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Introduction

In recent years many new devices have become
available for groundwater-quality monitoring. These
devices provide various means of access to the
groundwater zone for acquisition of groundwater
samples for chemical analysis. When assessing the
options that exist for groundwater- quality
monitoring at a particular site, there are an
appreciable number of monitoring devicesto
consider. The selection of the appropriate device will
depend on hydrogeological conditions at the
monitoring site, the availability and the terrain
accessibility of drilling equipment, and the
construction materials needed to prevent the
adsorption of contaminants onto the monitoring
devices or release of contaminants from the devices.
The purpose of this publication isto describe methods
for the construction and installation of an inexpensive
device for sampling groundwater quality in sandy,
cohesionless aquifers.

Depth-integrated versus
depth-specific sampling

Early in the selection process for
groundwater-quality monitoring, it is necessary to
determine whether depth-integrated or depth-specific
samples are desired. A depth- integrated sampleis
onethat is obtained when water is pumped from a
well that has along screen or from awell with an
open borehole. As pumping occurs water can flow
into the well or open borehole from various depth
levels rather than from an isolated depth level. A
depth-specific sample isone that is obtained in a
specific narrow depth interval from an isolated zone
inawell or borehole.

Depth-integrated and depth-specific sampling are
illustrated schematically in figure 1. Depth-integrated
sampling can identify the presence of a contaminant
in the groundwater system but cannot determine the
actual depth or in situ concentration of the
contaminated zone. The concentrations obtained
from a depth-integrated sample are normally
dependent on the length of the screened interval, the
depth of the pump intake, and the rate or time-period
of pumping. Even under very controlled conditions
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of pumping and sampling, it is generally not possible
to deduce the concentration distribution in the
formation. Therefore, depth-integrated sampling is
not usually the preferred approach for detailed
groundwater-quality monitoring. However, the
depth-integrated approach may be appropriate in
situations where one simply desires, with minimum
drilling effort, to determine whether or not
contamination exists at a particular monitoring site. It
is often the most appropriate technique for
evaluations of water quality for public water supply
wells.
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Figure 1. Schematic illustration of depth-integrated and
depth-specific groundwater sampling.

Depth profiles are usually an important aspect of
detailed groundwater-quality investigations since
contaminant concentrations in bedded deposits can
vary markedly in the vertical direction and, in some
situations, the entire zone of contamination may
occupy only asmall part of the total aquifer
thickness. When depth-specific sampling is
performed, the water sample is drawn from a narrow
interval in the borehole in a manner that minimizes
mixing of water from different depth zones. If thisis
accomplished, the concentrations in the sample at the
moment of sampling will represent the concentrations
in the formation at the depth of sampling. When this
sampling approach is used, it is usually necessary to
do depth-specific sampling at several depths at each
sampling location in order to determine the overall
conditions of groundwater quality at the location.

Approaches for depth-specific
sampling

There are three designs that can be used for
permanent depth-specific sampling systems (see
figure 2). These are (1) multiple-borehole
piezometer nests; (2) multiple-level, single borehole

packer sampling; and (3) multiple-level, single
borehole piezometers.
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Figure 2. Three approaches for depth-specific sampling.

A multiple-borehol e piezometer nest consists of
two or more boreholes at the same site, with each
hole extending to a different depth, and each hole
containing asingle small diameter pipe screened or
dlotted over ashort interval and capped at the bottom.
Until recently this was the only depth-specific
approach that was commonly used for
groundwater-quality monitoring at various levels.
New methods have recently been developed primarily
to diminish the drilling costs associated with the
establishment of multilevel monitoring networks

Multiple-level packer sampling refersto
sampling from different levelsin along screened
interval or in an open borehole. Eachinterval is
temporarily isolated by means of inflatable packers
and the sample is drawn from the zone between the
packers. After aninterval is sampled, the packers are
deflated and the packer assembly israised or lowered
to adifferent interval where the packers are reinflated
so that another sample can be taken. By repeating
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this procedure, samples can be obtained from many
depthsin asingle hole.

Multi-level packer sampling can be arelatively
inexpensive approach to groundwater-quality
monitoring but it has a severe liability. Between
sampling times the borehol e provides an open
pathway for movement of groundwater from one
depth level to another. If groundwater moves from
one depth zone to another via the open borehole or
screen during the periods between sampling times, it
isdifficult or impossible to obtain representative
depth-specific water quality samples during
temporary episodes of packer inflation and pumping.
This publication presents a design for an inexpensive
multiple-level, single borehole piezometer which
prevents vertical short-circuiting during periods of
non-sampling.
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Figure 3. Schematic of the multi-level sampling device
(from Cherry et. al., 1983).

Design consideration for the
multi-level sampler

The multi-level sampling device described in this
publication was developed by researchers at the
University of Waterloo, Waterloo, Ontario, Canada
(Cherry et a., 1983) and has subsequently been used
for many research and commercial applications
(MacKay et a., 1986; Garabedian, 1987; TVA, 1988;
Hyman, 1990). A schematic of this device is shown
infigure 3. In general, the device consists of an outer
casing (usually PV C) with small port holes drilled
into it. A bundle of small-diameter collection tubes
(either metal, polypropylene, or Teflon) extend from
the ground surface down the inside of the casing.
Each of the tubesis attached to a sampling port which
protrudes slightly from the casing pipe. Screening
materials are used to cover each sampling port to
prevent soil from entering and clogging the tubing.

A summary of the criteria which should be
considered in the design and construction of a
multi-level sampler (MLYS) is presented below. In
addition to cost considerations, the chemical and
physical properties of the soil, groundwater, and
contaminant(s) of interest must be carefully
considered before an MLS is selected as the optimal
groundwater- monitoring device for any particular
Site.

a) Soil collapsibility

Soil collapsibility is of primary concern when
using the MLS. Where the soil is unable to collapse
tightly around the MLS (i.e. in clayey deposits),
groundwater may move upward or downward along
the borehole zone, and thus samples withdrawn at a
particular depth will not be representative of what is
actually occurring at that depth in the aquifer.
Unconsolidated cohesionless soils are required for
accurate implementation of MLSs.

b) Depth of water table below ground
surface

The MLS device described in this publication
requires a vacuum pump to draw groundwater
through the subsurface sampling ports to the ground
surface. Since the theoretical suction lift of a vacuum
pump is approximately 33 feet (1 atmosphere), the
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ML S described in this publication cannot be used at
sites where the water table is more than 25 to 28 feet
below ground surface.

¢) Contaminant considerations

The materials selected for constructing the ML S
will depend on the contaminants being sampled for.
If organic constituents (such as pesticides) which are
capabl e of sorbing onto plastics are being sampled
the, inner tubing, fittings and screening should be
constructed of metal, glass, or Teflon. In addition no
glue, tape or caulk should be used in the construction
procedure since these substances may leach organic
compounds into the sample water.

If inorganic constituents such as nitrate,
phosphate or chlorides are being sampled for,
polyethylene tubing and fittings, and nylon screening
material are appropriate. Glue tape and/or caulk may
be used since compounds leached from these
materials should not affect the inorganic ion
analysis.

Construction methods for the
multi-level sampler
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Figure 4. Schematic of the multi-level sampling device
(from Cherry et. al., 1983).

Figure 4 shows a detailed schematic of the
construction methods and materials required for a
ML S designed to sample organic constituents
(Hyman, 1990). The sampling ports consist of brass
elbows which are held to the PV C casing pipe by thin

brass nuts. The outer threaded ends of the elbows can
be sanded down, if necessary, to prevent the edges
from damaging the screening materials. The inner
threaded ends are connected to aluminum tubing
which extends to the surface inside the PV C casing
pipe. The aluminum tubing is 60/61 grade, 3/16
diameter with a0.035 inch wall, and is connected
with brass unions where necessary. The PVCis
threaded, Schedule 40, and purchased in ten-foot
sections. Size 36 stainless steel hose clamps are used
to fix the screening materials over the sampling

port.

As afirst step in constructing the multi-level
organic sampling device, al interior and exterior
metal surfaces should be rinsed with acetone and then
distilled water to clean the metal of possible cutting
oils. Holesare drilled into the 10-foot lengths of
PV C casing pipe where each sampling port will be,
just large enough to alow the threaded end of the
brass elbow to fall through. The elbows are each
fastened to the appropriate length of aluminum
tubing depending on the depth of the sampling port
they are to be attached to. The elbows are put into the
holes by laying the PV C pipe horizontally, hole
down, and sliding the aluminum tubing el bow-first
into the pipe, threaded end down, until the threaded
end of the elbow fallsinto the hole. The nut isthen
fastened on the outside of the PV C pipe, forming the
sample port. Aseach portisinstalled, its order along
the sampler islabeled to keep track of its depth
during construction. The screening materials are
placed over each port and fastened above and below
with stainless steel hose clamps. The materials
required to construct a 20-foot ML S with 10 sampling
ports for organic constituent sampling cost
approximately $160 (1990 dollars), and asingle
device takes approximately 2 to 3 man-hoursto
construct.

Figure 5 shows a detailed schematic of the
construction methods and materials required for a
ML S designed to sample inorganic constituents
(Garabedian, 1987). The Schedule40 PVCis
purchased in ten-foot sections and connected where
necessary with glued couplings and fittings. The
1/4-inch outside diameter polyethylenetubing is
purchased in 100- foot sections. Stainless steel wire
is used to attach the nylon screening material
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(210-mesh nylon cloth or women's nylon pantyhose
material) over the sampling port, and to attach the
sampling port to the PV C casing pipe.
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Figure 5. Sampling port detail for the MLS designed to
sample inorganic constituents (after Garabedian, 1987).

Holes are drilled into the 10-foot lengths of PV C
casing pipe just above the desired depth. The holes
should be angled down, and should be just large
enough for the polypropylene tubing to fit through.
The polyethylene tubing is fed through the hole and
up to the top of the casing pipe. Two inches of tubing
should be left sticking out of the sampling port and
cut at an angle. A double thickness of nylon
screening material is wrapped over the polyethylene
tube and bound with stainless steel wire to attach it to
the tube. The sampling port is then fastened to the
PV C casing with stainless steel wire. Aseach portis
installed, its order aong the sampler is labeled to
keep track of its depth during construction. Itisvery
important to maintain the labels on each tube so that
after installation it is known which tube is connected
to which port under the ground. Labels must be
written and applied in amanner that is permanent. A
coded colored tape scheme, with a different color
representing each depth, is recommended. The
materials required to construct a 20-foot MLS with 10
sampling ports for inorganic constituent sampling
cost approximately $40.00 (1990 dollars), and a
single device takes approximately 1 to 2 man-hours to
construct.

Installation methods for the
multi-level sampler

Multi-level samplers (MLS) which are to be set
at depths greater than 10 feet below ground surface
are most easily installed by means of atruck- or
trailer-mounted drill rig equipped with
continuous-flight hollow stem augers. At each
sampling location the string of augersis advanced to
the desired depth and the MLS islowered down the
hollow stem of the augers to the bottom of the hole.
Asthe augers are gradually backed out of the hole the
aquifer sands should closein tightly around the MLS
below the water table. This occurs because the sand
has little or no cohesion and because of the large
pressure difference between the aguifer and the
empty augers. In some cases movement of the sand
into the borehole as the augers are withdrawn may be
so rapid that sand flows upward into the annulus
between the augers and the MLS. This can cause the
MLSto jam in the augers, and in some cases may
require that the MLS be removed with the augers. In
this case a new borehole must be drilled to install the
MLS.

Problems associated with the influx of sand into
the auger annulus can be avoided if the auger hollow
stem isfilled with water immediately prior to
withdrawing the augers. The water pressurein the
hollow stem of the augers thus prevents sand from
entering the auger stem. This method has the
disadvantage of causing foreign water to be
introduced into the borehole zone around the MLS
which may affect the analysis of some constituentsin
the groundwater. Thiswater can be removed by
pumping the device extensively or allowing several
weeks of flow time before using the device for
groundwater-quality monitoring.

An alternative way to prevent jamming of sand
in the augersisto seal the bottom of the hollow stem
of the lead auger with a rubber or wood stopper
before drilling is begun. After the holeisdrilled and
the desired depth is attained, the MLSis lowered
down the hole and used to tap the stopper out of the
end of the auger. After the stopper has been removed
the augers should be backed out of the hole as quickly

as possible in order to prevent jamming.
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If the MLS is being set at a depth of less than ten
feet it can beinstalled manually. Using this method a
4-inch PV C casing is installed by hand-augering the
borehole to 6 or 8 feet, then driving the casing to the
desired depth using a hammer or other portable
impact device. Once the desired depth has been
attained the ML Sislowered into the casing. The
casing may then be removed using jacks or atripod
winch. Although this method is labor intensive, it is
inexpensive and can be used in areas inaccessible to
drill rigs. Hand augering/hammering is preferable to
jetting the casing in with water because it introduces
no foreign water into the borehole.

After the MLS has been installed, and the aquifer
material has collapsed so tightly around the ML S that

it cannot be moved back and forth by hand, the open
area around the ML S above the water table should be
backfilled with the soil brought up by the auger.
(Note: it may take up to 24 hours for the aquifer
material to collapsetightly around the MLS). If
necessary, protective well covers with lockable lids
may then be cemented into the ground over each
sampler.

Sampling methods for the multi-level
sampler

Samples may be obtained by applying suction to
each sampling tube using a peristaltic vacuum pump.
Initially, flow rates are often low because of clogging
of the sample point by fine particles. The flow rate
can usually be increased by alternate episodes of
back-flushing and pumping (except in cases where
the sample point is situated in alayer of clay or silt,
or where the port's screening material has been
destroyed during the installation process). After each
slow-yielding sample-point has been "developed" in
this manner, the MLS should be allowed to set for
one to two weeks so that the groundwater can
redevelop equilibrium conditionsin the disturbed
areas around the MLS.

After development, the entire ensemble of tubes
in the MLS should be sampled simultaneously, if
possible, so that a horizontal flow pattern isinduced
toward the MLS. When the MLS ports are pumped
simultaneously during sampling, the sampling area
will be from halfway between the sampled port and

the ports above and below it. The diagram in Figure 6
shows the approximate flow patternsto aMLS during
multi-port sampling. Multi-head peristaltic pumps,
such as those manufactured for laboratory or medical
applications, are idea for this purpose. Because of

the small diameter tubing, the MLS generally yields
water at afew liters per minute or less.
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Figure 6. Ideal groundwater flow lines to a MLS induced
by pumping during sampling.

The two main issues pertaining to time of
pumpage prior to sampling relate to the pumpage
volume necessary to remove all of the standing water
from the tubing and the pumpage volume necessary
to draw water from a representative volume around
the MLS port. It isdesirableto remove the standing
water from the piezometer prior to sampling so that
the water taken for the sampleis free from the effects
of chemical changes that may have occurred while
the standing water resided in a stagnant state in the
tubing. Once the standing water has been removed it
is only necessary to pump an additional volume
sufficient to obtain arepresentative sampling of the
formation water. In other words, the groundwater
taken for the sample should be pumped from aradius
equal to or greater than the extreme outer radius of
the augered borehole.

It should be kept in mind that pumping of the
sampling tubes continually draws water toward the
piezometer from increasingly large distances in the
formation. Continued pumping causes continued
disturbance of the flow domain in the vicinity of the
MLS. Whether or not a short period of disturbance or
along period of disturbance produces amore
representative or less representative sampleis still an
open question. Probably the only issue on which
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there is some agreement with respect to pumping rate
and duration prior to sampling pertainsto
consistency. Itisdesirableto apply generally similar
rates and duration on each sampling occasion at a
particular MLS. If the hydrogeologic conditions
permit, consistency from MLSto MLSisaso
desirable.

Summary

Methods for the design, construction, and
installation of an inexpensive device for multi-level
sampling of groundwater quality in shallow, sandy,
cohesionless aquifers are presented in this
publication. A 20-foot-long device with ten ports for
sampling inorganic constituents costs approximately

$40 (1990 U.S. dollars) and takes approximately 1 to
2 man-hoursto construct. A similar device for
sampling organic constituents costs approximately
$160 (1990 U. S. dollars) and takes approximately 2
to 3 man-hours to construct. Either device may be
installed to depths of 10 feet or less by hand-augering
techniques, or to larger depths using a truck-mounted
drill rig equipped with continuous flight hollow-stem
augers.

Multi-level samplers take samples from many
small, discrete zones in the aquifer and therefore are
capable of providing accurate vertical contaminant
concentration profiles. Samples from conventional
monitoring wells on the other hand provide only an
average of the contaminant concentration in the
aquifer over the length of the well screen. Depth
profiles are often considered a necessary aspect of
groundwater-quality monitoring because contaminant
concentrations can vary markedly in the vertical
direction and, in some situations, the entire zone of
contamination may occupy only asmall part of the
total aguifer thickness. Thiszone could go
undetected, or could mistakenly be assumed to
represent conditions over the entire aquifer depth, if
detailed vertical profileswere not available. In
general, with the effort it takes to drill one hole, more
information may be obtained by installing a
multi-level sampler than a conventional monitoring
well.
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