currently collected under various sampling programs at the
Edwards Aquifer Authority (EAA). Data quality requirements vary by program and are
discussed in Sections 2 and 3.

Section 2 of this plan provides a description of DQOs in general, as well as DQOs for this
program. Section 3 provides detailed information for each of the sampling programs.
Section 4 provides a listing of analytical methods used by the EAA, as well as data-
flagging requirements, information for sample containers, hold times, and sample
preservation. Section 5 outlines field procedures; Section 6 discusses staff training and
field audits. Section 7 provides information regarding annual plan review, and Section 8
provides a list of references cited in the document. The appendices (A-G) provide maps
of sample locations, a glossary of terms, instrument operation and calibration
information, field forms, information on regulatory limits for various compounds,
stormwater sample-collection details, and equipment-decontamination procedures.

The purpose of this plan can be achieved by implementation of the objectives listed
below and discussed in detail in Sections 2-7 of the plan. Each EAA staff member
charged with the responsibility of collecting water quality or other analytical samples is
required to be familiar with this plan, along with the objectives and procedures outlined
in it. The objectives of this plan are to

• Obtain quality data that are defensible for their intended purpose,

1-



Groundwater QualityMonitoring Plan
Section 1 Edwards Aquifer Authority

Analyze field samples in an appropriateand consistent manner such
that the results are accurate and repeatable (see calibration procedures
in Appendix C),
Collect samples for laboratory analysis in an appropriate and
consistent manner that will ensure accurate and reliable analytical
results with a minimal number of anomalous data,
Select sample sites and time periods that will provide representative
water quality data for a range of aquifer conditions, and
Review the plan annually and revise as needed.
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SECTION 2

DATA QUALITY OBJECTIVES

The U.S. Environmental Protection Agency (U.S. EPA) has developed criteria for data
quality objectives utilizing a seven-step process that optimizes sample collection and
analysis on the basis of data uses, fiscal budget, sample quantity, and other parameters
(U.S. EPA, 2000). The process is iterative and may be modified by the planning team to
incorporate changes as required:

1. State the Problem

Define the problem, identify the planning team, and examine the budget and
schedule.

2. Identify the Decision
State the decision, identify study questions, and define alternative actions.

3. Identify Inputs to the Decision
Identify information needed for the decision, such as information sources, bases
for action level, and sampling and analysis methods.

4. Define the Boundaries of Study
Specify sample characteristics, and define spatial/temporal limits and units of
decision making.

5. Develop a Decision Rule
Define parameters for decision rules, specify action levels, and develop logic for
action.

6. Specify Tolerable Limits on Decision Errors
Set acceptable limits for decision errors relative to consequences (health effects,
costs, other impacts).

7. Optimize the Design for Obtaining Data
Select a resource-effective sampling and analysis plan that meets performance
criteria.

2.1 U.S. EPA DQO Process as Applied to EAA Analytical Programs

2.1.1 DQO—State the Problem

Collect and analyze groundwater, spring water, and surface water samples that are
contained in, issue from, or provide recharge to the Edwards Aquifer. In addition, collect
stormwater and sediment samples as needed to satisfy program requirements. Sampling

activities are to be conducted such that sufficient funding is held in reserve to collect
confirmation samples if needed. In addition, the program must be flexible enough to
collect samples in the event of a contingency (spill or other event) that affects or could
potentially affect water quality of the Edwards Aquifer. The planning team includes the
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Chief Technical Officer (CTO) and supervisory staff of the Aquifer Science Team of the
EAA. Budget is proposed by the team and presented for board approval annually. The
schedule is annual, with a general goal of collecting a minimum of 80 samples from
wells, sampling all major springs (monthly or quarterly, depending on hydrologic
conditions), and sampling surface waters twice annually while maintaining a budget
reserve sufficient to address other needs (confirmation and contingency sampling).

Under a separate budget, the same team is charged with collecting surface water,
stormwater, and sediment samples in support of the Edwards Aquifer Habitat
Conservation Plan (EAHCP). Surface water, stormwater, and sediment samples are
collected upstream, within, and downstream of Comal and San Marcos springs. Comal
Springs has five designated sample locations, whereas San Marcos Springs has seven.
Surface water and stormwater samples are to be collected twice annually, whereas
sediment samples are collected once annually for the first year (to obtain baseline
sediment quality information). Subsequent years may vary depending on results. See
Water Quality MonitoringProgram Strategyfor ComalSprings and San Marcos Springs
in Support ofthe Edwards Aquifer Habitat Conservation Plan (EAHCP Workplan).

2.1.2 DQO—Identify the Decision

The decision is to collect the samples as described earlier under the sampling programs
and protocols outlined in detail in this document. Study questions are:

• Can the quality of water entering into, residing in, and issuing forth from
the Edwards Aquifer be representatively monitored?

• For the allowed budget, how many analytical parameters can be collected?

• What analytical parameters are the most informative with regard to water
quality?

• Can a relevant data set that provides historical and current water quality

information as relates to the Edwards Aquifer, be developed and

maintained?

• Can the data indicate trends in water quality over time?

• Can contingency sampling functionally define contaminant flowpaths and
ultimately help in the prevention of public exposure to contaminants in the

event of a spill?

• How does the EAA functionally share the information collected with
stakeholders and the public?

Alternative actions are to

• Modify the analytical parameter list to accommodate budget constraints,

• Reduce the number of sample points and sample frequency if needed to
accommodate budget constraints, and
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• Continually review results to assess the need for, and feasibility of,
modifying the parameter list such that analytical parameters collected
provide the most information for the program, as well as cost-effective
information.

2.1.3 DQO—Identify Inputs to the Decision
Sample frequency, sample type, and analytical program are all based on many inputs. The
EAA strategic plan dictates minimum sample numbers, for example. Other inputs of
importance include findings from karst researchers worldwide regarding the varying
nuances of sampling in karst environments (i.e., multiple samples from a single location
are generally more valuable than single samples from multiple locations). Assimilating
and incorporating information gleaned from EAA sample results annually provide
significant inputs to the process as well.

Action levels as defined for this study are not directly comparable to action levels for
hazardous waste cleanup. In this program, action levels generally depend on sample type
and program: for example, stormwater samples are triggered by specific stormwater
events. Action levels may also be related to contingencies. If a contaminant of concern is
detected in relation to a contingency, then additional sampling may be triggered. In other
cases, an action level may be reached if an anthropogenic compound is detected above a
regulatory limit. The resulting action will generally be to utilize additional sampling so as
to delineate a possible source if a "contaminant" is the trigger.

Sampling and analysis methods are specific to each sampling program and are designed
to provide data on water quality and changes to water quality that may occur over time.
Results of each program are reviewed regularly, and changes to the parameters for each
program may be made on the basis of these reviews or other needs. All programs are
generally analyzed for field parameters (conductivity, dissolved oxygen [DO], turbidity,
pH, and temperature) at the time the sample is collected. Other laboratory analytical
parameters are then designated on the basis of the program.

2.1.4 DQO—Define Boundaries of the Study
Spatially the study is limited to the Edwards Aquifer Region, which includes contributing
area, recharge zone, and artesian zone of the aquifer, as well as contiguous areas that may
be pertinent to data collection. Temporal limits are defined by sample program and
hydrologic condition. Temporal parameters are described in more detail under sample
programs.

2.1.5 DQO—Develop a Decision Rule
Decision rules are defined by multiple factors:

• Strategic plan,

• Board directives,

• Approved budget,

-5



Groundwater Quality MonitoringPlan
Section 2 Edwards Aquifer Authority

Data analyses and results,

Historical data for a particular site, and

EAHCP requirements.

2.1.6 DQO—Specify Tolerable Limits on Decision Errors
Decision-error limits are dictated by sample program. Whereas all results are considered
important, contingency samples have an elevated priority because of the potential to
provide a warning to the public in the event water quality is impacted. As such, in the
event of a major contingency that requires long-term sampling and analysis, the budget
impact would be significant. In some scenarios, additional laboratory funding would be
requested from the board to cover these costs. Other sample programs are expected to be
well planned and orchestrated such that no budget overruns occur.

The goal of the program in general is to collect a number of samples adequate to monitor
the health of the Edwards Aquifer with high confidencethat results are representative and
accurate. These samples are collected through various sampling programs, as outlined in
the next section.

2.1.7 DQO—Optimize the Design for Obtaining Data
The sampling plan as designed provides a resource-effective plan that meets performance
criteria through data review, data assessment, and program requirements. The design is
optimized by the data needs of each sample program, in which analytical parameters are
specific to a program and designed to provide a maximum number of data cost-
effectively.

2.2 Additional Inputs for DQO Process
Another definition of DQOs is provided by the Air Force Center for Environmental
Excellence (AFCEE) in its Quality Assurance Project Plan (QAPP), which states that
"DQOs specify the data type, quality, quantity, and uses needed to make decisions and
are the basis for designing data collection activities" (AFCEE, 2001). The U.S. EPA and
the AFCEE both generally utilize DQOs for hazardous waste clean-up sites, which often
represent a threat to public health and the environment. However, sampling programs at
the EAA differ in that most samples taken are "clean" and are not used to assess the
success of a clean-up action.

Therefore, for the purposes of this plan, DQOs are met by assigning a level of precision
and procedural techniques and parameter suites that are appropriate for the sample type
and monitoring program. Whereas it is the purpose of this plan for all data produced to be
representative and fully defensible, all data do not necessarily need to be analyzed by
reference methods in the analytical laboratory utilizing a full suite of QA/QC samples.
Most water quality samples collected are intended for monitoring the general status of
water quality within the Edwards Aquifer, with one potential exception. In some cases,
contingency sampling may be used to assess the impact of an event (i.e., a spill) to the
Edwards Aquifer that has the potential for public health implications.
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Therefore, DQOs developed for this document aredesigned to provide data of quality and
quantity adequate to reflect the needs of the sample program under which a particular
sample is collected. Mostanalytical datacollected aredesigned to assess

• The presence or absence of anthropogenic compounds in the sample.
• Changes to chemical quality of the sample point when compared with prior

data,
• Development of data adequate to establish a record of water quality suchthat

future changes to water quality can be measured,
• Measurement of changes to water quality against changes in hydrologic

conditions, and
• In the case of confirmation samples, assessment with a high degree of

confidence the presence or absence of a compound of interest.
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SECTION 3

SAMPLING PROGRAMS AND OBJECTIVES

Water quality samples are collected under one of the EAA sample programs described in
detail in this section. Sample parameters vary with the sample program. For a better
understanding of the sampling programs and sample distribution, typical water quality
sample locations, see Appendix A, which is a listing of sample type and program.
EAHCP sample locations are also provided.

3.1 SAMPLE TYPES AND SAMPLE PROGRAMS

Sample type is simply defined by source and media. The EAA collects samples from
wells, springs, surface water, and, at times, groundwater in caves. Samples of soil or
sediment may also be collected under some circumstances. As such, sample types are:

• Wells (applies to groundwater samples and includes water collected in caves),
• Springs,
• Surface water,

• Soil or sediment, and
• Stormwater.

Sample programs exist for each sample type, driving the DQO process for a given
sample. Each sample program has a defined sample frequency and analytical parameter
list. However, the analytical parameter list is always subject to future revision to
accommodate changing circumstances. Table 3-1 summarizes current sample types and
individual sample programs conducted by the EAA.
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Table 3-1. Sample Types and Sample Programs

Sample Type Sample Program Sample Frequency Analytical Parameters

Wells Passive Quarterly FP, GWQP, VOC, TPH, TOC, PAH, metals, bacteria

NAWQA Annually

FP, GWQP, VOC, 8081B, 8141A, 8151A, 8082A,
TOC, PAH, metals, bacteria

Routine Annually

FP, GWQP, VOC, 808IB, 8141A, 8151A, TOC,
PAH, metals, bacteria

TWDB Annually
FP, GWQP, VOC, 8081B, 8141A, 8151A, TOC,
PAH, metals, bacteria

PPCP Annual FP, PPCP (limited to nine wells annually)
Contingency As needed Defined by contingency event

Confirmation As needed Defined by detection needing confirmation

QA/QC Per QA needs Defined by QA program

EAHCP Water level dependant FP, GWQP, TOC, TDS

Springs Primary

Quarterly (noncritical
period)
Monthly (critical
period)

FP, GWQP, SVOC, VOC, 8081B, 8141A, 8151A,
8082A, TOC, metals, total phosphorous, bacteria,
orthophosphate as P

Secondary Annually
FP, GWQP, SVOC, VOC, 8081B, 8141A, 8151A,
8082A, TOC, metals, total phosphorous, bacteria

PPCP Annually FP, PPCP (limited to six spring samples annually)
Contingency As needed Defined by contingency event
Confirmation As needed Defined by detection needing confirmation
QA/QC Per QA needs Defined by QA program

Surface water Primary Twice annually
FP, GWQP, 8081B, 8141A, 8151A, 8082A, TOC,
PAH, metals, total phosphorous, bacteria

Secondary Annual

FP, GWQP, 8081B, 8141A, 8151A, 8082A, TOC,
PAH, metals, total phosphorous, bacteria

EAHCP Twice annually

FP, GWQP, VOC, SVOC, 8081B, 8141A, 8151A,
8082A, TOC, metals, total phosphorous, bacteria,
TKN, DOC

PPCP Annually
FP, PPCP (limited to two surface water samples
annually)

Contingency As needed Defined by contingency event
Confirmation As needed Defined by detection requiring confirmation
QA/QC Per QA needs Defined by QA program

Soil/sediment EAHCP Annually
FP, GWQP, VOC, SVOC, 8081B, 8141A, 8151A,
8082A, TOC, metals, total phosphorous

Contingency As needed Defined by contingency event
Confirmation As needed Defined by detection requiring confirmation
QA/QC Per QA needs Defined by QA program

Stormwater EAHCP Twice annually

FP, GWQP, VOC, SVOC, 8081B, 8141A, 8151A,
8082A, TOC, metals, total phosphorous, bacteria,
TKN

Confirmation As needed Defined by detection requiring confirmation
QA/QC Per QA needs Defined by QA program

FP=field parameter, GWQP=general water quality parameters, SVOC=semivolatile organic compound,
VOC=volatile organic compound, TOC=total organic carbon, TKN=total kjeldahl nitrogen, PPCP=personal
care and pharmaceutical products., PAH=polynuclear aromatic hydrocarbons, TPH=total petroleum
hydrocarbons, DOC=dissolved organic compounds
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3.2 SAMPLE PROGRAM DETAIL

The sample types andprograms summarized in Table 3-1 comprise the various analytical
samples collected and analyzed by the EAA. Specific details of each program are
provided in this section.

Sample Programs for Well Sample Types

1. Passive Sampling Program
The passive sampling program is a program to provide continuousmonitoring
of particular wells (referred to as sentinel wells) through the use of a passive
sampling device. The device currently used is the Amplified Geochemical
Imaging(AGI), LLC passive diffuse sample module (aka, Gore Module). This
device utilizes a sorbent material encased in GoreTex® fabric that is capable
of detecting certain analytes for volatile and semivolatile compounds, as well
as petroleum hydrocarbon compounds. The Gore Modules are hung at sp
ecific intervals continuously in a sentinel well and replaced each month. The
module is then shipped to AGI, LLC. for analysis (which is included as part of
the module cost). Currently six wells designated as sentinel wells are located
in Medina, Bexar, and Hays counties. These wells are sampled via grab
sample quarterly. Sample parameter selection for this sample type is generally
based on collecting parameters that are also detectable by the Gore Module,
plus some additional parameters of value to an understanding of long-term
trends in water quality. Sample frequency is also selected to detect temporal
changes in water quality at a single sample point.

2. National Water Quality Assessment (NAWQA) Program
The NAWQA wells are a series of thirty wells installed by the USGS for long-
term assessment of water quality on a regional and national scale. Ten of these
wells (all in the recharge zone of Bexar County) are sampled annually. The
sample parameter list is selected on the basis of the NAWQA program and is
used to contribute data to that study, as well as to build a historical record of
water quality for the EAA data set. Ten out of 30 NAWQA wells are sampled
annually, and every well must be sampled within a three-year period.

3. Routine Water Quality Monitoring
Routine water quality samples are collected from a variety of well types
(monitoring, domestic, agricultural, industrial, and municipal) to provide a data
set for water quality regionwide for different well types. Sample parameters are
broad in spectrum and designed to detect the most common anthropogenic
compounds, as well as to document changes in concentrations of common
cations and anions. These wells are generally sampled annually or less
frequently.
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4. Texas Water Development Board (TWDB)
Twenty TWDB samples are collected at designated wells using a split-sample
technique, such that a sample set is sent to the TWDB contract laboratory (at
no cost to the EAA). The remaining sample is sent to the EAA contract
laboratory and analyzed for some of the same (TWDB) parameters, as well as
additional parameters. This sample type provides a cost-effective tool for
evaluation and comparison of analytical results for certain parameters (metals
and anions). These wells (or springs, in some cases) are sampled annually
under this program for a wide variety of parameters and are also used to assess
the health of the systemand to establish potential changesor trends in quality.

5. Pharmaceuticals and Personal Care Products (PPCPs)
These parameters detect various compounds found in common personal care
products, as well as medications and household items. The primary value in
this sample group is the conclusiveness of the data. Because the detection
limits are low and the percentage of detections (at low concentrations) to date
is high, this sample program appears to provide the most conclusive evidence
of anthropogenic impacts on the Edwards Aquifer. The current sample budget
allows for nine wells, six springs, and two surface waters to be sampled
annually for these parameters. The same locations are sampled each year (with
some exceptions) to provide a temporal record of water quality changes
associated with the compounds. This program is being evaluated for an
increase in sample frequency at some locations.

6. Contingency Samples
Contingency samples are collected only on an as-needed basis to assess
potential contamination events related to spills or similar contingencies that
have a high potential for affecting water quality in the Edwards Aquifer.
Sample parameters and sample frequency are determined on the basis of type
of spill (or other contingency), as well as the size of the event. Sample
parameters and frequency are decided on by management. EAA staff members
are subsequently directed to an appropriate course of action on the basis of
assessment of the event by management.

7. Confirmation Samples
Confirmation samples are samples collected in response to an unexpected
detection at a site where additional confirmation is needed in order to assess

the probability that detection is not a sampling artifact or otherwise false
detection. Confirmation detections are method and analyte specific and are
taken at the direction of management.

8. QA/QC Samples
QA/QC samples are discussed in detail in Section 3.3.
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EAHCP Drought Contingency-Sampling of transect wells and Springs
Well samples collected for the EAHCP are collected only when certain
springflow criteria are met—specifically, low-flow situations at Comal and San
Marcos springs. For Comal Springs, when flows fall below 30 cubic feet per
second (cfs), weekly monitoring at three wells is to be conducted for DO,
conductivity, pH, and temperature. The next trigger at Comal Springs is 20 cfs,
and weekly monitoring is conducted using the same parameters plus nutrients,
TDS, and TOC. For San Marcos Springs, the first trigger is 50 cfs, and the
second trigger is 30 cfs.

Sample Programs for Spring Sample Types

1. Primary Springs
Primary springs are Comal, Hueco, and San Marcos. They are sampled
monthly during critical periods (critical period = a ten-day average when
water levels at Bexar, County, index well J-17 of below 660 feet msl, and/or a
ten-day average springflow rate at either Comal or San Marcos springs is less
than 225 cfs for Comal Springs and less than 96 cfs for San Marcos Springs).
During noncritical periods, sampling is generally conducted quarterly. Sample
parameters are extensive because the springs represent a composite sample of
aquifer water and are directly associated with habitat for threatened and
endangered species.

2. Secondary Springs
Secondary springs generally produce a smallervolume of springflow and may
or may not be located within the San Antonio Segment of the Edwards
Aquifer. These springs are Las Moras (Fort Clark Springs), San Pedro, San
Antonio, Government Canyon, and other springs that may be designated for
infrequent sampling. Las Moras is generally sampled annually, whereas the
others are sampled quarterly or annually if flowing. Sample parameters are the
same as those for the primary springs, except that sample frequency differs
between primary and secondary.

3. Pharmaceuticals and Personal Care Products (PPCPs)
These parameters detect various compounds found in common personal care
products, as well as medications and household items. The primary value in
this sample group is the conclusiveness of the data. Because the detection
limits are low and the percent of detections (at low concentrations) to date are
high, this sample program appears to provide the most conclusive evidence of
anthropogenic impacts on the aquifer. The current sample budget allows for
nine wells, six springs, and two surface waters to be sampled annually for these
parameters. The same locations are sampled each year (with some exceptions)
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to provide a temporal record of water quality changes associated with the
compounds. This program is being evaluated for an increase in sample
frequency at some locations.

4. Contingency Samples
Contingency samples are collected only on an as-needed basis to assess
potential contamination events related to spills or similar contingencies that
have a high potential for affecting water quality in the Edwards Aquifer.
Sample parameters and sample frequency are determined on the basis of type
of spill (or other contingency), as well as the size of the event. Sample
parameters and frequency are decided on by management. EAA staff members
are subsequently directed to an appropriate course of action on the basis of
assessment of the event by management.

5. Confirmation Samples
Confirmation samples are samples collected in response to an unexpected
detection at a site where additional confirmation is needed in order to assess

the probability that detection is not a sampling artifact or otherwise false
detection. Confirmation detections are method and analyte specific and are
taken at the direction of management.

6. QA/QC Samples
QA/QC samples are discussed in detail in Section 3.3.

1. Drought Contingency-Sampling of transect wells and Springs

Sample Programs for Surface Water Sample Types

1. Primary Surface Water
Primary surface waters are collected twice annually from eight locations:
Nueces River at Laguna, Dry Frio River at Reagan Wells, Frio River at
Concan, Sabinal River near Sabinal, Seco Creek at Miller Ranch, Hondo
Creek near Tarpley, Medina River at Bandera, and Blanco River at
Wimberley. These sample locationshave a significant historical sample record
and provide information regarding the quality of waters that effectively
provide recharge to the Edwards Aquifer. Sample parameter lists are fairly
significant, but do not generally include VOCs because of the low probability
of detection of these compounds in a surface water environment.

2. Secondary Surface Water
Secondary surface water sites may have varying locations and are generally
sampled only annually. They are generally sites of interest because of their
ability to provide recharge to the aquifer, or they may be indicators of water
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quality from springs issuing forth from the Trinity Aquifer. Sample parameter
lists are fairly significant but do not generally include VOCs because of the
low probability of detection of these compounds in a surface water
environment.

3. EAHCP Surface Water Samples
EAHCP surface water samples are collected at Comal and San Marcos
springs; Comal Springs has five sample locations, whereas San Marcos has
seven sample locations, which are situated upstream and downstream of the
spring orifice locations. Parameters provide a broad spectrum of analyses so
that water quality might be better understood in detail at these locations. The
parameters list will also be used to study trends in water quality at these
locations over time. Sample frequency is twice annually.

4. Pharmaceuticals and Personal Care Products (PPCPs)
These parameters detect various compounds found in common personal care
products, as well as medications and household items. The primary value in
this sample group is the conclusiveness of the data. Because the detection
limits are low and the percent of detections (at low concentrations) to date
high, this sample program appears to provide the most conclusive evidence of
anthropogenic impacts on the aquifer. The current sampling budget allows for
nine wells, six springs, and two surface waters to be sampled annually for these
parameters. The same locations are sampled each year (with some exceptions)
to provide a temporal record of water quality changes associated with the
compounds. This program is being evaluated for an increase in sample
frequency at some locations.

5. Contingency Samples
Contingency samples are collected only on an as-needed basis to assess
potential contamination events related to spills or similar contingencies that
have a high potential for affecting water quality in the Edwards Aquifer.
Sample parameters and sample frequency are determined on the basis of type
of spill (or other contingency), as well as the size of the event. Sample
parameters and frequency are decided on by management. EAA staff members
are subsequently directed to an appropriate course of action on the basis of
assessment of the event by management.

6. Confirmation Samples
Confirmation samples are samples collected in response to an unexpected
detection at a site where additional confirmation is needed in order to assess

the probability that detection is not a sampling artifact or otherwise false
detection. Confirmation detections are method and analyte specific and are
taken at the direction of management.
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QA/QC Samples
QA/QC samples are discussed in detail in Section 3.3.

Sample Programs for Sediment Sample Types

1. EAHCP Sediment Samples
EAHCP sediment samples will be collected for a broad spectrum of
parameters to establish a base-line data set for sediments in and around Comal
and San Marcos springs. These sample data are important to an understanding
ofpotential issues with disturbing sediments in these areas.

2. Contingency Samples
Contingency samples are collected only on an as-needed basis to assess
potential contamination events related to spills or similar contingencies that
have a high potential for affecting water quality in the Edwards Aquifer.
Sample parameters and sample frequency are determined on the basis of type
of spill (or other contingency), as well as the size of the event. Sample
parameters and frequency are decided on by management. EAA staff members
are subsequently directed to an appropriate course of action on the basis of
assessment of the event by management.

3. Confirmation Samples
Confirmation samples are samples collected in response to an unexpected
detection at a site where additional confirmation is needed in order to assess

the probability that detection is not a sampling artifact or otherwise false
detection. Confirmation detections are method and analyte specific and are
taken at the direction of management.

4. QA/QC Samples
QA/QC samples are discussed in detail in Section 3.3

Sample Programs for Stormwater Sample Types

1. EAHCP Stormwater Samples
EAHCP stormwater samples are collected twice annually for a broad spectrum
of parameters to establish a base-line data set for stormwater quality in and
around Comal and San Marcos springs. Stormwater samples are collected
across the hydrograph at three points (rising, peak, and recession) to ascertain
changes in water quality associated with storm flow.
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2. Confirmation Samples
Confirmation samples are samples collected in response to an unexpected
detection at a site where additional confirmation is needed in order to assess
the probability that detection is not a sampling artifact or otherwise false
detection. Confirmation detections are method and analyte specific and are
taken at the direction of management.

3. QA/QC Samples
QA/QC samples are discussed in detail in Section 3.3

3.3 QUALITY CONTROL AND QUALITY ASSURANCE SAMPLES (QA/QC)

So that the data quality process is adhered to, additional samples for QA/QC must be
taken and analyzed on occasion so that the quality of the sample collection and analysis
process might be assessed. The various types of QA/QC samples applicable to this plan
are outlined in the following paragraphs. Approximately ten percent of all samples will
be QA/QC samples.

3.3.1 Matrix Spike and Matrix Spike Duplicate

Matrix spike and matrix spike duplicate samples (MS/MSD) are used to assess the effects
of the sample matrix on the analytical process. The MS/MSD is a split (or replicate) of a
parent sample collected in the field concurrently during the normal sample-collection
process. Ideally, one MS/MSD is collected for eachmedia type (soil, water, sludge, etc.)
every 20 samples for each analysis being performed. For most sampling, no media
changes will be encountered; i.e., most samples will be water. However, should the
samples vary significantly in turbidity, collection of a specific MS/MSD for a sample
with elevated turbidity may be advisable.

The MS/MSD is spiked and analyzed, and if the spiked analytes are recovered within a
method-specific percentage, then matrix effects will be deemed minimal and no matrix
data flag will be attached to the results. However, if spike recovery does not fall within
the designated percentage, then analytical results will be flagged with an M-flag,
indicating that a matrix effect is present. The sample name for MS/MSDs is identical to
that of the parent sample, with the MS/MSD attached as a modifier at the end of the
sample name. The MS/MSD will also be notedon the chainof custody (COC).

3.3.2 Ambient Blanks

Ambient blanks are taken to assess the possibility of site-specific atmospheric
contaminationof VOC samples. Ambient blanks are taken only when an area is suspected
of having detectable quantities of atmospheric VOCs present (e.g., if VOC samples are
being collected near a fueling operation). Ambient blanks are prepared by pouring ASTM
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II, reagent-grade water directly into a 40-milliliter (mL), VOA container at the sample
site during collection. The VOA is allowed to remain open and exposed to the
atmosphere for the duration of the sample-collection process. The water is treated and
analyzed as a sample from this point forward, with the designation AB on the COC.
Ambient blanks are applicable to VOC samples.

3.3.3 Equipment Blanks

Equipment blanks consist of ASTM II, reagent-grade water poured over/through any
sampling equipment used for collection of definitive samples. Most sample-collection
equipment is disposable; however, in some cases, an equipment blank may be required.
Equipment blanks are usedto assess the effectiveness of decontamination procedures (for
new materials provided to the EAA or from EAA decontamination processes) and are
designated as EB on the COC. The frequency of collection of equipment blanks will
depend on the sampling routine and sampling equipment in use.

3.3.4 Trip Blanks

Trip blanks are applicable only to VOC samples and are prepared and supplied by the
contracted analytical laboratory. Trip blanks are to be shipped from the laboratory and
maintained along with the VOC samples collected in the field. The purpose of trip blanks
is to assess any potential contamination that may be introduced during shipping and
sample handling. Trip blanks are designated on the COC as TB. Trip blanks are not to be
opened in the field.

3.3.5 Duplicate or Replicate Samples

Duplicate and replicate samples are intended to assess the precision or repeatability of the
analytical process. Typically one in ten samples shouldhave a duplicate samplecollected.
The collection frequency of one duplicate per ten samples is generally acceptable. Note,
however, that if a confirmation sampling event involves only three wells, then the
duplicate (as well as other) QA/QC samples are still required. In other words, duplicates
compose 10% of the sample set such that a sample population often would contain one
duplicate. However, a sample population of 11 would contain two duplicates. The
calculated number of duplicates is always rounded to the next whole number. Duplicates
will generally be collected only at the 10% level for EAHCP analysis. For other
programs, duplicate analysis is covered generally by the application of a TWDB sample
set. Exceptions may apply and will be designated by management.

A duplicate sample is a second sample collected at the same location as that of the parent,
either simultaneously or immediately following collection of the first sample (AFCEE,
2001). Both samples are collected, stored, and transported identically. A replicate sample,
sometimes called a split sample is defined as a single sample divided into two samples
(AFCEE, 2001). As with a duplicate, collection, storage, and transport of the resulting
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samples must be identical. Duplicate and replicate samples each have unique identifiers
(see Section 4).

3.3.6 Spike Samples

Spike samples are used as part of EAA's quality control on the contracted laboratory.
EAA sampling staff members collect and subsequently spike twelve liters of water at one
of the major springs, the spike containing a known percentage of a substance
(contaminant). The spiked sample is then submitted to the contracted laboratory for
analysis. If the contracted laboratory reports the findings within the specified amount,
then EAA has confidence in their data. However, if the contracted laboratory is unable to
detect or report the spikes, then EAA will pursue corrective action with the help of
laboratory personnel to resolve the discrepancy. The corrective-action process will be
initiated by the Hydrogeology Supervisor.

3.3.7 Recording QA/QC Samples in Analytical Workbook

Samples collected for QA/QC or spiked samples are to be recorded in chronological
order in the laboratory notebook. The laboratory notebook is to be kept in the EAA
Camden Building in the water quality area with the calibration notebook.

-18-



Section 4

GroundwaterQuality Monitoring Plan
Edwards Aquifer Authority

SECTION 4

ANALYTICAL METHODS, SAMPLE IDENTIFICATION, AND CUSTODY
PROCEDURES

This section will discuss analytical methods applicable to the EAA sampling program, as
well as provide a summary of analytical hold times, acceptable sample containers, and
preservation techniques. In addition, a discussion of proper identification and sample
custody procedures is provided herein.

4.1 ANALYTICAL METHODS

A variety of analytical methods are used in the various water quality and sediment
sampling programs. Table 4-1 lists standard analytical reference methods that have
possible application to the various programs. Recall, too, that Table 3-1 provides a
current listing ofanalytical methods/parameters for each sample type and program.

Table 4-1. Analytical Reference Methods

Analysis Method

VOC SW-8260b

svoc SW-8270c

Chlorinated herbicides SW-8151a

Organophosphorus compounds SW-8141a

Nonvolatile compounds by HPLC SW-8321

Organochlorine pesticides SW-8081b

Polychlorinated biphenyls (PCBs) SW-8082a

PAH SW-8310

Determination of triazine pesticides EPA-619

Organonitrogen pesticides in industrial/municipal wastewater EPA-633

Oryzalin in industrial/municipal wastewater EPA-638

TPH TX-1005

Metals (except mercury)
SW-6010b or

SW-6020

Mercury SW-7470A

Cyanide SW-9010B
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Table 4-1. Analytical Reference Methods (continued)

Analysis Method

Alkalinity EPA-310.1

Common anions SW-9056

Sulfate (S04) EPA 300.0

PH SW-9040B

Total dissolved solids (TDS) EPA 160.1

Total suspended solids (TSS) EPA 160.2

Ortho-phosphate EPA 365.3

Nitrate/nitrite (both as N) EPA 353.2

Ammonia (as N) EPA 350.3

Kieldahl(asN) EPA 351.3

Total organic carbon (TOC)
EPA 415.1 or

SW-9060

Sulfide EPA 376.2

Dissolved organic compound
SM5310C-

2000

E-coli most probable number (MPN) SM9223B-2004

Dissolved orthophosphate lab
EPA 365.3-

1978

Ammonia as N-nondistilled

SMA4500

NH3D-1997

Bromide

EPA 300.0-

1993

Chloride

EPA 300.0-

1993

Nitrate as N

EPA 300.0-

1993

Total phosphorous
EPA 365.3-

1978

Enterococci ENTEROLERT

Eshcerichia coli-colilert

SM 9223B

20Ed

Total coliform colilert

SM 9223B

20Ed

TWDB anions EPA 300.1

TWDB cations EPA 200

TWDB nitrate EPA 353.2

Anti-bacterial agents 1694

Pharmaceuticals 1694

Steroids/hormones 1698
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SIM analysis MS-SIM-

GX/MS

Nonylphenols WS-MS-0010

General water quality parameters (GWQP), general chemistry—
(alkalinity, bicarbonate, carbonate, Ca, Mg, Na, K, CI, SO4, F, Si, Sr,
bromide, nitrate as N, pH, TDS, and TSS)

Methods listed

in table

4.2 DATA-FLAGGING CONVENTIONS

Analytical data must be qualified by the EAA-contracted analytical laboratory, which is
done summarily by the addition of data flags to the data result. Table 4-2 provides a
summary of the data-flagging convention used in this plan (modified from AFCEE,
2001).

Table 4-2. Data Flags

Flag Description

J

Analyte positively identified. Quantitationis an estimation because the
associated numerical value is below the reporting limit (RL).

UorND

Analyte analyzedfor, but not detected. Associatednumerical value at or
below method detection limit (MDL).

R

Data rejected because of deficiencies in ability to analyze sample and meet
QC criteria.

B Analyte found in associated blank, as well as in sample.
M Matrix effect present.
T Tentatively identified compound (using GC/MS).

No flag Analyte detected at reported concentration.

4.3 SAMPLE CONTAINERS AND HOLD TIMES

Samples sent to the analytical laboratory must be properly containerized, preserved, and
analyzed within specified hold times for the method for the data to be of defensible
quality. In addition to the requirement for samples to be chilled to 4°C, ±2°, some
analytical methods require the sample to be maintained at specific pH values. As such,
Table 4-3 lists acceptable container types, preservatives, and hold times for common
analytical methods. The table includes all scheduled analyses for the various sampling
programs. In the event an analysis is required that is not included in the table, Aquifer
Science Team members listed herein (hydrogeology supervisor or hydrologic data
coordinator) will communicate with the EAA contracted laboratory regarding appropriate
containers, preservatives, and hold times for the methods in question.
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Table 4-3. Sample! Containers, Preservatives, and Hold Times

Minimum

Sample

Analyteor Method1 Container Preservation Volume Holding Times
3x40mL with

no head space 14 days (water

or (l)250mL and soil); seven

amber bottle days if
Volatile organic compounds G, Teflon®-lined 4°C, HC1 to with no head unpreserved by
(SW8260B) septum, T pH <two space acid

Seven days until
extraction and 40

days after
extraction

(water); 14 days
until extraction

Semivolatile organic compounds G, Teflon®-lined lLor and 40 days after

(SW8270C) cap, T 4°C 8 ounces/soil extraction (soil)

lLor Seven days until
8 ounces/soil extraction and

40 days after
extraction

(water); 14 days
until extraction

G, Teflon®-lined and 40 days after
Chlorinated herbicides (SW8151 a) cap, T 4°C extraction (soil)

lLor Seven days until
8 ounces/soil extraction and

40 days after
extraction

(water); 14 days
until extraction

Organophosphorus compounds G, Teflon®-lined and 40 days after
(SW8141A) cap, T 4°C extraction (soil)

lLor Seven days until
8 ounces/soil extraction and

40 days after
extraction

(water); 14 days
until extraction

Organochlorine pesticides G, Teflon®-lined and 40 days after
(SW8081) cap, T 4°C extraction (soil)

lLor Seven days until
8 ounces/soil extraction and

40 days after
extraction

(water); 14 days
until extraction

Polychlorinated biphenyls G, Teflon®-lined and 40 days after
(SW8082) cap, T 4°C extraction (soil)
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Minimum

Sample

Analyte or Method1 Container Preservation Volume Holding Times

Seven days until
extraction and 40

days after
extraction

(water); 14 days
until extraction

Polynuclear aromatic hydrocarbons G, Teflon®-lined lLor and 40 days after
(SW8310) cap, T 4°C 8 ounces/soil extraction (soil)

3x 40 mL with

no head space
or (l)250mL 14 days (water);
amber bottle to extraction, and

Total petroleum hydrocarbons G, Teflon®-lined 4°C, HC1 to with no head 14 days after
(TX1005) septum, T pH<2 space extraction

General water quality parameters
(alkalinity, bicarbonate, carbonate,
Ca, Mg, Na, K, CI, S04, F, Si, Sr,
bromide, nitrate (as N), pH, TDS,
and TSS) P,G 4°C 250 mL 28 days

500 mL or

4°C; NaOH to four ounces 14 days (water

Cyanide P,B pH>12 /soil and soil)

Ortho-phosphate (as P) P, G 4°C 50 mL 48 days

Nitrate (as N) and nitrite (as N) P, G
4°C 250 mL 48 days

Ammonia (as N) P,G 4°C 250 mL 28 days

Kjeldahl (as N) P,G 4°C 250 mL 28 days

4°C, H2S04 to
Total organic carbon P,G pH<2 250 mL 28 days

Dissolved organic carbon P,G 4°C, H2S04 400 mL 28 days

Phosphorus P,G 4°C, H2S04 500 mL 28 days

Alkalinity E310.1 P, G 4°C 50 mL 14 days
28 days for Br",
F, CI", and S04"
2; 48 hours for
N03\ N02", and

Common anions SW9056 P. G None required 50 mL P04"J

Cyanide, total and amenable to 4°C; NaOH to 500 mL or

chlorinationSW9010A pH>12, 0.6 g four ounces 14 days (water
SW9012 P, G,T ascorbic acid /soil and soil)

Total dissolved solids (TDS) 4°C

E160.1 P, G 100 mL Seven days

Total suspended solids (TSS) 4°C

E160.2 P,G 100 mL Seven days

Biological oxygen demand (BOD), 4°C

five-day P, G 1L 48 hours

Sulfide P, G 4°C 1L Seven days
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Minimum

Sample

Analyteor Method1 Container Preservation Volume Holding Times

Total inorganic carbon P, G 4°C 250 mL 28 days

Six + two h (this

4°C, dark, holding time
sodium represents six

thiosulfate, one- field hours and

Escherichia coli-colilert P, G, WP inch headspace 100-250 mL two lab hours

Six + two h (this
4°C, dark, holding time
sodium represents six

thiosulfate, one- field hours and

Enterococci P, G, WP inch headspace 100-250 mL two lab hours

Six + two h (this
4°C, dark, holding time
sodium represents six
thiosulfate, one- field hours and

Total coliform-colilert P, G, WP inch headspace 100-250 mL two lab hours

4°C, filtered on
TWDB anions P,G site 500 mL 28 days

4°C, HNO,,
TWDB cations P, G filtered on site 250 mL 28 days

4°C, FLS04
TWDB nitrate P,G filtered on site 500 mL 28 days

1694 Pharmaceuticals (LCMS/MS) 4°C

Acetaminophen

Caffeine

Carbamazepine

Cotinine

DEET

Diltiazem

Fluoxetine

Gemfibrozil

Ibuprofen

Lincomycin

Naproxen

Sulfamethoxazole

Trimethoprim
Seven days
(unpreserved),

Tylosin
G, Teflon®-lined lLor 14 (days

Iopromide cap, T 8 ounces/soil preserved)

1694 Antibacterial (LCMS/MS)
4°C Seven days

(unpreserved),
Triclobarban

G, Teflon®-lined lLor 14 (days
Triclosan cap, T 8 ounces/soil preserved)
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Minimum

Sample

Analyte or Method1 Container Preservation Volume Holding Times

1698 Steroids/hormones

(LCMS/MS)

lLor

8 ounces/soil

17a-Estradiol

17a-Ethynyl estradiol

17b-Estradiol

Equilenin

Estriol
Seven days

Estrone (unpreserved),
Progesterone

G, Teflon®-lined 14 (days

Testosterone cap, T 4°C, H2S04 preserved)

Nonylphenols/ethoxylates/bisphen
ol-A (GCMS)

lLor

8 ounces/soil

Bisphenol-A

Nonylphenol diethoxylate (tech.)

Nonylphenol monoethoxylate
(tech.)

p-Nonyphenol (tech.)
Seven days
(unpreserved),

p-tert-octylphenol
G, Teflon®-lined 14 (days

para-n-nonylphenol cap, T 4°C, H2S04 preserved)

Selected metals—6020

(Al, Sb, As, Ba, Be, Cd, Cr (total),
Cu, Fe, Pb, Mn, Hg, Ni, Se, Ag, Tl, HN03 to pH <2, 500 mL or 180 days (water
and Zn) P,G,T 4°C 8 ounces/soil and soil)

28 days (14 days

HNO3 to pH <2, if in plastic
Hg—Cold vapor 7470.7471 P,G 4°C 250 mL bottle)

Selected metals—(ICP unless
otherwise noted) 6020/7470/7471

(Al, Sb-ICP-MS or GFAA, As, Ba,
Be, Cd, Cr (total), Cu, Fe, Pb, Mn,
Hg-ICP-MS or CVAA, Ni, Se-
ICP-MS or GFAA, Ag, Tl-ICP-MS HNO3 to pH <2, 500 mL or 180 days (water
or GFAA, and Zn) P, G, T 4°C 8 ounces/soil and soil)

28 days (14 days

HNO3 to pH <2, if in plastic
Hg- ICP-MS or CVAA 7470/7471 P, G 4°C 250 mL bottle)

a. Polyethylene (P); glass (G); brass sleeves in sample barrel, sometimes called California brass (T).
b. No pH adjustment for soil.
c. Preservation with 0.008 percent Na S90 only required when residual chlorine present.
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4.4 SAMPLE IDENTIFICATION

Each sample must have a unique identifier so that it can be differentiated from other
samples. In addition, sample names must meet therequired criteria for entry into the data
base and subsequent electronic storage andretrieval of the data. Therefore, sample names
must conform to the guidelines herein.

4.4.1 Sample Identification, for Non-EAHCP Samples

The primary method for non-EAHCP sample identification will be to use the state well
registration number for wells (and springs as applicable) or the site name for surface
water samples. When no well number is available for a spring, then an abbreviation for
the spring name and orifice will be used. For example,

• The unique identifier, for use on the COC for Comal Springs, Orifice 1 is DX
68-23-301,

• The unique identifier for use on the COC for Comal Springs Orifice 3 (no
state well number) is CS3,

• The unique identifier for use on the COC for the Nueces River at Laguna is
Nueces@Laguna, and

• For wells that are sampled in more than one location within the borehole, the
interval number is attached to the well name. For example, well LR-67-09-
101 is regularly sampled at two intervals, so the COC name is LR-67-09-101-
1 (interval 1 or upper interval) and LR-67-09-101-4 (interval 4, or the deepest
interval).

Note that to the extent possible, custody forms and sample-container labels will be
preprinted by the laboratory.

In some cases no well number or other recognized registration number will exist for the
sample point. Then documentation for the sample location will require location
(latitude/longitude and address if available) and name of well owner. Photographic
documentation is also required. The subsequent sample name will be apseudo state well
number derived from the well location and owner name. For example,

The unique identifier for a sample taken from the Mary Smith residence in San
Antonio, a private well with no state well registration number and located in
Bexar County (abbreviation AY) at state well grid location 68-23-8, would be
AY-68-23-8MS.

When wells of this type are sampled, proper documentation to include collection location,
sample name, sample parameters, date, and time is extremely important and will be
recorded in the field log for cross reference to the COC.
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4.4.2 Sample Identification, for EAHCP Samples

For samples collected under theEAHCP, sample names are designed to provide
additional dataregarding sample type. Specifically the sample name will indicate the
sample asanEAHCP-related sample, the spring group (Comal or San Marcos), sample
type (surface water, stormwater, or sediment), and sample location. In theexample
below, the sample name refers to an EAHCP sample at Comal Springs, collected for
surfacewater, at location 10. Sample locations are noted on the sample-collection maps
for the EAHCP (included in Appendix A with calendar year 2013 non-EAHCP sample
locations.

Sample Name Convention:
Comal Springs

_^HCS110HCP^~ —/ f
/ sample Location

SampleType (1=Surface Water, 2=Storm, 3=Sediment)

4.4.3 Sample Identification, QA/QC

For QA/QC samples, a modifier is added to the sample name to indicate the QA/QC type,
for example, DX-68-23-301 (Comal Spring 1). If an MS/MSD sample were collected, a
separate set of samples named DX-68-23-301MS/MSD would be collected. The
appropriate modifier for each QA/QC sample is listed in Table 4-4.

Table 4-4. QA/QC Sample Nomenclature

Sample Type Modifier

Matrix spike/matrix spike duplicate MS/MSD*

Ambient blank AB*

Equipment blank EB*
Trip blank TB*

Duplicate FD*

Replicate FR*

* Requires sample, with same sample name as parent + modifier at end.
#Numerical suffix to be attached and referenced in laboratory notebook; suffix starts at 1atbeginning of

each calendar year. Details for location, etc. included in field notebook documentation.
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4.5 SAMPLE CUSTODY

All samples shipped to the analytical laboratory must have proper custody
documentation. One person on each sampling team is to have primary responsibility for
sample custody (generally the lead sampler). Thisperson will be designated as the sample
custodian for sample collection. A person has custody of a sample group if samples are
(1) in his/her possession, (2) in his/her view after being in his/her possession, (3) placed
in a secure area by the sample custodian.

Furthermore, the laboratory COC form is to be filled out completely by the sample
custodian in the field. The form must contain all required information for proper sample
identification (if not preprinted) and must contain appropriate signatures. In addition,
samples must remain in control of the sample custodian. Once collected, samples must be
under the supervision of the sample custodian or secured in a manner such that no
reasonable chance of unauthorized access to the samples exists. Furthermore, samples
shipped by a common courier (i.e., Federal Express), require that the sample custodian
note on the COC when the samples were released to the courier and why. The contracted
analytical laboratory will sign the COC upon receipt. A breach of sample custody can
invalidate the defensibility of the sample set.

4.6 DATA VALIDATION

Analytical data require review in order to be validated prior to publication. The amount
of review (or level of review) is a function of the sample type. Field-collected data results
are reviewed in the field by the analyst. One of the best ways for the field analyst to
assess the acceptability of field data and subsequently validate them is to compare the
results with historical data. This comparison, combined with proper equipment
calibration, maintenance, and analytical technique, will provide an adequate validation
process for field-parameter data. In the event that the analyst finds a discrepancy in the
field data, a second analysis for the parameter in question should be performed. If the
analyst feels that the data may be inaccurate because of issues with the field analysis, this
fact is to be noted on the sample field sheet.

Contract analytical-laboratory data will receive a 100% analyst review at the analytical
laboratory prior to posting of analytical results. A subsequent analytical laboratory review
by the QA/QC section is required prior to the analytical laboratory's certification of the
results. A subsequent 10% review by EAA staff of the analytical data is required upon
receipt of the final analytical report. The analytical report will contain numerical
analytical results for the laboratory QA/QC samples (i.e., LCS, method blanks, etc.).
These laboratory analytical data are to have data flags assigned by the analytical
laboratory.
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SECTION 5

FIELD PROCEDURES AND SAMPLE COLLECTION

Possibly the most significant part of any successful sample collection is the field
procedures and documentation that occur in the field. Field procedures to include sample
equipment decontamination; sample-collection procedures for well, spring, surface water,
and sediment samples; a listing of potential sources of contamination; and the properuse
of field notebooks are included in this section.

5.1 RESPONSIBILITIES

TheCTOand hydrogeology supervisor for the data-collection program will ensure that
the samples obtained represent the environment being investigated. Thehydrologic data
coordinatorwill ensure that all field crews are provided with the necessary information,
equipment, and supplies to successfully schedule and complete sampling. The hydrologic
data coordinator will also be the primarypoint of contactbetweenthe contract analytical
laboratory projectmanagerand the EAA sampling team(s). The hydrologic data
coordinator will report sampling deviations to the CTOand hydrogeology supervisor.
Sample-collection staff(generally, environmental science technicians) are responsible for
being familiar withthe instructions provided in this SOP andfor collection of samples in
accordancewith this SOP. For most sample-collection events, a sample team of two
people will be utilized. Teams will have a lead sampler (according to experience level)
who is directly responsible for adherence to directives of the SOP.

5.2 EQUIPMENT DECONTAMINATION

In order to obtain samples that are reliable and defensible, all (nondisposable) sample-
collection equipment must be decontaminated prior to use. When possible, sample
collectionfrom a wellhead valve directlyto a sample container is best. When this kind of
collection is not possible, disposable equipment is preferable.

If neither option is plausible, then nondisposable sample-collection devices (constructed
of Teflon® when possible) must be used. Sampling equipment that is exposed directly to
sample media (pumps, peristaltic or submersible pump tubing, reusable bailers, or other
devices) will be washed in a nonphosphate, laboratory-grade detergent such as
Alconox®, followed by a double rinse in potable water. A final rinse of deionized or
distilled water will be applied after completion of the initial decontamination process.

Equipment that will not be used immediately must be kept clean by wrapping in
aluminum foil or placed inside clean plastic bags. Such storage will prevent

29



Section 5

Groundwater QualityMonitoringPlan
Edwards Aquifer Authority

contamination of the equipment prior to use. See Appendix G for additional detail
regarding equipment-decontamination procedures.

5.3 SOURCES OF SAMPLE CONTAMINATION

Samples can easily become contaminated during the sample-collection process. It is the
responsibility of the sampler to prevent contamination from occurring. A multitude of
potential cross-contamination sources are present in the field environment. Becausemany
of the analytical methods used can quantify various analytes in parts per billion or less,
even minute sources can potentially contaminate a sample. For example, Table 5-1
summarizes some of the potential sources that can cause a false-positive reading in a
sample. These should be considered when samples are collected in the field. Also note
that water has a strong affinity for many anthropogenic compounds. Use of good
judgment is another aspect of collecting defensible data. Steps should be taken to avoid
cross-contamination of samples. If the sampler suspects the possibility of cross-
contamination, he/she should note it in the field log for the sample set in question, or the
site should be sampled again if necessary.

Table 5-1. Potential Sources of Cross-Contamination

Source

Possible

Contaminant

Fuels—generators, work vehicles
BTEX/TPH/VOC/

SVOC

Exhaust fumes—generators, vehicles, heavy roadway traffic,
overhead air traffic

BTEX/TPH/VOC/

SVOC

Oil/grease residue on tools, gloves, etc. TPH/SVOC

Tape VOC

Insect spray
VOC/SVOC/

pesticides

Insect repellent
svoc/voc/

pesticides
Sunscreen VOC/SVOC/PPCP

Soil/debris

Bacteriological/
metals/SVOCs

Foods/drinks/medications and other personal care products such as
soap, makeup, deodorant, etcetera. PPCPs
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5.4 FIELD NOTEBOOKS

The field notebook is a legal document and should be treated as such. All pertinent site
information should be in the notebook, including site name, weather information, site
conditions, well condition (if applicable), equipment problems, sample-collection notes
such as approximate sample times, and any other information that may be deemed
valuable. The names of individuals on the sample team, as well as visitors to the site,
should also be recorded in the notebook. All information recorded in the field notebook
should follow the format described herein. No blank spaces are to be left on pages. All
blank areas should be marked through with a single line and initialed by the author. The
top of each page should have the date and sample site. The base of each page should
contain the initials of the author. Mistakes are to be crossed out with a single line and
initialed. Field notebooks are to be recorded in black ink only.

5.5 SAMPLE COLLECTION

Field personnel must wear clean (disposable) nitrile gloves during the sample-collection
process. Generally samples for field water quality parameters are to be collected first,
followed by VOC, SVOC, and metals samples. Any required information is to be
recorded in the field notebook before, during, and after sampling.

5.5.1 Well Samples

Each well must be gauged and sounded (if possible). The general condition of the well
will be noted in the field notebook. After the water level is gauged, the purge volume for
the well will be calculated by the following equation,

V = H x F,

where V is one well volume, H is the difference between depth of the well and depth to
water in feet (i.e., length of water column in well), and F is the number of gallons per foot
of water for the well size (Table 5-2).

Table 5-2. Well-Casing Volume in Gallons per Foot

Casing Diameter (in inches) F (gallons per foot ofwater in well)
2 0.16

4 0.65

6 1.47

8 2.6

10 4.1

12 5.9

16 10.4
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The relationship F=%(D/2)2 x7.48 gallons/ft3 can be used to calculate pipe volumes not
listed in the table. Note that D = pipe diameter in feet and F = volume per foot.

A well may be sampled upon achieving one of the following: a minimum of three well
volumes are purged from the well or field-parameter readings are stabilized for a
minimum of three parameter measurements. Wells that go dry prior to purging the three
well volumes, or the field-parameter readings have not stabilized, shall be purged to
dryness (except for drinking-water supply or irrigation wells). During purging, water will
be monitored for the following field parameters: temperature, pH, DO, conductivity, and
turbidity.

Stabilization is defined as

• Temperature fluctuations limited to ±1° C,
• pH fluctuations ±0.1 unit,
• DO fluctuations ± 0.3 milligrams per liter (mg/L),
• Conductivity fluctuations ±5%, and
• Turbidity ±10 NTU.

In the event that these parameters do not stabilize (after purging of three well volumes), a
maximum of six well volumes will be purged prior to sample collection (if the field
parameters stabilize at any point, the well is considered ready to sample, and purging may
cease). Once the well has stabilized or the maximum purge volume is reached, and the
well has recovered to at least 80% of its initial level, it is ready to sample.

5.5.2 Spring Samples

Springwater samples should be as representative of the actual water issuing forth from
the spring as possible and not be "contaminated" by surrounding surface waters. As such,
various sample-collection techniques may be necessary. For spring orifices located below
surface water, samplers should use a peristaltic pump to collect the springwater sample
by placing the intake part of the pump tubing in the spring orifice. This placement allows
for filling of sample bottles without introducing surface waters or overflowing the bottles
and losing any preservatives inside. This technique is not feasible or necessary for all
spring sites but should be utilized as appropriate. When a spring that can be sampled
without a pump is being sampled, then a typical grab sample may be collected. In some
cases (high flow volume) it may be necessary to collect samples in a clean bottle (such as
a clean 1,000-mL amber glass bottle, clean Teflon beaker, or something similar) and the
container used to transfer water into subsequent containers. Doing so will prevent the loss
of any preservatives that may be in sample bottles. However, the action should be
performed with as little agitation to the sample as possible to preserve potential VOCs in
the parent sample.
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Note: If preservatives in the sample container are diluted or lost because of the collection
technique, a new bottle should be used. If a new bottle is unavailable, the lack of
preservatives must be communicated to the laboratory to ensure that the sample remains
valid by being analyzed within the appropriate holdtime.

Current information and observations concerning springflow at the time of sample
collection should be entered in the field notebook. For example, approximate springflow
volume (can be listed as low, medium, high) is the flow representative of an extreme
volume (high or low); observed water quality should be noted (clear, cloudy, or murky),
along withother observations deemed appropriate by the leadsampler.

5.5.3 Surface Water Samples

Surface water samples should be collected without disturbing the sediment, if at all
possible. Thepresence of sediment in the sample maybias the results. Samples should be
collected from the flowing parts of the stream on the upstream side of the sample
collector. Samples are not to be collected from stagnant areas, and they should also be
takenfromapproximately the same location for each sample event. Sample bottlesshould
be filled by collecting the water sample in a clean bottle or by using a peristaltic pump
and transferred into the final sample bottle. Caution should be used to prevent overfilling
of the sample bottle and diluting any preservatives that may be in the bottle.

Note: If preservatives in the sample container are diluted or lost because of the collection
technique, a new bottle should be used. If a new bottle is unavailable, the lack of
preservatives must be communicated to the laboratory to ensure that the sample remains
valid by being analyzed within the appropriate hold time.

Information regarding the sample point in the stream, streamflow, and water conditions,
as well as other information deemed appropriate by the sampler, should be entered into
the field notebook at the time of sample collection.

5.5.4 Sediment Samples

Sediment samples are scheduled for collection by the EAHCP sampling program.
Furthermore, the possibility exists that EAA staff may be required to collect samples of
this type on occasion for other programs. As such, a brief discussion of this type of
sample is included herein. Sediment samples may be collected from below the water line,
from a dry stream bed, or from any other source in which sediments or soils may collect.
The collection technique will depend on conditions. For example, a push tube for
collection of sediments below the water surface is generally needed. However, if
sediments are being collected from a dry area, then they may be collected using a trowel,
hand auger, or push tube of some type. As with all sediment/soil-related samples, VOC
samples must be collected in a manner that will minimize the loss of in situ volatiles. As
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such, sediment samples for VOC analysis will not be composited or homogenized in the
field. Samples for VOC analysisare to be collected first.

In the event that the discreet-interval sediment sampler is used for collection of
sediments, the procedure for device operationis as follows:

1. Insert the lower-half of the lead internal rod using a 3/s-inch coupler (first stage)
into the internaldrive tip. Pull downon the brass ring, push the groovedend of the
lead internal rod into the recess, and gently release the brass ring.

2. Insert the internaldrive tip and lead internal-rod assembly into the externaldrive
tip.

3. Connect the upper lead internal rod using the 3/s-inch coupler (second stage) to the
lower lead internal rod (first stage).

4. Insert a four-ft liner, with the hole in the liner oriented to the top, into the sample
tube (the sample tube has a two-inchoutsidediameterand consists of two parts, a
double female lead section and a male x female extension). If the EAA staff
chooses to use a two-ft liner instead of a four-ft liner, the process is the same,
except that the male x female upper extension is not used.

5. Insert a plastic core catcher (white) in the bottomof the sample tube, with the
dome pointing toward the top.

6. Insert the internal drive tip/external drive tip assembly into the sampler tube.
7. Insert the metal core catcher into the top of the main sampler tube, with the dome

pointing upward.
8. Install the internal tip chamber to the top of the main sampler tube.
9. Install the top drive head adapter to the top of the internal tip chamber.
10. Install the thread protector cap or internal rod with external drive extensions (if

using 1Vs x 3 ft external extensions with 3/g-inch internal rods, place a 3/8-inch
coupler on the top of the internal rods prior to installing the top drive head
adapter). Install the thread protector cap at the top of the internal rod prior to
connecting the vented drive head (install the correct number of internal/external
extensions necessary to lower the sampler to the surface and arrive at the desired
sampling point).

11. Install the vented hammer adapter, already attached to the slide hammer.

The field notebook will note details related to the sediment samples; for example, was the
sediment dry or below water, how was it collected, was it discolored, at what depth (from
the surface) was the sample collected? If sediments are field screened with a
photoionization detector (PID), readings from the various intervals will be recorded.
Other details will be recorded as deemed appropriate by the sampler.

Also, if a hand trowel is used, it must be constructed of stainless steel, and it must be
decontaminated prior to each use. For sites at which multiple samples will be collected,
multiple hand trowels may be used, or a single trowel may be used if it is decontaminated
in the field (Alconox wash, double rinse in potable water, followed by a DI water rinse).
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5.5.5 Stormwater Samples

Stormwater samples are scheduled for collection under the EAHCP program at each
spring group, twice annually. Stormwater sample collection offers additional challenges
and safety issues, as compared with that of other samples collected under EAA programs.
This section provides a general summary of stormwater sampling, additional detail
regarding this sample type being provided in Appendix F.

Stormwater samples are scheduled for collection across three points on the storm
hydrograph. One sample collected from the initial rise on the hydrograph, a second
sample from the peak area of the hydrograph, and a final sample along the recession limb
of the graph. In addition, water quality parameters obtained from EAA-installed real-time
water quality monitors, flow data from the U.S.G.S. springs gauges, and local weather
radar maps will be used to define the behavior of the systems and help guide sample-
collection timing. The real-time monitors collect data at 15-minute intervals for
conductivity, DO, pH, temperature, and turbidity.

A stormwater event will be dictated by a rainfall event sufficient to cause a significant
rise in springflow at either Comal or San Marcos springs. The significant rise in
springflow is to be further defined in conjunction with real-time data systems. See
Appendix F for details on stormwater sampling procedures.
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