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|. Introduction

The methods and objedives of ground-water sampling to assesswater quality have evolved over time.
Initially the enphasis was on the assessment of water quality of aquifersas surces of drinking water.
L arge water-bearing units were identified and sampled in kegping with that objedive. Thesewere
highly productive aquifers that supplied drinking water via private wells or through public water
supply systems. Gradually, with the increasing awarenessof subsurface poll ution of these water
resources, the understanding d complex hydr ogeochemical processes which govern the fate and
transport of contaminantsin the subsurface increased. Thisincrease in understanding was also due to
advancesin a number of scientific disciplinesand improvementsin tods used for site char acterization
and ground-water sampling. Ground-water quality investigations where poll ution was deteded,
initially borr owed ideas, methods, and materialsfor ste tharacterization from the water supply field



and water analysisfrom public health practices. Thisincluded the materialsand manner in which
monitoring wells wereinstalled and the way in which water was br ought to the surface, treated,
preserved and analyzed. The prevailing conceptual ideasincluded convenient gener alizations of
ground-water resourcesin terms of large and reatively homogeneous hydrologic " units'. With time it
became appar ent that conventional water supply generalizations of " homogeneity" did not adequately
represent field data regarding pollution of these subsurface resour ces. The important role of

" heter ogeneity" became increasingly clear not only in geologic terms, but also in terms of complex
physical, chemical and biological subsurface processes. With greater appreciation of therole of

heter ogeneity, it became evident that subsurface pollution was ubiquitous and encompassed the
unsatur ated zone to the deep subsurface and included unconsolidated sediments, fractured rock, and
"aquitards’ or low-yielding or imper meable for mations. Small-scale processes and heter ogeneities
wer e shown to be important in identifying contaminant distributions and in controlling water and
contaminant flow paths.

It isbeyond the scope of this paper to summarize all the advancesin the field of ground-water quality
investigations and remediation, but two particular issues have bearing on ground-water sampling
today: aquifer heterogeneity and colloidal transport. Aquifer heter ogeneities affect contaminant flow
paths and include variationsin geology, geochemistry, hydrology and microbiology. As methods and
the tools available for subsurface investigations have become increasingly sophisticated and

under standing of the subsur face environment has advanced, there isan awar enessthat in most casesa
primary concern for Steinvestigationsischaracterization of contaminant flow pathsrather than entire
aquifers. In fact, in many cases, plume thickness can belessthan well screen lengths (e.g. 3-6 m)
typically installed at hazar dous waste sitesto detect and monitor plume movement over time. Small-
scale differ ences have incr easingly been shown to be important and thereisgeneral trend toward
smaller diameter wells and shorter screens.

The hydrogeochemical significance of colloidal-size particlesin subsurface systems has been realized
during the past several years (Gschwend and Reynolds, 1987; M cCarthy and Zachar a, 1989; Puls,
1990; Ryan and Gschwend, 1990). Thisrealization resulted from both field and labor atory studies that
showed faster contaminant migration over greater distancesand at higher concentr ations than flow
and transport model predictionswould suggest (Buddemeier and Hunt, 1988; Enfield and Bengtsson,
1988; Penrose et al. 1990). Such modelstypically account for interaction between the mobile aqueous
and immobile solid phases, but do not allow for a mabile, reactive solid phase. isrecognition of this
third " phase" as a possible means of contaminant transport that has brought increasing attention to
the manner in which samples ar e collected and processed for analysis (Pulset al. 1990; M cCarthy and
Degueldre, 1993; Backhus et al. 1993; USEPA 1995). If such a phase present in sufficient mass,
possesses high sor ption reactivity, large surface area, and remains stable in suspension, it can serve as
an impor tant mechanism to facilitate contaminant transport in many types of subsurface systems.

Colloids are particlesthat are sufficiently small that the surface free ener gy of the particle dominates
the bulk free energy. Typically, in ground water, thisincludes particles with diameter s between 1 and
1000 nm. The most commonly obser ved mobile particlesinclude: secondary clay minerals; hydrous
iron, aluminum, and manganese oxides; dissolved and particulate organic materials, and viruses and
bacteria. Thesereactive particles have been shown to be mobile under a variety of conditionsin both
field studies and labor atory column experiments, and as such need to beincluded in monitoring
programs wher e identification of the " total" mobile contaminant loading (dissolved + naturally
suspended particles) at a siteis an objective. To that end, sampling methodologies must be used which
do not artificially bias" naturally” suspended particle concentr ations.

Currently the most common ground-water purging and sampling methodology isto purge awell using
bailersor high speed pumpsto remove 3 to 5 casing volumes followed by sample collection. This
method can cause adver seimpacts on sample quality through collection of sampleswith high levels of
turbidity. Thisresultsin theinclusion of otherwise immobile artifactual particleswhich produce an
over estimation of certain analytes of interest (e.g. metalsor hydrophobic organic compounds).

Numer ous documented problems associated with filtration (Danielsson, 1982; L axen and Chandler,



1982 Horowitz & al. 1992 make this an undesir able method of rectifying the turbidity problem, and
include theremoval of potentially mobil e (contaminant-associated) particles during filtration, thus
artificially biasing contaminant concentr ations low. Sampling-induced tur bidity problems can often be
mitigated by using low-flow purging and sampling techniques.

Curre nt subsurface mnceptual models have undergone considerable refinement due to the recent
development and increased use of field screening tods. So-called hydraulic " push” technologies (e.g.
cone penetrometer, Geopr obe®, QED Hydr oPunch®) enable relatively fast screening site

char acterization which can then be used to design and ingtall a monitoring well network. Indeed,
alter natives to conventional monitoring wells are now being considered for some hydrogeologic
settings. The ultimate design of any monitoring system should however be based upon adequate site
char acterization and be mnsistent with established monitoring objedives.

If the sampling program abjectives include accur ate asesanent of the magnitude and extent of
subsurface @ntamination over time and/or accur ate assessnent of subsequent remedial performance
then some infor mation regar ding plume delineation in three dimensional spaceisnecessary prior to
monitoring well networ k design and installation. This can be accomplished with a variety of different
tools and equipment ranging from hand-operated augersto screening tods mentioned above and lar ge
drillingrigs. Detailed infor mation on groundwater flow velocity, diredion, and horizontal and vertical
variability are esential baseline data requirements. Detailed soil and geologic data are required prior
to and during the installation of sampling points. Thisincludes historical aswell as detailed soil and
geologic logs which accumulate during the siteinvestigation. The use of borehole geophysical
tedhniques are also recommended. With thisinfor mation (together with other site char acterization
data) and a clear understanding of sampling dbjedives, then appropriate location, screen length, well
diameter, dot size dc. for the monitoring well network can decided. Thisisespecially critical for new in
situ remedial approaches or natural attenuation asessnents at hazar dous waste sites.

In general, the overall goal of any ground-water sampling program isto colled water sampleswith no
alteration in water chemistry; analytical data thus obtained may be used for a variety of specific
monitoring programs depending an the regulatory requirements. The sampling methodol ogy described
in thispaper assumes that the monitoring goal isto sample monitoring wellsfor the presence of
contaminants and it is applicable whether maobile lloids are a concern or not and whether the
analytes of concern are metals (and metall oids) or organic compounds.

Il . Monitoring Objedives and Design Considerations.

Thefollowing issues areimportant to consider prior to the desgn and implementation of any ground-
water monitoring program, including those which anticipate using low-flow purging and sampling
procedures.

A. Data Quality Objedives (DQO'S)

Monitoring objedivesinclude four main types: detection, assessment, cor redive-action evaluation and
resource evaluation, along with " hybrid" variations sich as ste-assessmentsfor property transfers and
water avail ability investigations. M onitoring obj ectives may change as contamination or water quality
problems ar e discovered. However, ther e are a number of common components of monitoring
programs which should be reagnized asimportant regardlessof initial objedives. These components
include:

1) Development of a conceptual model that incor por ates elements of the regional geology to the local
geologic framewor k. The cmnceptual model development also includesinitial site characterization
effortsto identify hydr ostratigraphic units and likely flow-paths using a minimum number of borings
and well completions;



2) Cost-effective and well documented coll ection of high quality data utili zing smple, accur ate, and
reproducible techniques; and

3) Refinement of the ancept



contaminants, all represent tar getsfor data coll ection programs. Thetodsand proceduresused in
these programs sould be equally rigor ous and applicableto dl categories of data, snce all may be
neaded to determine or support regulatory action.

C. Sampling Point Design and Construction

Detailed Ste characterization iscentral to all decision-making purposes and the basisfor this

char acterization residesin identification of the geologic framework and major hydro-stratigraphic
units. Fundamental data for sample point location include: subsurface lithology, head-differencesand
background geochemical conditions. Each sampling point has a proper use or uses which should be
documented at alevel which isappropriatefor the program'sdata quality objedives. Individual
sampling points may not always be able to fulfill multiple monitoring objedives (e.g., detection,
assssnent, corrective action).

1) Compatibili ty with Monitoring Program and Data Quality Objectives

Spedfics of sampling point location and design will be dictated by the complexity of subsurface
lithology and variability in contaminant and/or geochemical conditions. It should be noted that,
regar dlessof the ground-water sampling appr oach, few sampling points (e.g. well s, drive-points,
screened augers) have zones of influencein excessof afew feet. Therefor e the spatial frequency of
sampling points sould be carefully selected and designed.

2) Flexibility of Sampling Point Design

In most cases” well-point” diametersin excessof 1 7/8 incheswill per mit the use of most types of
submersible pumping devicesfor low-flow (minimal drawdown) sampling. It issuggested that " short"
(e.g. lessthan 1.6 m) screens be incor por ated into the monitoring design wher e possble so that we
might exped compar able results from one deviceto another. " Short", of cour se, isrelative to the
degree of vertical water quality variability expeded at a Ste.

3) Equili bration of Sampling Point

Time should be all owed for equili bration of thewell or sampling point with the formation after
installation. Placement of well or sampling pointsin the subsurface produces ssme distur bance of
ambient conditions. Drilling techniques (e.g. auger, rotary, etc.) are generally consider ed to cause more
disturbancethan " dired-push” technologies. In either case, there may be a period (i.e. daysto months)
during which water quality near the point may be distinctly different from that in the for mation.
Proper development of the sampling point and adjacent for mation to remove fines created during
emplacement will shorten thiswater quality " recovery" period.

Il . Definition of Low-Flow Purging and Sampling

It isgenerally accepted that water in thewell casing is non-representative of the for mation water and
neadsto be purged prior to collection of ground-water samples. However, the water in the screened
interval may indeed be representative of the for mation, depending upon well construction and site
hydrogeology. Wellsare purged to some extent for the following reasons: the presence of the air
interface at the top of the water column resulting in an oxygen concentration gradient with depth, loss
of volatilesup the water column, leaching from or sorption tothe casing o filter pack, chemical
changes due to clay seals or backfill, and surfaceinfiltration.

L ow-flow purging, whether using portable or dedicated systems, should be done using pump-intake
located in the middle or dightly above the middle of the screened interval. Placement of the pump too
close to the bottom of the well will cause increased entrainment of solids which have wllected in the



well over time. These particlesare present asaresult of well development, prior purging and sampling

events, and natural colloidal transport and deposition. Ther efore, placement of the pump in the middle
or toward thetop of the screened interval is suggested.

P



It isimportant to establish specific well stabilization criteria and then consistently foll ow the same
methods thereafter, particularly with respect to drawdown, flow rate and sampling device. Generally
thetime or purge volume required for parameter stabilization isindependent of well depth or well
volumes. Dependent variables are well diameter, sampling device, hydr ogeochemistry, pump flow rate,
and whether the devicesare used in a portable or dedicated manner. If the sampling deviceisalready
in place (ie, dedicated sampling systems), then the time and pur ge volume needed for stabilization is
much shorter. Other advantages of dedicated equipment include lesspurge water for waste disposal,
much lessdecontamination of equipment, lesstime spent in preparation of sampling aswell astimein
thefield, and more consistency in the sampling appr oach which probably will trandate into less
variability in sampling results. The use of dedicated equipment is grongly recommended at wellswhich
will undergo routine sampling over time.

If parameter stabilization criteria are toostringent, then minor oscill ationsin indicator parameters
may cause pur ging operationsto become unnecessarily protracted. It should also be noted that
turbidity isa very conservative parameter in terms of stabilization. Turbidity isalwaysthe last
parameter to stabilize. Excessve purgetimesareinvariably related to the establishment of too
stringent turbidity stabilization criteria. It should be noted that natural turbidity levelsin ground
water may exceed 10 nephelometric turbidity units (NTU).

C. Advantages and Disadvantages of L ow-Flow
(Minimum Drawdown) Purging

In general, the advantages of low-flow purging include:

» samples which are representative of the 'mobile' load of contaminants present (disslved and coll oid-
asciated),

» minimal distur bance of the sampling point thereby minimizing sampling artifacts,
* lessoperator variability, greater operator control,

* reduced stresson the formation (minimal drawdown),

* lessmixing of stagnant casng water with formation water,

* reduced need for filtration and therefore lesstime required for sampling,

» smaller purging volume which deaease waste disposal costs and sampling time.

* better sample consistency; reduced artificial sample variability

Some disadvantages of low-flow purging are:

* higher initial capital costs,

* greater set-up timein thefield,

* ned to transport additional equipment to and from the site,
e increased training needs,

* resistance to change on the part of sampling practitioners,



» concern that new data will indicate a " change in conditions' and trigger an " action".

V. Low-Flow (Minimal Drawdown) Sampling Protocols

The following ground water sampling procedure has evolved over many year s of experiencein ground
water sampling for organic and inorganic compound determinations and as sich summarizesthe
author s (and others) experiencesto date (Barcdonaet al., 1984, 1994 Bar celona and Helfrich, 1986
Puls and Barcelona, 1989, Pulset. al. 1990, 1992 Puls and Powell, 1992 Pulsand Paul, 19%). High-
quality chemical data colledion isessential in ground water monitoring and site characterization. The
primary limitationsto the wllection of " representative" ground water samplesinclude: mixing of the
stagnant casng and " fresh" screen watersduring insertion of the sampling deviceor ground water
level measurement device; disturbanceand resuspension of settled solids at the bottom of the well when
using high pumping rates or r aisng and lowering apump or bailer; introduction of atmospheric gases
or degassng from the water during sample handling and transfer, or inappropriate use of vacuum
sampling device etc.

A. Sampling Reaommendations

Water samples should not be taken immediately foll owing well development. Sufficient time should be
allowed for the ground water flow regime in the vicinity of the monitoring well to stabilize and to let
chemical equili brium with the well construction materials be approached. Thislag time will depend on
site conditions and methods of installation but often exceeds one week.

Well purgingis nearly always necessary to dotain samples of water flowing through the geologic
formationsin the screened interval. Rather than using a general but arbitrary guideline of purging
three casing vdumes prior to sampling, it isrecommended that an in-line water quality measurement
device (e.g. flow-through cdl) be used to establish the stabilization time for several parameters (e.g. pH,
spedfic conductance, redox, disolved oxygen, turbidity) on a well-specific bass. Data on pumping rate,
drawdown, and volume required for parameter stabilization can be used as a guide for conducting
subsequent sampling activities.

The following are recommendations to be considered before, during and after sampling:

* use low flow rates (<0.5 L/min), during both purging and sampling maintain minimal drawdown in
the well;

» maximizetubing wall thickness minimize tubing length; * place the sampling deviceintake at the
desired sampling point;

* minimizedistur bances of the stagnant water column above the screened interval during water level
measurement and sampling deviceinsertion;

» make proper adjustmentsto stabili ze the flow rate as soon as possble;
* monitor water quality indicator s during purging;

» collect unfiltered samplesto estimate contaminant loading and transport potential in the subsurface
system.

B. Equipment Calibration



Prior to sampling, all sampling device and monitoring equipment should be alibrated according to
manufacture's recommendations and the site Quality Assurance Projed Plan (QAPP) and Field
Sampling Plan (FSP). Calibration of pH should be performed with at least two buffers which bracket
the expeded range. Disolved oxygen calibration must be arreded for local barometric pressire
readings and elevation.

C. Water Level M easurement and Monitoring

It isrecommended that a device be used which will least disturb the water surfacein the casng. Well
depth should be obtained from the well logs. Measuring to the bottom of the well casing will only cause
resuspension of settled solids from the formation and require longer purging timesfor turbidity

equili bration. Measure well depth after sampling iscompleted. The water level measurement should be
taken from a permanent reference point which issurveyed in relative to ground elevation.

D. Pump Type

The use of low flow (e.g. 0.1-0.5 L/min) pumpsis siggested for purging and sampling all types of
analytes. All pumps have some limitation and these should be investigated with respect to application at
a particular site. Bailersareinappropriate devicesfor low-flow sampling.

1) General Considerations

There areno unusual requirementsfor ground-water sampling devices when using low-flow, minimal
drawdown tedhniques. The major concern isthat the device give mnsistent results and minimal
disturbanceof the sample acrossarange of "low" flow rates(i.e. < 0.5 L/min). Clearly, pumping rates
that cause minimal to no drawdown in one well could easily cause " significant” drawdown in another
well finished in alesstransmissve formation. In this sense, the pump should not cause undue pressire
or temperature changes or physical disturbance on the water sample over a reasonable sampling range.
Consistency in operation iscritical to meet accuracy and precision goals.

2) Advantages Disadvantages of Sampling Devices

A variety of sampling devices ar e avail able for low-flow (minimal drawdown) purging and sampling
and include peristaltic pumps, bladder pumps, electrical submersible pumps, and gas-driven pumps.
Devices which lend themselvesto both dedication and consistent operation at definable low-flow rates
arepreferred. It isdedrablethat the pump be easily adjustable and operate reliably at these lower flow
rates. The peristaltic pump islimited to shallow applications and can cause degassng resulting in
alteration of pH, alkalinity, and some volatilesloss Gas-drive pumps should be of atypethat does not
allow the gasto bein direct contact with the sampled fluid.

Clearly, bailersand other " grab" type samplersare ill-suited for low-flow sampling since they will
cause repeated disturbance and mixing of " stagnant™ water in the casng and the " dynamic" water in
the screened interval. Similarly, the use of inertial lift foat-valve type samplers may cause too much
disturbanceat the point of sampling. Use of these devices also tend to intr oduce uncontrolled and
unacceptable operator variability.

Summaries of advantages and disadvantages of various sampling devices arelisted in Herzog et al
(1991, USEPA (1992, Parker (1994) and Thurnblad (1994).

E. Pump Installation

Dedicated sampling devices (left in the well) capable of pumping and sampling are preferred over any
other type of device. Any portable sampling device should be dowly and carefully lowered to the



middle of the screened interval or dightly above the middle (e.g. 1-1.5 m below the top of a3 m screen).
Thisisto minimize excessve mixing of the stagnant water in the @asing above the screen with the
screened interval zone water, and to minimize resuspension of solids which will have colleded at the
bottom of the well. These two distur bance effects have been shown to dir ectly affect the time required
for purging. There also appearsto beadired corr elation between sze of portable sampling devices
relativeto the well bore and resulting pur ge volumes and times. The key isto minimizedistur bance of
water and solidsin the well casing.

F. Filtration

Dedsonstofilter samples should be dictated by sampling dojedivesrather than asa " fix" for poor
sampling practices, and field-filtering o certain constituents sould not be the default. Consideration
should be given asto what the application of field-filtration istrying to accomplish. For assssament of
truly dissolved (as opposed to operationally " disolved” [ie. samplesfiltered with 0.45 um filters])
concentrations of major ions and trace metals, 0.1 um filtersare recommended although 0.45 um filters
arenormally used for most regulatory programs. Alkalinity samplesmust also be filtered if significant
particulate alcium carbonateis suspeded, sincethismaterial islikely toimpact alkalinity titration
results (although filtration itself may alter the CO2 composition of the sample and therefor e affed the
results).

Although filtration may be appropriate, filtration of a sample may cause a hnumber of unintended
changesto occur (e.g. oxidation, aeration) possbly leading to filtration-induced artifacts during sample
analysisand uncertainty in the results. Some of these unintended changes may be unavoidable but the
factorsleading to them must be recognized. Deleterious effeds can be minimized by consistent
application of certain filtration guidelines. Guidelines should address ®lection of filter type, media,
pore size, etc. in order toidentify and minimize potential sources of uncertainty when filtering samples.

In-linefiltration isrecommended because it provides better consistency through less ample handling,
and minimizes sample exposure to the atmaosphere. In-linefiltersare availablein both disposable
(barrel filters) and non-disposable (in-linefilter holder, flat membranefilters) formats and various
filter pore szes (0.1-5.0 um). Disposable filter cartridges have the advantage of greater sediment
handling capacity when compared to traditional membr ane filters. Filters must be pre-rinsed foll owing
manufacturer'srecommendations. If there are no recommendations for rinsing, passthrough a
minimum of 1 L of ground water following purging and prior to sampling. Once filtration has begun, a
filter cake may develop as particleslarger than the pore sze accumulate on the filter membrane. The
result isthat the dfedive pore diameter of the membraneisreduced and particlessmaller than the
stated poresizeare excluded from thefiltrate. Possble wrredive measuresinclude prefiltering (with
lar ger pore szefilters), minimizing particle loads to begin with, and reducing sample volume.

G. Monitoring of Water Level and Water Quality Indicator Parameters

Check water level periodically to monitor drawdown in the well asa guide to flow rate adjustment. The
goal isminimal drawdown (<0.1 m) during purging. Thisgoal may be difficult to achieve under some
circumstances due to geologic heter ogeneities within the screened interval, and may require adjustment
based on site-specific conditions and per sonal experience. In-line water quality indicator parameters
should be montinuously monitored during purging. Thewater quality indicator parameter s monitored
can include pH, redox potential, conductivity, dislved oxygen (DO) and turbidity. Thelast three
parameter s ar e often most sensitive. Pumping rate, drawdown, and the time or volume required to
obtain stabilization of parameter readings can be used as a future guide to purge the well.
Measurements should be taken every three to five minutesif the above suggested rates ar e used.
Stabilization isachieved after all parameter s have stabilized for three successve readings. In lieu of
measuring al five parametersa minimum subset would include pH, conductivity, and turbidity or DO.
Three succesdve readings $ould be within £ 0.1 for pH, £ 3% for conductivity, £ 10 mv for redox
potential, and + 10% for turbidity and DO. Stabilized purge indicator parameter trends are generally



obvious and foll ow either an exponential or asymptotic change to stable values during purging.
Disslved oxygen and turbidity usually require the longest time for stabilization. The above
stabilization guidelinesare provided for r ough estimates based on experience.

H. Sampling, Sample Containers, Preservation and Decontamination

Upon parameter stabilization, sampling can beinitiated. If an in-line deviceisused to monitor water
quality parameters, it should be disconneded or bypassed during sample mll ection. Sampling flow rate
may remain at established purgerate or may be adjusted dightly to minimize aer ation, bubble
formation, turbulent filling of sample bottles, or lossof volatil es due to extended residence timein
tubing. Typically, flow rateslessthan 0.5 L/min are appropriate. The same device should be used for
sampling aswasused for purging. Sampling should occur in a progresson from least to most
contaminated well if thisisknown. Generally, volatile (e.g. solvents and fuel constituents) and gas
senditive (e.g. Fe2+,CH 4, H 2 SHS -, alkalinity) parameters $ould be sampled first. The sequence
in which samplesfor most inorganic parameters are allected isimmaterial unlessfiltered (diswlved)
samples are desired. Filtering should be done last and in-line filters should be used as discussed above.
During bath well purging and sampling, proper protedive dothing and equipment must be used based
upon the type and level of contaminants present.

The appropriate sample amntainer will be prepared in advance of actual sample coll ection for the
analytes of interest and include sample preser vative where necessary. Water samples should be
collected directly into this container from the pump tubing.

Immediately after a sample bottle hasbeen filled, it must be preserved as Pecified in the site Quality
Assurance Project Plan (QAPP). Sample preservation requirements ar e based on the analyses being
performed (use site QAPP, Field Safety Plan [FSP], USEPA, 1992 RCRA guidance document or EPA
SW-846). It may be advisable to add preservatives to sample bottlesin a controlled setting prior to
entering thefield in order to reduce the chances of impr operly preserving sample bottles or introducing
field contaminantsinto asample bottle while adding the preser vatives.

The preservatives sould be transferred from the chemical bottle to the sample cmntainer using a
disposable polyethylene pipet and the disposable pipet should be used only once and then discar ded.

After asample mntainer has been filled with ground water, a Teflon (or tin)-lined cap is screwed on
tightly to prevent the container from leaking. A samplelabel isfilled out as pecified in the Field
Sampling Plan (FSP). The samples sould be stored inverted at 4°C.

Spedfic decontamination protocols for sampling devices ar e dependent to some extent on the type of
device used and the type of contaminants encountered. Refer to the site QAPP and FSP for specific
requirements.

|. Blanks

The foll owing blanks should be oll ected:

(1) field blank: one field blank should be alleded from each source water (distilled/deionized water)
used for sampling equipment demntamination or for asssting well development procedures.

(2) equipment blank: one egquipment blank should be taken prior to the commencement of field work,
from each set of sampling equipment to be used for that day. Refer to site QAPP or FSP for specific
requirements.



(3) trip blank: atrip blank isrequired to accompany each volatile sample shipment. These blanksare
prepared in the laboratory by filling a 40-mL volatile organic analysis (VOA) bottlewith
digtilled/deionized water.

V. Low-Permeability Formations and Fractured Rock

The overall sampling program goals or sampling objectiveswill drive how the sampling pointsare
located, installed, and choice of sampling device. Likewise, site-specific hydr ogeologic factor s will affect
these decisions. Siteswith very low per meability formations or fractur es causing discr ete flow channels
may require a unique monitoring approach. Unlike water supply wells, wellsinstalled for ground-water
guality assessment and restor ation programs ar e often installed in low water -yielding settings (e.g.
clays, dlts). Alter native types of sampling points and sampling methods are often needed in these types
of environments, because low-per meability settings may requir e extremely low-flow purging (<0.1
L/min) and may be technology-limited. Wher e devices are not readily available to pump at such low
flow rates, the primary consider ation isto avoid dewatering of thewell screen. Thismay require
repeated recovery of the water during purging while leaving the pump in place within the well screen.

Use of low-flow techniques may be impractical in these settings, depending upon the water recharge
rates. The sampler and the end-user of data collected from such wells need to under stand the
limitations of the data collected, i.e. a strong potential for under estimation of actual contaminant
concentrationsfor volatile organics, potential false negativesfor filtered metalsand potential false
positivesfor unfiltered metals. It is suggested that comparisons be made between samplesrecover ed
using low-flow purging techniques and samplesrecover ed using passive sampling techniques (i.e. two
sets of samples). Passive sample collection would essentially entail acquisition of the samplewith no or
very little purging using a dedicated sampling system installed within the screened interval or a passive
sample collection device.

A. Low-Permeability Formations (<0.1 L/min recharge)

1. L ow-Flow Purging and Sampling with Pumps

a. "portable or_ non-dedicated mode" - L ower the pump (one capable of pumping at <0.1 L/min) to
mid-screen or dightly above and set in place for minimum of 48 hour s (to lessen purge volume
requirements). After 48 hours, use procedureslisted in Part |V above regarding monitoring water
quality parametersfor stabilization, etc., but do not dewater the screen. If excessive drawdown and
slow recovery isa problem, then alter nate appr oaches such asthose listed below may be better.

b. " dedicated mode" - Set the pump as above at least aweek prior to sampling; that is, operatein a
dedicated pump mode. With thisapproach sgnificant reductionsin purge volume should be realized.
Water quality parameter s should stabilize quite rapidly dueto less distur bance of the sampling zone.

2. Passive Sample Callection

Passive sampling collection requiresinsertion of the device into the screened interval for a sufficient
time period to allow flow and sample equilibration before extraction for analysis. Conceptually, the
extraction of water from low yielding for mations seems mor e akin to the collection of water from the
unsatur ated zone and passive sampling techniques may be mor e appropriatein terms of obtaining
"representative" samples. Satisfying usual sample volumerequirementsistypically a problem with this
approach and some latitude will be needed on the part of regulatory entitiesto achieve sampling

obj ectives.

B. Fractured Rock



In fractured rock formations, a low-flow to zer o pur ging appr oach using pumpsin conjunction with
packer stoisolate the sampling zone in the bor ehole is suggested. Passive multi-layer sampling devices
may also provide the most " representative” samples. It isimperativein these settingsto identify flow
paths or water -producing fractures prior to sampling using tools such as bor ehole flowmeter s and/or
other geophysical tools.

After identification of water-bearing fractures, install packer (s) and pump assembly for sample
collection using low-flow sampling in " dedicated mode" or use a passive sampling device which can
isolate the identified water bearing fractures.

V1. Documentation

The usual practicesfor documenting the sampling event should be used for low-flow purging and
sampling techniques. Thisshould include, at a minimum: infor mation on the conduct of purging

oper ations (flow-r ate, drawdown, water -quality parameter values, volumes extracted and timesfor
measur ements), field instrument calibration data, water sampling forms and chain of custody forms.
See Figures 2 and 3 and " Ground Water Sampling Workshop -- A Workshop Summary” (USEPA,
1995) for example forms and other documentation suggestions and infor mation. Thisinfor mation
coupled with labor atory analytical data and validation data are needed to judge the " useability" of the
sampling data.
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