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COMMONLY USED ACRONYMS

AA Atomic absorption

ASTM American Society for Testing and Materials
CERCLA Comprehensive Environmental Response, Compensation and Liability Act
CLP Contract Laboratory Program
DNAPLDense Non-Aqueous Phase Liquid

DQO Data quality objectives

DO Dissolved oxygen

GC Gas chromatogram

GC/M SGas chromatogram/mass spectrometry

gpm gallons per minute

HSP Health and safety plan
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LNAPL Light Non-Aqueous Phase Liquid
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NTUs Nephdometric turbidity units

POC Purgeable organic compounds

PPE Personal protective equipment

ppb parts per billion

ppm parts per million

PRP Potentially responsible party

PTFE Polytetrafluoroethylene, commonly available as Tefloff
PVC Polyvinyl chloride

QA/QC Quality Assurance/Quality Control

RCRA Resource Conservation and Recovery Act
SAP Sampling and analysis plan

SDWA Safe Drinking Water Act

po/L micrograms per liter

pmhos/cm micromhos per centimeters

VOCs Volatile organic compounds

WDNR Wisconsin Department of Natural Resources
WUWNWisconsin Unique Wdl Number



1.0INTRODUCTION

11

PURPOSE AND USE

This desk reference can assist you with collecting data that represents in-situ, unaltered groundwater
conditions. It emphasizes the importance of determining data objectives, developing and following site-
specific sampling plans, making thorough pre-sampling preparations, following purging, sampling and
quality assurance proceduresconsistently, and documenting the entire sampling event.

Included is a common reference of rdiable purging and sampling techniques for a variety of
groundwater contaminants and hydrogeologic conditions; however, the Wisconsin Department of
Natural Resources (WDNR) recognizes that the recommended procedures may not suit all
hydrogeologic and geochemical conditions and contaminants or parameters being collected or
measured. Therefore, the WDNR will be flexiblein allowing alternative procedures as long as they
provide scientifically valid and legally defensible groundwater data.

This document and the accompanyingGroundwater Sampling Field Manual, PUBL-DG-038 96,
include a variety of procedural options for each task (e.g., purging and sampling monitoring wells). For
each task, thefirst option consistently yields the highest level of data quality. Subsequent options may
yied lower levels of data quality. A project's sampling plan should include specific procedures for
collecting groundwater data.

GROUNDWATER QUALITY

Groundwater quality reflects the physical, chemical and biological processes and contaminants,
whether natural or human caused, that transfer impurities to groundwater. Many human-caused
contaminants can affect groundwater quality, such as hazardous spills, fertilizers, pesticides, leaking
underground storage tanks and leaking landfills.

Shallow groundwater systems are particularly susceptible to impacts from certain land use practices
(e.g., fertilizer and pesticide application), as wel as seasonal variations in water quality and
composition. Groundwater in shallow systems may also be oxygenated to some extent.

Deeper groundwater systems commonly have a high dissolved mineral content, due to long
groundwater/mineral contact time. They also exhibit low dissolved oxygen, less seasonal variation in
water quality and composition and are under greater hydraulic pressure than shallow groundwater
systems. Deeper groundwater systems commonly contain one or more of the following naturally-
occurring constituents: hardness, iron, radon, total dissolved solids, manganese, sulfate and radium.

Because of water's polar nature and hydrogen-bonding abilities, it acts as a nearly universal solvent; it
dissolves and mixes with many organic and inorganic substances. A substance's water solubility is

[ —
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a good indication of the maximum concentration available for dissolution into groundwater. The actual
chemical species of a compound or eement dissolved in groundwater or attached to a solid's surface
largdly depends upon the solution's oxidizing-reducing status, the water's acid-base balance and the
presence of complexing agents in the water. The following affect a chemical's transport and fate: 1)
The nature of the mineral and the organic carbon content of aquifer materials (e.g., the organic content
that affects a compound's retardation); 2) biological metabolic processes; 3) its precipitation or
coprecipitation out of solution; and 4) the chemical's phase as it moves through an aquifer.

Groundwater may, or as is more likely the case, may not be in equilibrium with the aquifer materials
and dissolved gases in the aquifer. The geochemical composition of groundwater typically reflects the
geologic material it has flowed through and with which it has reacted (Summers and Gherini 1987).

1.3

COLLECTING PRELIMINARY SITE DATA

A common approach to assessing the degree and extent of groundwater contamination at a siteis to
install and sample a few monitoring wells. Several additional phases of well installation and sampling
may also berequired. By thetime a project is completed, it is often apparent that some wells weren't
necessary and that some wells should have been placed at different locations or screened at different
depths.

Proper stratigraphic characterization of a site and the use of discrete-depth groundwater sampling can
provide valuable preliminary information about subsurface hydrostratigraphy and the degree and extent
of groundwater contamination. This information can prove invaluable for determining the appropriate
number, location, screen length and depth of permanent monitoring wells and can save substantial time,
money and sampling over a project's life.

1.3.1Subsurface Stratigraphy

Hollow stem auger and split-spoon (i.e., split-barre) samplers have been the norm for determining
subsurface stratigraphy. Alternative methods may prove less costly and may be more effective under
certain circumstances. Most of these alternative methods are described as direct push technologies
(e.g., Geoprobe®, Diedrict®, Stratiprobé, Precisior?”, etc.,) and can be used for soil sampling and
subsurface stratigraphic profiling. Direct push technologies may also be used for soil vapor sampling
and prdiminary groundwater sampling. Common direct push technologies are hydraulic pushing
systems, dectric rotary-impact hammers, or hand-held slide hammers.

The main advantages of direct push methods over standard drilling methods (e.g., hollow stem augers)
include: little or no generation of soil cuttings; faster soil sampling rate; lower cost; and equipment
access into restricted clearance areas (e.g., inside buildings). The main disadvantages of direct push
methods include: depth and soil type use limitations; smaller sample volumes; and the inability to
collect certain types of soil samples. The sample tube opening of the direct push sampling toolsis
smaller and morerestrictive than that of the standard split-barrel samplers. The presence of significant
amounts of materials greater than oneinch in diameter and the presence

of dry unconsolidated materials make sample recovery problematic for direct push sampling tools.
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Cone penetrometers (another direct push method) are also gaining increased use and acceptance for
characterizing site stratigraphy. A hydraulic ram pushes a mechanical or eectronic cone penetrometer
into the subsurface at approximately 4 feet per minute (1.2 meters per min). The penetrometer is
commonly housed in a large truck specifically designed for cone penetration tests (CPTs)Higure 1).

The basic dectronic cone penetrometer used in CPTs consists of two separate soil shear resistance
sensors — cone resistance and frictional resistance. These sensors acquire soil strength and stratigraphy
data (refer to ASTM Method D-3441-86). Electronic cone penetrometers can also determine soil
density, shear strength, and compressibility; and can reate resistance and friction to specific soil
classifications (Ehrenzdler et al., 1991). Information obtained from CPT data can provide basic
subsurface stratigraphic correation and mapping data similar to that obtained from borings without
human bias. Cone penetrometers can discern different soil types, aquifers and confining layers. If a
pressure transducer is added to the eectronic cone penetrometer, hydrostratigraphic information (e.g.,
soil saturation, water table, potentiometric surface and permeability in both aquifers and aquitards) can
also be evaluated (Strutynsky and Sainey, 1992).

Cone penetrometers are best suited for sand, silt and clay deposits. Depths of 300+ feet (90+ meters)
can be achieved in very soft unconsolidated materials; however, gravel, cobbles and dense or cemented
layers reduce a cone penetrometer's effectiveness or may impede it altogether. Depending on therig and
site conditions, anywhere from 300 to 900 feet (90 to 275 meters) of geotechnical readings can be
performed in a day. Site disturbance is minimal and there are no drill cuttings.

Important note: All boreholes, including boreholes created by direct push methods,
greater than 10 feet (3 meters) deep and all boreholes that intersect a water table must be
abandoned in accordance with s. NR 141.25, Wis. Adm. Code. Specifically, the borehole
should be grouted from the bottom to the top. With direct push methods, this may require
changing the tool on the drive rod.

1.3.2Discrete-depth Groundwater Sampling

Discrete-depth groundwater samplers are used during initial site investigations to provide preliminary
information on the degree and extent of groundwater contamination. This information, along with
subsurface stratigraphic data, can assist with determining the appropriate number, location and
screening of permanent monitoring wells.

Discrete-depth groundwater samplers have been developed for use with conventional drill rigs (BAT
Enviroprobe®, MK 2 prob&, QED Hydropunci?, etc), cone penetrometer rigs, or with rigs designed to
hydraulically hammer or vibrate the tools or probes to desired depths (Geoprog DeidricH’,
Stratiprobe®, etc.,). Some of these devices require that a groundwater sample be collected with a bailer
or with a vacuum/suction pump. Other devices have a retrievable sampling chamber or vessd within
thedrill rod.
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These devices are good preliminary screening tools and are very good at collecting discrete-depth
groundwater data. They can accurately characterize variations in the distribution and concentration of
contaminants that exist in discrete zones in groundwater. However, discrete-depth groundwater
samplers cannot replace properly-constructed monitoring wells for collecting representative, high-
quality groundwater samples.

Potential limitations of discrete-depth groundwater sampling devices include the following:

B Somedesigns areincapable of collecting groundwater samples at the water table surface.

B Some devices have excessively long collection times when obtaining groundwater samples from
silt or clay formations.

B Most devices have rdatively short screen lengths (<1 to 4 feet or 0.3 to 1.2 meters) that may
mMiss contamination.

B Some devices have limited sample volume capabilities.

B The screens of these devices may allow appreciable quantities of fines to enter the sample
chamber.

B It may bedifficult, if not impossible, to properly develop the borehole to collect sediment-free
samples or samples representative of the surrounding groundwater quality.

B These devices have soil type and depth limitations and are generally not capable of penetrating
gravel, cobble, hard or cemented layers and certain sands.

B Boreholes created by these devices may be difficult to properly abandon in aardance with s.
NR 141.25 Wis. Adm. Code.

Case studies

Clausen and Solomon (1994) used three different methods for defining the degree and extent of
trichloroethene (TCE) and technetium °Tc), a man-made radionuclide, at a Department of
Energy Facility located in western Kentucky. The authors used a van-mounted GeoProBevhich
employs a hydraulic hammer to drive a 2.5 cm outer diameter (OD) rod, a Rhiffowhich employs
an air operated hammer and vibrator to drive a 4.8 cm OD rod and a Mr. Missffevhich

employs a hydraulic hammer to drive a 4.8 cm OD rod. During groundwater sampling, a 1.3 cm
OD polyethylene tube outfitted with a check valve at the bottom was inserted down the rod
assembly of each tool. The top of the rod was capped and air pressure was applied to bring
samples to the surface by air-displacement. A comparison of analytical results for TCEITc
ratios for samples collected with the driven discrete-depth system and monitoring wells was
comparable and yielded similar regression lines. The driven discrete-depth sample results
strongly suggested a vertical distribution of residual dense nonaqueous phase liquid (DNAPL) in
the groundwater and a DNAPL pool underlying the site. These were not previously detected by
the permanent monitoring wells installed at the facility.

Strutynsky and Sainey (1992) used a cone penetrometer to determine a site's hydrostratigraphy in
real-time and collected groundwater samples from a Hydropunchi to preliminarily define the
degree and extent of a volatile organic compound (VOC) plume. Theresults were used to
determine subsequent monitoring well locations. The Hydropunchi was successful in obtaining

22 groundwater samples out of 27 attempts. While the Hydropunch worked well, there were
some disadvantages: 1) It was not always clear if the wdl screen shied had opened; 2) minor
seizing of the sampler parts occurred; and 3) there was slight bending of the sample barrd at
forces > 10 tons. Use of the cone penetrometer, Hydropunch and an on-site gas
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chromatograph allowed for minimal site disturbance and waste generation, the collection of high
quality/high resolution hydrostratigraphic data, the optimal placement of monitoring wells, and
meeting deadlines at a minimal cost.

Kaback et al., (1990) compared the ability of a Hydropunchand four adjacent monitoring wells
to collect similar groundwater sample data. Results for two of the wells showed excdlent
correlation with Hydropunctf analytical data. However, results for the other two wells showed
variation. These other two wells were screened in the most concentrated part of the plume, which
existed as a very thin lens close to the water table surface. However, the Hydropunéhdesign
required that it be placed at least 5 feet (1.5 meters) below the water table to allow hydrostatic
forces to fill it, and the Hydropuncf? was unable to sample the plume near the water table
surface. The study concluded that the Hydropunch was an excellent screening tool for trace
metals, pH and major cations and anions; however, contamination near the water table may be
missed.

A similar study conducted by Bergen et al., (1990) looked at the Hydropunch%ability to
reproduce VOC data collected from five adjacent monitoring wells. The study found that the
analytical results for the Hydropuncfi and well samples were statistically similar and that the
Hydropunch® served as a good initial screening tool. Hydropunchi difficulties included: 1)
Missing contaminants near the water table surface; 2) physical deformation of the sampler when
hammered through well-sorted coarse sand layers; 3) sample collection times of up to two hours
in silt and clay zones; and 4) the unit's filter mesh allowing significant intake of fines into the
sample chamber.




2.0 SAMPLING PROCEDURESFOR
MONITORING WELLS

2.1 OBJECTIVES, PLANS, PREPARATIONS AND DOCUMENTATION

Primary components of a successful groundwater monitoring and sampling program include:
determining data objectives; developing and following an effective site-specific sampling plan;
preparing carefully before sampling; and meticulously documenting each sampling event.

2.1.1Data Objectives

Before monitoring, it is critical to identify and understand the purpose for monitoring and how the
resultant data will be used. Groundwater quality data are collected to meet a variety of objectives,
including, but not limited to, protection of public health and the environment, facility performance
evaluations and assessment of groundwater contamination remediation efforts.

Establishing Data Quality Objectives

The data quality objective (DQO) process is a systematic planning process for determining the type,
quantity, and quality of data and information necessary to make well-informed, valid and defensible
decisions. DQOs clarify a project's goals and abjectives. They explain what data and information will
be used, and how and why it will be collected. DQOs also specify acceptable levels of uncertainty or
errors in data, and the risks of making wrong decisions.

The following DQO process steps, presented in various USEPA guidance documents, describe project
design optimization and can be used in varying degrees for large and small monitoring projects:

1) State the Problem: Concisdly state the problem to be studied.

2) Identify the Decision: Identify what questions the study will attempt to answer and what
actions may result.

3) Identify Inputsto the Decision: Identify the data and measurements necessary to resolve the
decision. Consider any factors influencing the decision such as cost or public perception of risk.
4) Define the Study Boundaries: Specify the time periods and spatial area to which the decision
will apply and when and where to collect data.

5) Develop a Decision Rule: Consider the parameters of interest, the action or cleanup levels
and alternative actions. Choose among the alternative actions.

6) Specify Limits on Decision Errors: Determine tolerable limits on decision errors based on
consideration of the consequences of making an incorrect decision.

7) Optimize the Design: Generate alternative data collection designs and choose the most
resource-effective design that meets all DQOs.

For projects that collect groundwater data and measurements, or are responding to a groundwater
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quality standards exceedance, the following considerations should ensure that the data collected meets
data quality objectives (DQOs):

Regulatory objectives and requirements.

Contaminant considerations.

Sampling considerations.

Data quality and quantity.

Laboratory constraints: methods, limits of detection and analytical data quality.

Regulatory Objectives and Requirements

Chapter NR 140, Wis. Adm. Code, requires that all facilities, practices and activities that may
affect groundwater quality and that are regulated by a state agency protect, monitor and
remediate groundwater quality when necessary [see s. NR 140.03]. State agencies that regulate
facilities, practices and activities include the Wisconsin Department of Natural Resources
(WDNR), the Department of Agriculture, Trade and Consumer Protection (DATCP), the
Department of Transportation (DOT), and the Department of Industry, Labor and Human
Relations (DILHR). Each state agency that requires groundwater monitoring has specific
statutes, administrative codes and guidance documents that describe their regulatory objectives
and requirements.

Chapter NR 140 requires that groundwater samples must be collected using procedures specified
by WDNR (i.e., this document and the accompanyind-ield Manual). Where no procedures are
specified (e.g., procedures for collecting groundwater samples containing radioactive
substances), other published sampling procedures may be used [see s. NR 140.16(1)]. Chapter
NR 712.05 describes minimum qualifications for those people collecting environmental samples,
including groundwater samples. Chapter NR 140 requires that groundwater quality samples be
analyzed by a laboratory certified and registered under ch. NR 149. Chapter NR 149 establishes
the minimum requirements for laboratories; however, if a project's objectives necessitate a higher
levd of quality, the laboratory may need to validate the analytical data to ensure it meets the
project's DQOs.

Chapter NR 140 and the NR 700 series already include many of the important aspects of the
DQO decision process. Chapter NR 140 specifies groundwater quality standards for substances
detected in groundwater; these are action or cleanup levels. The NR 700 rule series includes the
complete process that responsible parties must follow to report, investigate and clean up soil and
groundwater contamination. This incorporates several aspects of the DQO process including
identifying what data are needed, the study boundaries and investigation requirements, the
response alternatives evaluation and decision process and action levels for soil. These aspects of
the DQO process strongly encourage the most effective means to meet all project DQOs.

WDNR and other state agencies that monitor or require the monitoring of groundwater quality
do so to meet one or more of the following regulatory objectives or requirements:

Define the nature and extent of groundwater problemsin Wisconsin.
Reduce groundwater pollution and prevent contamination of groundwater.
Provide a basis for facility or practice design, construction and operation.
Evaluate a facility's or site's performance and environmental impacts.
Comply with ch. NR 140, Wis. Adm. Code, groundwater quality standards.
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Protect public health, welfare and the environment.

Defineand sample potable wells at risk from groundwater contamination.

Evaluate the need for a change or revision of a facility's or site's monitoring, design,
construction, operation, waste treatment or disposal practices.

Evaluate the need for prohibition or closure and abandonment of a facility or site.
Meet Wisconsin Pollution Discharge Elimination System (WPDES) permits.
Evaluate the degree, extent and environmental fate of groundwater contamination.
Evaluate and verify the remediation of groundwatr contamination.

Contaminant Considerations

Determining and evaluating the type, concentration and stability of contaminants and parameters
collected or measured is important. The susceptibility of contaminants to extraneous contamination or
loss during purging, sampling and handling will help define the rigor and stringency of chosen
procedures and protocols.

During monitoring of contaminants that are unstable, subject to alteration during collection, or may be
present at concentrations near the analytical detection limit, rigorous purging, sampling, handling and
decontamination procedures are necessary. Sensitive substances such as volatile organic compounds
(VOCs) and dissolved metals, usually analyzed and regulated at the micrograms per liter (ug/l) or parts
per billion (ppb) leves, fall into this category. Strict and rigorous sampling procedures, QA/QC
procedures and careful documentation of the sampling event are necessary.

On the other hand, routine compliance monitoring for major, stableions (e.g., monitoring chloride ions
at a wastewater spray irrigation site) that are not subject to alteration during sampling or handling can
have less stringent and less rigorous sampling and handling procedures. QA/QC and documentation
procedures used depend on project objectives.

Sampling Considerations

Thelarger and more complex a site's hydrogeology and contamination plume are, the more rigorous
and detailed the sampling plan should be. The sit€'s stratigraphy, hydrogeology and complexity in
relation to the fate and transport of contaminants should be determined and evaluated. Any restraints or
considerations these factors may place on establishing sampling procedures, QA/QC procedures and
documentation procedures should be noted.

Timing and frequency of data collection are also important considerations. For example, pesticide
concentrations in groundwater are most likely to be highest right after a recent rain and soon after
application. Consequently, variations of pesticide concentrations in groundwater will likely be greatest
in spring and summer. Another exampleis a site with residual petroleum contamination in soil directly
above the water table. Concentrations of petroleum in groundwater may be highest soon after rains
because water infiltrating through the soil will dissolve petroleum and, as the water table rises, residual
petroleum in the soil will dissolve into the groundwater.
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A common monitoring goal is to determine the actual concentrations of contaminants present in
groundwater. Due to the nature of collecting groundwater samples, the true levels present in the
groundwater may be underestimated. Ignoring analytical error and bias, how closdy contaminant
concentrations approach the actual concentrations present in the groundwater depends on how
sampling and handling errors are controlled. Ultimately, sample integrity drives the quality of
analytical results.

Overall Data Quality and Quantity Needs

Thequality of a data set rdates to the level of uncertainty or error inherent in a data set, usually
expressed as the precision, accuracy, bias, representativeness, comparability and completeness of a
data set. Unfortunately, determinations of data quality often focus soldy on the laboratory component,
overlooking or avoiding the significant contribution of sampling and handling.

Data quality for a specific project or site specifies théeve of uncertaintythat will betolerated in a set
of environmental data. The higher the data quality, the more confidence an individual will havein the
accuracy and representativeness of a data set. The quality of a data set is expressed:

1) qualitatively as a specified set of procedures and protocols used for collecting the data (i.e.,
purging and sampling procedures) and

2) quantitatively as the amount of acceptable variation and error (precision, accuracy and bias)
inherent in the data set attributable to sampling equipment, sampling procedures, analytical
methods and the concentration of the contaminant in relationship to method detection limits.

Analytical laboratories are required to follow approved methods, specify quality control/quality
assurance procedures, and keep detailed records. However, fiedld sampling activities and procedures
typically are not as defined or stringent as the analytical procedures. Because of this, the level of
uncertainty inherent in a data set attributable to field sampling procedures and protocols is often
difficult to quantify or is unknown. Therefore, identifying project data quality needs, creating and
following a site-specific sampling and analysis plan and quality assurance/quality control plan and
carefully documenting each sampling event will go along way in controlling the uncertainty in the
measurements and minimizing the risks to decision-making.

In addition to quality considerations, the quantity of data available is an important consideration,
particularly during application of statistics to the data set. Datguantity is the number of samples
needed to support the decision at the specified leve of uncertainty. The question "How many data
points do you need to make a decision?" is deceptively simple. Answering it may be considerably more
difficult, particularly when you assess the risks of making the wrong decision. Anyone who has worked
with a statistician to design a monitoring project realizes that it is frequently not practical or feasibleto
collect enough samples to achieve the desired leve of certainty. The risks to decision-making must be
weighed against physical, regulatory and fiscal constraints.

Quiality assurance and quality control (QA/QC) requirements and procedures should match the level of
data quality required and the DQOs derived for a Site or project. Refer to Section 2.10.1
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for further discussion of QA/QC requirements, procedures and development of a QA/QC plan. Brynes
(1994) and EPA (1995 and QA/G-4 Interim final) provide detailed discussion of the overall data
quality objectives process.

Laboratory Constraints: Methods, Limits of Detection and Analytical Data Quality

How close the laboratory's limit of detection for a contaminant is to the suspected concentration and
regulatory limit (e.g., ES or PAL) for the project should indicate the level of care needed in sampling
for a given contaminant or parameter. For example, if contaminants may be present near the analytical
limit of detection, then particular attention should be paid to sampling procedures to avoid
contaminating the sample or losing the contaminant.

The U.S. Environmental Protection Agency (EPA) has identified five separate analytical quality levels
(EPA 1987) that may be appropriate for a site or projectT able 1 summarizes the levels and their
appropriateness in relation to data uses, type of analysis, limitations, and the data quality for which
each level should provide. For most groundwater monitoring and contamination
investigation/remediation projects regulated under s. 144.76 or 144.442, Wis. Stats., and not subject to
CERCLA or RCRA requirements, thel, Il and I11 analytical levels will meet data quality needs. Leves
IV and V may be appropriate for special needs such as Superfund sites and obtaining strong, legally
defensible results.

B Levd | dataarecollected with portable fidd screening instruments such as an organic vapor
instrument (e.g., PID, FID). Results are not compound specific, detection limits are high (e.g.,
+mg/L) and results arein real time (i.e., seconds to minutes).

B Levd Il data are collected with more sophisticated portable analytical instruments (e.g., mobile
laboratory equipped with a gas chromatograph). Leve |1 data quality depends on the calibration
standards used, reference materials, sample preparation equipment and training and skill of the
instrument's operator. Results are available within minutes or several hours. Leve | and 11 data
are used in site characterization and defining the degree and extent of contamination.

B Levd |l data are analyzed at a non-portable laboratory and are commonly analyzed using SW-
846. In Wisconsin, this data must be analyzed by a laboratory certified under ch. NR 149, Wis.
Adm. Code. The laboratory does not have to be CLP-certified and the data is not subject to
special validation and documentation procedures.

B Levd |V dataare analyzed by a Contract Lab Program (CLP) analytical laboratory following
CLP procedures. Levd |V data analysis is characterized by rigorous QA/QC protocols and
documentation. In Wisconsin, certain projects may require CLP protocols and data packages but
allow a non-CLP laboratory to perform the analysis. In such cases, ch. NR 149 requirements are
no longer applicable. However, analyses not subject to CLP protocols must follow Ch. NR 149
requirements and any additional QA/QC and reporting specified in the project plan and data
validation.

B lLevd V dataare anayzed by non-standard analytical methods. Analysis may or may not be
performed by a CLP laboratory (CLP special analytical services arelevd V). Analytical method
development or modification of an existing method may be required for a specific constituent or
to meet required detection limits.

11
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TABLE 1: SUMMARY OF ANALYTICAL LEVELSAPPROPRIATE TO DATA USES

ANALYTICAL LEVEL

DATA USES

TYPE OF ANALYSIS

LIMITATIONS

LEVEL I * Site characterization * Total organic/inorganic field e« Results are not compound .
» Monitoring instruments specific (
* Fidd test kits * High detection limits i
* Naturally-occurring (
interferences
LEVEL I * Site characterization  Variety of organicsby GC;  « Tentative identification .
» Remedial alternatives inorganics by AA * Techniques and instruments ¢
evaluation * Tentative identification; limited mostly to volatilesand  «
* Engineering design analyte specific metals (
» Monitoring * Detection limits vary from .
low ppm to low ppb (
LEVEL Il * Site characterization * Organics/inorganics using * Tentative identification in .
* Remedial alternatives SW-846 Some cases .
evaluation * In WI, laboratory must be * Data is not subject to .
* Engineering design ch. NR 149 certified validation and documentation ¢
» Monitoring * RCRA characteristicstests asCLP
* PRP determination
* Risk evaluation
LEVEL IV * Remedial alternatives * CLP laboratory following * Rigorous QA/QC .
evaluation CLP procedures procedures may cause long (
* Engineering design * Organics/inorganics by turn-around time for results .
* PRP determination GC/MS; AA; ICP I
* Risk evaluation * Low ppb detection limits
LEVEL V * PRP determination * Non-conventional » May require method .

* Risk evaluation

parameters/methods

» Method-specific detection
limits

» Modification of existing
method

development/modification

» Mechanism to obtain
services requires special lead
time

» May or may not bea CLP
laboratory




Chapter 2 - Sampling Procedures for Monitoring Wells

M aintaining Data Quality Objectives
Meeting and maintaining an established level of data quality can be accomplished by:

1.  Following a sampling and analysis plan (SAP) and quality assurance/quality control (QA/QC)
plan specifically tailored to a site or project.

2. Documenting the samples collected, measurements taken and procedures followed during each
sampling and monitoring event. The SAP and QA/QC procedures can serve as documentation of
equipment and procedures used; however, any deviations from the established procedures and
protocols must be documented.

3. Strictly adhering to the DQOs and quality assurance/quality cotrol (QA/QC) procedures
established for the project.

2.1.2Developing Site-specific Plans
Sampling and Analysis Plan (SAP)

A sampling and analysis plan (SAP) should be site-specific and should bring the sampling and
monitoring procedures and protocols, data quality objectives (DQOs) and other project requirements
into one clear plan. The sampling plan should document the equipment and procedures used during a
sampling event. The procedures and protocols specified in the SAP should be consistently followed
throughout the life of a project. Any deviations, including reasons for the deviations, shouldalwaysbe
clearly documented.

Depending on a project's complexity and any regulatory requirements, a SAP may be fairly short and
simple (e.g., small seepage lagoon, 3 monitoring wells, sampled quarterly for indicator parameters), to
long and complex (e.g., CERCLA, RCRA, or Superfund sites). Chapter NR 716 specifies site
investigation work plans, field investigations and sampling and analysis requirements for responsible
parties investigating a hazardous substance discharge (e.g., underground storage tank discharge)
subject to regulation under s. 144.76 or 144.442, Wis. Stats.

If a SAP is modified during the life of a project, the modifications must be considered when evaluating
the data generated from the project. Refer to Section 2.5, "important note," related to the validity,
representativeness and comparability of a project's groundwater data.

All the following items may not be necessary for a project's SAP. Include those items applicable to the
specific project, established data quality objectives and as required by applicable state and federal rules
and regulations:

1.  Theproject or site name and location (include maps).

2. Abrief history of the steincluding chemical useinventory/history, land use, known and
suspected spills, environmental media affected, etc,.

3. Regulatory objectives and data quality objectives (DQOS).

4.  Type concentration and form (e.g., free product, dissolved) of contaminants and parametersto
be measured and sampled.

14
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No o

© ®©

10.

11.
12.

13.

Transportation to the site and site access arrangements (e.g., meeting times, keys, permission).
Sampling team personnd and their duties.

Thelocation of all wdls (include map), well names or numbes (e.g., Wisconsin Unique Well
Numbers), well diameters, screen lengths and well depths.

Order in which wells are sampled, prior site sampling history and problems/constraints.
Which documentation sheets and forms (e.g., well specific field sheet, chain of custody form,
etc.,) should be completed for each sampling/monitoring event.

Equipment, procedures and protocols for:

a measuring static water leve,

b measuring and sampling immiscible layers,

C. purging and sampling wells,

d filling sample containers and preserving samples,

e taking water quality measurements and

f. filtering samples.

Laboratory analytical methods and limits of detection for each contaminant being sampled.
Laboratory analytical data submittal form (e.g., dectronic, tables, forms) and regulatory data
submittal deadlines (e.g., 10 days).

The QA/QC plan and procedures including the handling, storing, transporting and shipping
samples and the collection of quality assurance samples. The QA/QC plan and procedures
should beincorporated into the SAP, or less preferably, can be created as its own separate plan
(see Section 2.10.12).

Health and Safety Plan (HSP)

The Code of Federal Register 29 CFR Section 1910.120 and Occupational Safety and Health
Association (OSHA) includes many of the requirements for individuals performing hazardous waste
operations and emergency response and should be referenced. While specific health and safety concerns
and regulatory requirements are beyond this document's scope, some health and safety considerations
common to groundwater contamination and monitoring activities include:

1.

2.

© ©

A hazard analysis for each site task (including a list of contaminants, concentrations and
associated health hazards).

List of sampling personnd, site safety and health supervisor, hazardous waste training, and
personnel medical monitoring received.

Leve and type of personal protective equipment required (eg., levd A, B, C, or D). Check the
compatibility of the personal protective equipment with the types and concentrations of known

or suspected contaminants at the site. Manufacturers of personal protective equipment often have
charts and tables for choosing appropriate types and materials of protective wear applicableto a
variety of contaminants.

Frequency and type of air monitoring, personnd monitoring, environmental sampling and
instrumentation to be used.

Site control (access) measures.

Personal hygiene and decontamination procedures.

An emergency response and contingency plan (including emergency phone numbers and map to
nearest medical facility).

Work limits for inclement weather, confined space entry, €tc.

A spill containment plan.
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Another potentially useful resource rdated to health and safety includes the NIOSHPocket Guide to
Chemical Hazards DHHS (NIOSH) Publication No. 90-117. Copies of this and other NIOSH
documents are available by calling (513) 533-8287.

2.1.30ther Preparations

Careful planning, and advanced checking and preparing of equipment before heading into the fied will
savetime, money and problems.

Pre-field Work Procedures Checklist - Monitoring Wells

Thefollowing checklist should help you conduct a smooth, effectively-prepared groundwater sampling
program for your project. This checklist, in abbreviated form, is also included in Appendix A of the
Groundwater Sampling Field Manual, PUBL-DG-038 96

All the following procedures may not be necessary for each sampling event. Use those procedures
applicable to your sampling plan or customize this list as appropriate.

Logistics

1. Arrangefor site access with the land/home/facility owner and tenants. Besides avoiding
site access delays, pre-arranging site access will help maintain good relations with the
sites owner. Thiswill also provide a good opportunity to update the owner on progress at
his’her site and answer any questions he/she may have.

2. Locatethe nearest post office, UPS office, or Fedex drop off spot if you will be mailing
the samples from the field. (UPS has a 70 pound weight restriction per container.) Make
sure you have the proper materials for shipping samples (e.g., sufficient coolers and ice).

3.  Deermine how the purge water and wastewater will be stored and discarded. If the purge
water and wastewater will be disposed of into a sanitary sewer, contact the water utility
department and recelving wastewater treatment facility to obtain permission and establish
where, when and how much wastewater will be disposed of into the sanitary sewer system.

Laboratory Arrangements

1.  Sdect alaboratory to perform the sample analysis. Pay careful attention to the laboratory
sdection process. Sdection based on price and turn-around alone may doom the project.
Evaluate quality objectives for the project and laboratory analyses. Evaluate reporting
requirements and other considerations specific to the project. Check that the laboratory
(and subcontracted laboratory) is certified or registered under ch. NR 149 to perform the
required sample analysis. Check that the laboratory will follow the proper analytical
methods and can meet required limits of detection.
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Discuss with the [aboratory who will supply what sample containers. If the laboratory will
supply some or al of the containers, make arrangements for ddivery of the number and
type nesded - get extras! Don't forget QA/QC sample containers and trip blanks if VOC
samples will be collected. Appendix C of theGroundwater Sampling Field Manual,
specifies container types and provides recommendations on the minimum sample volumes
for avariety of analytical parameters.

Discuss sample preservation, holding time and shipping requirements with the laboratory.
Some laboratories provide preservative already in sample containers, or in other containers
(e.g0., ampules) that you can later dispense into the sample containers. Discuss QA/QC
expectations and the type of information that should accompany analytical results (e.g.,
LOD and LOQ data).

Inform the laboratory of when and how many samples will be sent. Thiswill hep the
laboratory prepare for analyzing your samples and meet sample holding times.

Familiarize yoursdf with chain of custody and other sample tracking procedures.

Discuss any other procedures required by the laboratory (e.g., hoting gross sample
contamination, field turbidity readings if metal samples are to be analyzed). Some
laboratories request previous analytical results for each well to help determine appropriate
sample dilutions up front.

Include in the contract quality objectives (QA/QC, MDLSs, etc), project-specific
requirements (e.g. providing raw package with the report) and any special agreements
made with the laboratory. This heps avoid misunderstandings about expectations and may
provide additional tools to deal with data that falls far short of quality objectives.

Site History

1

Review the sampling and analysis plan (SAP) and past water quality and saphing data.

Equipment and Fied Preparation

1

Review the SAP and QA/QC plan or equivalent. Refer to Section 2.1.2 for developing a
SAP and Section 2.10 for developing a QA/QC plan.

Organize groundwater monitoring and sampling equipment. Do this at least one day ahead
of the scheduled sampling day. Refer to Appendix A of theGroundwater Sampling Field
Manual and use the "Equipment Checklist - Monitoring Wel Sampling” or customize
your own equipment checklist.

Check that sampling equipment is in good working condition:
v' Test and recharge/replace batteries as necessary.

v' Test the equipment with tap water or calibration standards when possible.
v' Inspect the equipment for defects, loose balts, frayed wiring, etc.
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v' Check theinstruments' ability to calibrate and function properly. Check its ability to
operatein very cold, hot or wet westher.

4.  Check that all the equipment is properly decontaminated and stored for transport.

5. Complete the well-specific fidld sheet (WSFS), data logs or other field data sheets as much
as possible before going to thefidd.

Health and Safety Equipment and Preparation

1. If applicable, review the health and safety plan (HSP). Refer to Section 2.1.2 and
applicable federal, state and local laws, codes and requirements related to health and safety
requirements.

Equipment Checklist - M onitoring Well Sampling

A complete monitoring well sampling equipment checklist is included in Appendix A of the
Groundwater Sampling Field Manual, PUBL-DG-038 96 All of theitems included in the checklist
may not be necessary for each sampling event. Modify and customize this list as necessary and

appropriate.

2.1.4Documentation

M eticulous documentation of monitoring and sampling data and collection/measurement procedures is
essential. Documentation provides a permanent record of data collected, equipment and procedures
used, sampling personne, and problems that occur at a site. This information will help ensure that data
are collected consistently and that deviations in protocols are noted for later evaluation. Careful
documentation also helps prepare a project's data for legal scrutiny.

Clearly document the methods, procedures and equipment you use to collect groundwater data in the
data reports you generate for a site or project. Also, clearly document any deviations from the standard
sampling and monitoring protocol, along with a discussion of potential effects on the data.

Documentation of the Sampling Event

1.  Site-gpecific Sampling and Analysis Plan (SAP) or Equivalent.A SAP or other sampling
plan should act as documentation of the sampling event. All sampling personnd should read it
before heading out to the fiedld and should bring it to each sampling event. Document any
deviations from the sampling plan; you can use the "Fied Procedures Documentation” sheet
included in Appendix A of the Groundwater Sampling Field Manual to document any
deviations.

2. Wdl Specific Field Sheet - M onitoring Wells Document well-specific purging, sampling and
fidd water quality measurement data on this sheet (included in Appendix A of theGroundwater
Sampling Field Manual). Or, customize your own data sheet. Hand-held data loggers are
becoming popular because they provide a permanent record of well data that can be easily down-
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loaded to a compuiter.

3. Field Procedures Documentation. A SAP or other sampling plan should act as documentation
of sampling procedures; however, if a sampling plan is not available, use the "Fied Procedures
Documentation” sheet included in Appendix A of the Groundwater Sampling Field Manual.
You can customize this sheet to meet specific needs.

4.  Chain of Custody Form (Appendix A).Document the possession of groundwater samples by
filling out chain of custody or other sample tracking forms. Complete this form for every
sampling event no matter the size of the sample set. If a project islater subjected to legal action,
chain of custody procedures and whether they were followed will likely be an important part of
the case.

2.2 MEASURING STATIC WATER LEVEL

The measurement and interpretation of hydraulic head data are important components of any
groundwater monitoring project. A basic understanding of hydraulic head is necessary before
interpreting such data. A water level measurement collected from a wdl represents hydraulic head.
Hydraulic head is the sum of the fluid velocity, eevation head and pressure head in a well.
Groundwater flow velocities in porous media are extremey low and therefore, groundwater flow
velocities are commonly ignored when calculating hydraulic head. Therefore, hydraulic head is the sum
of the devation head (feet or meters) and pressure head (fluid pressure divided by fluid density times
accderation of gravity) as expressed by:

h = hydraulic head

h=z+ hp z = elevation head
h, = pressure head

Technical note: Technically, all hydraulic head measurements are obtained using piezometers. Classically, a
piezometer is defined as a pipe open at the top and bottom that measures hydraulic head at a discrete point (i.e., the
bottom open portion of the pipe) in groundwater. However, groundwater professionalsin Wisconsin today typically
refer to piezometers as only those wells that are selled beow the water table. Thisis technically incorrect as water
tablewdls (i.e., monitoring wells screened to intercept the water table) are piezometers where the pressure head
equals zero (atmospheric pressure). To avoid confusion, this document refers to piezometers as those wells sealed
below the water table.

Aslong as the water table surface intersects a well's screen, water level measurements collected from
such awdl represent thewater table surface eevation(i.e., devation head only: pressure head = 0 and
istherefore ignored). This type of well isreferred to as a "water tablewdl.” If awel is sealetbdow
the water table surface, water level measurements collected from such a wel represent the
potentiometric surface (i.e., elevation head + pressure head) as measured in the wdl (i.e, the center or
average of the well screen and filter pack area). This type of wdl isreferred to as a "piezometer.” A
piezometer must be sealed beow the water table (i.e., the well screen, filter pack and fine sand sedled
beow the water table) if it is to measure both the devation head and pressure head in the groundwater
system. The term "monitoring well" is used to refer to both water table wells and piezometers.

Figure 2 illustrates the concepts of the water table surface and respective water table well,
potentiometric surface and respective piezometer, unconfined and confined aquifers, a perched water
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table and springs.

Dalton et al., (1991) provide a good discussion on collecting and interpreting hydraulic head data.
Fetter (1988) and Freeze and Cherry (1979) provide detailed information regarding hydraulic head data
and their relation to the aquifer system.

2.2.1Technical Considerations
Important technical considerations for collecting accurate water level measurements include:

1. Measurethe static water level for awell before purging, sampling or inserting any
instrument or deviceinto awell. If awdl is purged, sampled, or a deviceisinserted into a well
before measuring the static water level in the well, the measurement will not represent the static
"undisturbed" water level or hydraulic head existing in the well.

2. Coallect measurementsfrom all wells on the site as quickly as possible.The best method is to
collect measurements fromall of the site's wells before doing any other tasks on the wels. This
may be impractical and too time consuming for some sites. Typically, you take a water level
measurement, sample the well, measure the next well's water level, sample that well, and so on.
This method is acceptable if you collect all water level measurements at a site on the same day
and the barometric pressure for that day does not change significantly (e.g., changing high or low
pressure, advancing storm, etc.,). If the barometric pressure does change significantly during
collection, a second round of measurements may be appropriate.

3. Collect measurementsin theorder of least-to-most contaminated wells.Furthermore,
decontaminate the measuring device between each well to prevent cross-contamination. Do not
let any parts of theinstrument or tape touch the ground or any contaminated surface.

4.  Read measurementsfrom thetop of the casing or areference elevation on thewell.Thisis
usually a permanently and clearly-marked or notched spot located at the highest point on the top
of thewd| casing. All top-of-casing or reference devations must be surveyed to acommon point
of known elevation so that the water level measurements can be converted to groundwater leve
eevations, usually expressed as feet above mean sealevel (MSL) or as USGS datum. Water
level measurements must be accurate and precise to £0.01 foot (+ 0.25 cm.).

5. Whenever possible, use one measuring device and one person operating it for all wellsat a
site during each sampling event. Better yet, use the same measuring device and same person
for al wdls at a site over the life of a project. Thiswill help ensure that water level data are
accurate and comparable. If more than one measuring device is used, check both instruments
against a calibrated standard, the same well, and against each other to ensure that they provide
the same water level measurements. If necessary, use a correction factor to equalize the readings.
Do this after checking each device to determine which tape length is correct.
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6.  After removing awater/air-tight well cap (e.g., flush mount piezometer), allow the
pressure within the well to stabilize.Thisis necessary because water/air-tight well caps do not
allow the water leve in the well to equalize with the ground surface atmospheric pressure as long
asthewdl cap isin place Thisis especially important for wells screened in silt and clay (low
permeability) formations. Take several measurements spaced several minutes apart to confirm
that the water level in the well has stabilized.

2.2.2Equipment and Procedures

Equipment and procedures used for taking water level measurements vary substantially. Choose water
level measuring devices based on their accuracy, precision, ease of use, reliability, durability, ease of
decontamination and cost. Under most circumstances, WDNR requires that water level measurements
be read to the nearest 0.01 foot (0.25 cm).

Water level measuring devices typically are either manual, non-recording devices or continuous
measuring devices that provide a paper or dectronic record of changing water levels over time.
Although not exhaustive, the following discussion describes equipment and methods most frequently
used by groundwater professionals. Y ou can find specific procedures for collecting water level
measurements with the first three devices in theGroundwater Sampling Field Manual, Section 2.2.

Table 2: Manual methods of water level measurementsin groundwater monitoring wells
(modified from Dalton et al., 1991).

Accuracy

M ethod (Feset) Major Interference or Disadvantages

Electronic 0.01t00.1 Cable wear or kinks; hydrocarbons on water surface.

Popper 0.01t00.1 Wdl depth; well and ambient noise; operator skill;
well pipes and pumps; tape clinging to well casing.

Indicator substance 0.01 Casing condensation; depth to water unknown;
indicator substance may affect the chemical
characteristics of groundwater samples.

Transducers 0.01t00.1 Temperature changes; dectronic drift; blocked
capillary.

Air-lines 30.25 Air line or fitting leaks; gauge inaccuracies; operator
error (not acceptable for monitoring well water
level measurements).

Floats 0.02t00.5 Float or cable drag and stretch; float size and lag.

Ultrasonics 0.02t00.1 Widl's temperature gradient; well pipes and pumps;

well depth; casing joints.
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2.2.3Electronic M ethods

These devices commonly operate by completing a circuit between two dectrodes housed in a probe.
When the dectric probe contacts a water surface, a light, amperage gauge, or buzzer signals the
operator that the probe has intersected a water surface. Most of these devices are manually-operated,
non-recording devices. The operation of other eectrical methods relies on such physical characteristics
as resistance, capacitance or sdf-potential to produce a signal (Dalton et al., 1991).

Probably the most commonly-used eectrical method is the eectronic water leve indicator.Figure 3
illustrates the use of an dectronic water level indicator. This device may be subject to measurement
errors due to the probe contacting condensation on the inside wall of a wdl's casing or dectrical
problems with the device. Other potential sources of measurement errors include kinks in the cable,
inaccurate gradation, or the banded measuring marks on the cable becoming loose and diding. Check
the measuring cable for proper length and gradation at least quarterly against a sted tape or some other
accurate means of length calibration. Also, regularly check batteries and eectrical connections. You
may want to bring along another device (e.g., popper) as backup in case the dectric method
malfunctions.

If thereis a substantial layer of floating hydrocarbons (i.e., immiscible layer) in a wdl, yaannot
reliably make a water level measurement. Refer to Section 2.3 for precautions related to the effect an
immiscible layer may have on water table €evation measurements.

Electronic water level indicators can provide fast and accurate water level measurements during
baildown tests, dug tests and aquifer pumping tests. These devices are best suited for piezometers
during these tests; cascading of water in a water table wdll's screen may provide false water leve
readings. When conducting baildown, slug or aquifer pumping tests on monitoring wells, transducers
provide the simplest and most accurate water level measurements.

2.2.4Poppers

A simple device known as a "popper" is a quick, inexpensive and commonly-used method for
measuring the water level in awel. This deviceis also a manually-operated, non-recording method.
Figure 4 illustrates a common design for the popping device consisting of a metal cylinder 1to 1.5
inches in diameter, 2 to 3 inches long and including a hollow bottom. The metal cylinder (i.e., popper)
is attached to a non-stretching flexible tape or sted measuring tape.

To take water leve measurements with this device, you lower the popper into thewel until you hear a
"pop" sound. This indicates that you've reached the water surface. By repeatedly raising and lowering
the popper onto the water surface and listening for the "pop” sound, you determine the depth to water.
Some practice is required to determine at what point the popper contacts the water surface. The
precision and accuracy of this techniquehighly depend on the user's skill and the well's depth (more
accurate for shallow wdls). You may also use the popper for measuring well depth by lowering it
through the water column until the tape slackens. Slowly pull the tape up until it just becomes taut
again; thisis the well depth.
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Figure3: Electronic water leve indicator Figure4: Common “popper” design
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When a popper is connected to a tape, no length corrections should be necessary (i.e., depth to water
measurements can be measured directly without adding or subtracting the length of the popper). Sted
tape is recommended over flexible tape. Flexible tape can stretch and therefore should be calibrated
quarterly against a known length standard. A high-quality sted tape or metallic monuments anchored in
concrete are acceptable calibration methods.

Although simple and inexpensive, the popper method is prone to errors and measurement difficulties. If
the water table intersects the well screen, if the well has a high gas content, or if thewdll is near a noisy
area, the "pop" may be difficult to hear. Wet tape, especially wet flexible (non-stedl) tape, may stick to
thewd| casing making it difficult, if not impossible, to collect accurate measurements. Floating
hydrocarbons in awell may also interfere with collecting accurate measurements. Be prepared with an
alternate method for measuring water level when leaving for the fied.

2.2.5Indicator Substance

Important Note: Theindicator substance used to coat a measuring tape may
contaminate the groundwater in awell and subsequent samples collected from that
wdl. If anindicator substance is used, the usemust ensur e that the indicator
substance will not contaminate the well or subsequent samples. If thereis any doubt,
choose another water level measurement method.

According to Dalton et al., (1991), and others, the coated tape (wetted tape) is one of the most accurate
techniques for measuring water level. Equipment used for this technique commonly includes flexible or
sted tape (recommended), carpenter's chalk or another indicator substance, and a lender metallic
weight, typically a lead weight. Substances that change appearance are recommended over substances
that wash away into the well. Sted tapes and hand reds are commercially available for lengths up to
1,000 feet (305 meters); however, shorter lengths are recommended dueto their lighter weight and
lower cost (Dalton et al., 1991). Check the length of the measuring tape, especially flexible tape,
quarterly against an acceptable standard.

To collect awater level measurement using this method, coat the bottom 3 feet (1 meter) or so of the
tape with the indicator substance and lower the tape slowly 1 or 2 feet (< 1 meter) into the water
column. When the coated portion of the tapeis lowered, the water either changes the appearance of the
indicator substance or washes it away. The depth to water equals the tape reading at the top of the
casing or reference devation minus the wetted length of the tape. With a sted tape and sufficient
operator skill, the precision and accuracy of this method is +0.01 foot (= 0.25 cm).

Condensation on the well's casing wall may wet the tape as it is lowered, thus causing measurement
errors. In addition, if the approximate depth to water is unknown, too little or too much of the tape may
be lowered, thereby requiring a number of attempits.
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2.2.6Transducers

A transducer can act as a discrete or continuous measuring device. These devices lend themsdves well
to recording time vs. drawdown/recovery data typical of bail down, slug and aquifer pumping tests.
They are also useful for determining long-term changes in water eevations when evaluating changing
groundwater flow directions and fluctuating groundwater elevations.

Pressure transducers commonly consist of a silicon-based strain gauge pressure sensor with a 4-20
milliampere (mA) current transmitter. Other transducers on the market include the vibrating wire pluck
(VWP) pressure transducer and the vibrating strip pluck (VSP) force transducer coupled with
buoyancy cylinders Eigure 5 - Dalton). The VSP force transducer is recommended over the VWP
pressure transducer for obtaining precise measurements of water level changes.

Pressure transducers are available for pressures ranging from 5 to 500 pounds per square inch (psi),
but typically transducers of 5 to 25 psi are used for monitoring groundwater levels. Transducers are
rated in terms of ther precision over ther full psi range. A 0-5 psi transducer will provide
measurements that are twice as precise as a 0-10 psi transducer of equal precision (Durham and
Bumala, 1992). For example, a 0-5 psi transducer rated at 0.01 percent will provide measurements
accurate to the nearest 0.01 foot while a 0-25 psi transducer rated at 0.01 percent will provide
measurements to the nearest 0.05 foot (Dalton et al., 1991).

Pressure transducers commonly have a small capillary tube vented to the atmosphere that allows the
transducer to automatically compensate for barometric (atmaospheric) pressure. Pressure transducers
measure the pressure head (water column) above the transducer. Pressure transducers are usually
connected to a data logger that contains microprocessors to convert pressure information to feet or
meters of water column above the transducer or depth to water from the top of the well casing. The
data can easily be downloaded to a computer and subsequently used to calculate an aquifer's

hydrogeologic properties.

The precision, accuracy, calibration, reliability and operating procedures for pressure transducers and
their accompanying data controller units vary throughout the industry. Various transducer systems
offered on the market should be carefully researched to ensure that the chosen system meets the data
collection needs and required accuracy for a particular project.

2.2.7Air-line or Bubble Tubes

Air-line and bubble tubes are commonly used on water supply wells where the well's static and
pumping water levels must be frequently observed and recorded. While air-line and bubble tube
measurements may provide acceptable water-level data for water supply wells, they daot provide
water level data accurate enough for monitoring wells.

To collect water level measurements, you install a small-diameter (typ. <0.4 inches) hollow rigid tube
of known length into the wel. The tube may be made of copper, plastic or sted and must not have any
bends or kinks. The air-line and fittings must be air tight and the tube end submerged several feet
bdow the lowest expected water leve. The pressure gauge and air or
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other gas source is attached to the air-line. M easurements taken on deep wells usually employ a small
air compressor while measurements on shallow wells may use a hand pump.

After the tube is completdly filled with air (when the air pressure measured by the gauge stops rising
and stabilizes), it is ready to collect water level measurements. Air pressure changes measured by the
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gauge are used to calculate water level changes in thewel. A pressure gauge calibrated in feet of water
is preferred to gauges calibrated in psi. For gauges calibrated in psi, convert these measurements to feet
by multiplying psi by 2.31.

2.2.8Float M ethod

For this method, you attach a float or buoyant cylinder to a length of sted tape or wire and suspend it
via a pulley assembly into the water column. Y ou attach a counter weight to the sted tape or wire
opposite the float. Simple devices of this type employ a chart recorder, typically a marking pen and
graph, which records water level changes for many months, if desired. These float-operated devices are
subject to many errors including float lag, line shift, submergence of counter weight, temperature and
humidity affecting measurements, and tape or wire stretch (Dalton et al., 1991). Typically, the smaller
thefloat used, the greater the error potential. Most float devices were not designed to be used in small
diameter wdls (2-inches or less) and therefore are not often used in monitoring wells.

The buoyancy cylinder vibrating strip force transducer is also suited for measuring water-level changes
in standard 2-inch monitoring wells. A vibrating strip force transducer system equipped with a 1.5-inch
diameter buoyancy cylinder provides a precision of £0.045 inches and can measure water level changes
of 15 feet or less.

2.2.9Ultrasonic M ethod

Ultrasonic devices measure the amount of time it takes for a sound wave to travel down awdl casing,
reflect off the water surface and return to the device. These devices use a microprocessor to transmit
and receive multiple signals per second. This allows for rapid verification of readings. Modeds are
available that can be placed on top of the well without ever lowering anything into it. This allows for
rapid water level determination even in deep wells and reduces the potential of cross-contamination
between wells.

Depending on the sophistication of the instrument, accuracy varies from £0.02 to 0.1 foot. Wdll
temperature gradients, joints, pumps, and other obstructions in awell can impede accuracy. An
immiscible layer in awdl may affect water level measurements. (Refer to Section 2.3.)

2.3

MEASURING AND SAMPLING IMMISCIBLE LAYERS

Animmiscible layer may exist in a monitoring well either as a light non-aqueous phase liquid
(LNAPL) or as a dense non-aqueous phase liquid (DNAPL). LNAPLS, aso known as "floaters' or
"floating free product,” are relatively water-insoluble organic liquids (e.g., gasoline), are less dense
than water (i.e., they have a specific gravity <1.0) and they typically spread on top of the capillary
fringe and water table. Figure 6 illustrates a LNAPL spill of diesd fuel and its distribution in an
aquifer. Notice that the LNAPL tends to depress the capillary fringe and the water table.

DNAPLSs, also known as "sinkers" or "sinking free product,” are also rdatively water- insoluble
organic liquids (e.g., trichloroethylene), are more dense than water (i.e., the have a specific gravity
>1.0) and typically migrate downward in an aquiferFigure 7 illustrates a trichloroethylene (TCE)
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DNAPL spill and its distribution in an aquifer. Notice that the mobile DNAPL in the bottom of the
aquifer can actually trave in the opposite direction of groundwater flow if the right conditions exist.
DNAPLs also tend to accumulate in low pockets on top of impervious layers existing in the aquifer.

2.3.1Measuring Immiscible Layers

To measure the thickness of a LNAPL in awel, you typically use either a NAPL/water interface probe
that distinguishes between water and NAPLs or a weighted tape coated with a water and non-water
indicator substance. Interface probes are also available that can measure the thickness of DNAPLSs.

Determining the difference between the LNAPL's "true" thickness in the aquifer and its "apparent™
thickness in a water table well can be difficultFigure 8 illustrates how different they can be. The
apparent thickness is actually a sum of the LNAPL thickness in the capillary fringe, the true product
thickness and the thickness of the LNAPL that is depressing the water table. Because of the difficulty
in measuring the true product thickness, most investigators do not focus on it (Domenico and Schwartz,
1990). Investigators use apparent product thicknessin awell as a relative measurement.

2.3.2Sampling Immiscible Layers

If you are collecting a LNAPL or a DNAPL sample from awell, do ibefore purging the well. Because
aLNAPL or DNAPL usually exist inawell at aminimal thickness, a bailer is commonly used rather
than a pump for collecting an immiscible layer sample.

Refer to Section 2.3 of the Groundwater Sampling Field Manual, PUBL-DG-038 96,for specific
procedures for measuring and sampling immiscible layers in water table wells and piezometers.

24

PURGING AND SAMPLING DEVICES

2.4.1Technical Considerations

Table 3 provides aperational and performance characteristics for a variety of commonly-used purging
and sampling devices. This table can assist you with choosing appropriate purging and sampling
equipment for a specific project. However, be cautioned that the operation and performance of a
particular modd of a device may vary from what is listed in this table. Reference the manufacturer's
equipment and materials specifications and published literature on the performance of a specific mode
when evaluating its use, operation and performance.
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TABLE 3: Generalized Characteristics of Common Purging and Sampling Devices

Maximum | Minimum | Range of Flow Ability to Sensitive Ea
Device Sample Well Rate or Control Sample Trans
Depth Diameter Volume Flow Rate Alteration Se
Centrifugal Good if flow Requir
submer sible pump ~90 meters | 4.45cm. 0.1- 30 L/min controller Low genera
P | (low-flow) ~ 300 feet 1.75in. 0.03-8gpm used sd
O
S
I
T
I
\Y
E
D
I
S
P
L
A
C
E
M
E
N
T
Bladder Good if flow Bul
pump 305 meters 3.8cm. 0-11L/min controller Low transp
(low-flow) 1000 feet 15in. 0-3gpm used sd




Progr essive cavity

(helical-rotor) pump 50 meters 5cm. 0.1-6L/min Good with Low to Bulk
(low-flow) 160 feet 2in. 0.03-1.5gpm rheostat moderate sd
Gear -drive pump 60 meters 5cm. 0-6L/min Probably low
(low-flow) 200 feet 2in. 0-15gpm No to moderate E
Piston pump 275 meters 3.8cm. 0-6L/min Highly Ea
(gas-drive) 900 feet 15in. 0-15gpm variable Variable dift
Gas-displacement or
air-displacement 90 meters 25cm. 0.5-38 L/min Variable Moderate to Mo
pump 300 feet lin. 0.1-10 gpm high
Piston pump 25cm. Moderate to Ea
(manual) Variable lin. Variable Variable high dift
Table 3 continued on next page
TABLE 3 (continued)
Maximum | Minimum | Range of Flow Ability to Sensitive Ea
Device Sample Wl Rate or Contral Sample Trang
Depth Diameter Volume Flow Rate Alteration Se
Open 1.3cm. Variable but Use bottom Low to \Y
bailer No limit 0.5in. typ. <8 L/min emptying high &
typ. <2 gpm device
G
R
A
B
Point-sour ce 1.3cm. Variable but Use bottom Low to \Y
typ. <8 L/min emptying




bailer No limit 0.5in. typ. <2 gpm device high &
Syringe 3.8cm. 0.04-0.8 L/min Moderate to
sampler No limit 15in. 0.01-0.2 gpm Variable high Mox
ﬁ Peristaltic 8 meters 1.3cm. 0.04-30 L/min
c [ pump 25 fet 0.5in. 0.01-8gpm Good Variable E
TI
o)
N
Surface centrifugal 8 meters 25cm. 4-95L/min Highly
pump 25 fet lin. 1-25gpm variable Very high Mo
? Inertial lift 60 meters 25cm. 0-8L/min
H || pump 200 feet lin. 0-2gpm Variable Moderate Mo
E
R
s
Gaslift or air lift 25cm.
pump Variable lin. Variable Variable Very high Mo

Sources:  Parker (1994), Pohimann and Hess (1988), U.S. Environmental Protection Agency (1993), U.S. Environmental
et al. (1991).



Operation, Service, Reliability and Dur ability

Easy operation and servicing, plus the rdiability and durability of a piece of equipment are important
considerations for choosing purging and sampling equipment. The equipment should be easy to
operate, decontaminate and servicein the field. The more mechanically simple the device and its
accessories, the less chanceit will malfunction and the easier it will be to operate and servicein the
field. If awell islocated in a remote area not accessible by a vehicle, the equipment's portability can be
very important.

Proper training on equipment operation, maintenance and service is essential to ensure top quality
samples. If the equipment is not operated and maintained properly, sample quality will suffer.

Time and Cost

Consider thetime it takes to operate, decontaminate and transport a piece of equipment during
sdection. Initial capital cost, and operation and maintenance costs are also important considerations;
however, do not compromise data quality to save time and cost Choose equipment that meets data
quality objectives and will not change the physical and chemical composition of your samples.
Selecting equipment based on cost and time savings alone can be far more expensive in the long run if
the equipment yields false positive or false negative analytical results; malfunctions often; is difficult to
use and service, provides data that does not meet regulatory and data quality objectives; or provides
data that does not stand up to legal scrutiny.

Dedicated purging and sampling equipment - case studies

Meyer (1990) and Parker et al., (1992), have shown that using dedicated groundwater sampling
equipment (devices "permanently” left in awell) may save time and money over using non-
dedicated systems. In addition, dedicated equipment consistently collects high-quality samples.
Both studies indicated that, although there was a high initial capital cost in purchasing the
dedicated equipment, the systems paid for themselves in about three years.

Meyer (1990) conducted a three-year study comparing the technical and economic benefits of
using dedicated and non-dedicated systems at the Weldon Spring Site — a 12-year, $400 million
remedial action project in east central Missouri. Meyer's study used 33 dedicated bladder pumps
in 33 of the 100 monitoring wells installed at the site. Sampling with the dedicated bladder
pumps equated to a labor cost savings of $160 per well per year (based on $40/hr. labor)
compared to the non-dedicated sampling systems. The dedicated bladder pumps provided an
additional cost savings because decontamination quality assurance samples (i.e., field blanks)
were not required. This garnered a savings of approximately $60 per well per year. Additional
"hidden" economic benefits included fewer days spent in the field, less money spent on per diem
expenses and, because less time was spent in the field, more time was available to work on other
projects.

Parker et al., (1992) conducted a study comparing the technical and economic benefits of using
dedicated low-flow submersible pumps and disposable bailers at the Union Pacific
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Railroad Yard superfund site in Sacramento, California. Parker's study evaluated the use of
disposable bailers vs. dedicated Grundfos Redi-Flo2 submersible pumps installed in nine
monitoring wells. Ninety samples were collected from the nine wells using the dedicated pumps
and disposable bailers. Samples were collected quarterly from each well and analyzed for VOCs.
Comparison of labor costs for sampling indicated an approximate cost savings of $100 per well
per sampling event using the dedicated pumps vs. the disposable bailers. Annual labor cost
savings were projected to be $12,000 if dedicated pumps areinstalled in all of the site's 42
monitoring wells. Caosts of the dedicated pumps were projected to be recovered in approximately
three years dueto labor cost savings.

Cost savings for both studies were realized due to reduced time for equipment setup, sampling
and removal; virtual dimination of decontamination procedures; and a reduction in the number
of quality assurance samples required. Equipment replacement or repair costs due to continued
insertion and removal and decontamination associated with non-dedicated equipment were
eiminated. The quality of data collected with dedicated pumps was very high because the wells
were purged at consistent depths and flow rates and the potential for cross-contamination
between wells was greatly reduced. Quality assurance audits for Meyer's study went smoothly
using dedicated equipment and its use helped diminate numerous uncertainties regarding sample
quality typical of non-dedicated equipment.

Materials

The materials that purging and sampling equipment are made of can adversdy affect sample quality.
The choice of equipment materials should be based on: 1) the chemistry of the groundwater in the well
(e.g., low pH, high dissolved oxygen, hydrogen sulfide, dissolved solids, high carbon dioxide and high
chloride); 2) thetype, form (i.e., dissolved or free product) and concentration of contaminants in the
well; 3) whether the equipment's materials may leach or sorb contaminants; and 4) whether the
equipment's material may degrade or otherwise change the chemical composition of samples by
physical, chemical and biological processes.

Parker (1992) provides an excellent discussion and literature review of several commonly available
materials and their resistance to chemical attack, sorption of metals and organics and leaching of
metals. Parker (1992) focuses on Tefloff, PVC and stainless sted used in samplers and well casing
materials.

Common materials used in purging and sampling equipment include (from most inert to least):
polytetrafluorethylene (PTFE), commonly available as Teflofi; rigid polyvinyl chloride (Type | PVC);
flexible polyvinyl chloride (Typell PVC); stainless sted (#304 and #316); Vitofi; polyethylene;
polypropylene; acrylonitrile butadiene styrene (ABS); low-carbon sted; galvanized sted; carbon sted;
and silicone rubbers. Teflorf, rigid PVC and stainless sted are the most commonly used and the most
inert materials. Table 4A and 4B lists the rdative inertness (i.e., ability to adsorb or leach contaminants
and resistance to chemical reaction and degradation) of several rigid and flexible materials. Tables 4A
and 4B are arranged so the most inert material is listed first and the least inert material is listed last.
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Table4A: Relativelnertnessof Rigid Materials
(After Nidsen & Yeates, 1985 and Parker, 1992)

Teflon® (polytetrafluoroethylene, PTFE)
Stainless sted 316

Stainless sted 304

Polyvinylchloride (PVC)

L ow-carbon sted

Galvanized sted

Carbon sted

Brass

Table4B: Rdativelnertnessof Flexible Materials
(After Nidsen and Y eates, 1985)

Teflon® (polytetrafluoroethylene, PTFE)
Polypropylene

Flexible PVC/Linear polyethylene
Viton®

Conventional polyethylene

Tygon®

Silicone/Neoprene

Sample tubing - case study

Barcdonaet al., (1985), conducted laboratory sorption experiments for five flexible tubing
materials (Teflor®, polyethylene, polypropylene, polyvinylchloride (PVC) and silicone rubber) to
determine sorption bias of chloroform, trichloroethylene, trichloroethane and tetrachloroethylene.
Results of the experiments showed that all five materials sorbed the test compounds under short
exposure periods; however, Teflorf showed the least adsorption and leaching problems followed
by polypropylene, polyethylene, PVVC and silicone rubber, which exhibited the worst adsorption
and leaching problems.

2.4.2Grab Samplers

Grab samplers collect a sample at a discrete depth in awell without the sample being pumped or being
lifted to the surface by a gas or by air. Typical grab samplersinclude bailers, syringe samplers and thief
samplers. You lower these devices into awell by rope, cable or tubing to collect a sample at a discrete
depth. You can use bailers for both purging and sampling a well. Most other grab samplers are
designed for sampling only.

Bailers
Two common styles of bailers include the single check valve or "standard" bailer and the dual or

double check valve bailer, also known as the point-source bailer. Point-source bailers may reduce
mixing of the sample with the water column as the bailer is removed from the well.
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Some researchers have shown bailers capable of collecting high quality samples (e.g., Baerg et al.,
1992; Imbrigiotta et al., 1988); however, researchers have cautioned that the quality of samples
collected with bailers (and disturbance of fines around the well during purginghighly depend on the
skill, care and consistency of the operator using the bailers. Some researchers bdieve that bailers are
inappropriate for collecting substances such as VOCs and redox-sensitive trace metals (Houghton and
Berger 1984; Yeskis et al., 1988; Stolzenburg and Nichols 1985) because bailers can change sample
chemistry, cause contaminant loss and increase sample turbidity. Imbigiotta et al. (1988), Muska, et al.
(1986), Yeskis (1988) and other researchers have found that bailers tend to have the greatest variability
in VOC results (low precision) compared to other common sampling devices (e.g., bladder pump,
submersible pump, peristaltic pump, €tc.,).

Bailers are effective for collecting stable substances not affected by sample aeration or changesin a
samplées redox state (e.g., chloride).

WDNR conducted a study between 1994 and 1995 to evaluate differences in VOC analytical results
attributable to samples collected with a Tefloff bailer equipped with a bottom-emptying device and
samples collected with a portable (non-dedicated) Keck hdical-rotor pump operated at low-flow
pumping rates (< 500 ml/min). Nine monitoring wells that had a history of VOC contamination were
sampled at three landfills. Only small differencesin VOC analytical results were found between
samples collected with the bailer and samples collected with the low-flow pump. The small differences
in VOC analytical results could not be attributed to the use of the equipment or the purging and
sampling procedures. Great care was taken to slowly and gently lower and raise the bailer in and out of
the water column. A pulley was used to lift the bailer straight up and out of the well and a bottom-
emptying device was used to decant samples to their respective VOC vials.

The study recommended: 1) using a bailer equipped with a bottom-emptying device or a low-flow
pump for collecting VOC samples from monitoring wells; 2) using a bailer at sites where wells are not
easily accessed; 3) using a bailer for sampling on days below 2F; and 4) using a dedicated system if a
low-flow pump is used to collect samples. On average, it took four times longer to collect samples with
the portable low-flow pump than with the portable bailer: The portable low-flow pump is heavier and
bulkier; includes more equipment and accessories (e.g., power source, pump and sample tubing, flow-
through cdll, etc.), and takes longer to set up, decontaminate and dismantle.

Design and Materials

Figure 9illustrates a variety of bailers and bottom-emptying devices. Bailers comein awide
variety of styles, lengths, diameters and materials. They aretypically 3 to 7 feet (1 to 2 meters)
but may be constructed to almost any length. Common materials used in constructing bailers
include high grade stainless sted, rigid PVC and various fluorocarbon materials such as Tefl6n
Bailers should be made of relatively inert materials that will not sorb contaminants onto the
bailer or leach contaminants out. The same holds true for choosing bailer rope or cable.
Polypropylene or nylon rope, stainless sted cable, or Teflofi-coated wire are good choices under
most conditions. If you use cotton or other sorptive rope or cable, discard it after a single use or
cut off and dispose of those portions that touched any contamination.
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Bottom Emptying Devices
Bailer Systems
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Figure9: Bailer system and botem emptying devices. (Diagrams courtesy of TIMC®')
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Operation

A bailer is essentially a hollow rigid tube that fills from the bottom up as you lower it into the
water column. You attach a bailer to aline or cable andlowly lower it into the water column.
Slowly lowering and raising the bailer is essential to minimize sample turbulence, agitation,
degassing, aeration and turbidity. NEVER let a bailer free-fall into the water andNEVER
rapidly raise the bailer out of the water column! These activities severely agitate the samples
collected from the well. In addition, these activities may over-develop the well or damage the
well'sfilter pack.

After dowly raising the bailer out of the water column, lift it straight up and avoid banging it
against the casing wall. To accomplish this, you can place a tripod and pulley over the well or
use vertical hand-over-hand lifting. The bailer lifting method known as "helicoptering,” or
grabbing the rope with alternating horizontal hands, causes the bailer to bounce from side to side
within the well casing. This can cause sample agitation, the gain or loss of dissolved gassesin
the sample, and loss of VOCs by volatilization.

To avoid sample aeration, use a bottom emptying device when decanting samples from a bailer.
Pouring the sample from the top of a bailer is unacceptable under most circumstances due to
excessive sample agitation and aeration.

Advantages of bailers

Can be constructed of almost any material.

Relatively inexpensive to purctase or construct.

Simple to operate and durable with few parts to break.

No depth or well diameter limitations.

Light, portable and easy to disassemble and decontaminate in the fied.
Requires no power source or controller box.

Ideal for collecting samples on days when the temperature is below freezing.

Limitations of bailers

B Maylose VOCsor alter redox-sensitive samples.

B May artificially mobilize colloids and particulates near the well screen during its operation.

B Samplequality highly depends on the skill and care of the bailer's operator.

B Time consuming and labor intensive, especially for deep wells and wells requiring purging
of many well volumes.

B Check valve ball may leak when collecting silt- or sand-laden samples.

B Direct, inlinefiltration is possible but may be time consuming.

B Heavy useof abailer may cause the bailer's surface materials to become rough and

scratched, which makes it difficult to properly decontaminate the bailer.

Syringe Samplers

You can use these devices at any depth and thus sample at discrete depths. Syringe samplers cannot be
used to purge a well. Samples collected with a syringe device do not contact atmospheric gases, are
subject to very dight negative pressure and therefore, neither aeration nor degassing of samples should
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occur (Herzog et al., 1991). However, Imbrigiotta et al., (1988) found that the syringe sampler had
poor recovery of VOCs in comparison to six other sampling devices.

Design and Materials

A variety of designs for syringe samplers are available on the market. Most work with a
moveable plunger, piston, or float mechanism operated mechanically, pneumatically or by
hydrostatic pressure. Common materials used in the construction of syringe samplersinclude
flexible tubing, stainless sted ballasts and tubes and PVC or polyethylene syringe chambers. As
with any other sampling device, make sure that the design, operation and material of the device
do not adversaly affect the samples being collected.

Operation

Syringe samplers function much like a medical syringe. After you lower the device into awdl's
water column, a plunger or piston is pulled up either mechanically or pneumatically, thus
allowing water to enter the lower sample chamber. After the piston rises to the top and the
sample chamber is full of water, pull the device to the surface and decant it into sample
containers.

M odifications to the syringe sampler allow it to become a simple syringe pumpKigure 10). It

is, therefore, no longer a grab sampler. Alternating vacuum and pressure drive the piston or
plunger up and down. Theintake port may be faced upward to ensure that any gas in the sample
chamber is released before sample collection. A pair of check valves, one below the sample
intake and one on the sample ling, allows the sample to be drawn in under vacuum and then flow
to the surface through a separate line after pressure is applied to the piston. The main advantage
of the syringe pump over the syringe sampler is that the pump allows you to collect unlimited
sample volume without pulling the device from the well.

Advantages of syringe samplers

Can be made of awide variety of readily available materials.

Relatively inexpensive to purchase or construct.

Usually simple to operate and requires little operator training.

Most have no depth limitations.

Effective at collecting depth-discrete samples.

Light and portable and usually easy to decontaminate in the fied.

Typically requires no power source (Some Syringe pumps may require an air compressor or
eectrical power source).

Limitations of syringe samplers

B Plungers may be proneto bind and leak, especially when collecting silt-laden samples.
B Operation may bedifficult if the deviceis lowered into a deep well.
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Plungers are typically made of non-inert materials (rubber) unsuitable for VOCs and other
sorptive contaminants.

Sample transfer can be difficult.

Degassing can occur while samples are being dcanted.

Syringe chambers usually have limited sample volume.

Not widely available through commercial markets.

Other Grab Samplers

Other, less common grab samplers include the pressurized bailer, the Chismét (surface
bomby/pressurized bailer) samplers, the Westbay’ sampler and the VOA trap sampler.

Thief samplers such as Kemmeref, Van Dorrf® and alpha bottle samplers are also grab samplers but
are not commonly used or appropriate for groundwater sampling, although they are widdly used for
discrete-depth surface water sampling.

2.4.3Suction-lift Pumps

Suction-lift pumps, especially surface centrifugal pumps, are considered unacceptable for collecting
VOCs, dissolved metals, pH, Eh and other gas-sensitive or volatilizing substances or measurements.
The vacuum applied on the sample during collection may cause degassing. Suction-lift pumps are
considered acceptable for collecting major and minor ions that are not gas-sensitive (refer to Section
2.6.7). Peristaltic and surface centrifugal pumps are two common types of suction lift pumps. Of these
two suction-lift pumps, the peristaltic pump isfar less likely to adversaly affect samples compared to
surface centrifugal pumps.

As suction-lift implies, these pumps work by creating a vacuum or suction (in the sampling tube) that
pulls groundwater to the surface. In theory, suction-lift pumps should be able to lift water up to 32 feet
(9.7 meters); however, in practice, anywhere from 15 to 25 feet (4.6 to 7.6 meters) is the upper limit of
their effectiveness. Pumping rates for suction-lift pumps typically range from 0.03 to 15 gallons per
minute (gpm) or 0.1 to 57 liters per minute (L/min). Peristaltic pumps commonly have the lower
pumping range (O to 8 gpm or 0 to 30 L/min) while surface centrifugal pumps have pumping rates as
high as 40 gpm (150 L/min).

Peristaltic Pumps

Barker and Dickhout (1988) conducted laboratory research to evaluate the loss of volatile organic
analytes from groundwater charged with dissolved gasses such as methane and carbon dioxide. A
positive displacement bladder pump (Well Wizard®, QED, Inc.), inertial-lift pump (WaTerré pump)
and peristaltic pump were employed in sampling methane-charged groundwater from a monitoring well
for volatile aromatic hydrocarbons and CQ-charged water reservoir (i.e., an artificial laboratory well)
spiked with known concentrations of volatile chlorinated hydrocarbons. In both the field and laboratory
cases, the peristaltic pump provided samples with a significant negative bias (9 to 33 percent lower)
relative to the bladder pump and inertial-lift pump methods.

Baerg et al., (1992) conducted laboratory research to evaluate the loss of volatile organic compounds
(VOCs) caused by the sampling method used. Several devices (peristaltic pump, stainless and
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Teflon® bailers, VOA trap sampler, bladder pump, inertial-lift pump and double valve sampler) were
used to collect samples for VOCs from a laboratory monitoring well. VOC analytical results for the
peristaltic pump were 7 percent to 12 percent lower than the control VOC concentrations. The inertial-
lift pump performed the worst with VOC results up to 34 percent less than the contral.

Imbrigotta et al., (1988) conducted a fidd evaluation of seven sampling devices for purgeable organic
compounds (POCs) in groundwater. One of the devices tested was a peristaltic pump outfitted with
Teflon® tubing and a glass Erlenmeyer receiving flask for sample collection. It was pumped at 600
ml/min (0.6 L/min) or less. Of the seven devices tested, the peristaltic pump consistently recovered
lower POC concentrations than the other devices and had the lowest precision of the four pumps tested
(gear submersible, bladder, helical-rotor and peristaltic pumps); however, it had a greater precision
than all three grab samplers tested (syringe, open bailer and point-source bailer).

Tai et al., (1988) found good recoveries of VOCs under lab conditions using a peristaltic pump
outfitted with Teflor® tubing and used under low lift conditions — 5 feet in this case.

In general, the lower thelift, the lower the pumping rate, and using non-sorptive tubing such as Teflén
will minimize the effects a peristaltic pump may have on a sample.

Operation and Materials

Peristaltic pumps are very easy to use. The sample tubing is usually 1/4 inches in diameter and
open at both ends. Some kinds of flexible tubing (e.g., silicone and Tygof) can leach
plasticizers and sorb organic compounds that may adversdly affect sample quality.

Place the suction end of the tube into the well to the desired depth. Place the discharge end in the
sample container. You can attach a transfer vessd, afiltering device chamber or an in-linefilter
directly to the pump's discharge tubing. Thisis the recommend filtering method. Rotating two or
more rollers along the sample tubing causes a vacuum on the tubing, thus lifting the water out of
the wdll. Decontamination usually consists of running a detergent or disinfectant through the
sampling tube, followed by appropriate decontamination rinses.

Advantages of peristaltic pumps

Allows for easy, direct in-linefiltration of samples.
Portable, easy to use and little operator training is required.
Readily available and relatively inexpensive.

Variable flow rates are possible.

Sample does not contact pump parts.

Durable and rdliable.

Can be used in wdls of any diameter.

Limitations of peristaltic pumps

B Reguires apower source.
B Vacuum may cause volatilization and degassing in gas-sensitive pvolatile samples.
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B Lift restriction of 25 feet (8 meters) or less.

B Flexible sample tubing (e.g., silicone and tygon) may leach placticizers and adsorb or
desorb organic compounds.

B Fiddrepair may bedifficult.

Surface Centrifugal Pumps

Surface centrifugal pumps are commonly used for well development. High pumping rates, sample
alteration and sample contact with pump parts makes these devices unacceptable for most well
monitoring and sampling applications. Do not use these pumps for collecting groundwater samples
from monitoring wells.

Advantages of surface centrifugal pumps

B Can purgelarge volumes of water quickly.
B Easy touseand operate.
B Readily available

Limitations of surface centrifugal pumps

Difficult to adequately decontaminate.

Generally unacceptable for collecting groundwater samples.

Pump parts come into contact with sample.

Lift restrictions limit effective purging and sampling depth to 20 feet (6 meters).
Require a power source, usually an eectric outlet or portable generator.

High pumping rates may over-develop a well.

May require priming before pumping.

Other Suction-lift Pumps

Other common suction-lift pumps include manual diaphragm-type pumps, pitcher pumps and eductor
or jet pumps. These pumps are not typically used and are inappropriate for sampling monitoring wells.
Figure 11 illustrates these three pump types.

Manual Diaphragm and Pitcher Pumps

Themanual diaphragm ("guzzler") pump consists of a lever-powered flexible diaphragm
between 2 check valves. They are commonly sef-priming to 20 feet (6 meters) and capable of
moving considerable volumes of water. However, they are not acceptable for either purging or
sampling monitoring wells. These pumps are difficult to decontaminate properly.

The pitcher pump is used for shallow water supply wells. Pitcher pumps apply a suction to a
well's casing by a lever-operated piston and barrd mechanism. Pitcher pumps should not be used
to collect groundwater samples; however, if you areinterested in what contaminants a consumer
of pitcher pump water may be exposed to, then you may collect groundwater samples from this
type of pump. The pump's flow rate should be kept as low as possible during sampling.
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Figure 11: Suction-lift punps: a) jet pump, upper left; b) pitcher pump, upper right; and ¢) manual
diaphragm pump, bottom.
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Jet or Eductor Pumps

A jet or eductor (venturi) pump is commonly used for water supply wells; however, this pump is
only suitable for developing and purging monitoring wells. The operation of a jet or eductor
pump causes a large pressure drop in the water passing through these pumps. Therefore, they
should not be used for collecting gas-sensitive or VOC samples. These pumps are usualy very
bulky and require priming before they will operate.

2.4.4Centrifugal Submersible Pumps

In the past, centrifugal submersible pumps, or impeller-driven pumps, were primarily designed for use
inwater supply wells. Recently, manufacturers have offered several models that work well for both the
purging and sampling of 2-inch diameter monitoring wells. Centrifugal submersible pumps are

categorized as a positive displacement device.

Design and Materials

A centrifugal submersible pump consists of impellers or vanes that are spun or rotated by a
sealed dectric motor. Pumps designed for 2-inch monitoring wells are usually cooled and
lubricated with water rather than with hydrocarbon-based coolants and lubricants that could
contaminate groundwater samples.

These pumps can be fabricated of stainless sted, PTFE (Teflofy), Viton® and other non-sorptive
materials appropriate for collecting VOCs and other sensitive parameters. Pumps are now
available that can achieve variable flow rates and flow rates as low as 100 ml/minute (0.1 L/min
or 0.03 gpm). Several commercially available pumps capable of achieving low-flow rates are
available for 2-inch monitoring wells.

Operation

Centrifugal submersible pumps operate by spinning or rotating an impeller or series of impdlers
that cause water to be acceerated outward and then upward into the pump's discharge line.
Figure 12 illustrates the movement of the impellers and water in this type of pump. The higher
the pumping rate, the greater the potential for sample alteration by sample agitation, increased
turbulence and pressure changes in the sample. Consider using a variable-speed pump when
purging and sampling monitoring wells.

A centrifugal submersible pump is usually suspended in a monitoring well by its water discharge
line, a support cable, or both. These pumps can be dedicated to above ground or flush mount

wells (see Figure 12), thus eiminating the need to transport, set-up and decontaminate the pump.
Dedicated pump systems also diminate the need to collect quality assurance fidd blank samples.

Low-flow centrifugal submersible pumps appear to perform similarly to low-flow bladder pumps
in preserving sampleintegrity during the well purging and sampling process.
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Figure 12: Centrifugal submersible pump: a) functional diagram, left (Courtesy of Grundfos Pumps Corp.);

b) stand pipe and flush mount systems, right (Parker et al, 1992).
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Advantages of centrifugal submersible pumps

B Whenlow-flow pumping rates are used, these pumps consistently collect high quality
samples.

Motor is sealed from impdlers thus protecting against contaminating the samples.
Capable of variable flow rate (typ. 0.1 - 30 L/min or 0.03 - 8 gpm).

May collect low turbidity samples (< 5 NTUs) when low pumping rates used.
Moderate to high lift capability, approximately 300 feet (90 meters).

Initial high capital cost may be recovered if dedicated pumps are used.

Priming is not necessary.

Modds are available that are constructed of relatively inert materials.

Allows for easy, direct in-linefiltration of samples.

Limitations of centrifugal submersible pumps

B Modds not capable of low-flow rates are not suited for collecting gas-sensitive athvVOC
samples.

Requires external power source - portable systems usually require a heavy generator
typically powered by gasoline (potential extraneous contaminant source).

Some variable speed modes must be started at high flow ratesinitially.

Purging and sampling from deep wells may be slow.

Relatively time consuming to disassemble and decontaminate.

Portable but may be bulky, heavy and difficult to transport over long distances and over
rugged terrain.

Portable systems may freeze up in winterduring sampling and decontamination.
Transport, setup and decontamination timeis high compared to bailersif the pump is not
dedicated to the well.

B Motor may dightly heat the samples.

2.4.5Progressive Cavity (helical-rotor) Pumps

Progressive cavity pumps are categorized as a positive displacement device. They are commonly used
for both purging and sampling monitoring wells. These pumps are appropriate for collecting sensitive
samples if low-flow pumping rates are used.

Recent studies conducted by Gibs et a., (1994), Imbrigiotta et al., (1988) and Tai et al., (1991) found
good precision and recovery of VOCs collected with a hdical-rotor pump.

Operation and Materials

Figure 13 illustrates the design and operation of a common progressive cavity pump. An dectric
pump motor at the base of the pump turns a corkscrew-like helical rotor near the top. The hdlical
rotor causes an upward movement of water trapped in the cavities of the rotor and the water
moves up the discharge line. A check valve at the top of the pump ensures that the water in the
dischargeline (i.e.,, sample tubing) does not re-enter the pump. A controller box operated at the
surface allows for variable pumping rates.

Modds are available for usein 2-inch diameter monitoring wells and are made of materials
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suitable for collecting sensitive samples, such as Tefloff and stainless sted. The
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Keck® pump is one commercially-available helical-rotor pump capable of achieving low-flow
rates and is available for 2-inch monitoring wells.

Advantages of progressive cavity pumps

B Whenlow-flow pumping rates are used, these pumps consistently collect high quality
samples.

Modds are available with variable flow rates and low-flow pumping rates.

Initial high capital cost may be recoveredf dedicated pumps are used.

Modes are available that are constructed of relatively inert materials.

Lift capability is approximately 160 feet (50 meters).

Allows for easy, direct in-linefiltration of samples.

Limitations of progressive cavity pumps

B Pumps not capable of low-flow rates are not suited for collecting gas-sensitive or VOC
samples.

Portable but may be bulky, heavy and difficult to transport over long distances or over
rugged terrain.

Some variable speed modds must initially be started at high flow rates.

Pump may shut-off periodically at low-flow rates (< 200 ml/min).

Requires external power source, usually a car battery or generator.

Relatively difficult to disassemble and repair in thefield.

Transport, set-up and decontamination time is high compared to bailers if the pump is not
dedicated to the well.

Limited number of pumps availablefor 2-inch wells.

Purging and sampling from deep wells may be slow.

Rotor and stator may be damaged by turbid or silt-laden water.

Portable system may freeze up in winter during sampling and decontamination.

2.4.6Bladder Pumps (gas-operated squeeze or diaphragm pumps)

Bladder pumps are categorized as a positive displacement device. Bladder pumps are commonly used
for purging and sampling monitoring wells for a wide variety of parameters, including VOCs and trace
metals. They aretypically considered among the best devices for collecting samples of VOCs, trace
metals and other substances and parameters (Tai et al., 1991; Barcelona et a., 1984; Unwin and
Maltby, 1988, Imbriogiotta et al., 1988; and Houghton and Berger, 1984). However, Yeskiset a.,
(1988) found that the bladder pump was one of the most difficult devices to decontaminate in the field.

Design and Materials

A bladder pump consists of aflexible, squeezable bladder encased in arigid outer casing.
Bladder pumps are designed so that the gas that squeezes the outside of the bladder does not
come into contact with the samples.Figur e 14 shows the design of a common bladder pump.
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Figure 14: Bladder pump: @) cut-away diagram, upper left (Pohlmann et al., 1990); b) 1somega bladder
pump, right (Courtesy of TIMCOM); and c) functional diagram, bottom.
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Bladder pumps are commonly constructed of a stainless sted body and a flexible bladder.
Bladder pumps are available for 2-inch diameter monitoring wells. As with centrifugal
submersible pumps, bladder pumps can be dedicated to above ground wells or flush mount wells
(see Figure 12), thus diminating the need to transport, set-up and decontaminate the pump and
collect quality assurance field blank samples.

Operation

A bladder pump operates much like a plastic squeeze bottle that has a liquid in it. Figure 14
illustrates the fill and discharge cycles of a common bladder pump. After you lower the device
into the well's water column, water enters the bottom of the bladder under hydrostatic pressure
through a check valve at the bottom of the pump. When the bladder is full, a check valve seals its
bottom. A controller box at thewe | surface injects gas into the space between the pump casing
and the outside bladder wall, thus squeezing the bladder. This squeezing causes the water to rise
out of the bladder and up the sample tubing. When the bladder is nearly empty, the controller

box releases the gas pressure and the bladder fills up again with water. A check valve at the top
of the pump ensures that the water in the sample tubing does not re-enter the bladder. In some
modds, the water and air chambers are reversed.

A pneumatic controller box at the surface controls the gas injection and pressure release cycles
that drive the pump. The controller box adjusts the purging and sampling flow rates by adjusting
the injection and exhaustion cycles of gas in and out of the space between the outer casing and
the bladder. The pump's lift capabilities are directly related to the pressure rating of the bladder
and tubing and the ability of the pressure source (e.g., air compressor or compressed gas) and
controller box to apply a sufficient force of gas at depth.

Advantages of bladder pumps

B Whenlow-flow pumping rates are used, these pumps consistently collect high quality
samples.

Sample does not contact compression gas or mechanical parts of pump.
Flexible bladder may be constructed of relatively inert materials.
Capable of variable flow rate and lowklow rates.

Capable of collecting very low turbidity samples (< 5 NTUSs).

Allows for easy, direct in-linefiltration of samples.

Very high lift capacity (1000 feet or 305 meters for some models).
Initial high capital cost may be recovered if dedicated pumps are used.
Pump is not damaged if run dry.

Easily repaired in the fidd and very reliable.

Lends itsdlf to permanent dedication to awell.

Limitations of bladder pumps

B Portable but may be bulky, heavy and difficult to trargort long distances or over rugged
terrain.

B Reguires compressed gas and controller box.

B Purging and sampling from deep wells may be slow.

B Depending on design, may be time consuming to disassemble and decontaminate.
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May cause changesin the CQand pH of samples.

Bladder may rupture when used in deep wells.

Portable systems may freeze up in winter during sampling and decontamination.
Transport, set-up and tear-down time is high compared to bailers if the pump is not
dedicated to the well.

2.4.7Gas-displacement or Air-displacement Pumps (also gas-drive pumps)

Gas-displacement or air-displacement pumps are categorized as a positive displacement device. Gas-
displacement pumps (also called air-drive pumps) use a gas other than air (e.g., nitrogen gas) to drive
the pump. Air-displacement pumps (or air-drive pumps) use air, typically supplied by an air
compressor, to drive the pump. Gas-displacement or air-displacement pumps are more commonly used
for purging than sampling monitoring wells. Do not use these pumps for collecting gas-sensitive,
redox-sensitive or volatile samples. Do not confuse these devices with gas-lift or air-lift pumps. (Refer
to Section 2.4.11.)

Operation and Materias

Figure 15 illustrates the design and operation of gas- or air-displacement pumps. Asyou lower a
gas- or air-displacement pump into the water column, hydrostatic pressure opens an inlet check
valve at the bottom and water fills the pump chamber. When the pump chamber isfull, theinlet
check valve seals itsdlf. Gas or air pressureis applied at the top of the pump chamber and the gas
or air pressure displaces the water in the chamber and forces the water up the sample tubing.
After the chamber is empty, the gas or air pressureis released and the hydrostatic pressure of the
water begins to refill the pump chamber again. A check valve at the top of the pump prevents
water from re-entering the pump chamber. Adjusting the pressuring and venting cycles for these
devices can be tedious and time consuming and must be redone whenever the depth of the pump
is changed.

These pumps can be made of inert material to avoid sorption and leaching. These pumps can
alter gas-sengitive, redox-sensitive and VOC samples. They may also change the pH of a sample
because of increasing or decreasing CQ concentrations as gas or air pressure is applied to the
water in the pump's chamber. Using an inert gas such as nitrogen (B may minimize sample
oxidation and volatilization.

Advantages of gas-displacement or air-displacement pumps

B Very portable and inexpensive.
B Availablefor welsas small as 1.25 inches in diameter.
B Acceptablefor collecting non-sensitive parameters.

Limitations of gas-displacement or air-displacement pumps

Air-displacement pumps may cause oxidation and volatilization of samples.

Not very efficient for purging 2-inch diameter or larger wels.

Require gas or air compressor, or compressed gas or air.

Can be difficult to disasemble, repair and decontaminate in the field.

Don't work wel in deep wells.

Pressuring and venting cycles must be adjusted every time pump's depth is changed.

May cause changes in the CQ and pH of samples.
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2.4.8Piston Pumps (manual and gas-drive piston pumps)

Piston pumps are categorized as positive displacement devices. Y ou may use a piston pump to purge
and sample monitoring wells depending on their design, materials and mode of operation. Knobe and
Mann (1993) and Yeskis et a., (1988) found that the air-operated reciprocating piston pump recovered
VOC concentrations comparable to those found using a submersible centrifugal pump and bladder
pump. However, a previous study conducted by Nielsen and Y eates (1985) found that the intricate
valving mechanism of these pumps, which can cause a series of pressure drops, can lead to pH changes
and degassing in the sample.

Operation and Materials

Piston pumps may be mechanical or pneumatic and may have one or more pistons (plungers).
The design of most piston pumps consists of a single-direction or dual-direction piston. With the
single-direction piston design, as the piston travels up and down the pump chamber, it draws
water into the chamber under suction on the up stroke and then forces the water out of the
chamber and up the sample tube on the down stroke. With the dual-direction piston design, water
is ssimultaneously sucked in and forced out as the piston(s) is moved in both the up and down
direction. Figure 16 illustrates the design and operation of a dual-direction piston pump.

Piston pumps can provide representative samples for non-gas and non-pressure sensitive
samples. The action of the piston may create pressure changes on the sample that may cause
degassing and changes in sample chemistry; however, if the pump cycling rateis decreased, these
affects can be minimized. The piston (plunger) and O-ring seals equipped on most piston pumps
may sorb various VOCs that make decontamination of these pumps difficult.

Advantages of piston pumps

B Highlift capabilities - 500 feet (150 meters) for mechanical designs and 1000 feet (305
meters) for pneumatic designs.

Allows for easy, direct in-linefiltration of samples.

Can be constructed of relatively inert materials.

Mode s with variable flow rate capabilities are available.

Moderately easy to operate.

Modes available for 2-inch diameter and smaller wells.

Limitations of piston pumps

Susceptible to damage, binding or failure in silt-laden and turbid water.
May be damaged if pump isrun dry.

Requires external power source or pressurized-gas source.

Difficult to disassemble, repair and decontaminate in the field.
Equipment is moderately bulky, heavy and not very portable.

Contact with the pump's mechanisms can cause contamination.
Moderately expensive to purchase and operate.
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2.4.9Gear-drive Pumps

The gear-drive pump is categorized as a positive displacement device. Historically, gear-drive dectrical
submersible pumps have not been used for groundwater sampling; however, they do show promise for
this purpose because they are very portable and serviceable under field conditions. In theory, these
pumps, if operated at low-flow rates, should consistently collect high quality, representative samples;
however, research and literature is limited on their abilities and limitations. Imbrigiotta et al. (1988)
conducted a field evaluation of seven sampling devices for POCs in groundwater and found that the
gear submersible pump had the highest precision and recovery of POC concentrations in comparison to
the three other pumps and three grab samplers.

Operation and Materials

Figure 17 illustrates the design and operation of a gear-drive pump. This type of pump operates
using a small high-efficiency eectric motor that rotates a pair of meshing gears. The meshing
gears have teeth that trap and move the water in either a clockwise or counter clockwise
direction. Water enters through the bottom of the pump and exits through the top and into the
sample tubing.

Flow rates cannot be controlled with conventional gear-drive pumps; however, there are now
gear-drive pumps that allow variable flow rates. These pumps are available with ether a sdf-
contained power source (typically six hours of operation before recharging is required) or require
an external eectric power source. The body of gear-drive pumps is commonly constructed of
stainless sted and the gears are commonly constructed of PTFE (Tefldh).

Gear-drive pumps may not be appropriate for purging large volumes of water. If a gear-drive
pump is not capable of low-flow rates, it may not be appropriate for collecting sensitive samples.

Advantages of Gear-drive Pumps

Can be constructed of relatively inert materials.

Very portable and totally sdlf-contained.

Easy to operate, disassemble, repair and decontaminate in the field.
Inexpensive to purchase andoperate.

Allows for easy, direct in-linefiltration of samples.

Limitations of Gear-drive Pumps

Ability to control flow rate may not be available for some models.

Silt-laden or turbid water quickly wears down gears.

Requires a power source.

Potential for pressure changes in samples due to cavitation from pump gears.
Some models are not available for 2-inch diameter wells.

Lift capability of 200 feet (60 meters) or less.
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Figure17: Gear-drive pump: a) cut-away diagram, top; and b) functional diagram, bottom.

59



WDNR - Groundwater Sampling Desk Reference

2.4.10 Inertial Lift Pumps

Inertia lift pumps function adequately for both purging and sampling of monitoring wells, however,
using these devices causes a surging action, which may cause increased turbidity, loss of volatiles,
aeration, and degassing of samples. Y ou may use these pumps to collect representative non-sensitive
samples; however, do not use them to collect VOCs or gas-sensitive samples.

Operation and Materials

Theinertia lift pump operates by either moving sample tubing up and down in awell or by
moving arigid inner pump casing up and down (e.g., TIMC® or Water Hand Pump,
BrainardeKilmarf Hand Pump). Both the sample tubing design and the rigid inner pump casing
design are equipped with a check valve at the bottomFigur e 18 illustrates both the sample
tubing inertial lift pump design and the inner/outer inertial lift pump casing design. An electric or
gasoline-powered motor can provide a continuous up and down motion for either design.
Manually operating inertial lift pumps can be quite difficult.

A rapid up and down motion moves water up these pumps by lift and inertia. A rapid upstroke
lifts the water in the tubing or casing. At the end of the upstroke, the water in the tubing or
casing continues to move dightly upward by inertia. On the downstroke, the check valve at the
bottom of the tubing or casing opens, which allows additional water to enter the device. This
cycle continues on each up and down movement until water moves up and out of the device.

Because operating these pumps requires that the sample tubing or casing be rapidly raised and
lowered, samples are often artificially high in turbidity. The rapid movement may also cause
some sample alteration through loss of volatiles and degassing; however, these devices should be
able to collect non-sensitive samples without significant sample ateration.

Materials used in the construction of inertial lift pumps rigid or flexible PV C, polyethylene, or
PTFE materials.

Advantages of Inertial Lift Devices

Simple design and easy to operate.

Fairly portable if used in shallow wells (e.g., < 20 feet to water).

Relatively inexpensive.

Models are available for small diameter wells.

Capable of controlled flow rate.

Can be constructed of relatively inert materials.

Satisfactory for non-sensitive sample parameters.

Direct, in-line filtration of samplesis possible but may be difficult.

Manua pumps are effective up to 100 feet (30 meters) and motor-driven pumps up to 200
feet (60 meters).
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Limitations of I nertia Lift Devices

Field decontamination may be difficult and time consuming.

Manual designs are labor intensive.

Silt and sand may cause leakage around the check valve.

Their use may artificially increase sample turbidity.

Check valve wears with heavy use.

External motor and power source ae not very portable.

Ineffective in purging large volumes of water.

Limited lift capabilities make these devices ineffective for deep wells.
Not very portable if used in deep wells (e.g., > 20 feet to water).

2.4.11 Gaslift or Air-lift Pumps

These pumps operate by bubbling air or gas (e.g., nitrogen) through the water inside them. The rising
of the air or gas lifts the water to the surface. While these pumps are not recommended for collecting

groundwater samples — especially gas-sensitive and volatile samples — you can use them for purging.

Figure 19 illustrates some common gas-lift and air-lift pump designs.

2.5

PURGING AND SAMPLING PROCEDURES

Groundwater professionals, when initiating a groundwater monitoring program, set out to obtain
measurements and samples representative of unaltered groundwater conditions. Several factors,
especially purging and sampling procedures and equipment, can degrade the physical and chemical
characteristics of the measurements and samples. Alwaystry to collect the best measurements and
groundwater samples possible.

The laboratory analytical method and limit of detection established for a contaminant should indicate
the level of care needed in sampling. For example, if contaminants are present near the analytical
detection limit or the regulatory limit, pay particular attention to adopt sampling procedures that avoid
contaminating the sample or losing the contaminant.

Important note: Collect groundwater data from all project wells using the same
sampling and purging procedures and equipment throughout the project's life. This
should generate groundwater data that is complete, with few, if any, "outliers;" is
representative, reflecting conditions in the groundwater; and is comparable to other
data sets. Comparability of data collected from a project's wells is important when
performing trend analysis. Dedicated (left in the well) low-flow sampling systems
typically produce groundwater datathat are complete, representative, comparable
and of high quality. Summers et a., (1987) provides a good discussion on the
accuracy, bias, precision, representativeness, completeness and comparability of
groundwater data collected from monitoring wells.
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If the method or equipment used to purge and sample a well changes during a project's life,
consider this change in protocol when comparing the well's laboratory analytical data and
evaluating data trends.

2.5.10Dbjectives and Considerations

Proper Well Construction, Development and M aintenance

Wells must be designed, constructed and developed according to procedures established in ch. NR 141
Wis. Adm. Code. These three factors can greatly influence the quality and representativeness of
groundwater samples. Pay special attention to s. NR 141.15, which discusses drilling methods and
drilling fluids that may be used in well construction. In addition, Driscoll (1986) provides a
comprehensive discussion of well hydraulics, drilling methods, drilling fluids, well screens and sizing,
and well development. Excessive disturbance of the formation during well construction can create
artificial low-flow zones surrounding a well and may make proper development of awell very difficult,
if not impossible.

Proper well development isimportant to ensure that a good hydraulic connection exists between the
well and the surrounding groundwater system. Proper well development is also essential to avoid or
minimize turbidity in groundwater samples and is essential for collecting representative, high quality
samples. Proper well development removes artifacts created during the drilling process such as
disturbed fines near the borehole and silts and clays that have been "smeared” along the walls of the
borehole. Unless these disturbed and smeared fines are removed by proper well development, the
hydraulic connection between the well and the surrounding groundwater system will likely be poor.

Materials used to construct awell, including the filter pack seal, well screen and well casing, should be
made of clean, non-reactive materials. Improperly constructed wells may cause a biofilm (excessive
growth of microorganisms) to develop around awell. A biofilm can clog the surrounding area, thus
creating "dead zones' around the well. Biofilms can degrade sample quality. If awell's casing joints
leak or if its annular space seal alows leakage around the casing, the well may act as a conduit for
contamination or groundwater movement between naturally-separated aquifers.

Specia Note for Newly Constructed and Developed Wells

Before purging and sampling a newly constructed and developed well, wait at leasbne week to
allow the well to equilibrate with groundwater chemistry. Wells constructed in low-permeability
silt and clay formations may require a month or more for proper equilibration. Palmer (1987),
provides insight on alowing awell's filter pack to come into equilibrium with groundwater
chemistry.

Inspect and maintain wells routinely as part of a site's sampling plan. Structural damage, siltation and
biofouling (iron bacteria clogging awell) can significantly interfere in collecting representative
groundwater samples. Total well depth, casing straightness and relative water recovery rates are good
indicators of well condition and should be logged in field notes. If total well depth decreases with time,
silt or sand may be settling out in the bottom. Reducing well recovery rates over time may
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indicate biofouling of awell's filter pack. Well repair, redevelopment, or rehabilitation will typically
rectify these problems; however, well replacement may be necessary if routine maintenance has not
been done.

Reasons for Purging a Well

The primary objective of purging awell isto remove any stagnant water residing in the well screen and
casing before collecting any samples. Always purge a well before sampling because standing water
likely does not represent true groundwater chemistry. Appendix A includes a detailed literature review
and evaluation of the three most common well purging techniques: 1) purging a specified number of
well volumes; 2) low-flow pumping and monitoring indicator parameters for stability; and 3) well
purging volume based on well hydraulics and aquifer transmissivity. Appendix A aso includes alist of
articles and publications and a brief description of the well purging and sampling equipment and
procedures discussed in the article or publication.

Water in the well may have interacted with the air column in the well. Thisinteraction can change the
dissolved gas content (e.g., DO and CQ) of well water. Air interacting with the water can cause
oxidation (e.g., precipitation of iron and manganese and co-precipitation of arsenic with iron
hydroxide) of some metals (Summers and Gherini, 1987). The stagnant water in the unscreened portion
of awell (i.e., well casing) will not reflect the changes in the type and concentrations of contaminants
that have flowed through the aquifer and well screen.

Potential interactions of the stagnant water with the well casing include: sorption of trace contaminants
onto the casing; leaching of chemicals out of the well casing; and corrosion and degradation of the
casing. The degree to which these reactions may occur will depend on the chemical environment in the
well casing and the casing materials used. Foreign material may have entered the well and reacted with
the stagnant water. Purging the well will either remove the foreign material that fell into the well or
remove the stagnant water that has reacted with the foreign materia in the well.

Collecting Repr esentative Samples and M aintaining Sample I ntegrity

The primary objective of sampling is to collect an unaltered groundwater sample that represents the
physical and chemical composition of the groundwater. Because groundwater is amost always under
different temperature, pressure, dissolved gas content and oxidation-reduction (redox) state than
conditions above ground, precautions must be taken to ensure that samples undergo minimal alteration
during the sample withdrawal and collection process.

Some contaminants and parameters that may be altered or lost during the sampling or measurement

process include the following: pH, Eh, dissolved oxygen, inorganic carbon, alkalinity, total organic

carbon (TOC), VOCs, ammonium, nitrate/nitrite, sulfide, cyanide, molybdenum, mercury, selenium,
dissolved iron, manganese, zinc, cadmium, lead, vanadium, arsenic and phosphate (Stolzenburg and
Nichols, 1985).

Volatilization of contaminants is a primary concern during VOC sampling. Oxidation and
precipitation/coprecipitation reactions are of primary concern when collecting dissolved metal samples.

Sampling equipment must not react with any contaminants you are collecting. Operate your egquipment
to cause the least disturbance to the samples. Equipment must deliver samplesto the surface with
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minimal agitation and aeration. Refer also to Sections 2.4, 2.5.2 and 2.5.3.

Once you collect your samples, it is imperative to maintain their physical and chemical composition
and quality until they can be measured or analyzed. Refer also to Sections 2.6, 2.7, 2.8, 2.9 and 2.10.

2.5.2Weéllsthat do NOT Purge Dry

This section applies to wells that take lessthan ~ 1 hour for the water level in the well to recover
(or nearly so) after they have been purged.

The following recommended procedures can assist you when you are considering which purging and
sampling techniques are best suited for a project. While flexibility and site-specific modificationsto the
suggested purging techniques are allowed, make any modifications based on contaminants encountered,
hydrogeology, regulatory objectives and the level of data quality required.

The following purging and sampling procedures are recommended for wells that do not purge dry. The
first procedure listed consistently yields thehighest level of data quality. The last procedure listed
may yield alower level of data quality.

1) Low-flow purging < 1 L/min (0.26 gpm), low-flow sampling < 300 mI/min (0.3 L/min or 0.1
gpm) and the monitoring of indicator parametersfor stability in a closed flow-through
cell. To obtain the highest-quality, most representative, and consistent groundwater quality
measurements and analytical data, purge the well at an average rate of 1 liter/minute (L/min) or
less, sample at an average rate of 300 ml/min (0.3 L/min) or less and monitor indicator
parametersin a closed flow-through cell until their stability is reached. This procedure can
usually be enhanced by using a dedicated pumping system (left in the well " permanently").

Purging and sampling rates should be at or less than the natural flow conditions existing in the
aquifer influenced by the well. Drawdown during purging should be minimal and the water level
in the well should stabilize before the flow rate is decreased to 300 ml/min or less to commence
sampling. While maintaining a sampling flow rate of 300 ml/min or less, the water level should
be stable or preferably recovering as samples are collected (this ensures that any remaining
stagnant water above the pump is not incorporated into the water collected for samples).
Information collected on the well hydraulics, aquifer transmissivity and observed drawdown and
recovery rates for the well can assist in determining appropriate purging and sampling flow rates.

Do not reduce a pump's flow rate by using valves. The resulting pressure drop across the valve
(also known as an "orifice effect”) can alter sensitive samples, usualy by degassing.
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Purge the well until at least three consecutive readings, spaced ~ 2 minutes or ~ 0.5 well volumes
or more apart, are within the following indicator parameter ranges:

Dissolved Oxygen + 0.2 mg/L

Specific Conductance + 5.0 pmhos/cm for values < 1000 pmhos/cm
+ 10.0 pmhos/cm for values > 1000 pmhos/cm
pH + 0.1 pH units
Temperature +0.1°C
Turbidity <5 NTUs (Required if metals samples will not be

filtered. Recommended if sorptive compounds or
elements are collected. Optional, but recommended if
other compounds or elements are collected)

Eh (optional) + 30 mv

Stable dissolved oxygen, specific conductance and turbidity readings are considered the most
reliable parameters for indicating that stagnant water has been replaced by formation water. You
may adjust the + ranges and indicator parameters used to indicate replacement to reflect site-
specific data, geochemistry, and hydrogeologic conditions.

Turbidity stabilization and NTU readings below 5 are required if metals samples will not be
filtered. Low turbidity readings (i.e., <5 NTUs), when measured using low-flowing pumping
techniques, should represent colloids and particulates naturally mobile in groundwater under
natural flow conditions. Turbidity stabilization should also be monitored when collecting
sorptive, hydrophobic, or high octanol-water partition coefficient (Kow) compounds or elements.

Or: Purge the well until the readings for each indicator parameter listed above vary within £ 10
percent, over three or more consecutive readings spaced ~2 minutes or ~ 0.5 well volumes or
more apart.

Collect samples from the pump's discharge line before the water enters the flow-through cell. Air
pockets in the flow-through cell and probes inserted into the flow-through cell can degrade
sample water quality. Either disconnect the sample tubing from the flow-through cell before
collecting samples or connect a "tee" junction with an on/off sampling valve between the well
and the flow-through cell to collect samplesFigure 20 illustrates a "tee" valve outfitted with a
direct, in-line disposable filter.

Low-flow purging/sampling may not be necessary or may be impractical under the
following circumstances:

B Well purges dry before indicator parameters stabilize.

B Parameters are not affected by aeration, agitation, or the gain or loss of dissolved
gasses (and subsequent change in sample pH, etc., ).

B Dataquality objectivesfor aproject do not require tk level or rigor and stringency
inherent in low-flow purging/sampling.

B Analternative purging and sampling technique has been proven to meet the data
quality objectives for the project.

B Procedures are extremely burdensome and time consuming.

B Equipment istoo cumbersome to be transported to distant wells.
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Figure 20: Closed flow-through cell outfitted with adirect, in-line filter.
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B Weather conditions cause portable equipment to freeze up.
B Therequired equipment is excessively expensive.
B A baller isthe only device available to purge and sample awell.

2)  Purging FOUR well volumes and then sampling with a standard pump Y ou may use this
method with a purging and sampling pump not capable of achieving low-flow rates, when
equipment is not available to monitor indicator parameters for stahility, or when you are
sampling non-sengitive parameters. As with the low-flow purging and sampling technique, the
purging and sampling rate should still be kept low and should not exceed the natura flow
conditions of the aquifer, if possible. The sampling flow rate should be less than the purging
flow rate.

3) Purging FOUR well volumes with a standard pump and sampling with a bailer or similar
grab sampler. Conduct purging and sampling with the same equipment when possible;
however, in cases where large volumes of water must be purged from awell or the depth to water
is deep, a pump may be appropriate. This method may be appropriate when low-flow pumping
equipment is not available but sensitive samples will be collected.
Under this scenario, you purge four well volumes and then collect samples with a bailer or
similar grab sampler. Asyou are purging the wellsowly lower the pumpso that, after four well
volumes are purged, the pump'sinlet is near the bottom of the well (within ~ 1 foot). When using
this method, it is essential to lower the pump while purging, thus removing stagnant water before
collecting samples with the grab sampler. If you are collecting sensitive samples (e.g., VOCs or
trace metals), keep the purging rate as low as possible. In addition, lower and raise the bailer or
similar device out of the water column dowly and carefully; and use a bottom-emptying device to
dispense samples.

4)  Purging FOUR well volumeswith a bailer and sampling with a baler or other grab
sampler. The quality of samples collected with a bailehighly depends on the skill and care of
the operator using it. Take great care when lowering a bailer in and out of the water column.
Carefully lift the bailer up and out of the well without allowing it to bang against the casing and
use a bottom emptying device to dispense samples.

2.5.3Weéllsthat Purge Dry

This section appliesto wellsthat take ~ 1 or more hoursto recover (or nearly so) after they have
been purged dry (or nearly o).

I deally, sample and purge wells at flow rates at or less than the natural flow conditions in the aquifer
influenced by the well. Drawdown and turbidity during purging and sampling should be minimal;
however, for wells that recover dowly, attaining little drawdown and low turbidity may be nearly
impossible. Slowly-recovering wells should still be purged and sampled with minimal disturbance to
the water and finesin and around the well and to obtain samples with the lowest turbidity and
oxygenation possible.
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For dowly-recovering wells that purge dry, bail or pump the well dry, or nearly so, and allow it to
recover at least once before collecting samples. If time permits, purge the well a second time. I
recovery permits, collect samples from the well within 24 hours of the final purging.

If you are collecting sensitive samples such as VOCs and trace metals, the following procedure should
yield samples with the highest data quality. Purge the well dry, or nearly so, using avery low purging
rate (< 300 ml/min or 0.1 gpm). Allow the well to recover, or nearly o, at least once before collecting
samples. If time permits, purge the well a second time and collect samples within 24 hours. Low-flow
pumping should minimize the disturbance of finesin and around the well during purging and sampling
and should therefore minimize sample turbidity. If you use a bailer to purge and sample, take extra care
to purge and sample very dowly and gently.

Case study

Hergoz et a., (1988) conducted a study to determine the best time to sample awell for VOCs
after it has been purged dry. There were two main conclusions. 1) VOC concentrations were
significantly lower before purging than after, and 2) VOC concentrations wergot significantly
different when collected two, four, six and 24 hours after purging; however, the highest VOC
concentrations were collected at four and six hours after purging.

2.6

SAMPLE COLLECTION

2.6.10Dbjectives and Considerations

During sampling, primary objectives and considerations include minimizing sample disturbance,
avoiding sample exposure to air and extraneous contamination, and preserving sample integrity
throughout collection.

2.6.2Filling Sample Containers

Although the procedures used to fill sample containers may seem a minor consideration, filling them
improperly can jeopardize al the careful work that went into collecting minimally-disturbed,
representative samples. Filling sample containers exposes the samples to air, agitates the samples, may
change their composition, may cause the loss of contaminants by volatilization or degassing, and may
expose the samples to extraneous contamination.

Order of Filling Sample Containers
Collect sample parameters in the following order:

1. Unfiltered samplesfor in-field water quality measurements (not necessary if down well or flow-
through cell measurements are taken).

2. Volatile organic compounds (VOCs).

3. Non-filtered, non-preserved (e.g., sulfate, chromium VI, mercury, semi- and non-volatiles,
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pesticides, PCBSs).

4. Non-filtered, preserved (e.g., nitrogen series [ammonia, nitrates, nitrites, etc.], phenolics, total
phosphorous, total metals, cyanide, total organic carbon).

5. FHiltered, non-preserved (e.g., dissolved chromium V1).

6.  Filtered, preserved immediately (e.g., dissolved metals).

7 Miscellaneous parameters.

Collect sulfate samples before sulfuric acid preserved samples (e.g., nitrogen series). Collect nitrogen
series samples before nitric acid preserved samples (e.g., boron, dissolved metals). Thiswill prevent
accidental contamination of a sample with a preservative intended for another sample (e.g., sulfuric
acid preservation contaminating an unpreserved sulfate sample).

Proceduresfor Filling Sample Containers

There are correct and incorrect ways to fill sample containers. The more senditive the parameter being
collected (e.g., VOCs and redox-sengitive metals), the more cautious and rigorous the filling
procedures should be.

Before opening and filling sample containers, check the sampling area for potential sources of
extraneous contamination. Make sure the area around the well is clean and that contaminated
equipment is kept away from the well. Protect the samples from airborne contaminants such as engine
exhaust, blowing dust and organic fumes (e.g., gas cans); sample upwind of these contaminants or
remove them before sampling. Choose gloves appropriate for the contaminants you encounter. Change
into new, clean gloves every time you sample a new well or suspect your gloves have become
contaminated. Do not attempt to decontaminate or reuse gloves; use disposables.

Do not open sample containers until it istime to fill them. Immediately after filling a sample container,
if you haven't aready done so, add any required preservative — filter first, if required — replace the cap,
label the container and place the sample on ice in a cooler. Following these procedures will help
minimize sample turbulence, agitation, volatilization, degassing, atmospheric exposure,
biodegradation, exposure to extraneous contamination and heating of samples.

2.6.3Volatile Organic Compounds (VOCs)

Astheir name implies, volatile organic compounds (VOCs) may volatilize from a sample under normal
surface pressure and temperature conditions. Take care to ensure these compounds do not volatilize
during sampling. Appendix B includes a table of Henry's Law Constants for most compounds listed in
ch. NR 140, Wis. Adm. Code. Henry's Law Constants describe the likelihood that a dissolved organic
compound will volatilize from a water sample and is equal to the vapor pressure of the compound
divided by the compound's solubility in water. Just because a compound is very volatile in its pure form
does not mean it will readily volatilize after it is dissolved in water. For example, acetone (2-
propanone) has a high vapor pressure (270 mm Hg) and therefore, readily volatilizesto the air in its
pure form. However, acetone's water solubility is infinite so acetone favors the aqueous phase over the
vapor phase. Therefore, its Henry's Law Constant is relatively low (3.9 x
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10° atm-n/mole) and acetone dissolved in water will not readily volatilize out of the water and into
theair.

Many VOCsl listed in ch. NR 140 have very low groundwater standards. For example, vinyl chloride
and benzene have enforcement standards of 0.2 and 5 pg/L, respectively. Many VOCs are known or
suspected carcinogens. Because their consumption is a public health concern, take extra care to ensure
that VOCs are not lost by volatilization when you fill VOC containers, and that extraneous VOCs are
not accidentally added to a sample.

Because VOC samples are very susceptible to extraneous VOC contamination, before opening and
filling VOC containers, make sure there are no nearby extraneous airborne sources of VOCs such as
gas cans, exhaust fumes, solvents, cleaners, or degreasers upwind of the well. Try to sample upwind of
these extraneous sources, remove them, or ventilate the area around the well. Document suspected but
unavoidable extraneous VOC sources when collecting VOC samples. These sources could include
perfumes and cosmetics, skin pharmaceuticals, suntan lotions, marking pens (e.g., Sharpi®, insect
repellents, tobacco smoke and automotive products.

Filling VOC Containers

When practical, store empty VOC containers on ice until you use them. This will minimize the loss of
VOCs when you fill the sample containers. Open only one VOC container or one set of containers at a
time. Thiswill minimize exposure of the VOC sample to extraneous VOC contamination. After you
open an empty container, add preservative. Acid preservative inhibits biodegradation of VOCsin a
sample.

When filling a VOC container, tip it at a dight angle and allow a dow steady stream of water to run
down itsinner wall. Thiswill minimize agitation, aeration and volatilization of the VOCs. Fill the
container until a positive meniscus forms at the top (sed=igure 21). No air space (i.e., head space)
should remain in the container. If any airspace remains, VOCs in the sample can volatilize to this space
and may be lost before analysis.

After filling aVVOC container and replacing the cap, invert the sample and tap it lightly to check for
bubbles. If bubbles are present, discard this sample and fill additional VOC containers. If bubbles are
unavoidable, collect numerous samples and save the ones with the fewest bubbles. Do not try to reopen
and add more water to samples that have bubbles.

Remember, one trip blank is required per sample batch (i.e., per cooler) when sampling for VOCs.

2.6.4Semi-volatiles and Pesticides

These organics are typically not very volatile; however, as with VOCs, they are often analyzed at very
low detection levels (e.g., pg/L or ppb) and are athreat to public health if consumed. Some substances
that fall under this category include base-neutral extractables (e.g., polynuclear aromatic hydrocarbons
[PAHS]), acid-neutral extractables (e.g., cresols, phenols), phthalate esters, PCBs, pesticides and
herbicides.
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Figure 21: Positive meniscus formed on aVVOC sample vial.
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Aswith VOCs and dissolved metals, semi- and non-volatile organics are susceptible to extraneous
background contamination and cross-contamination. These compounds are also susceptible to sorption
and desorption reactions with the purging and sampling equipment. Equipment should be made of
relatively inert material. Good decontamination procedures are necessary to avoid any cross-
contamination between wells. These samples are not usually preserved or filtered; however, you should
cool themto 4°C immediately after collection.

2.6.51norganics

Inorganic samples (e.g., dissolved metals) are typically quite susceptible to aeration, oxidation,
precipitation, coprecipitation, extraneous contamination and cross-contamination during sampling,
filtering and handling. Aeration of a sample, usually caused by excessive turbulence, can alter a
sample's water quality by saturating it with oxygen. If proper care is not taken, the equilibrium of
dissolved metals, which are usually in a reduced state in groundwater, can be shifted to a more oxidized
state. Precipitation of metal oxides can lead to the adsorption, co-precipitation, or both, of other
dissolved cations and anions, thereby causing a decrease in the concentrations of dissolved metalsin a
sample.

Unless WDNR requires or approves otherwise, inorganic samples must béiltered and preserved
immediately after collection. WDNR's Wastewater permitting program requires total recoverable
metals results, which are not filtered, when evaluating potential impacts of a groundwater remediation
system discharging its effluent to a surface water. If sample filtering is required, refer to Section 2.8.

2.6.6Major and Minor lons

WDNR typically requires monitoring of major and minor ions as indicators of groundwater quality at a
site or facility (e.g., solid waste landfill). Section NR 140.20, Table 3 listsindicator parameters that
WDNR may require a site or facility to monitor. Some parameters that represent overall groundwater
solution composition include total dissolved solids (e.g., chloride, sulfate, sodium and bicarbonate),
conductivity, pH, alkalinity, major cations (calcium [C4], magnesium [M¢f*], potassium [K'] and
sodium [N&]),and major anions (chloride [C1], nitrate [NO5] and sulfate [ST"4]).

lons such as N&, M¢f*, K™ and CI, are usually analyzed at high limits of detection, are relatively stable
and are not subject to the same degree of ateration during collection and handling as VOC and
dissolved metal samples. These ions are usually analyzed and regulated at milligrams per liter (mg/l) or
parts per million (ppm). Collection, handling and decontamination procedures for these ions can be less
stringent than that which is required for VOCs and dissolved metals.

Other ions such as manganese (M), ferrousiron (F€"), carbonate (CQ?) and bicarbonate (HCQ),
although typically analyzed at the mg/l or ppm level, are unstable and subject to alteration, usually
from aeration and therefore require rigorous collection and handling procedures similar to those
required for VOCs. However, equipment decontamination procedures do not need to be as stringent as
is required when collecting VOC samples.
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When a groundwater sample is brought to the surface, dissolved Fé and dissolved Mni" in the sample
may react with oxygen and precipitate out of solution. In addition, C& and HCO; ratios may change
quickly after a sample is brought to the surface. This reaction may cause calcium carbonate to
precipitate out of solution, carbon dioxide to degas from solution and may cause a subsequent rise in
sample pH.

2.6.70ther Sample Parameters

Other parameters that may be altered due to aeration and degassing during sampling and handling
include pH, Eh, dissolved oxygen, inorganic carbon, akalinity, TOC, VOCs, anmonium,
nitrate/nitrite, sulfide, cyanide, molybdenum, mercury, selenium and dissolved iron, manganese, zinc,
cadmium, lead, vanadium, arsenic and phosphate (Stolzenburg and Nichols, 1986). Chromium and
sulfide are also subject to ateration during sampling and handling.

For those who wish to monitor indicators of potential biodegradation that may be occurring in
groundwater at a site, vendors offer various colorimetric field kits for quantifying nitrate, sulfate,
ferrousiron, manganese and alkalinity. Follow the field test kit's manufacturer's instructions regarding
the proper procedures for taking such measurements.

For the collection, preservation and handling of parameters not discussed in this document, refer to
other published groundwater sampling procedures documents or articles. Gerba (1988) provides
guidance for collecting virus samples from groundwater.

2.7

FIELD WATER QUALITY MEASUREMENTS

2.7.1Technical Considerations

Severa water quality parameters are subject to rapid alteration (caused by aeration, oxidation and the
loss or gain of dissolved gasses) when groundwater is removed from awell and exposed to oxygen and
atmospheric pressure. Water quality measurements that may be subject to rapid change include, but are
not limited to, specific conductance, pH, dissolved oxygen, Eh and alkalinity.

Take water quality measurements while purging, using a closed flow-through cell and parameter-
specific monitoring probes (Figure 20). Using a down-well measuring probe is also recommended;
however, well water must be flowing past the probe during measuring (i.e., the probe is near pump inlet
during purging or you lower and raise it in the water column as you measure). These two methods
minimize any contact between groundwater and atmospheric conditions (air and pressure), thus limiting
any ateration while you are measuring. If you cannot use either of these methods, take water quality
measurementsimmediately after collecting a sample. Otherwise, clearly document that you did not
take measurements immediately.
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Specific procedures you may use to collect and measure the following water quality parameters are
included in theGroundwater Sampling Field Manual, PUBL-DG-038 96 the most recent version of
Sandard Methods for the Examination of Water and Wastewaterand the manufacturer's instructions
for the equipment.

2.7.2Temperature

Temperature is an important measurement because it affects the rate of many biological and chemical
reaction rates. The temperature of groundwater in Wisconsin commonly remains fairly stable
throughout the year at approximately 18C (55°F). However, shallow groundwater temperatures may
fluctuate with changes in seasonal temperatures and in response to precipitation. During spring,
summer and fall, shallow groundwater temperatures may elevate in response to arecent rain or surface
water (e.g., stream) flowing into the groundwater system in response to aflood crest. Deep
groundwater temperatures usually do not fluctuate much and are less susceptible to seasonal
temperature fluctuations and the effects of precipitation.

In-field M easur ement of Temperature

Whenever possible, measure temperature during or immediately after purging awell. Temperature
should be read to the nearest 0.5C (approx. 1°F); however, instruments having an accuracy of + 0.9C
(approx. +0.2°F) are recommended for determining small differences in groundwater temperatures.
Temperature is commonly measured in the field by using one of the following three methods:

1) Lowering atemperature probeintothewater column of awell. Thisisan in-situ
measurement. Take readings during or immediately purging. This method ensures that your
temperature values most closely represent actual groundwater temperature. Submerse the probe
in the water long enough for it to equilibrate with the groundwater temperature. A couple of
minutes usually suffices.

In many cases, other instruments probes (e.g., conductivity, pH, dissolved oxygen) provide
temperature readings along with the primary parameter being measured. Probes that measure
temperature must have their accuracy periodically checked against a good mercury-filled
thermometer or a precision thermometer certified by the National Institute of Standards and
Technology.

2) Inserting a temperature probeinto a closed flow-through cell.If you use low-flow purging
while monitoring indicators parameters, you can measure temperature as part of this process.

During low-flow purging on a very hot or cold day, the sample will artificially warm up or cool
down as it travels through the sampling tube and flow-through cell. After you collect samples,
increase the purging rate until the water temperature once again stabilizes. Record this new
stahilized reading as the actual groundwater temperature. Y ou can usually minimize or avoid this
problem by using a short sample tube and shielding or insulating the flow-through cell from heat
and cold.
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3) Inserting a good thermometer into a sample. The thermometer should be marked for every
0.1°C (approx. +0.2F). Protect the thermometer from breakage during use and transport.

For this method to work effectively, measure the temperature from the sample soon after
collecting it (e.g., within five minutes) or while purging. If measuring temperature while purging,
allow the water to overflow from the sample container while measuring. Wait until you've
collected at least three stable readings to record the final temperature. If the water you are
sampling is hazardous, properly collect, contain and dispose of the overflow water.

2.7.35pecific Conductance (Electric conductance and conductivity)

Conductivity measures an aqueous solution's ability to conduct or carry an electric current. This
"ability" depends on the presence, total concentration, mobility and valence of charged ionic species
(e.g., C&*, N&, M¢f*, HCOy, CI), and the solution's temperature. Most soluble inorganic compounds
are good conductors. Specific conductance is measured between two chemically inert probes spaced a
fixed distance apart.

Changes in awell's groundwater conductivity frequently indicate groundwater contamination (e.g.,
landfill monitoring). Conductivity measurements approximate total dissolved solids (TDS) in a sample.
The TDS of a sample can be approximated by multiplying the sample's conductivity (in pumhos/cm) by
an empirical factor ranging from 0.55 to 0.9. This factor depends upon the soluble substances in the
sample and its temperature (Standard Methods, 19th Ed., 1995).

Conductivity measurements are usually recorded as micromhos per centimeter (umhos/cm). For
instruments providing readings in the International System of Units (SI):

1 mS/m (milisemeng/meter) = 10 pmhos/cm and, conversely,
1 pmhos/cm = 0.1 mS/m

In-field Conductivity M easur ements

Before use, the conductivity instrument and probe must be calibrated against a standard potassum
chloride (KCL) solution. This can be done in the laboratory or in the field. Use the calibration
procedures described in the manufacturer's instructions for the instrument and refer to the most recent
version of Standard Methods for the Examination of Water and Wastewater Measure conductivity
before pH because salts contained in the pH probe may artificially increase sample conductivity.

Because conductivity depends on temperature, be sure to convert al conductivity measurements to
25°C if your instrument doesn't automatically do so. Measurements collected at various temperatures
can thus be compared. The farther the sample temperature deviates from Z%&, the greater the possible
error in converting the reading to 25C. According toStandard Methods, 19th Ed., 1995, the
conductivity of a sample measured at atemperature other than 2% can be converted to conductivity at
25°C by:
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Specific Conductance @ 25°C = _sample conductivity (umhos/cm)
1+ 0.0191x (sample temp. °C - 25)

Conductivity meters that do not automatically correct readings to 2% usually include a conversion
table or chart to alow for this correction. In addition to temperature, a samplée's conductivity can
change as the sample is exposed to the atmosphere. Therefore, make sure you measure conductivity in
the field as soon as possible after purging. Some meters must have their "zero" and "red line" checked
and adjusted before use. Check the manufacturer's instructions before using the meter.

Most problems related to collecting poor conductivity data include fouling of the electrode, improper or
no instrument calibration, not allowing the probe to equalize with the sample temperature, and
improperly or not converting readings to 25C.

Some common and acceptable methods for measuring conductivity in the field include:

1) Lowering aconductivity probeinto the water column of the well. Thisis anin-situ
measurement. Take readings during or immediately after purging. This method ensures that your
conductivity values most closely represent actual groundwater conductivity. Submerse the probe
in the water long enough for it to equilibrate with the groundwater temperature. A couple of
minutes usually suffices.

If you use this method before disturbing the water column (e.g., pumping or bailing), you may be
able to detect conductivity stratification, which may indicate the well is screened in multi-layered
Strata.

2)  Inserting a conductivity probeinto a closed flow-through cell. Y ou can do thisin
conjunction with the low-flow purging method.

During low-flow purging on a hot or cold day, the sample will artificially warm up or cool down
asit travels through the sampling tube or flow-through cell. Use a short tubing and insulate or
shield the flow-through cell to minimize these effects.

3) Inserting a conductivity probeinto a sample. For this method to work effectively, measure the
conductivity from the sample soon after collecting it (e.g., within five minutes) or while purging.
If measuring conductivity while purging, alow the water to overflow from the sample container
while measuring. Wait until you've collected at least three stable readings to record the final
conductivity. If the water you are sampling is hazardous, properly collect, contain and dispose of
the overflow water.

2.7.4pH

pH measures a solution's hydrogen ion concentration and is also referred to as a solution's degree of
acidity or alkalinity. A ph value of 7.0 is considered neutral, while pH values progressively lower than
7.0 are acidic (increased concentration of H) and pH values progressively higher than 7.0 are basic or
alkaline (decreased concentration of H). pH plays a very important role in the chemical composition
and valence state of groundwater constituents. A sample's pH will influence and affect
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chemical composition, chemical reaction rates, and biological (e.g., biodegradation) processes. For
example, pH measurements provide information on the solubility of metals and the valence state of
many compounds. As a sample's pH changes, many precipitation, co-precipitation and sorption
processes can occur that can alter the sample's chemical composition.

Because a sample's pH can change quickly after collection, it is important to take this measurement
down the well, in a flow-through cell, oimmediately after collecting a sample. Aeration, oxidation and
the loss or gain of dissolved gasses can significantly alter pH. The partial pressure of dissolved carbon
dioxide (CO,) is usualy quite different in groundwater than the partial pressure of CeXthat existsin

air at the land surface. The pH is sengitive to the amount of C@dissolved in the sample. According to
Shaver (1993), if dissolved CQ, degasses from a sample, the pH increases (decrease in H) and
bicarbonate (HCQOy) concentration decreases[HCQ + H' b CO; (aq) + H,O]. A change in sample
temperature can also affect the pH by affecting the solubility of CQ Also, according to Shaver (1993),
microbial respiration and associated CQ production in a groundwater sample can lower the pH and
increase bicarbonate HCQ [CO, + H,O P H" + HCO;]. Shaver (1993) provides a good discussion of
the bias of pH and alkalinity measurements taken in the field versus later in a laboratory.

In-field pH M easur ement

Before use, apH instrument and probe must be properly calibrated with pH buffer solutions. Two fresh
pH buffer solutions (7.00 and 4.000r 7.00 and 10.00, based on the anticipated groundwater pH), with
temperatures within 5C of the groundwater samples are required for instrument calibration. Properly
fill the probe with salt solution, if required. Follow the manufacturer's instructions for proper
calibration and the frequency of calibration for the meter you are using. Read and record pH
measurements to the nearest +0.1 pH units. Some common and acceptable methods for measuring pH
in the field include:

1) LoweringapH probeintothewater column of the well.Thisis an in-situ measurement. Take
readings during or immediately after purging. This method ensures that your pH values most
closely represent actual groundwater pH. Submerse the probe in the water long enough for it to
equilibrate with the groundwater temperature. A couple of minutes usualy suffices.

Lower into the well only those pH probes specifically designed to be completely submerged and
that can withstand significant hydraulic heads.

2) Inserting a pH probeinto a closed flow-through cell.Y ou can do this in conjunction with the
low-flow purging method.

During low-flow purging on a hot or cold day, the sample will artificially warm up or cool down
asit travels through the sampling tube or flow-through cell. Use a short tubing and insulate or
shield the flow-through cell to minimize these effects.

3) Inserting a pH probeinto a sample. For this method to work effectively, measure the pH from
the sample soon after collecting it (e.g., within five minutes) or while purging. If measuring pH
while purging, allow the water to overflow from the sample container while measuring. Wait
until you've collected at least three stable readings to record the final pH.
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If the water you are sampling is hazardous, properly collect, contain and dispose of the overflow
water.

Checking and Adjusting the pH of a Preserved Sample

Two common and simple methods are available for checking and adjusting the ph of a sample. The
easiest method isto insert a pH probe into edecanted portion of the preserved sample, and check and
adjust pH if necessary. The second method involves using pH paper to check and adjust the pH of a
decanted portion of the preserved sample if necessary. Section 2.8 of thé&roundwater Sampling Field
Manual, PUBL-DG-038 96, provides step-by-step procedures for checking and adjusting pH by these
two methods.

Do not check the pH of VOC samples. Use sufficient preservative the first time to ensure the pH of a
VOC sampleis properly adjusted. Y our laboratory should be able to instruct you on the amount of
preservative that should sufficiently adjust the pH of VOC samples.

2.7.5Turbidity

Turbidity measures the clarity, not color, of awater sample. Turbidity is caused by suspended and
colloidal matter such as clay, silt, finely divided organic and inorganic matter, and microscopic
organisms. Turbidity is determined by the ability of light to travel through a sample without being
scattered or absorbed. The presence of light-absorbing materials such as activated carbon and the
presence of dissolved, color-causing substances that absorb light may contribute to a sample's turbidity
(Standard Methods, 19th Ed., 1995).

In-field Turbidity M easurements

Most commercially available turbidimeters and nephelometers give fairly accurate results for
measuring a wide range of turbidity values. Most are not designed to be used in a flow-through cell.
Report measurements taken with turbidimeters or nephelometers in nephelometric turbidity units
(NTUs). According to Standard Methods, 19th Ed., 1995, turbidity should be measured on the day the
sampleis collected, but you can store the sample in the dark for up to 24 hours before measuring.
Shake it vigoroudly to resuspend any particles before measuring. Use the turbidimeter or nephelometer
according to the manufacturer's instructions. Read measurements to the nearest 0.1 NTUSs, if possible.

When using a turbidimeter, make sure the glass sample vial is very clean, does not have condensation
onit, and that there are few, if any, air bubbles present in the sample. These factors can all interfere
with turbidity readings. In addition, if soluble compounds in the sample begin to precipitate out of
solution (e.g., dissolved iron or manganese), then the turbidity measurements may be artificially high.

If you do not use aturbidimeter, you can measure turbidity qualitatively by indicating whether the
sample has very little turbidity, moderate turbidity or is very turbid, or by a similar descriptive method.
Keep in mind that thisis a subjective and qualitative way to measure turbidity.
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2.7.6Dissolved Oxygen

Dissolved oxygen (DO) levelsin water depend, in part, on the chemical, physical and biochemical
activities occurring in the water. Oxygen has a limited solubility in water directly related to
atmospheric pressure and inversely related to water temperature and salinity. Both the electrons and
energy are transferred in biological and geochemical oxidation-reduction reactions (redox) reactions
(Rose and Long, 1988). Low dissolved oxygen levels can limit the bacterial metabolism of certain
organic compounds. Dissolved oxygen can significantly affect the valence state of trace metals.

Dissolved oxygen readings can be very useful when you are investigating groundwater contamination
from biodegradable organic compounds. Careful DO readings will help delineste the 3-dimensional DO
zonation that may be occurring in a contaminated aquifer.

In-field Dissolved Oxygen M easur ements

Methods you may use to determine DO in the field include: the Winkler titration method, the
electrometric (i.e., dissolved oxygen meter) method, and the colorimetric method. Under field
conditions, both the precision and detection limit for DO are approximately 0.2 mg/L (Rose and Long,
1988). The DO meter is simple to use but may be subject to more measurement error than the Winkler
method; however, the Winkler method is time-consuming and difficult to perform under some field
conditions. Simple colorimetric methods (e.g., supplied by Hacfi and CHEMetrics, Inc.), with
sengitivity ranging from £0.1 mg/L to +1 mg/L, are also available. This method employs a substance
(e.g., indigo camine) that reacts with DO in awater sample to form a color. The intensity of the color is
directly proportional to the DO concentration in the sample.

If you use a DO meter, check the electrode membrane frequently and replace it at least once a month.
Cdlibrate the DO meter and probe before use. To obtain high quality DO readings, use either the
Winkler titration method or a DO meter. Periodically check the meter's performance against the
Winkler titration method.

Because groundwater DO can change rapidly when exposed to air, lower a DO probe into awell and
place it next to a pump'sinlet while purging, or insert a DO probe into a closed flow-through cell
(Garner, 1988 and others). Donot use suction-lift pumps and air-lift pumps to collect DO samples,
loss or addition of dissolved oxygen in the sample is very likely.

Common and acceptable methods for measuring DO in the field include:

1) Loweringa DO probeintothewater column of the well.Thisis an in-situ measurement.
Take readings during or immediately after purging. To function properly, most DO probes
require that water continually flow past the membrane while measurements are being collected.
Therefore, if you take DO readings after purging, use either a DO probe equipped with a stirring
rod or, less preferably, dowly raise and lower the probe in the water column while collecting
readings.

Note: If the drawdown in awater table well is excessive, be aware that cascading
water through awell's filter pack and well screen can artificially increase the DO of
the in-flowing groundwater.
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2) Inserting a DO probeinto a closed flow-through cell.Y ou can do thisin conjunction with the
low-flow purging method.

During low-flow purging on a hot or cold day, the sample will artificially warm up or cool down
asit travels through the sampling tube or flow-through cell. Use a short tubing and insulate or
shield the flow-through cell to minimize these effects.

3) Inserting a DO probeinto a sample. For this method to work effectively, measure the DO
from the sample soon after collecting it (e.g., within five minutes) or while purging. If measuring
DO while purging, alow the water to overflow from the sample container while measuring. Wait
until you've collected at least three stable readings to record the final DO. If the water you are
sampling is hazardous, properly collect, contain and dispose of the overflow water.

2.7.7Eh (Oxidation-reduction potential)

Oxidation-reduction (redox) reactions can affect chemical and biological reactions in water by the gain
(reduction) or loss (oxidation) of electrons. A common redox reaction occurs when a reduced
groundwater sample containing dissolved ferrous iron (F&) is subjected to an increase in the sample's
dissolved oxygen content. The dissolved oxygen accepts an eectron from F&, thus oxidizing the iron
and changing it to ferric iron (F&%). Ferric iron then precipitates out of solution as ferric oxide or
oxyhydroxides; the dissolved ferrous iron concentration in solution is subsequently decreased.

Redox reactions can occur with elements or compounds existing in one or more valence states (i.e.,
substances capable of gaining or losing electrons). For a redox reaction to occur, one compound must
be reduced while another is oxidized. Redox reactions influence the mobility of metal ions by changing
the valence state of metals, which in turn changes the solubility of the metals, causing them to dissolve
into or precipitate out of solution.

Microorganisms can act as catalysts to speed up otherwise very ow redox reactions. They use the
redox reactions as a source of energy (Domenico and Schwartz, 1990). Under aerobic conditions,
oxygen acts as the electron acceptor in biological redox reactions. Under anaerobic conditions, nitrate,
sulfate, methane and carbon dioxide may act as the electron acceptor in biological redox reactions.
Anaerobic redox reactions typically occur much more dowly than aerobic redox reactions. Many
natural attenuation and biodegradation processes and rates depend on redox geochemistry. A thorough
understanding of a site's geochemistry is essentia to developing aremediation strategy for a site.

According to Standard Methods, 18th Ed., 1992 and 19th Ed., 1995, factors that may interfere with
the collection and interpretation of Eh values include irreversible reactions, sorption and poisoning
effects on the electrodes, sample handling and preservation, the presence of multiple redox couples,
very small exchange currents, inert redox couples, and the lack of electrochemical equilibrium of
natural groundwater systems. However Sandard Methods, 18th Ed., 1992, concludes that when Eh
measurements are properly measured and interpreted, Eh values can provide useful information in
developing a more complete understanding of water chemistry.

According to Walton-Day et a., (1990), field Eh values can facilitate a comprehensive analytical
determination of groundwater redox conditions when used in conjunction with laboratory analyses of
other compounds such as redox active metals and anions, total dissolved carbon, and chemical oxygen
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demand (COD).

In-field M easur ements of Eh

Field measurements of Eh (or redox potential) must be made in an air-tight flow-through cell or down
the well. The water must not come in contact with the atmosphere while Eh is being measured. Read Eh
meter measurements to + 10 millivolts (mV). A positive Eh value indicates that the solution is
oxidizing while a negative value indicates that the solution is chemically reducing. Set up and calibrate
the Eh meter and electrodes according to the manufacturer's instructions and refer to the most recent
version of Sandard Methods for the Examination of Water and Wastewater Recalibrate your
instrument at least daily and more frequently for turbid, organic-rich, or high dissolved-solids samples
(Standard Methods, 18th Ed., 1992). Make sure the reference electrode has sufficient solution for
maintaining its salt bridge.

Y ou can measure redox potentialsin the field using an inert indicator electrode and a suitable reference
electrode. Platinum electrodes are most commonly used. Alternative electrodes are made of materials
such as gold and wax-impregnated graphite (WIG). Pretreat platinum and WIG electrodes carefully
before field use. Store platinum electrodes in an oxygen-scavenging solution; the electrode may require
frequent replacement when exposed to oxygenated groundwater (Walton-Day et al., 1990). The WIG
electrodes show no sengitivity to oxygen; however, laboratory tests have indicated possible sensitivity
to dissolved organic matter (Walton-Day et al., 1990) Standard Methods, 19th Ed., 1995, indicates
that silver:silver-chloride or calomel electrodes are commonly used reference electrodes for
groundwater samples. Refer to the most recent version oStandard Methods for the Examination of
Water and Wastewater before attempting to collect and interpret Eh measurements.

Walton-Day et al., (1990) describes an inexpensive, portable, homemade, air-tight flow-through cell
that you can use for rapid field determinations of redox potentials in addition to pH, conductivity,
ferrous and total iron, nitrite, dissolved oxygen and temperature. Drawings and specifications for
constructing the flow-through cell are provided. Y ou can also purchase or rent commercially-available
closed flow-through cells.

Relationship of Eh and pH

The relationship between Eh and pH is commonly expressed through Eh-pH diagrams. Y ou can use an
Eh-pH diagram to evaluate the stahility for both solid and dissolved ionic speciesin asolution. If a
solution has several ions present that can react or have different valence states, the valence state will
depend on the Eh and pH of the solution (Fetter, 1993). Eh-pH diagrams show which ions, compounds,
solid and dissolved phases, and redox conditions would be expected in an equilibrium solution at
various Eh-pH values. Fetter (1993) and Domenico and Schwartz (1990) provide detailed discussions
on Eh-pH relationships and diagrams.
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2.7.8Color

Color is measured qualitatively in the field. A change in water color may indicate changesin
groundwater quality. "True color" isthe color of water due to dissolved substances after colloids and
particulates have been removed. Observe color against a white backgroundfter filtering a sample. Use
common color descriptors (e.g., light gray, dark brown, etc.,) or standardized color descriptors (e.g.,
color comparison disk for water orStandard Methods) to describe sample color.

If you do not filter the sample, any color you observe will be "apparent color.” Apparent color isthe
combination of the color of dissolved substances and the color of colloids and particulates. Even dight
turbidity can make apparent color noticeably higher than true color§andard Methods, 19th Ed.,
1995).

2.7.90dor

Odor can serve as a generd indicator of groundwater quality. However, WDNR doesot require nor
advocate smelling water samples. If you do not know the type and approximate concentration of
substances in a sample, do not smell it. Some volatile organics, even at low concentrations, are
considered hazardous if inhaled (e.g., vinyl chloride).

If you know that the type and concentration of substances are below safe values as established by the
Occupational Safety and Health Association (OSHA) or the National Institute for Occupational Safety
and Health (NIOSH) Pocket Guide to Chemical Hazards or other acceptable guide, then you may note
sample odor. Carefully wave your hand over the sample opening and note any distinct odor. Describe
the odor by commonly understood descriptors (e.g., light sweet odor, strong sewage odor, rubber odor,
etc.,).

2.7.10 Other M easur ements and Parameters

More accurate and detailed hydrogeochemical interpretations of groundwater may require that you
determine additional measurements, parameters and constituents (e.g., akalinity, hydrogen sulfide,
carbon dioxide, etc.,) in the field. Include the need for such measurements and analyses in the project’s
sampling plan.

Alkalinity measures the acid neutralizing capacity of water and primarily includes carbonate (G9),
bicarbonate (HCGy) and hydroxide (OH) ions.

2.8

SAMPLE FILTRATION

2.8.10Dbjectives and Consider ations

There is much debate among groundwater professionals, researchers and regulators regarding whether
or not to filter inorganic groundwater samples. Organic samples areot filtered. The primary objective
isto collect representative groundwater samples that include colloids,
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particulates, turbidity, and adsorbed inorganic and organic constituents moving through the
groundwater under natural flow conditions. A groundwater sample that contains artificially mobilized
colloids and particulates may change the concentration of some of the dissolved constituents (e.g.,
dissolved metals), thus yielding a sample that does not represent true groundwater quality. If you add
acid preservative to such a sample without filtering it first, the sample will likely be artificially highin
dissolved inorganic constituents.

A great deal of research and discussion in recent years has centered on the causes, problems and
solutions associated with artificially-mobilized colloids and particulates, and whether samples should
or should not be filtered.

Causes, Problems and Solutions Associated with Artificially-M obilized Colloids
and Particulates

Unfortunately, the processes of drilling, constructing, developing, purging and sampling awell tend to
mobhilize colloids and particulates that are not moving through the groundwater under natural flow
conditions. This artificially-mobilized material may have adsorbed contaminants on its surface and may
be made up in whole or in part of naturally-occurring inorganics (e.g., iron, copper, zinc, arsenic,
manganese, lead, etc.,).

One thing is clear, the amount of artificially-mobilized material can be reduced in many cases by
properly drilling, constructing and developing the well and by using purging and sampling methods that
minimally disturb the groundwater in and around the well.

Section 2.5 details the importance of proper well construction and development. It covers well purging
and sampling procedures that provide samples with the least amount of artificially-mobilized colloids
and particulates. Low-flow purging and sampling procedures consistently collect samples with the least
amount of artificially-mobilized colloids and particulates.

ToFilter or Not to Filter

Filtering inorganic samples should remove most of the artificially-mobilized colloids and particulates
that may have been artificially incorporated into the groundwater samples collected from awell. Y et
filtering may also remove colloids and particulates, and any contaminants sorbed to them, that are
moving through the groundwater under natural flow conditions. If these naturally-mobile colloids and
particulates are filtered out of a sample, the true types and concentrations of contaminants moving
through the groundwater will not be known.

Depending on equipment and techniques used, the very process of filtering a sample may dlter the
chemistry and concentration of dissolved metals and other congtituents in the sample. Filtering can
change the partial pressure of dissolved gasses (e.g., oxygen and carbon dioxide), pH and redox-state.
Filtering can add oxygen by agitation, remove dissolved gasses by negative pressure filtration, add
dissolved gasses by positive pressure filtration, and subsequently ater the chemistry and concentration
of a samplée's dissolved congtituents.

Unfortunately, literature available on filtering is inconclusive regarding when, where and under what
specific circumstances filtering should or should not be required. The decisions appear to be very
specific to each situation, depending primarily on: 1) the contaminants or constituents being collected
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and their susceptability to ateration during filtration; 2) the hydrogeologic environment; 3)
groundwater chemistry; and 4) the ultimate use and purpose of filtered versus unfiltered analytical

results.

Reasons Why Samples Should be Filtered

1

Filtering removes much of the artificially-mobilized colloids and particulates that may be
an artifact of the well construction and well purging/sampling process.

Wells that purge dry are often constructed in silt and clay formations. Regardless of the
purging and sampling technique used, groundwater samples collected from these wells
typically have artificially-mobilized colloids and particulates (i.e., high turbidity). Based
on the reasons stated below, these samples should be filtered.

Some organic and inorganic substances adsorb onto materials (e.g., organic metter and
charged materials) in the groundwater. If these adsorbed contaminants are artificially-
mobhilized but not filtered out before preserving the sample, then analytical results may be
artificially high. Artificially high analytical results may cause expensive and unnecessary
enforcement action against a site or facility.

If artificially-mobilized materials are made up, in whole or in part, of naturally-occurring
inorganics (e.g., minerals or metals) and are not filtered out before preserving the sample,
then analytical results for dissolved inorganics may be artificialy high. Artificially high
dissolved inorganic results may cause expensive and unnecessary enforcement action
against a site or facility.

Artificially-mobilized materials, if not filtered out of a sample, may cause artificial
fluctuations in analytical results and false trends in analytical data.

Unfiltered samples may clog and interfere with sensitive analytical equipment.
If filtering is done on a sample asiit is being collected (e.g., direct, in-line filtration) or

immediately after, any changes in the chemistry or concentration of constituentsin a
sample are usualy minimal.

Reasons Why Samples Should Not be Filtered

1

Except in cases were awell produces artificialy turbid samples regardiess of the
purging/sampling technique, if awell is constructed and developed properly and low-flow
purging and sampling techniques are used, samples primarily consist of colloids and
particulates moving through the groundwater under natural flow conditions.

Filtering of samples may cause significant alterations to the chemisly and concentration
of congtituents in a sample.

Filtering may remove colloids, particulates and sorbed-contaminants that are mobile under
natural flow conditions. Therefore, filtering may cause an underestimation of the amount
of contamination that is naturally mobile in the groundwater. Groundwater flowing
through fractured bedrock and karst formations commonly has higher concentrations of

86



Chapter 2 - Sampling Procedures for Monitoring Wells

naturally mobile materials than does groundwater flowing through unconsolidated
materials.

4.  Clogging of afilter membrane may decrease the nominal pore size of the filter, thus
removing progressively smaller colloids and particulates. This reduces the consistency of
the particle size that is being filtered out of a sample (e.g., 0.45 microns) and increases the
chance that naturally mobile materials will be filtered out of a sample. Use of a pre-filter
or alarger diameter filter will minimize this problem.

5. Unlessasampleisfiltered immediately, the chemistry and concentration of contaminants
in a sample will likely be altered.

2.8.2Filtering Equipment

Many filtering devices on the market are appropriate for filtering groundwater samples. All filtering
devices have one thing in common; samples are either pushed through afilter membrane by applying
positive pressure, or samples are pulled through afilter membrane by applying negative pressure
(vacuum). A filter membrane, also called "filter paper," must always be disposed of after one use.
Disposable filtering devices are available, as are those that can be reused after being properly
decontaminated.

Filter membranes come in awide variety of shapes, diameters, surface areas and pore sizes. They are
made from a variety of materials. For the filtering of dissolved inorganic samples (i.e., dissolved
metals), WDNR requires that a 0.45 micron (um) filter pore size be used. The filter membrane and pre-
filter (e.g., glass microfiber filters) can be of any diameter, shape and surface area that suit the samples
being filtered. Filter membranes are commonly made of cellulose acetate, cellulose nitrate, TeflShor
glass microfiber (pre-filters).

Figure 22 illustrates three positive pressure filtration systems.

2.8.3Techniques and Procedures

IMPORTANT: Field filter all samples collected for dissolved metals analyses immediately after
collecting the samples. There are three genera exceptions:

1)  Tota metals results are required. This requirement may be in a Wastewater permit,
administrative rule, sampling contract or other requirement or agreement.

2)  WDNR grantsaverba or written approval to the responsible party, or its representative, which
allows unfiltered metal sample results.

3) Low-flow sampling procedures are used, three consecutive in-field turbidity readings (spaced ~2
minutes or ~ 0.5 well volumes or more apart) are al 5 NTUs or lesand WDNR grants verbal or
written approval to the responsible party, or their representative, which alows unfiltered metal
sample results.
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drawn from transter bottle (a) by
pump (b) through filter (e) to
ntainer (d).

Figure 22: Positive pressure filtration systems: @) reusable in-line filtration device ouitfitted with a sample

transfer container, top; b) reusable transfer vessel and hand pump, lower left; and c) disposable,
direct in-linefilter attached to a pump’s discharge line, lower right.
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For filtering dissolved inorganic samples (i.e., dissolved metals), WDNR requires that a 0.45 micron
filter pore size be used. Flush or rinse filter membranes and sample containers with a minimum of 500
milliliters (mls) of laboratory reagent grade water before use unless the manufacturer has already pre-
washed and pre-rinsed filter membranes. In addition, discard the first 150 mls of sample that passes
through the filter before filling sample containers. As a general rule of thumb, no more than 50 pounds
per square inch (psi) should be applied to a sample to push or pull it through a filter membrane. Use
positive pressure filtration rather than vacuum filtration, which causes excessive aeration and agitation
of samples.

The filtering technique that consistently provides samples with the highest level of data quality isto use
adirect, in-line filter attacheddirectly to a pump's discharge line, pumping at a low-flow rate.

The following filtering procedures are recommended when filtering groundwater samples. The first
procedure listed consistently yields thehighest level of data quality. The last procedure typically
yields alower level of data quality.

1) Low-flow purging and sampling, nofiltration and three consecutive turbidity readings of 5
NTUsor less. This procedure involves purging awell at 1 L/min (0.26 gpm) or less and
sampling the well at 300 mi/min (0.1 gpm) or less. The sample does not require filtering if its
turbidity is5 NTUs or less over three or more stable readings (spaced ~2 minutes or ~ 0.5 well
volumes or more apart)and if WDNR staff has granted either verbal or written approval for no
filtration.

Under this scenario purging and sampling rates should be at or less than natural flow conditions
existing in the aquifer. Low turbidity values (<5 NTUSs) should reflect the naturally mobile
colloids and particulates moving through the groundwater.

2)  Low-flow purging and sampling and in-line filtration device connected directly to the
sample tubing. This procedure involves purging awell at a flow rate of 1 L/min or less,
sampling at aflow rate of 300 ml/min or less and connecting an in-line filter directly to the
sample tubing.

Under this scenario, purging and sampling rates should still be at or less than natural flow
conditions existing in the aquifer; however, for certain wells constructed in tills, silts and clays,
samples may be turbid even if low-flow techniques are used.

Using adirect, in-line filter eliminates atmospheric contact with the sample and greatly reduces
sample ateration during the filtering processFigure 23 illustrates the mean percent difference
in filterable iron concentrations with in-line filtration and without in-line filtration; losses of
filterable iron can approach 100 percent.
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3) Purging and sampling with a bailer and in-linefiltration device attached directly to the

bailer. If you use only a bailer for purging and sampling, you can equip the bailer with a gravity-
fed or pressure-fed in-line filtration system Eigure 24). If the sample is excessively turbid or
silt-laden, this process can be excessively dow and impractical.
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4)  Sampleisdecanted to a container (e.g., transfer or holding vessal) or is poured into a
filtering device and field-filtered immediately. This procedure involves decanting the sample
into a container or pouring the sample into the filtering device and then applying a positive
pressure or vacuum (not recommended) to force the sample through afilter membrane. Filter
immediately after collection to minimize sample alteration. Research has shown that iron
precipitation can occur as fast as 30 seconds after sampling (Stolzenburg and Nichols, 1985). If
possible, use nitrogen or another inert gasto push a sample through afiltering apparatus (note:
don't use nitrogen gas if nitrogen compounds are being analyzed). Keep positive pressure as low
as possible; less than 50 psi is recommended.

5)  Filtering not done immediately after collection. Unless the constituents of concern are not
subject to ateration by changes in partial gas pressures, pH, Eh and redox potentials, do not use
this method. If the constituents being collected are subject to ateration while waiting to be
filtered, the resultant analytical data will not represent the chemistry of the well's groundwater.

Geochemical Samples

Puls and Barcelona (1989) recommend that, for accurately estimating the ambient chemical
constituents of an aquifer, you should perform filtration in the field with an in-line, non-metallic filter
using alarge (e.g., 142 mm) polycarbonate-type (thin with sharp pore-size cutoff) 0.1 um filter. They
emphasize minimizing air contact and acidifying samplesto a pH of <2 immediately after filtration.
Also use dedicated low-flow purging and sampling pumps and procedures when collecting and filtering
these samples. Puls and Powell (1992) also recommended using in-line 0.1 pum filters with large
surface areas and low-flow purging and sampling procedures for collecting congtituents for
geochemical modeling purposes.

2.8.4Decontamination of Filtering Apparatus

If you are using an in-linedisposable filtering device, decontamination is not necessary. Never reuse
disposable filtering devices, even between "clean" wells.

Decontaminate non-disposable filtering apparatus between each sample you filter. Aswith any other

piece of groundwater equipment, the rigor of decontamination will depend on the contaminants in the
sample, regulatory requirements and the level of data quality required. Refer to Section 2.10.3 when

decontaminating filtering equipment.
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Figure 24: Pressure-fed in-line filtration system for a bailer (Courtesy of Geotech).
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29 SAMPLE PRESERVATION AND HANDLING

2.9.1Sample Containers and Preservation

Appendix C of theGroundwater Sampling Field Manual, PUBL-DG-038 96/ists common sample
containers for a variety of compounds and parameters. In some cases, such as when collecting boron
samples, using a boro-silicate based glass jar can actually contribute boron to the sample. Take care to
ensure that sample containers do not adsorb contaminants onto the container, leach contaminants from
the container into the sample, or otherwise change the chemical composition of the sample. Check with
the laboratory that is analyzing your samples.

Sample containers may require specia cleaning before use. For example, when collecting dissolved
metal samples, thoroughly wash the sample containers with a non-phosphate detergent. Rinse with tap
water, then nitric acid, again with tap water — then rinse with hydrochloric acid, tap water, and finally a
reagent grade water. In most circumstances, the laboratory will do this or will purchase containers that
have undergone this rigorous cleaning procedure. Either way, check with your laboratory to seeif any
special pre-cleaning procedures are necessary.

Appendix C of theGroundwater Sampling Field Manual, also lists sample preservatives suitable for a
variety of contaminants and parameters. Preserving samples retards biodegradation reactions,
hydrolysis reactions, precipitation and coprecipitation reactions and sorption reactions. Sample
preservation usually involves reducing or increasing pH by adding an acid or base preservative.
Samples are also preserved by cooling them to 4C. Add preservatives to the container before or
immediately after collecting the sample. If you add preservative before collection, take care to minimize
sample overflow, which may dilute the preservative. If a sample requires filtration, add preservative
after filtration, not before.

2.9.2 Sample Handling, Storage and Transport

After collecting, filtering (if required), preserving and labeling, place the sample immediately onicein
acooler. Samples must remain at or below AC throughout handling, storage and shipping. Add
sufficient ice or use another cooling method to keep the samples at or below 2C. Avoid using frozen
cold packs because they rarely keep samples sufficiently cool. If you must use frozen packs, precool the
samplesto 4°C and add a temperature blank before shipping. The laboratory will use the temperature
blank to document the temperatures of the samples upon arrival.

Separate breakable sample containers (e.g., glass VOC vials) with bubble wrap, foam, ice, etc. At least
aportion of each container must contact the ice, otherwise the protective layer (e.g., bubble wrap) may
insulate the sample from the cooling effects of the ice. Placing samplesin a plastic bag can help
minimize the chance of cross-contamination among samples should a container break.

Be conscious of analytical holding times and minimize the time between sampling and delivery to the
laboratory. Results for samples analyzed after holding times have expired are questionable at best.
Laboratories are required to honor holding times. When samples arrive near the end of the holding
time, the risk increases that holding times will not be met and you may incur additional costs
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to expedite sample analyses. If the laboratory exceeds holding times, results should be flagged. 1f
samples are submitted to the laboratory beyond the holding time, don't be surprised if you get a call
suggesting resampling.

Reminder: Chain of Custody procedures are part of the handling procedures. See Section 2.10.5 for
more detalls.

2.10 QUALITY ASSURANCE/QUALITY CONTROL

Following proper QA/QC procedures when collecting samples in the field will help minimize error,
variability and bias in results attributable to sampling and handling. Both the equipment and
procedures used in collecting and handling groundwater samples have limitations that introduce a
certain level of error, variability and biasinto the final analytical results.

Quiality assurance (QA) procedures for collecting groundwater samples are the checks, such as
documentation and quality assurance samples, that establish the type and quality of collected data. For
example, atrip blank verifies whether samples were exposed to extraneous contamination during
storage and transport, while afield blank verifies whether equipment decontamination procedures were
adequate.

Quiality control (QC) refersto the plans, equipment and procedures used to verify and maintain the
quality of collected data. One important QC procedure — if dedicated or disposable equipment is not
used — isto sample wells from least to most contaminated. Do this to avoid cross-contamination
between wells and samples. Refer to Section 2.1 for further details.

2.10.1  Quality Assurance/Quality Control Plan

Incorporate QA/QC procedures into the entire sampling and monitoring process. Include the QA/QC
procedures for a project in the site-specific sampling and analysis plan (SAP), or less preferably, create
a QA/QC plan as a separate plan. The content and level of detail to include in a QA/QC plan will vary
according to the project's data quality objectives. Important QA/QC procedures include:

Following a site-specific sampling plan based on data quality olgctives.

Using appropriate purging and sampling equipment and procedures.

Decontaminating and storing equipment properly.

Collecting, handling and storing samples properly.

Following sample chain of custody procedures.

Documenting the entire sampling event.

Following proper equipment calibration procedures and properly using and maintaining the
equipment.

NoukwdE

Other references for developing QA/QC procedures and plans include Van Ee and McMillion (1988)
and Kent and Payne (1988). References for evaluating and documenting the quality of
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groundwater data, field instruments and measurements include Campbell and Mabey (1985) and
Mackiewicz (1990).

2.10.2  Quality Assurance Samples

Trip Blank

The purpose of the trip blank isto determine if any volatile samples have become contaminated with
extraneous substances during storage and transport.

Trip blanks are only necessary when collecting VOC, gasoline range organics (GRO), and petroleum
volatile organic compound (PVOC) samples. Trip blanks should be prepared and provided by the
laboratory analyzing the VOC, GRO or PVOC samples. Trip blanks must be prepared with laboratory
reagent grade water and analyzed by the same laboratory that is analyzing the volatile sampledDo

not prepare trip blanks with water (even if distilled or deionized) purchased at a store; there is no
guarantee that store-bought water is contamination-free. The trip blank should remain in the same
cooler in which the groundwater samples are stored and shipped.

Note: If trip blank holding times permit, trip blanks do not need to be analyzed if
VOC, GRO and PVOC compounds arenot detected inany of the groundwater
samples. Trip blanks have the same holding time as samples.

Include one trip blank per sample batch, that is, at least one per sampling event and one per cooler. If
you use more than one vehicle to trangport the samples, or if samples are not shipped together, include
one trip blank per vehicle or one trip blank per cooler. The easiest way to minimize the number of trip
blanks necessary is to store, transport and ship al VOC, GRO and PVOC samplesin one cooler.

Field Blank

Field blanks are also commonly called field rinsate blanks, decontamination blanks and equipment
blanks. A field blank evaluates the effectiveness of decontamination procedures when equipment is not
dedicated to awell or disposed of after one use. If decontamination procedures are effective, there
should be no contamination in the field blanks. Field blanks arenot required if dedicated sampling
equipment or disposable sampling equipment is used.

A field blank consists of a sample of thereagent grade water supplied by the laboratory and used in the
final rinse step of the equipment decontamination procedure. Process the field blank water through the
equipment the same way you process any other final rinse water.

Collect onefield blank for every 10 or fewer samples collected. Analyze the field blank for the same
parameters as the samples. If possible, collect the field blank after sampling the most contaminated
well.
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Field Duplicate

A field duplicate sample is collected to determine the variability of analytical results caused by the
sampling equipment and procedures used. Collect field duplicates for sensitive parameters such as
VOCs, sorptive organics and trace metals. Try to choose wells in which the contaminant concentrations
have been relatively stable over time and wells that are screened in relatively homogeneous material.
Thiswill minimize analytical variability caused by contaminant concentration gradients that may exist
in the groundwater system.

Collect one field duplicate for every 10 or fewer samples collected. This frequency can be reduced if it
is demongtrated to the satisfaction of WDNR that variability in duplicate samples has been consistently
low (typical of low-flow dedicated pump samples). Collect and handle the original sample and field
duplicate using the same procedures; however, label them differently so the laboratory cannot tell they
are duplicates; thus minimizing any potential bias. If possible, collect the duplicate and original sample
from the same grab sampler, from awater discharge splitter if pumping, or immediately after each
other if you do not use a discharge splitter.

Field duplicates can provide valuable information for determining if a ch. NR 140 exceedance has
occurred for substances that have PALs and ESs below the limit of quantitation (LOQ). If analytical
variability of sample duplicatesislow, then there is greater confidence that the analytical results
represent true values; if not, re-sampling with better equipment or procedures may be appropriate.

Technical note: WDNR reservesthe term "replicate” to describe a practice required
of laboratories. For the purposes of this document and the field manual, use the term
“field duplicate."

Field Split Samples

Field split samples are analyzed at more than one laboratory. The samples should be analyzed by
identical laboratory analytical methods to be comparable. Split samples determine the analytical
variability between laboratories, not analytical variability caused by the sampling procedures. The
technigque for collecting split samplesis critical and can contribute to variahility in laboratory results.
Therefore, make sure you collect, store and transport split samples in theame exact manner.

In most cases, samples are split between the site owner or facility and its laboratory, and the regulatory
agency and its laboratory. The analytical results are then compared to evaluate variability caused by the
two laboratories. Take care when comparing split sample results. Ideally, identical sample handling and
analytical procedures are used at both laboratories. If not, consider these factors when comparing split
sample results.

Split samples are only required if requested by aregulatory agency or required by state or federal rules
or codes. However, you may wish to compare the analytical ahilities of two or more different
laboratories.

If you arenot collecting volatile or oxygen-sensitive samples (e.g., dissolved metals in reduced
groundwater), transfer a sample into one large container. Filter and preserve the sample if required
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and then split it into two or more separate containers. The containers should be of the same material
and volume. Add the same type and quantity of preservative to each container. To avoid using a
transfer container, when pumping a sample, use a splitter that divides the water discharge. This will
avoid the bias associated with using atransfer container. If you are splitting dissolved metal samples
and filtering is required, use direct in-line filtration in combination with a discharge splitter. Do not
transfer dissolved metal samples before splitting. Never filter or transfer organic samples, especially
VOC samples.

Sequential Samples

Sequentia samples are those taken from the same well at the same time but with different sampling
equipment or procedures. Sequential samples evaluate analytical variability caused by different
sampling equipment or procedures. For example, afacility may use its own bailer to purge and sample
awell for VOCs and a regulatory agency may use a low-flow bladder pump immediately afterwards to
purge and sample the same well. Y ou can reverse the order that different equipment is used in awell
and use field duplicates to further detect and evaluate analytical variability caused by different
sampling equipment and procedures.

When collecting sequential samples, try to choose wells in which the contaminant concentrations have
been relatively stable over time and wells screened in relatively homogeneous material. This will
minimize analytical variability caused by contaminant concentration gradients that may exist in the
groundwater system.

Handle, filter, preserve, store and transport a set of sequential samples in the same exact manner. Use
only one laboratory and one analytical method to analyze the samples. This will reduce these factors as
potential errors and biases.

2.10.3  Equipment Decontamination

Follow proper equipment decontamination procedures to minimize the potential for cross-
contamination between wells and maintain data quality. According to Nielsen (1991), without effective
decontamination procedures, any data generated by an investigation or remediation are subject to
critical scrutiny.

The level of rigor and stringency required for equipment decontamination will depend on 1) the type,
concentration, sorption and limits of detection of analytes being sampled; 2) the risk of equipment
coming into contact with contamination during storage and transport; 3) regulatory objectives and
requirements; and 4) the level of QA/QC procedures required.

Include equipment decontamination procedures in your site-specific sampling and analysis plan (SAP)
or the QA/QC plan. Some simple sampling events may not need a QA/QC plan; however,
decontamination procedures should still be documented.

All equipment contacting well water or any unclean surface should be properly decontaminated after
contact. Examples of equipment that require decontamination include: water level instruments; well
purging and sampling devices and accessories, filtration apparatus; and instruments used for field
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water quality measurements (e.g., conductivity, pH, turbidity and dissolved oxygen probes and meters).

Address any hedlth and safety issues related to decontamination chemicals, equipment and procedures
in the site-specific health and safety plan (refer to Section 2.1.2).

Decontamination Procedures

The American Society for Testing and Materials (ASTM) Method D 5088-90 provides basic
guidelines for the "Decontamination of Field Equipment Used at Nonradioactive Waste Sites." The
ASTM Method D 5088-90 procedures recommend the following for decontaminating equipment that
comes into contact with sample water:

Minimum decontamination procedures

1. Wash sample contact equipment with a non-phosphate detergent solution (e.g., Alquino¥,
Liquinox®).

2. Thoroughly rinse the equipment with organic-free tap water.

More rigorous decontamination procedures

1. Wash equipment with a non-phosphate detergent solution and scrub with an inert brush.
For internal mechanisms and tubing, circulate the detergent solution through the
equipment.

2. Thoroughly rinse the equipment with organic-free tap water.

3. Fororganic sampling, rinse equipment with an organic desorbing agent (e.g., pesticide
grade isopropanol, acetone, methanol or hexane). Fotinor ganic sampling, rinse with
inorganic desorbing agent (e.g., dilute [0.1 Normal] reagent grade hydrochloric acid or
nitric acid solution). For stainless and low-carbon steel, a more dilute hydrochloric acid
solution (1 percent) is recommended.

Note: If organic or inorganic desorbing agents are to be used, check with your
laboratory regarding potential analytical interferences or contamination potential
and proper use of these desorbing agents.

4.  Rinse with organic-free tap water (only if inorganic desorbing agent used).

5.  Rinse with deionized (reagent grade organic free) water. Allow the equipment to air dry
before next use.

6.  Place equipment in an inert container or wrap in clean plastic or aluminum foil for storage
and transport.

In addition, disassemble the equipment as much as possible and wash/scrub it with a non-
phosphate detergent during decontamination. Because disassembling equipment can take
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time and be hard on the equipment, use your professional judgement to determine when thisis
necessary.

You may use the ASTM or similar decontamination procedures, however, some procedures may
be substituted or modified to meet specific project requirements or more stringent regulatory
requirements. Mickam et al., (1989) conducted an extensive survey of equipment
decontamination procedures used or required by the U.S. Environmental Protection Agency
(EPA) and state regulatory agencies. These procedures may prove to be a useful reference for a
variety of decontamination needs.

Decontamination Documentation

At a minimum, decontaminationdocumentation should include: 1) the location where decontamination
occurred; 2) the individuals performing the decontamination; 3) the decontamination procedures,
including the wash solution and rinse water used (e.g., tap water and reagent grade water); 4)
equipment storage and transport procedures; and 5) the handling and disposal of decontamination
wastewater. If you have already included this information in your site sampling plan, redocumentation
iS not necessary.

Disposal of Decontamination Wastewater

Depending upon the decontamination methods and solutions you use, your decontamination wastewater
may be classified as a hazardous waste by virtue of the contaminants you encounter at the site and the
solutions you use to decontaminate your equipment (e.g., hexane, acetone). Thisis usualy not a
significant problem if the decontamination wastewater can be treated on-site. If hazardous wastewater
needs to be transported and treated/disposed of off-gite, this will likely add additional cost to the
project. Contact WDNR staff to determine if decontamination wastewater is considered a hazardous
waste and the proper ways to manage it if generated.

If decontamination wastewater is classified as hazardous, the cost and time to properly treat and
dispose of it can be substantial. A couple of methods for avoiding the generation of hazardous waste is
to use dedicated equipment left in the well, thus minimizing or eiminating decontamination
wastewater, or to use dedicated equipment not stored in the well but taken back to a laboratory after
sampling to conduct proper decontamination procedures.

If the decontamination wastewater is not classified as hazardous waste, you may be able to dispose of it
into a sanitary sewer,not a storm sewer. Y ou must get approval from the receiving wastewater
treatment plant (WWTP) beforehand. WWTP personnel will usually want to know the type and
concentration of contaminants and the volume of wastewater in question. If approval is granted, make
sure you don't pour silt-laden water into the sanitary sewer because silt may clog the sewer. Allow the
st to settle out and then decant the clear wastewater into the sanitary sewer. Non-hazardous
wastewater may also be treated at an on-site groundwater treatment system, if appropriate.

2.10.4  Equipment Storage and Transport

Properly storing and transporting equipment protectsit from a variety of extraneous solid, liquid and
airborne contaminants including oils, greases, fuels, solvents, paints and other VOCs.
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Examples of appropriate storage include wrapping the equipment in clean auminum foil, placing it in
plastic bags, or placing it in a PV C carrying tube outfitted with end caps. The storage/transport device
should be made of relatively inert materials that will not contaminate the equipment. For example, if
you use a PV C tube to transport bailers, do not fasten the end capsto the PV C tube with glues that
contain VOCs.

Y ou may designate one storage container for contaminated equipment and another for decontaminated
equipment. Clearly label the containers as such.

2.10.5 Chain of Custody, Sample Tracking and Security

Following proper chain of custody, tracking and security procedures is essential to maintain the
integrity and legal validity of your samples. Sample and shipper security measures ensure that the
samples were not tampered with before analysis. This can be very important if sample analytical results
come under legal scrutiny. Remember, any project and its data can face legal challenge.

Chain of Custody

Chain of custody records document a sample from collection, through handling, storage and shipment,
to final analysis. Such records and documentation include: labeling to prevent sample mixup; container
and shipper sealsto prevent unauthorized tampering; and documenting who has custody of the samples
and when. Accurate records provide alegal record of sample handling, possession and security. If a
case is under enforcement action, failure to follow proper chain of custody procedures may cause
irreparable damage to alegal case.

A chain of custody record must be completed for each sampling event. Each time a sample, a set of
samples, or a sample shipper changes possession, the person relinquishing and the person receiving the
samples or shipper must sign, date and record the time on the chain of custody record. Appendix A and
B of the Groundwater Sampling Field Manual, PUBL- WR-168-96 include sample chain of custody
forms; however, many laboratories prefer to provide their own forms. Check with the WDNR program,
project manager and laboratory regarding proper chain of custody procedures and required records or
forms.

Note: If you place the chain of custody record in a sealed shipper, the courier (e.g.,
UPS) does not need to sign, date and time the record beforehand; however, couriers
should keep records of when they pick up samples and where they send them.

Sample I dentification

Label samples to avoid misidentification. Use waterproof ink and securely attach labels to bottles, as
ice used to cool samples can smear ink and cause labels to detach. Storing samplesin plastic bags will
help prevent these problems. Labels should include: 1) a unique sample number and Wisconsin Unique
Well Number (WUWN) if available; 2) site or facility name; 3) date and time sample was collected; 4)
sample collector's initials; 5) preservative added to the sample; and 6) the analysis required.
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Sample Seals

Some projects require sealed samples to prevent unauthorized tampering. Sample seals are usually
required for enforcement samples. (See the following section, " Samples Requiring Strict Custody.")

Affix the seal to the sample container so that it has to be broken to open the container. The seal should
include the initials of the person sealing the container and the date and time the sample is sealed.

Shipping Custody Seals

Some projects require that the sample shipper, which is typically a cooler, be secured to prevent
unauthorized access and tampering of samples. If you use alock, make sure that only authorized
personnel have access to the keys. If you use security tape, make sure that the tape must be cut or
ripped to open the shipper. Use nylon-reinforced or equivalent tape that cannot be tampered with
unnoticed. The tape should include the initials of the person sealing the container and the date and time
of sealing. Shipping seals are usually necessary when you are collecting samples requiring strict chain
of custody procedures. (See the following paragraph.)

Samples Requiring Strict Custody
Certain samples require strict chain of custody procedures (e.g., those collected as part of aWDNR

enforcement case) to ensure legal validity. Refer to Appendix C of thé&roundwater Sampling Field
Manual, PUBL-DG-038-96 regarding strict chain of custody for enforcement and similar samples.
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3.0 SAMPLING PROCEDURESFOR
WATER SUPPLY WELLS

31

OBJECTIVES, PLANS, PREPARATIONS and DOCUMENTATION

Although preparations required for sampling groundwater from water supply wells may not be as
rigorous as those required for sampling groundwater monitoring wells, careful planning will help avoid
many of the common problems, errors and delays that can occur when sampling groundwater from
water supply wells.

3.1.1Data Objectives

Section 3 of this document and the accompanyingGroundwater Sampling Field Manual, PUBL-DG-
038 96 focus on collectingraw, untreated groundwater samples from both public and private water
supply wells. In the broadest sense, raw, untreated groundwater samples are collected from water
supply wells to ensure compliance with ch. NR 140, Wis. Adm. Code., preventive action limits (PAL)
and enforcement standards (ES); to define the nature and extent of groundwater problemsin
Wisconsin; and to define and sample potable wells at-risk from groundwater contamination.

The collection of water supply well samplesto ensure compliance with ch. NR 809, Wis. Adm. Code
and the federal Safe Drinking Water Act (SDWA Jare beyond the scope and intent of this document
and accompanying field manual. A water supply specialist or investigator from the Bureau of
Drinking Water and Groundwater in either the central office or one of the regional offices should be
contacted in respect to requirements, procedures and training necessary for collecting ch. NR 809 or
SDWA water supply well samples.

Regulatory Objectives and Requirements

The regulatory objectives of monitoring raw, untreated groundwater quality from water supply systems
fall under four broad categories: 1) management practice monitoring; 2) problem assessment
monitoring; 3) at-risk monitoring and 4) regulatory monitoring.

Management Practice Monitoring

Management practice monitoring activities are designed to evaluate the effects of management
practices (e.g., land use practices) that may cause groundwater contamination and ch. NR 140
groundwater standard exceedances. The primary god isto monitor and evaluate management
practices that may cause groundwater contamination and to provide effective management
solutions to groundwater quality problems.
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Problem Assessment Monitoring

Problem assessment monitoring is intended to define the nature and extent of groundwater
quality problemsin Wisconsin. It is monitoring to detect substances in groundwater and to
assess their significance in terms of type, concentration, movement and extent.

Because it is S0 expensive to construct wells for the sole purpose of problem assessment
monitoring (i.e., monitoring wells), problem assessment monitoring focuses on sampling existing
water supply wells and preferably existing, nearby monitoring wells. Construction and sampling
of monitoring wellsis primarily left to "management practice monitoring" and "regulatory
monitoring,” through which more resources can be focused on groundwater contamination
associated with a particular site, facility or practice.

At-risk Monitoring

At-risk monitoring is intended to define and sample at-risk potable wellsin areas where
substances have been detected, have a reasonable probability of entering groundwater (such as
near alandfill) and in areas where PALs or ESs have been attained or exceeded. Because at-risk
monitoring and problem assessment monitoring focus on drinking water wells in affected areas,

it is difficult to discern when problem assessment monitoring ends and at-risk monitoring begins.
One of the obligations of WDNR's groundwater monitoring program is to provide resources for
sampling private domestic wells where there is a legitimate demonstrated concern that a domestic
well isat risk. This monitoring is used to evaluate whether contamination is significant enough to
warrant an investigation and, where possible, to trace the contamination back to its source and
clean up the problem if necessary or required.

Large water supply wells (see Section 3.3.1) have large diameters (e.g., 6 to 12 inch and grester)
and are typically open or screened over tens or hundreds of feet of aquifer. For this reason,
groundwater samples collected from large water supply wells represent an average concentration
of contaminants (or groundwater quality) over alarge area of the aquifer. By thetime a
groundwater quality problem is detected at alarge water supply well, it may mean that a very
large area of the aquifer has been contaminated. Therefore, as an "early warning" and preventive
measure, at-risk monitoring of large water supply wells should be supplemented with monitoring
nearby small water supply wells (see Section 3.3.2) and preferably, nearby monitoring wells
hydraulically connected to the large water supply well.

Regulatory Monitoring

Regulatory monitoring is done to determine if PALs or ESs have been attained or exceeded and
to obtain information necessary to respond to contamination at a specific facility or site.
Regulated facilities and sites must monitor groundwater to determine if they are affecting
groundwater quality. Many monitoring requirements are contained in permits or administrative
rules and apply to solid waste sites, hazardous waste sites and wastewater treatment/disposal
facilities. Specific monitoring requirements are dictated by the WDNR programs that regulate
these sites and facilities.

WDNR's Bureau of Drinking Water and Groundwater monitors public water systems for
bacteriological, chemical and radiological groundwater quality problems. Samples are taken
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from public water supplies that rely on groundwater. Bureau staff also conduct special projects
to monitor private wells for chemical or radiological groundwater quality problems. Bureau staff
often collect samples near regulated facilities in order to define problem areas and advise well
owners of potential contamination risks. These activities fall under "problem assessment
monitoring” and "at-risk monitoring."

WDNR's Bureaus of Air and Waste Management and Remediation and Redevelopment monitor
groundwater quality surrounding regulated waste disposal facilities to determine their potential
effects on groundwater quality. This "regulatory monitoring” includes monitoring for both
organic and inorganic contaminants. It also includes monitoring at environmental repair sites,
hazardous waste sites, spill sites, LUST sites and Superfund sites.

3.1.2Sampling Plans

To monitor the quality of raw, untreated groundwater, the Bureau of Drinking Water and Groundwater
recommends that private wells, non-community wells and public water supply wells be sampled as
close to the well's pump as possible, before the water passes through any water softener, water heater,
storage or pressure system, or tank. This provides data on groundwater quality before it may be
affected by any treatment, distribution, or other water system.

To collect meaningful and valid raw, untreated groundwater data from water supply wells, in general, a
sampling plan should be created and consistently followed. Although WDNR does not require that a
sampling plan be created before collecting raw, untreated groundwater samples from water supply
wells, creating and following a sampling plan makes sense in many cases. A sampling plan is especially
important if awater supply well isto be sampled more than once or on aregular basis (e.g., quarterly
sampling a private well near alandfill). Section 2.1.2 specifies many of the items which may be
included in a sampling plan.

3.1.3Advance Prepar ations

Pre-field Work Procedures Checklist - Water Supply Wells

The following checklist should help you conduct a smooth, effectively prepared water supply well
sampling program for your project. This checklist, in abbreviated form, is also included in Appendix B
of the Groundwater Sampling Field Manual, PUBL-DG-038 96

All of the following procedures may not be necessary for each sampling event. Use those procedures
applicable to your sampling plan or customize this list as appropriate:

Logistics

1.  Contact the well owner or operator to confirm the sampling date and time and to discuss
any site access issues (e.g., keysto a gate, location of sample tap). Remember to explain
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the procedures you will be following and ask permission to chlorinate the well after taking
measurements.

Determine if the well has been inventoried. If not, obtain a WDNR well inventory number
(Wisconsin Unique Well Number - WUWN).

Locate the nearest post office, UPS office, Fedex drop off spot, etc., if you will need to
mail the samples from the field. (UPS has a 70 pound weight restriction per container.)
Make sure you have proper shipping materials (e.g., sufficient ice to cool samplesto°€
throughout the shipping process).

Laboratory Arrangements

1

Select alaboratory to perform the sample analysis. Pay careful attention to the laboratory
selection process. Selection based on price and turn-around alone may doom the project.
Evaluate quality objectives for the project and laboratory analyses. Evaluate reporting
requirements and other considerations specific to the project. Check that the laboratory
(and subcontracted laboratory) is certified or registered under ch. NR 149 to perform the
required sample analysis. Check that the laboratory will follow the proper analytical
methods and can meet required limits of detection.

Discuss with the laboratory who will supply what sample containers. If the laboratory will
supply some or all of the containers, make arrangements for delivery of the number and
type needed - get extras! Don't forget QA/QC sample containers and trip blanks if VOC
samples will be collected. Appendix C of theGroundwater Sampling Field Manual,
specifies container types and provides recommendations on theminimum sample volumes
for avariety of analytical parameters.

Discuss sample preservation, holding time and shipping requirements with the laboratory.
Some |aboratories provide preservative aready in sample containers, or in other containers
(e.g., ampules) that you can later dispense into the sample containers. Discuss QA/QC
expectations and the type of information that should accompany analytical results (e.g.,
LOD and LOQ data).

Inform the laboratory of the date and number of samples you will send. Thiswill help the
laboratory prepare for analyzing your samples and meet sample holding times.

Familiarize yourself with chain of custody and other sample tracking procedures.

Discuss any other piocedures required by the laboratory (e.g., noting gross sample
contamination, field turbidity readings if metal samples are to be analyzed). Some
laboratories request previous analytical results for each well to help them determine
appropriate sample dilutions up front.

Site History

1

Review past water quality and sampling data. This will help you determine the well
sampling order, which should be least-to-most contaminated, and what types and
concentrations of contaminants to expect in each well.
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2. Review the site's hydrogeology and any information available on the well such as its exact
location, depth, top of casing elevation, casing diameter and other construction
specifications. Previous WSFSs may already have this information recorded.

Note: Copies of most well logs are available from the Wisconsin Geologic
and Natural History Survey, 3817 Mineral Point Road, Madison, WI 53705-
5100. For well constructor's reports call (608) 262-7430; for geologic logs
call (608) 263-7387. At a minimum they will need township, range, section
and quarter section location for the well. Order well logs, well constructor's
reports and geologic logsfar in advance of sampling the well.

Equipment and Field Preparation

1.  Review the sampling plan if required or appropriate.

2. Organize equipment at least one day before the scheduled sampling day. Refer to
Appendix B of the Groundwater Sampling Field Manual and use the "Equipment
Checklist - Water Supply Well Sampling," or customize your own equipment checklist.

3. Check that sampling equipment is in good working condition:

Test and recharge/replace batteries as necessary.

Test the equipment with tap water or calibration standards.
Inspect the equipment for defects, loose bolts, frayed wiring, etc.
Check the instruments' ability to calibrate and function properly.

AN NI NN

4.  Check that all equipment is properly decontaminated and stored for transport (see Section
2.10).

Equipment Checklist - Water Supply Well Sampling

A complete water supply well sampling equipment checklist isincluded in Appendix B of the
Groundwater Sampling Field Manual, PUBL-DG-038 96 All items included in the checklist may not
be necessary for each sampling event. Modify and customize this list as necessary and appropriate.

Coordination with the Well Owner

Inform well owners or operators at least 24 hours in advance of your plans to collect measurements and
samples from their wells. If you are sampling a private or domestic well, cal the well owner at least one
week in advance. Explain what you plan to do and why and the basic procedures you will follow to
collect measurements and samples.

Note: If it is necessary to pull awell owner's pump, arrange to have this done far in
advance. A licensed well driller should remove and replace the pump. Pulling a
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well's pump is an expensive, disruptive and time consuming process and should be considered as a last
resort for obtaining information and measurements on awell.

When requesting permission to sample a domestic (private) well, remember that the well owner may
hesitate to grant you permission and may view your actions as an invasion of privacy. A clear, non-
technical explanation of what you are doing and why can usually put awell owner at ease. WDNR has
many brochures on VOCs, nitrate, lead, radon, etc., that can help the well owner/operator better
understand why samples are being collected.

Whenever possible, try to work around a well owner's schedule if you need to enter a home or facility to
collect samples. Be sureto ask the well owner or operator if it isal right to add chlorine to the well for
disinfection after taking measurements. Explain why disinfection is essential and describe the
disinfection method you propose to use. If the owner rgjects having the well disinfected, dmot take

any measurements; however, you may still collect samplesif the owner gives you permission. If
measurements on awell are crucial, ask your program supervisor and/or someone in the Water Supply
program to talk to the well owner to further explain the necessity of the measurements and of proper
disinfection.

If the well owner/operator agreesto allow you to sample, ask for the exact location of the well and
sampling tap. Arrange with the well owner or operator for accessto the property, well and sampling

tap.

It is often much easier to coordinate the sampling of municipal wells versus private wells because
municipal wells are usually sampled fairly regularly. These wells typically have taps for collecting
water quality samples.

Coordination for sampling irrigation or industrial supply wells may be easy or difficult depending on
the well's pumping schedule, access, and whether a sampling tap exists. Coordinate with the well owner
or operator far in advance of sampling to avoid problems, misunderstandings and delays.

Initial Coliform Bacteria Testing

Before performing any tasks on awater supply well, collect awater sample from the well for coliform
bacteria analysis using proper sampling procedures. This sample will indicate whether coliform
bacteria were present in the well before measuring.

Wisconsin Unique Well Number (WUWN) L abeling Procedures

Since January 1, 1988, WDNR and other state agencies have been assigning Wisconsin Unique Well
Numbers (WUWN) to private water supply wells. Assigning WUWNSs allows WDNR to provide well
owners with water quality information over the life of an individual well. The WUWNSs are assigned
during sampling and inspection of wells or automatically at the time of well construction for which the
driller fills out a Well Construction Report form. If the private well owner consents, wells with
WUWNSs are labeled at the fuse box and sampling tap.

WDNR maintains a consolidated list of wells with assigned WUWNSs. It igbsolutely imperative to
ensure that each well hasonly one WUWN assigned to it! Thiswell inventory list consists of pre-1988
constructed wells that have been inventoried and is maintained by the Bureau of
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Drinking Water and Groundwater. Also included are records from the Well Construction Report file
(WCR), which the bureau also maintains and which includes wells constructed on or after January 1,
1988. This consolidated list, which includes those wells with assigned WUWNSs, is available from the
Bureau of Drinking Water and Groundwater in Madison by calling (608) 266-0821, or by calling a
water supply specialist/investigator in one of WDNR's regional offices. Be sure to request a current
list.

There are three types of WUWN labelsPrintronix labels are computer-generated WUWN labels
assigned to wells constructed on or after January 1, 1988. The assigned number comes from the WCR
form the well driller sendsto WDNR. After the label is generated, it is sent to the well owner, who then
decidesif he or she wants to put the label on the fuse box and sampling tap. Because thisis a voluntary
program, some wells with a WUWN are not labeled.

Blank labels are used for wells with an assigned WUWN when no labels have been affixed. A
waterproof marker is used to write in the assigned WUWN. All wells constructed on or after January 1,
1988 have an assigned number. Some older wells sampled by WDNR or others may also have a
WUWN. The well owner may have a copy of the WCR or sample report form listing this number.

Preprinted labels come in sheets of six and resemble a license plate sticker. They are usednly if no
WUWN has been assigned. Check the consolidated inventory list and try to determine if the well was
previously assigned a number before using a preprinted label. If you assign a new WUWN, you must
fill out aGroundwater Monitoring Inventory form. These forms can be obtained from the Bureau of
Drinking Water and Groundwater and are included in Appendix B of thé&roundwater Sampling Field
Manual. Unless specifically directed to send them elsewhere, return completed forms to the bureau at
P.O. Box 7921, Madison, WI 53707-7921.

3.1.4Documentation

Carefully documenting a project's monitoring and sampling data and procedures is essential.
Documentation provides a permanent record of data collected, equipment and procedures used,
sampling personnel, and problems that have occurred at a site. This information will help ensure that
water quality data has been consistently collected and that deviations in monitoring and sampling
procedures are noted for later data evaluation. Careful documentation also helps protect a project’'s data
from legal scrutiny.

1.  Sampling Plan. This plan should document the equipment and procedures used during a
sampling event. All sampling personnel should read it before heading out to the field and
should bring it to each sampling event. Document any deviations from the plan on the
"Groundwater Sampling Field Procedures Documentation” sheet included in Appendix B
of the Groundwater Sampling Field Manual, PUBL-DG-038 96

2. Wadl Specific Field Sheet - Water Supply Wells Document genera well information,
purging and sampling information, and measurement and samples collected from awell on
the "Well-specific Field Sheet - Water Supply Wells." Or, customize your own data sheet.
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3. Groundwater Sampling Field Procedures Documentation. If you do not have a
sampling plan to document your procedures, you may use the "Groundwater Sampling
Field Procedures Documentation” sheet included in Appendix B of thé&roundwater
Sampling Field Manual. Customize this sheet to meet your specific needs.

4.  Groundwater Monitoring I nventory Form. Complete this form if awell has not
previously been monitored to document information to be entered into WDNR's
computerized data base.

5. Assgning a Wisconsin Unique Well Number (WUWN) and Well Labeling All water
supply wells must be documented by having a WUWN assigned to them. Every well must
have only one WUWN. Water supply speciaistginvestigators at WDNR regional offices
should be able to tell you which water supply wells already have WUWNSs.

6.  Chain of Custody Form. Document the possession of samples collected from water
supply wells by completing a chain of custody form and documenting every time the
samples change possession.

3.2 MEASURING WATER LEVEL, CASING DEPTH AND WELL DEPTH

Measure the water level, well casing depth and total well depth after receiving training from someone
with experience in proper procedures. If available, use awell constructor's log to obtain casing depth
and total well depth information. If thisinformation is not available, you may need to remove the well's
pump, if the well owner permits, before attempting any measurements. Usextreme care so as not to
damage or contaminate the well or pump. A licensed well driller, arranged for far in advance, should
remove and replace the pump.

Before taking any measurements on awell, ask the well owner/operator to turn off the pump. Thisis

for your personal safety and to protect the pump from any equipment lowered into the well. Make sure
the well and wiring are not damaged when taking measurements.

3.2.1Disinfection Procedur es

Properly disinfecting the well before and after collecting measurements is essential to avoid
contaminating the well.

Pre-disinfection Procedures for Measuring Equipment

Before placingany equipment into awell, properly disinfect the equipment. This will help prevent
coliform bacteria, iron bacteria and other contamination from entering the well. Rinse al
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equipment parts inside and out with a dilute chlorine solution; use two capfuls of liquid chlorine
bleach, with no additives, to one gallon of water.

If there are no insde parts that may become contaminated (e.g., water level indicator, weighted
magnetic tape, etc.,), a clean cloth or paper towels soaked in a dilute chlorine solution is acceptable to
sterilize the equipment. Do not use towels more than once. Y ou may also use a clean plant spray bottle
or laboratory squirt bottle filled with chlorine solution to disinfect equipment.

Decontaminate equipment each time you place it into a different well. In addition, if you insert a
measuring device into awell, take it out, and then want to reinsert it back into the same well, disinfect it
again first.

Post Disinfection of a Well after M easurements are Taken

Properly disinfect awell after any piece of equipment enters it. Remember to inform the well owner of
which disinfection method(s) you will use.

There are no formal standards for determining proper concentrations of chlorine solution to use for
chlorinating wells as a preventive measure. A 50 parts per million (ppm) chlorine solution should be
adequate for chlorinating wells as a preventive assurance method. One gallon of liquid chlorine bleach,
with no additives, mixed with 1,000 gallons of water approximately equals a 50 ppm chlorine solution.
Use a sodium or calcium hypochlorite solution. Y ou may use chlorine bleach in a pure state, provided it
does not contain any additives such as "fresh scent.”

Well Disinfection after Water Level Measurements

Measuring awell's water level usually only affects the first few feet of water. Therefore,
disinfection procedures are designed to decontaminate only the upper portion of the water
column. Refer to Section 3.3 of theGroundwater Sampling Field Manual.

Well Disinfection after Casing Depth and Total Well Depth M easurements

If you measure the well casing depth, the disinfection method you use will depend upon how far
you lower the magnet below the water level. Use your professional judgement. If you are unsure
how much of the well to disinfect, disinfect the entire well.

If you measure total well depth, disinfect the entire well. The amount of chlorine solution added
to the well will depend upon the inside casing diameter, well depth, and amount of water in the
well. If you do not know the amount of water in the well, add a minimum of 100 gallons of
chlorine solution.

Drive Point Wells

If you need to measure the water level or well depth in a driven point well, hire aregistered pump
installer to disconnect and reconnect the piping. After collecting the necessary measurements,
disinfect the well according to the procedures described above.
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Discharge of Chlorinated Water

Unfortunately, there really isn't a good place to discharge the chlorine solution that comes out of the
well and faucets. Probably the best place is onto a driveway or other paved area, preferably on a hot,
sunny day so the solution can evaporate. Do not discharge chlorinated solution directly into alake,
stream, wetland, lawn, garden, septic system, or sanitary or storm sewer.

3.2.2Measuring Water Level

Water level measurements taken from water supply wells can provide valuable information on
groundwater flow directions and hydraulic head data. However, for water level measurementsto be
comparable among wells, the wells should be of similar construction and be open to or screened in
hydrogeologically-connected and similar geologic units and formations. If the hydrogeology,
stratigraphy and well construction for wells in an area are unknown, correlating water levels and
hydraulic head measurements among these wells can be misleading and incorrect.

Figure 25 illustrates a lineshaft turbine pump, common for municipal water supply wells, equipped
with awater level measuring gauge. If a municipal well pump is not equipped with a water level
measuring device (e.g., gauge), then it may be impossible to take awater level measurement on the
well.

For domestic wells, you may have to lower awater level measuring device into the well to collect
measurements. Exercise caution when removing the well cap and lowering measuring equipment to
guard against damaging the well and well cap and contaminating the wellFigur e 26 illustrates some
typical examples of sanitary well seals. If the well has a pitless adaptor (seBigure 27), it may be
impossible to get the water level measuring equipment past it.

Section 2.2 discusses a variety of water level measuring devices, their accuracy, and how to use them.

General Water Level M easurement Procedures

Take a series of water level measurementsto determine if the well is still recovering. Take at least three
consecutive readings separated by one or more minute intervals and make sure your readings are within
+ 0.01 foot (= 0.25 cm) of each other.

If taking a water level measurement to determine groundwater elevations, mark the side of the casing
where the water level was measured to provide a reference point for surveying the well.

3.2.3Measuring Well Casing Depth

If well casing depth or total well depth measurements are required, it is advisable to coordinate pump
removal far in advance. Make sure the owner grants permission before you attempt to remove the well's
pump. If the owner does not agree or the pump cannot be removed, obtain a copy of the well
construction and geologic log, if available, to obtain this information. Copies of well logs for most
wells constructed in Wisconsin are available from the Wisconsin Geologic
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Figure 25: Line-shaft turbine pump (s. NR 812.33, figure 39 - modified, p. 213, 1994).
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} To service ==

Figure 27: Pitless units: a) factory-assembled spool pitless unit installation, left; and b) two non-spool type
pitless units, right (s. NR 812.31, figure 26, modified, and 27, p. 195, 1994).
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and Natural History Survey, 3817 Mineral Point Road, Madison, WI 53705-5100. For well
constructor's reports call (608) 262-7430; for geologic logs call (608) 263-7387. Be ready to provide
the township, range, section and quarter section location for the well.

Typically, casing depth is measured by lowering a weighted magnet attached to a tape down the well's
steel casing. When the magnet dips off the end of the casing, this indicates the length of the casing.

Y ou can aso measure well casing depth with a caliper log or atelevison camera. However, this
equipment is expensive and normally not designed for small diameter wells. Refer to equipment
manufacturers instructions regarding the use and limitation of their devices.

3.2.4Measuring Total Well Depth

Measure total well depth with aweighted stedl tape or weighted synthetic cord calibrated and marked to
tenths of afoot. Any tape or cord should have very little or no stretch under tension. Doot use cotton
or cloth cords; they stretch too much and cannot be properly decontaminated.

3.2.5Post Disinfection Coliform Testing Procedur es

Use post disinfection coliform testing for testing the success of the disinfection procedures used on the
equipment and well. After the system iscompletely free of any chlorine smell and taste and after
waliting several daysto aweek, collect a post disinfection coliform sample to check for the presence of
bacteria. Y ou may need to use a thiosulfate sample bottle because there may be a chlorine residual in
the well. Properly-trained well owners, WDNR staff, local health staff, or other trained professionals
may collect these samples.

If the post disinfection test for coliform bacteriais positive, a "batch chlorination” may be necessary.
Batch chlorination consists of a chlorine solution with a chlorine concentration of approximately 100
ppm or greater. If either the initial coliform test or the post disinfection coliform test ipositive for

bacteria,immediately contact a WDNR drinking water specialist/investigator for further instructions.

3.3

PURGING AND SAMPLING PROCEDURES

Potable water supply systems typically include public water supplies and their distribution systems and
private water supplies with single unit plumbing. Non-potable water supply wells include irrigation
wells and industrial wells. Potable and non-potable water supply well construction and pump
installation are regulated under ch. NR 812, Wis. Adm. Code.

The reasons for purging awater supply well before sampling are the same as those for purging
monitoring wells before sampling (see Section 2.5.1); however, the procedures for purging a water
supply well are different because you usually do not have direct accessto the well. Purging a water
supply well before sampling will remove the stagnant water that has been in contact with the well
material, pump, plumbing and distribution system.

3.3.1Large Water Supply Systems(i.e., public water supplieswith distribution systems)
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34

Large water supply systems usualy service a community or municipality and commonly have an
extensive distribution system. To collect raw, untreated groundwater samples from large water supply
systems, collect samples from the sample tap or faucet nearest the pump (Figure 25) and located before
any treatment, storage or pressure systems.

Make sure the pump is running and water is flowing from the sampling tap for at least one minute,
preferably for five or more minutes, before collecting any samples. Record how long the pump was
running and how long water was flowing from the sample tap before collecting your samples. Draw a
diagram showing where the sample tap is located with respect to the well and any treatment, storage or
pressure system.

3.3.2Small Water Supply Systems (i.e,, private water supply and distribution systems)

Sample private and non-community wells as close to the well's pump as possible; preferably before the
water passes through any softener, heater, storage or pressure system, or tank. A sample tap is usually
located just before the pressure tank. Remove any aerators, filters or other devices from the tap before
collecting samples. If you must collect the sample from an outside tap, remove any hoses.

Sampling Tap L ocated Befor e the Pressure Tank

If you collect the sample from the well side of the pressure tank and treatment systems, make sure the
pump is running and flowing from the sample tap for at least two minutes before collecting any
samples. Draw a general diagram of where you collected the samples if appropriate.

If it is difficult or impossible to purge the system from the sampling tap before the pressure tank,
choose a sample tap after the pressure tank but still closest to the well, such as alaundry sink faucet.

Sampling Tap L ocated After the Pressure Tank

If the sampling tap islocated after the pressure tank, allow the water to run for at least five minutes and
to become cold before collecting any samples. This should alow the stagnant water to be flushed out of
the pressure tank and be replaced by freshly pumped water. For large pressure tanks, alonger waiting
period may be necessary. Either calculate the necessary flushing time based on the pressure tank
volume and purging flow rate, or alow the pump to cycle at least two or three times and wait until the
water is cold before collecting your samples.

Document that you collected samples located after the pressure tanks. Record the purging time, tap
location, and time of collection. Draw a diagram of where you collected the samples.

FIELD WATER QUALITY MEASUREMENTS

Perform in-field water quality measurements on unfiltered samples according to the procedures
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specified in Section 2.7 of this document and Section 2.6 of th&roundwater Sampling Field Manual,
PUBL-DG-038 96 For discussion of calcium carbonate saturation indices, see below.

Calcium Carbonate Saturation I ndices

Y ou can use calcium carbonate (CaCQ@) saturation indices to estimate the scale-forming (precipitate)
and scale-dissolving tendencies of water. Estimating this ability of water can be useful for preventing
scaling in water heaters or exchanger pipes and for corrosion control. Saturation indices represent the
dividing line between "scaling likely" and "scaling not likely." According to Standard Methods, 19th
Ed., 1995, the minimum parameters that must be measured to accurately calculate CaCQaturation
indices include total akalinity, total calcium, pH, temperature and ionic strength by conductivity or
total dissolved solids measurements. Standard Methods, 19th Ed., 1995, recommends that alkalinity
samples not be filtered, diluted, concentrated or atered. Refer to the most recent version of Standard
Methods for the calculation, interpretation and limitations of saturation indices.

Case Study

Shaver (1993) provides a detailed discussion on the differences in results of field versus
laboratory akalinity and pH and their effects on ion balance and calcite saturation indices.
Shaver concluded that laboratory results can provide positive- and negative-biased results for
alkalinity and pH that significantly distort the true distribution of calcite saturation indices found
in an aquifer. Shaver indicates that he used afield alkalinity method using a sulfuric acid titration
to apH end-point of 4.5 that provides field bicarbonate results accuracy estimated at + 10 mg/L.
Besides titration methods, alkalinity can also be measured in the field by sensor measuring
equipment.

35

SAMPLE FILTRATION

Do not filter samples collected from water supply wells, however, filtration may be appropriate if the
samples are being used to model the geochemistry of an aguifer or when you are performing problem
assessment monitoring.

3.6

SAMPLE COLLECTION, PRESERVATION AND HANDLING

Section 2.6 details recommendations for collecting groundwater samples. Most of the principles and
procedures discussed apply to the collection of groundwater samples collected from water supply wells.

As when collecting groundwater samples from monitoring wells, collect samples and fill sample
containersin a manner that minimizes sample ateration. Unless project objectives or regulatory
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requirements require otherwise, remove aerators, filters or other devices from a sampling tap before
collecting water supply well samples.

3.6.1Valatile Organic Compounds (VOCs)

Refer to Section 2.6.3 for details on the properties of volatile organic compounds (VOCs) and
precautions related to their collection.

Filling VOC Containers

When practical, store empty VOC containers on ice until you use them; this will minimize the loss of
VOCs when you fill the containers. Open only one container or one set of containers at atimeto
minimize exposure of VOC samples to extraneous VOC contamination. After you open aVVOC
container, add preservative to the empty container, if you haven't aready done so. The acid preservative
inhibits biodegradation of the VOCs in the sample.

If the sampling tap has an aerator, filter or other device, remove it before sampling. These devices can
cause significant aeration and loss of VOC samples. If there is a device on the sampling tap that cannot
be removed, be sure to document this. Purge the well as described under Section 3.3 before collecting
VOC samples.

When filling VOC containers, tip the container at a dight angle and allow a dow steady stream of
water to run down the inner wall of the sample container. This will minimize the agitation, aeration and
volatilization of VOCs during filling. Fill VOC containers until a positive meniscus forms at the top of
the container (see Figure 21); this should leave no headspace, or airspace, in the container. If airspace
remains, VOCsin the water can volatilize to this space and be lost when the container is opened before
analysis.

After filling aVVOC container and replacing the cap, invert the sample and tap it lightly to check for
bubbles. If bubbles are present, discard this sample and fill additional vials. If bubbles are unavoidable,

collect numerous samples and save the ones with the fewest bubbles. Remember, one trip blank is
required per VOC sample batch (cooler).

3.6.2Semi-volatiles and Pesticides

Refer to Section 2.6.4.

3.6.30ther Sample Parameters

Refer to Section 2.6 regarding collection procedures for inorganics (i.e., dissolved metals), major and
minor ions, and other sample parameters. One procedural exception is that water supply samples are
not filtered; therefore, do not filter dissolved metal samples collected from water supply wells.
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3.6.4Sample Containers and Preservation

Refer to Section 2.9.1 for information on sample containers and preservatives for a variety of common
parameters and substances.

3.6.5Sample Handling and Storage

Refer to Section 2.9.2 for information on handling, storing and transporting samples.

3.7

QUALITY ASSURANCE/QUALITY CONTROL

Use the quality assurance and quality control procedures and requirements described in Section 2.10 to
ensure the integrity of the samples you collect. Consult with a WDNR water supply specialist if
different QA/QC procedures are required or requested.
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4.0 VADOSE ZONE SOIL-WATER MONITORING

4.1

INTRODUCTION

The vadose zone, commonly referred to as the unsaturated zone, is the subsurface area that extends
from the ground surface to the water table surface. The vadose zone includes the capillary fringe where
the soil and geologic material may be saturated; this is why the term vadose zone is preferred over
unsaturated zone. In addition, perched groundwater may also exist within the vadose zone.

In Wisconsin, the thickness of the vadose zone is commonly less than 50 feet (15 meters). Inthe
western United States, the vadose zone may extend to several hundred feet deep. A complete discussion
of vadose zone monitoring is beyond this document's scope; however, some of the more salient aspects
are covered.

Soil water samples are commonly collected to monitor the performance of afacility (e.g., landfill).
These samples can act as an early warning system that contamination is moving through the vadose
zone and may intersect and affect groundwater quality. WDNR may require vadose zone monitoring
beneath a regulated facility, commonly a landfill, to provide early detection of contamination before it
reaches groundwater. The advantages of early contaminant detection are both environmental and
financial. Operational systems may be modified to prevent or minimize further releases of the
contaminant to the soil, thus preventing or minimizing extra compliance monitoring and the potential
expense of remediating contaminated groundwater.

When a contaminant leaks from a landfill or is spilled on the land surface, it migrates downward
through the vadose zone under the forces of gravity, surface tension and capillary action. To determine
the chemical composition and monitor the soil-water quality in the vadose zone, a soil-water sample
must be collected. However, soil-water is held in the vadose zone under tension between the soil and
water and therefore, a suction or vacuum must be applied to the soil-water to extract a sample.

LYSIMETERS AND FREE DRAINAGE SAMPLERS
Suction or vacuum lysimeters are devices commonly used for collecting soil-water contained in the

vadose zone. Collection basin lysimeters or percolation lysimeters allow the free drainage of soil-water
into a collection basin from which a sample may be recovered.

4.2 1Technical Consider ations

Choosing appropriate soil-water sampling equipment for a particular project and site conditions
depends on many factors. Some include:




Type, characteristics and constraints of the soil from which soil-water samples are collected.
Chemistry and stability of the soil-water being sampled.

Depth below the ground surface from which samples are collected.

Soil-water flow regimes in the vadose zone.

Volume of the samples required.

Reliability, durability, availability and cost of the equipment.

Installation requirements of the sampler and associated site constraints.

Ease of operating and repairing the equipment under field conditions.

Equipment operation limitations and difficulties due to climate.

Degree of sample alteraion due to sampler operation.

4.2.2Suction (or Vacuum) Lysimeters

Suction or vacuum lysimeters consist of a hollow porous cup typically located at the end of a hollow
tube. When you operate them, a suction or vacuum draws soil-water into the cup. After a sufficient
volume of soil-water has entered the lysimeter, you either apply a suction or a positive pressure to bring
the sample to the surface through the tubing.

In theory, an applied suction should be able to lift water up to 32 feet (10 meters); however, in practice
anywhere from 15 to 25 feet (4.5 to 8 meters) is the upper limit of a suction lysimeter's effectiveness.
Figure 28 illustrates a smple, easy to operate, low pressure-vacuum lysimeter. This device commonly
has a maximum operational depth of approximately 50 feet (15 meters). Pressure-vacuum lysimeters
that have alow bubbling pressure porous section (made of PTFE such as Tefld) have a maximum
operational depth of approximately 150 feet (45 meters). High pressure-vacuum lysimeters have a
maximum operational depth of approximately 300 feet (90 meters). High pressure vacuum lysimeters
have a check-valve in atransfer tube (sed-igur e 29) or a separate chamber between the porous section
and sampler casing.

Collecting Soil-water Instead of Sucking Air

When you use a suction or vacuum lysimeter, make sure the device is collecting soil-water, not just
sucking air. The maximum suction pressure that a saturated porous section of a sampler can withstand
before air entersis a function of the pore configuration and pore size and the degree of hydrophilicity
(water-loving) and hydrophobicity (water-hating) of the porous section. The maximum suction pressure
for a sampler is commonly measured by its "bubbling pressure.” Bubbling pressure is commonly
measured by saturating the porous section of the sampler, immersing it in water and applying positive
air pressure to the inside of the porous section. The pressure at which air starts bubbling out of the
section and into the water is its "bubbling pressure.” The bubbling pressure is a good indicator of a
sampler's ability to collect a soil-water sample under various soil conditions (ASTM Method D 4696 -
92).

Soil-water tension will also have a profound effect on the ability of a suction lysimeter to collect a soil-
water sample. The dryer the soil and the lower its hydraulic conductivity, the more dowly soil-water
will flow into a sampler. Soil-water tension above approximately 60 centimeters of barometric pressure
(cbar) for coarse-grained soils and above approximately 80 cbar for fine-grained soils will not allow
soil-water to enter asuction lysmeter (ASTM Method D 4696 - 92).
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Figure 28: Suction or vacuum lysimeter and installation.
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Figure 29: Deep sampling lysimeters (Courtesy of TIMCO"Y).
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Suction lysimeters can be modified so that a vacuum is applied to draw the soil-water sample into the
lysimeter and then a positive pressure is applied to force the sample up the sample tubing or discharge
line. The type, design, material, installation and operation of pressure-vacuum lysimeters vary greetly.
A complete discussion of lysmetersis beyond this document's scope.

Installation, Operation and Materials

Detailed instructions on the installation, operation and material of specific suction lysimeters and
their operation is beyond this document's scope. However, some basic considerations apply to
the installation of most types of suction lysimeters. These devices should be installed to a depth
that prohibits freezing and damage associated with frost heaving. Line and connection leaks can
be minimized by proper sealing and pressure testing before installation. According to Wilson
(1991), in order for a suction lysimeter to function properly, it must be carefully constructed and
installed.

Before installation, clean the porous ceramic cup section of a suction lysimeter with a 10 percent
hydrochloric acid solution followed by a distilled water rinse. This pre-cleaning before
installation should remove dust and trace metals that are common artifacts of the manufacturing
process.

U.S. EPA (1986b) provides detailed installation instructions for a variety of suction lysimeters.
The manufacturer's of these devices should provide detailed instructions related to the
installation, operation and limitations of their instruments.

Sample Results

If you collect a sample from a lysimeter over a short period of time (< 1 day), the sample results will
represent a grab sample. However, if a suction is applied to the sampler over an extended period of
time (days, weeks, etc.), then the results will be more representative of atime-composite sample.
Interpretation of lysimeter datais complex and beyond this document's scope; however, lysimeter
datas greatest uses are facility performance, early leak detection and contaminant trend analysis.

4.2.3Free Drainage Samplers

Free drainage samplers are also called collection basin lysimeters, trench lysmeters or percolation
lysmeters. For these devices to work, soil-water or leachate must enter the device by force of gravity.
Collection basin lysimeter samplers commonly consist of a synthetic materia placed horizontally to
collect the leachate, a perforated collection pipe and a non-perforated transfer pipe connected to a
sampling chamber (seeFigure 30). The design and installation of gravity style samplers vary greatly —
adetailed discussion is beyond this document's scope.
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4.2 4AAdditional References

American Society for Testing and MaterialsStandard Guide for Pore-Liquid Sampling from the
Vadose Zone, ASTM Method D 4696-92 provides a detailed and thorough discussion and guidance on
the operating principles, descriptions, installations (limited information), operations and limitations for
awide variety of soil-water sampling devices used in vadose zone monitoring. An extensive list of 143
references related to soil-water sampling is also included at the end of this guide.

Other useful publications and articles that discuss soil-water sampling devices and vadose zone
monitoring programs include: Wilson L.G., (1981, 1982, 1983 and 1990); Wilson L.G. et &l., (1995);
Wilson N., (1995); Everett et a., (1982 and 1984); Merry et a., (1986); and Morrison (1983).
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APPENDIX A: PURGING AND SAMPLING TECHNIQUES- LITERATURE REVIEW AND
EVALUATION

A variety of purging techniques and procedures have been presented in various articles and books. Most
authors conclude that the best method for purging awell is often site-, well- and contaminant-specific. No
single method appears appropriate for all wellsin al hydrogeologic settings or for all contaminants being
collected. Well congtruction, well performance, contaminants being collected, and aquifer hydrogeologic
properties should influence your decision on which purging technique is best-suited for a particular well.

Purging a Specified Number of Well Volumes

Historically, WDNR has recommended that wells be purged by removing four well volumes before
sampling. A well volume equals the amount of water in the well casing and screened portion of the well
at static water level conditions. Water existing in the filter pack is not included.

Although it isimpossible to establish a specific number of well volumes that will always remove all
stagnant water from al wells, the removal of four well volumes does remove most stagnant water in
most wells under most conditions. Maltby and Unwin (1992) conducted several studies of stagnant
water removal using different pumps and pump inlet locations in experimental wells. They found that
when a peristaltic pump inlet was placed near the static water level and the well purged at 1 L/min, only
1 percent of the original stagnant water remained after four well volumes had been removed. Other
authors have concluded anywhere from one to 20 well volumes need to be purged until awell is ready
to be sampled; the average number seems to be three to five well volumes.

Advantages of removing a specific number of well volumes

B |tissmple consistent and quick to calculate.

B |t may bethe only practical means for determining purge volumes when bailers are used.

B Purging four well volumes removes most stagnantwater in most wells under most
conditions.

Limitations of removing a specific number of well volumes

B Thereisno guarantee that all the stagnant water has been removed; purging may be overly
conservative in some cases, insufficient in others.

Large purge volumes may be necessary, especially in large diameter and deep wells.

It may promote continual development and over-development of awell.

Removing four well volumes is not well-specific or site-specific; it is arbitrary.

Because high purging rates are typically used, sample turbidity may be artificially high.

127



WDNR - Groundwater Sampling Desk Reference

L ow-Flow Pumping and Monitoring Indicator Parametersfor Stability

This approach involves purging the well at a low-flow rate (1 L/min or less) and monitoring indicator
parameters such as conductivity, dissolved oxygen (DO), turbidity, pH, temperature and Eh until their
measurements have stabilized. 1deally, the well should be purged at arate at or below the well's
recovery rate to simulate the natural flow conditions of the aquifer and minimize sample turbidity.

After the indicator parameters stabilize and purging is completed, the pumping rate is decreased to
initiate low-flow sampling (300 ml/min or less). Under most circumstances the decrease in pumping
rate during sampling will allow the well to dowly recover, thus further reducing the chance that any
remaining stagnant water in the well will be incorporated into the sample. Changing pump placement
during sampling or using inflatable packers can also help reduce the chance that any remaining
stagnant water will be incorporated into the sample stream.

The following research, studies and articles support the use of low-flow purging and low-flow
sampling technique: Gibs and Imbrigiotta (1990), Barcelona et al., (1994, 1988, 19854), Puls and
Powell (1992), Puls and Eychaner (1990), Puls (1994), Panko and Barth (1988), Robin and Gillham
(1987), Kearl et d., (1992), Parker (1994), Miller (1993), Bangsund et al., (1994) and USEPA (1992).

Indicator parameters and stability

The tricky part to using this purging method is determining which indicator parameters best "indicate”
when the stagnant water in the well has been removed and when fresh formation is the only water
entering the sample stream. In addition, determining which + range or which percent change in
indicator parameters represents "stahility” is not an easy task.

Barcelonaet al., (1994) considered that water quality stability was reached when the following four
indicator parameters met the following criteria over one successive bore volume: temperature + 0.1C
pH * 0.10, dissolved oxygen = 0.2 mg/L and conductivity of + 10.0 uS/cm. A bore volume equaled the
water included in the filter pack, screen and casing of the well. To develop their well stahility criteria,
the authors looked at various stahility criteria recommended in the literature (Gibb et at., 1981,
Barcelona et al., 1985 and Gibs and Imbrigiotta, 1990), including hydrogeologic setting, well design
and the well's hydraulic performance. Their results indicated that dissolved oxygen and specific
conductance were the most useful parameters for indicating stabilization of background water
chemistry during purging; while pH and temperature achieved stable values almost immediately and
provided little value in determining when purging was adequate. Purging and sampling flow rates were
maintained a 1.0 = 0.1 L/min (sampling flow rates were reduced even more when VOC samples were
collected). In aimost all cases, indicator parameter stabilization was reached within two bore volumes
purged. In addition to considering parameter stahility, drawdown was targeted not to exceed 0.5 feet
(15 cm) during purging and sampling. The authors used close-fitting dedicated bladder pumps with the
pump's intake placed in the middle of the well's short-screened (5 feet or 1.5 meters) interval. They
believed that the use of close-fitting dedicated pumps minimized the purge volume required to achieve
parameter stabilization.

Barcelona and Helfrich (1986) considered that water quality stability was reached when pH, Eh,
temperature and conductivity were within + 10 percent over a minimum of 4-5 liters purged at a
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purging rate of 0.5 to 1 L/min. No rationale was provided for this criteria. Sample rates were 100 to
500 ml/min. Barcelona et al., (1988) considered stability reached when pH, Eh, temperature and
specific conductance stabilized to within £ 10 percent over two successive well volumes pumped. The
authors recommended that monitoring indicator parameters for stability be done in conjunction with
calculating the purge volume required for the hydraulic performance of the well and considering
hydrogeologic conditions.

EPA (1992) recommends that, for most wells, purging should continue until turbidity, Eh and dissolved
oxygen have stahilized within approximately 10 percent over at least two successive measurements
taken three minutes apart. The EPA recommends using a flow-through cell or downhole measurements.
The EPA based these recommendations on the following literature: Puls and Powell (1992), Puls and
Eychaner (1990), Puls et al., (1990), Puls and Barcelona (1989) and, Barcelonaet a., (1988).

The following literature recommends using monitoring of indicator parameters until stahility is
reached, based on the hydraulic performance of the well, geochemical and hydrogeologic data from the
well and the geologic material in which the well is screened: Barcelona et al., (1988), Miller (1993),
Bangsund et a., (1994), Nielsen (1990), Robin and Gillham (1987), Maltby and Unwin (1992), Panko
and Barth (1988), Puls (1994), Palmer et al., (1987), Unwin and Maltby (1988), Barcelona and
Helfrich (1986), Ross et al., (1992), Gibbs and Imbrigiotta (1990) and Barcelona et a., (1994).

Advantages of low-flow purging and monitoring indicator parameters technique

B Thistechnique greatly reduces the likelihood of mobilizing colloids that are not mobile
under natural flow conditions. Sample turbidity may be low enough so that filtering is not
required.

B Research has shown that for many wells, purge volumes are usually two casing volumes or
less; much less than the four well volumes WDNR has historically required.

B Vauable geochemical and water quality data are collected in the process of monitoring the
indicator parameters.

B Thecriteriato determine when the well is sufficiently purged is well-specific, and
relatively easy to collect and evaluate under field conditions.

B Many researchers believe thisis the most valid method for determining when awell is
adequately purged and that fresh aquifer formation water is being sampled.

B Thetype and number of parameters monitored and criteria used for determining when
stahility is reached can be based on analytical data, well-specific hydraulic behavior and
other hydrogeologic data.

B Thistechnique does not over-develop the well or damage the filter pack which may occur
when awell is purged with a bailer or pumped at high flow rates.

B Thistechnique minimizes agitation and turbidity in the well; especidly if a dedicated
system is used. It reduces the possibility of VOC volatilization, degassing and redox
reactions during purging and sampling.

Limitations of low-flow purging and monitoring indicator parameters technigue

B Thistechnique does not work well, if at all, in wellsthat purge dry because these wells
typically purge dry before all indicator parameters stabilize.
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B |t may take an hour or more before all indicator parameters stahilize. Thisis more typical
of portable rather than dedicated pumping systems.

B Aswith other purging techniques, there is no guarantee that stabilized indicator
parameters signify that all stagnant water has been removed.

B |f thewell is screened across numerous geologic materials, the indicator parameters may
take an excessively long time to stabilize.

B Transport, set-up and decontamination of a portable pumping system and indicator
parameter equipment can be time-consuming and burdensome.

B Equipment costs are relatively high compared to bailers.

B |t may be complicated, impractical and excessively expensive for small sites/facilities that
collect few samples, or non-sensitive samples, or do simple compliance monitoring (e.g.,
small wastewater treatment facilities, small closed landfills).

B Some sKill isrequired in determining which indicator parameter and stability values
represent when awell has been adequately purged of stagnant water.

Purging Based on Well Hydraulics and Aquifer Transmissivity

This purging technique, also known as the time-drawdown method, uses theoretical and actua time-
drawdown data (from aquifer pumping tests) to calculate when the stagnant water in the casing of the
well has been removed. This method assumes that water is entering the well only when drawdown is
occurring. The pumping test data are used to calculate a theoretical draw-down curve that can be used
to predict the time at which the effects of stagnant water becomes negligible in respect to groundwater
sample quality (Maltby and Unwin, 1992). This drawdown curve serves as a guideline, aong with
monitoring of indicator parameters, for selecting the appropriate purging rate and casing volumesto be
removed before sample collection.

When the National Council of the Paper Industry for Air and Stream Improvement (NCAS!) tried to
use this method on six monitoring wells at different locationsin Illinais, it encountered severa
difficulties (Maltby and Unwin, 1992). These included 1) the inability to reproduce theoretical
drawdown curves under field conditions, and 2) the that stability of indicator parameters directly
contradicted pump test data stability information.

Barcelonaet al., (1985a) and Barber and Davis (1987) provide a detailed description and examples on
how this method can be used to calculate purging of monitoring wells.

Advantages of purging based on well behavior:

B |t takesinto account the well's specific hydraulic flow characteristics and the
characteristics of the geologic materials in which the well is screened.

B Providesdata on well hydraulics and aquifer transmissivity.

B |f used with monitoring of indicator parameters for stahility, it should be adequate under
most settings for properly purging the well of stagnant water before sampling.

Limitations of purging based on well behavior:

B |t requires pumping test data and/or aquifer transmissivity and well efficiency data.

B Pumping test data and theoretical time-drawdown curves may not match actual field
conditions.

B |tisatime-consuming, elatively complicated process and is not commonly used.
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B |t only accounts for stagnant water contributed by drawdown in the well casing.
B Thereisno guarantee that sufficient stagnant water has been removed before sampling if
not done in conjunction with monitoring of indicator parameters.

While this method may provide valuable information on the hydraulic performance of awell and
aquifer transmissivity, it is probably too time-consuming and impractical for purging monitoring wells
regularly. It may be prudent to use this method on awell at least once; then annually thereafter to test a
well's hydraulic performance over time and determine whether well rehabilitation is necessary.

Other Available Literature on Well Purging and Sampling

Many articles and publications have been written on well purging and sampling techniques and
experiments. Some that may prove useful include the following:

Maltby and Unwin (1988): A field investigation of commonly-used monitoring well purging techniques
and pumps (peristatic and helical rotor) conducted under different conditions including changing the
location of apump'sinlet in awell and the use of packers to isolate stagnant water from the pump inlet.

Svavarsson et al., (1995): Unpublished WDNR study compares low-flow pumping with a helical-rotor
pump and bailing in their abilities to collect representative and similar VOC data. Study results indicated
little or no difference in VOC analytical results collected from the same well with Kecklow-flow pump
and a Teflor® bailer.

Ostergren and Connelly (1994): Unpublished WDNR study compared levels of metals detected in
samples collected with a bailer, then filtered, and samples collected using low-flow pumping and not
filtered. Results did not show a significant difference in the levels of metals detected using both methods.

Rosset al., (1992): Evauates a purging method that significantly reduces the volume of water needed to
be purged for a 5-inch diameter, deep well.

Barcelona et al., (1994): Evauates the use of easily-measured indicator parameters during well purging
as congistent criteriafor determining stabilization of VOCs before sampling.

Puls (1994): Provides a general discussion and summary of the advantages of low-flow pumping for
collecting representative groundwater samples.

Gibsand Imbrigiotta (1990): Compares three purging techniques abilitiesto collect representative
VOC samples by 1) monitoring indicator parameters until stability is reached, 2) arbitrarily removing
three well volumes and 3) purging to achieve hydraulic equilibrium between the well and the aguifer.

Pionke and Urban (1987): Looks at the time required for different purging indicator parametersto
stahilize for wells constructed in sandstone, siltstone and shale aquifers.

Palmer et al., (1987): Looks at the potential for contaminants to be retarded by afilter pack and the need
to let a newly-constructed well equilibrate with the aguifer before sampling.

Puls and Eychaner (1990): Looks at purging rate, filtration and oxidation effects on samples collected
for inorganic parameters.
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Robin and Gillham (1987): Non-reactive tracers are used to test the effectiveness of various purging
techniques.

Puls and Powell (1992): Looks at low-flow pumping proceduresto collect representative samples for
metals.

Kearl et al., (1992): A colloidal borescope is used to assess the effects of pump inlet placement (bladder
and peristaltic), purging, sampling and filtering on sample turbidity.

Pohlman et al., (1990): Evaluates analytical results for samples collected from wells that had little or no
purging done before collecting the samples.

Herzog et al., (1991). Evaluates the advantages and disadvantages of different purging techniques and
their abilities to collect representative samples.

Herzog et al., (1988). Evauates purging sowly-recovering monitoring wells and optimal times to
collect a VOC sample after purging these wells.

USEPA (1995). Provides a good summary of talks and discussions related to purging and sampling
techniques, groundwater monitoring goals and objectives, colloidal transport, filtration, sample handling
and documentation.

Macfarlane et al., (1992): Compares analytical results for tar and PAH samples collected from a
manufactured gas plant by ow-flow purging and sampling, and traditional pumping and bailing
methods.

Meyer, jr., K.A. (1990) Study concludesthat dedicated systems are cost-effective, technically superior,
and improve data quality and data assurance for groundwater samples.

Barker and Dickout (1988): Compares sample results for VOCs charged with methane and C@using a
bladder pump, momentum-lift pump and peristaltic pump.

Gass (1991): Evaluates the ability of the Grundfos Rediflo2 pump to collect "representative” VOCs
and inorganic samples under laboratory and field conditions.

Parker (1994): A critical review of several groundwater purging and sampling techniques and devices.

Barcelona et al., (1984): Laboratory study to identify reliable sampling devices for VOCs and gas-
sengitive parameters. Compared 14 devices including positive displacement and suction-lift devices and
grab samples. Evaluations included availability, portability, simplicity, purging and sampling rates, depth
limitations, etc.

Stolzenbur g and Nichols (1985): Laboratory study on chemical changes such as CQ pH, oxidation,
VOC loss, precipitation reactions and adsorption during purging and sampling, and filtration practices.

Snow et al., (1992): Evaluates a Redi-Flo 2, 1SCO bladder pump and Teflor? bladder pump to collect
pesticide and nitrate samples.
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Imbrigiotta et al., (1988): A good study comparing a bladder, gear, helical-rotor and peristaltic pump, a
point-source and open bailer, and syringe sampler in their abilities to collect VOC samples and their
effects on VOC analytical results.

American Society for Testing and Materials (1994): "Standard Guide for Sampling Groundwater
Monitoring Wells," D4448-85a (reapproved 1992).

Bar celona (1988): Principles of Environmental Sampling Provides a good discussion and overview of
the entire sampling process.

Van Ee and Mcmillion (1988): Ground-Water Contamination: Field Methods.Good discussion of
groundwater sampling procedures and techniques.

Hergoz et al., (1991): Practical Handbook of Ground-Water Monitoring.Covers all aspects of
groundwater sampling including factors affecting groundwater sampling, filtration and preservation.
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APPENDIX B: REFERENCE MATERIALS

o Substance Potential to Volatilize from a Water Sample

o Equivalency and Conversion Tables

] Bibliography of Selected Groundwater Sampling and Monitoring Topics
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Appendix B: Substance Potential to Volatilize from a Water Sample

Substance Potential to Volatilize from a Water Sample

Henry's Law Potential for
Constant Volatilizing
Substance CAS Number (atm-m’/mole) from Water
Acenaphthylene 208-96-8 1.1x10° Low
Acetone 67-64-1 3.9x10° Low
Aldicarb 116-06-3 1.4 x 10° Low
Ammonia 7664-41-7 3.2x10* Moderate
Anthracene 120-12-7 6.5x 10° Low
Atrazine 1912-24-9 26x10% Low
Benzene 71-43-2 5.6 x 10° High
Benzo(a)pyrene 50-32-8 1.1x 10" Moderate
Benzo(b)fluoranthene 205-99-2 1.1x 10" Moderate
Bromodichloromethane 75-27-4 1.6x 10° High
Bromoform 75-25-2 5.5x 10* Moderate
Bromomethane 74-83-9 6.2 x 10° High
Carbaryl 63-25-2 4.4 x10° Low
Carbofuran 1563-66-2 9.2x10° Low
Carbon tetrachloride 56-23-5 3.0x 10° High
Carbon disulfide 75-15-0 3.0x 10° High
Chlordane 57-74-9 49x10° Low
Chloroethane 75-00-3 6.2 x 10" Moderate
Chloroform 67-66-3 2.7x10° High
Chloromethane 74-87-3 8.8x 10° High
Chrysene 218-01-9 9.5x 10° Low
1,2-Dibromoethane (EDB) 106-93-4 6.7 x 10* Moderate
Dibromochloromethane 124-48-1 8.7 x 10* Moderate
1,2-Dibromo-3-chloropropane 96-12-8 1.5x 10* Moderate
Dibutyl phthalate 84-74-2 1.8x 10° Low
Dicamba 1918-00-9 7.9x10° Low
1,2-Dichlorobenzene 95-50-1 1.9x10° High
1,3-Dichlorobenzene 541-73-1 3.3x10° High
1,4-Dichlorobenzene 106-46-7 2.4x10° High
Dichlorodifluoromethane 75-71-8 3.4x 10" High
1,1-Dichloroethane 75-34-3 5.6 x 10° High
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Substance

1,2-Dichloroethane
1,2-Dichloroethylene (cis)
1,2-Dichloroethylene (trans)
1,1-Dichloroethylene
2,4-Dichlorophenoxyacetic acid
1,2-Dichloropropane
1,3-Dichloropropene (cis/trans)
Di (2-ethylhexyl) phthalate
Dimethoate
2,4-Dinitrotoluene
2,6-Dinitrotoluene

Dinoseb

Dioxins

Endrin

Ethylbenzene

Fluoranthene

Fluorene

Fluoride
Fluorotrichloromethane (freon 11)
Formaldehyde

Heptachlor

Heptachlor epoxide
Hexachlorobenzene
Lindane

Mercury

Methanol

Methoxychlor

Methyl isobutyl ketone
Methyl ethyl ketone (MEK)
Methylene chloride
Monochlorobenzene
n-Hexane

Naphthalene

CAS Number

107-06-2
156-59-2
156-60-5

75-35-4
94-75-7
78-87-5
542-75-6
117-81-7
60-51-5
121-14-2
606-20-2
88-85-7
1746-01-6
72-20-8
100-41-4
206-44-0
86-73-7
16984-48-8
75-69-4
50-00-0
76-44-8
1024-57-3
118-74-1
58-89-9
7439-97-6
67-56-1
72-43-5
108-10-1
78-93-3
75-09-2
108-90-7
110-54-3
91-20-3

Henry's Law
Constant

(am-m’/mole)

9.8 x 10*
41x10°
9.4 x 10°
2.6 x 102
1.0x 10°®
2.8x10°
1.8 x 102
3.6 x 10’
6.2 x 10"
1.3x 10’
7.5x 107
46x10’
5.6 x 10°
7.5x10°
8.4x10°
6.5 x 10°
1.0 x 10*
6.0 x 10°
9.7 x 102
1.7 x 107
1.1x10°
3.2x10°
1.3x10°
1.4x10°
1.1 x 102
45x 10°
1.6 x10°
1.4 x 10*
2.7x10°
2.0x10°
3.8x10°
1.4 x 102
4.8x 10"

Potential for
Volatilizing
from Water

Moderate
High
High
High
Low
High
High
Low
Low
Low
Low
Low
High
Low
High
Low

Moderate
Low
High
Low
High
Low
High
Low
High
Low
Low

Moderate
Low
High
High
High

Moderate
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Henry's Law Potential for
Constant Volatilizing
Substance CAS Number (am-m/mole) from Water
Pentachlorophenol 87-86-5 2.4x10° Low
Phenol 108-95-2 3.3x 107 Low
Polychlorinated biphenyls 1336-36-3 1.1x10° High
Pyrene 129-00-0 1.1x 10° Low
Pyridine 110-86-1 8.9x 10° Low
Simazine 122-34-9 2.7x10° Low
Styrene 100-42-5 2.8x10° High
1,1,1,2-Tetrachloroethane 630-20-6 2.4x10° High
1,1,2,2-Tetrachloroethane 79-34-5 4.6 x 10* Moderate
Tetrachloroethylene 127-18-4 1.8 x 102 High
Toluene 108-88-3 6.6 x 10° High
Toxaphene 8001-35-2 6.6 x 10° Low
1,2,4-Trichlorobenzene 120-82-1 1.4x10° High
1,1,1-Trichloroethane 71-55-6 1.7 x 102 High
1,1,2-Trichloroethane 79-00-5 9.1x 10* Moderate
1,2,3-Trichloropropane 96-18-4 3.4x 10* Moderate
Trichloroethylene 79-01-6 1.0x 102 High
2,45 Trichlorophenoxy- 93-72-1 8.7 x 10° Low
propionic acid (2,4,5-TP)
Trifluralin 1582-09-8 2.6x10° Low
1,2,4-Trimethylbenzene 95-63-6 5.6x 10° High
Vinyl chloride 75-01-4 2.7 x 107 High
Xylene (mixed o-, m-, and p-) 1330-20-7 7.0x10° High

CAS Number: Chemical Abstract Service (CAS) registry numbers are unique numbers assigned to a
chemical substance and are widely used in scientific publications.

Note: Most metals (exception - mercury) and inorganics are not suseptable to volatilizing from a
groundwater sample under normal sampling conditions and temperatures.

(Sources: USEPA Superfund Chemical Data Matrix [SCDM] March 1993 data tables. U.S. Environmental Protection Agency (EPA).
1990. Basics of Pump-and-Treat Ground-Water Remediation Technology. U.S. Environmental Protection Agency, Washington, D.C.

EPA/600/8-90/003.)
henryalb.tb2
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Volume Equivalents

Equivalency and Conversion Tables

unit cc in® liters Quarts Gals ft®

cC 1 .06102 .001 .00106 .00026 .00004
in® 16.387 1 .01639 .01732 .00433 .00058
Pints 473.18 28.875 47318 .5 125 .01671
liters 1000 61.023 1 1.0567 .26417 .03531
Quarts 946.36 57.75 .94636 1 .25 .03342
Gallons 3785.4 231 3.7854 4 1 .13368
ft2 28317.0 1728 28.317 29.922 7.4805 1

meter’ 100000 61023.4 1000 908.08 227.02 35.314

Equivalent Pumping Rate Table

Milliliters per Minute (ml/min) | Liters per Minute (L/min) Gallons per Minute (gpm)
100 0.1 0.026
200 0.2 0.05
300 0.3 0.08
400 0.4 0.11
500 0.5 0.13
600 0.6 0.16
700 0.7 0.18
800 0.8 0.21
900 0.9 0.24
1000 1 0.26
2000 2 0.53
3000 3 0.79
4000 4 1.06
5000 5 1.32

Conversion formulas for rates not included in this table:

Liters per minute X 0.26417 = gallons per minute
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Gallons per minute X 3.7854 = liters per minute

Length

inches centimeters 2.540
inches feet 0.0833

feet meters 0.3048

feet miles 0.0001894
meters miles 6.214 x 10*
meters yards 1.094

1 meter = 10 decimeters = 100 centimeters = 1000 millimeters

Volume
To Convert From To Multiply By
cubic centimeters cubic inches 0.06102
cubic inches cubic feet 0.00058
cubic inches liters 0.01639
cubic inches gallons 0.00433
liters gallons 0.14546
gallons cubic feet 0.13368

1 liter = 1 cubic decimeter = 10 deciliters = 100 centiliters = 1000 milliliters = 1000 cubic
centimeters

Cubic foot Gallon
7.48 gallons 231 cubic inches
28317 milliliters 3785 milliliters
28.317 liters 3.785 liters
62.428 lbs 8.345 Ibs
Liter Cubic meter
0.2642 gallons 1000 liters
61 cubic inches 264.2 gallons
2.205 Ibs 22.045 lbs
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A

Acrylonitrile butadiene styrene (ABS), 36
Adsorption (see Sorption)

Air-displacement pump (or gas- displacement),

33,54

Air-lift pump (or gas-lift), 54, 62, 81
Air-line (also bubble tube), 22, 26, 28
Alkalinity, 65, 74, 75, 78, 79, 84, 117
Ammonia, 70

Ammonium, 65, 75

Anions, 6, 74, 83

Apparent color (see Color)

Arsenic, 65, 75, 85

Artificially mobilized (colloids/particulates),
ASTM (Method), 3, 98, 99, 121, 126
At-risk monitoring, 102-104

B

Bacteria, 64, 81, 107, 109, 115
Bailers
purging/sampling, 29, 34, 37-40, 69, 70,
bottom emptying device, 34, 40, 69
Batch chlorination, 115
Biodegradation, 71, 72, 75, 79, 82, 93, 118
Biofilm, 64
Bladder pump, 51-53
Blank (WUWN) labels, 108
Blank samples (see Field blank)
Bubble tube (see Air-line)
Bubbling pressure, 121

Cadmium, 65, 75
Caomel ectrode, 83
Calcite saturation indices, 117

Cdlibration of equipment, 26, 77-79, 94, 106

Carbonate (also bicarbonate), 74, 75, 79, 84
Carbon dioxide, 36, 43, 75, 79, 84

INDEX

Carbon steel, 36, 37, 98

Cdllulose (acetate or nitrate), 87
Centrifugal submersible pump, 33, 47, 49
Chain of custody (COC), 19, 100-101
Chemical oxygen demand (COD), 83
Checklist(s), 16, 18, 104, 106

Chlorine, 107, 110, 115

Chlorine residual, 115

Chromium, 70, 71, 75

Coliform bacteria (see Bacteria)

Color, 80, 84

Colorimetric method, 75, 81
Conductivity (see Specific conductance)
Cone penetrometer (adlso CPT), 3,5

CLP (Contract Laboratory Program), 11, 13

40, 85, Sgoprecipitation (also co-precipitation), 2, 65, 74, 93

Cross-contamination, 20, 36, 74, 93, 94, 97
Cyanide, 65, 70, 75

D

Data quality (also Data Quality Objectives DQOSs), 7-14, 35, 66
Decontamination, 33, 74, 91, 94-99

Dedicated equipment/systems, 35-38, 47, 49, 51, 53, 62, 66, 91, 9
Deionized or distilled water, 95, 98

Dense non-agueous phase liquid (DNAPL), 5, 28, 29

Desorbing agent, 98

Discrete-depth samplers, 2-5, 37, 40, 41

Disinfection (pre/post), 107, 109, 110, 115

Disposable equipment, 35, 67, 71, 87, 91, 94

Dissolved iron, 65, 75, 80

Dissolved metal(s), 9, 43, 65, 71, 74, 85, 87,89, 93, 96, 97, 118
Dissolved oxygen, 65, 67, 75, 81-83, 128

Documentation, 18, 19, 99-102, 109

Domestic wells (see private water supply)

Drawdown, 26, 66, 69, 82, 128, 130

Drive point wells, 110

Duplicate samples, 96

E

Eductor pump (or jet/venturi), 45, 47
Eh (also Redox potentid), 43, 65, 67, 75, 82, 83, 91, 128, 129
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Eh-pH diagram, 83
Electric water level indicator, 22, 23
Electrodes,
Equipment blanks (see Field blank)
Equipment
checklist
monitoring well sampling, 18
water supply well sampling, 106
decontamination, 94-99
Extraneous contamination, 9, 49, 70-74, 94,

Grab samplers, 34, 37, 43, 69
Groundwater Monitoring | nventory form,108,
109

Field duplicate, 96
Field blank (alsofield rinsate,
and equipment blank),
95
Field split samples, 96
Filling sample containers, 70, 117, 118
Filtration
decontamination of, 91
direct, in-line, 40, 44, 49, 51, 53, 56, 58,
equipment, 87
membrane (or paper), 87, 89, 91
objectives of, 84-87
pore size, 87, 89
techniques, 87-91
transfer bottle/vessdl, 44, 91, 96, 97
Float method (water level), 22, 23
Flow-through cell (also closed flow-through
Free drainage sampler, 124
Free product (see Immiscible layer, DNAPL
or LNAPL)

35, 47, 53, 94,

H

Health and safety, ii, 15, 18, 98
Henry's Law Constant, 71

95, 99, Hgdraulic head, 19, 20, 79, 111

Hydrophobic, 67, 121

decontamination

Immiscible layer (also DNAPL & LNAPL),
Indicator
parameters, 14, 65-69, 74-76, 84
substance (water levels), 22, 25, 29
Industrial wells, 115
Inert(ness), 36-38
Inertial lift pump, 34, 60-62
Bibrifnics, 12, 13, 65, 74, 75
In-situ measurements, 76, 78, 79, 81
Iron, 64, 74, 75, 80, 82, 83, 85, 89, 91, 109
Irrigation wells, 115

23,28, 29

G

Galvanized stedl, 36, 37
Gas-displacement pump (or air- displacement),

33,54

Gas-drive piston pump, 33, 56

Gaslift pump (or air-lift), 34, 62

Gasoline Range Organics (GRO), 95
Gas-sensitive, 43, 44, 47, 49, 51, 54, 60, 62
Gear-drive pump, 33, 58

Geochemical (also geochemistry), 81, 91
Geologic logs, 106, 111, 115

Glass microfiber (pre-filter), 87

L

cell), 66| G&ciHRe75246, 78-83, 129

Lead, 65, 75, 85, 107

Light non-aqueous phase liquid (LNAPL),

Limit of detection (LOD) or detection limit,

Limit of quantitation (LOQ), 17, 96, 103

Low-carbon stedl, 36, 37, 98

Low-flow purging/sampling, 38, 47-53, 58,
62, 65-70, 76-79, 82, 85-91, 96, 128-132

Lysimeter, 120-124

M

Major ions, 6, 9, 43, 74, 118

Management practice monitoring, 102, 103
Manganese, 1, 65, 74, 75, 80, 85

Manual diaphragm pump, 45

Manual piston pump, 33, 56

28, 29
10, 11, 13, 1
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Meniscus, 72, 118

Mercury, 65, 70, 75

Minor ions, 43, 74, 118
Molybdenum, 65, 75
Municipal wells, 107, 111, 116

N

Natural flow conditions, 66-69, 85, 86,
89, 128

Negative pressure (filtration), 85, 87

Nitrogen, 70, 71

Nephelometric Turbidity Units (NTUs),
80, 87, 89

Newly constructed/developed wells, 64

Non-sensitive samples, 54, 60, 69, 130

o

Octanol-water partition coefficient (Kow), 67
Odor, 84

Order of filling sample containers, 67
Oxidation-reduction (also redox), 38, 54, 65,

71, 81-88ressum tank, 116

Partial pressure, 79, 85

Penetrometer (see Cone penetrometer)
Peristaltic pump, 34, 43, 44
Pesticides, 70, 72, 118

Purging
objectives, 62-65
procedures, 66-70

pH
measurement of, 75-79, 93
adjustment of, 80
sampling effects on, 43, 54, 56,
65, 67, 75, 128
filtration effects on, 85, 91
Phosphate, 65, 75, 98
Phosphorous (total), 70
Piezometer, 19-23
Piston pump, 33, 56
Pitcher pump, 45
Platinum €electrode, 83
Polyethylene, 36, 37, 41, 60
Polypropylene, 36-38
Polyvinyl chloride (PVC), 36-38, 41, 60, 100
Popper, 22-25
Pore size (filtration), 87, 89, 91
Positive displacement pumps, 33, 43, 47, 49,
Positive pressure (filtration), 85, 87, 89, 91
Potentiometric, 3, 19, 20
Precipitate (chemical precipitate), 75, 80,
82, 117
Preprinted (WUWN) labels, 108
Preservation (samples), 71, 93, 105, 117, 119

Printronix (WUWN) labels, 108
Private water supply, 102-107, 115, 116
Progressive cavity (or helical-rotor) pump,
PTFE (polytetrafluoroethylene or Teflof),
36, 38, 44, 47, 49, 58, 60, 87, 112
Public water supply, 102-104, 115, 116
Pumps
bladder, 33, 51-54
centrifugal submersible, 33, 43, 47-49
gas-displacement (or air-displacement),
gas-lift (or air-lift), 34, 62, 63
gear-drive, 33, 58, 59
inertial lift, 34, 60-62
peristaltic, 34, 43, 44
piston (manual and gas-drive), 33, 56, 57
progressive cavity (helical-rotor), 33,
49-51
suction-lift, 34, 43-47

Q

Quiality assurance/quality control (QA/QC),

51, 54, 56, 58

33, 49-51

33,54, 55
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10-17, 94-99, 119
Quiality control samples

field duplicate, 96

field blank, 95

field split sample, 96

sequential sample, 97

trip blank, 95

R

Raw untreated groundwater, 102, 104, 116

Reagent grade water, 89, 93, 95, 98, 99
Redox (see oxidation-reduction)
Reference dlevation, 20, 25

Regulatory objective, 8, 14, 66, 97, 102
Replicate, 96

Representative sample, 62, 64-66, 70, 84
Reusable equipment, 87, 91

Rigor(ous), 9, 11, 13, 71, 74, 97, 98, 102

Sample, Sampling

collection, 70-75

containers, 70, 71

filtration (see Filtration)

forms
WSFS - monitoring wells, 18
WSFS - water supply wells, 108

handling, 93, 94

identification, 100

integrity, 65

labeling, 93, 100

preservation, 93

seals, 101

security, 100, 101

storage, 93, 100, 101

tracking (see also COC), 100, 101

transport, 93, 100, 101
tubing, 37

Sampling and analysis plan (SAP), 14-19, 94

Selenium, 65, 75

Semi-volatile compounds, 72, 118
Sequential sample(s), 97

Silicone, 36, 37, 44, 45

Silver electrode, 83

Slowly-recovering wells, 69, 70, 128
Sorption (also adsorption, adsorb, sorb),

36-38, 44, 45, 54, 65, 74, 79, 82, 85, 86,

Specific conductance (also conductivity),
67,77

Split samples, 96

Stable reading(s), 67

Stagnant water, 65-69, 115

Stainless steel, 36-38, 41, 43, 47, 49, 53, 58

Standard Methods, 76, 77, 80-84, 117
Stratigraphic, 2, 3, 6

Suction-lift pump, 34, 43-47

Suction lysimeter, 121-124

Sulfate, 1, 70, 71, 74, 75, 82

Sulfide, 36, 65, 75, 84

Surface centrifugal pump, 34, 43, 45
Syringe sampler, 34, 37, 40, 41

93, 97, 98

Teflon® (see PTFE)

Temperature (measurement of), 76, 77
Top of casing, 20, 106

Total coliform bacteria Gee Bacteria)
Tota dissolved solids, 1, 74, 77 117
Total organic carbon (TOC), 65, 70

Trace metals, 6, 38, 51, 69, 70, 81, 96, 124

Transducer, 3, 22, 26-28
Trip blank, 95

True color (see Color)
Turbidity, 67-70
Tygon®, 37, 44, 45

Ultrasonics, 22, 28
Unsaturated zone (see Vadose zone)

Vv

Vadose zone, 120, 126

Vaence, 77-83

Vanadium, 65, 75

Viton®, 36, 37, 47

VOA trap sampler, 43

Volatile organic compounds (v OCs)
collection of, 70-72, 118
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I ndex

equipment effects on, 33, 34, 38-44, 47-
sampling effects on, 33, 34, 65, 69, 79

w

Water level measurements, 19-28, 111

Water quality measurements, 75-84

Water supply well labeling, 107, 108

Water table well, 19, 20, 23, 29, 82

Wax-impregnated graphite (WIG) electrode,
83

Well congtructor's report, 106, 109, 115

Well logs, 106, 111

Well maintenance/rehabilitation, 64, 65

Well-specific field sheet (WSFS), 18, 108

Well volume(s), 65-69, 87, 89, 127

Westbay® sampler, 43

Winkler (titration) method, 81

Wisconsin Unique Well Number (WUWN),

Zinc, 65, 75, 85

51, 54-56, 60

100, 105, 107-109
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