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Abstract

Two non-intrusive, passive multilayer groundwater sampling devices are described which
collect data simultaneously at small vertical intervals in the same well, without disturbing
the geohydrological environment. One system uses membranes, the other uses remotely
operated stainless steel cylinders connected in tandem. When used in several wells
sufficient information is collected to allow a three dimensional characterization of
contaminants and flow in the aquifer. The systems were used during field trials at
Savannah River Laboratory in November 1991 and June 1992, and collected water quality
and flow data over a 3 meter interval below the water table in each of two wells. Data
from 1991 indicate weak vertical profiles in temperature, dissolved oxygen, and pH over
the 3 m sampling interval. Other measurements indicated a relatively uniform horizontal
specific discharge of about 6 cm/year over the same sampling interval. No statistically
significant vertical structure was evident for discharge. This presentation will compare this
information with data obtained from field trials in June 1992.

Introduction

Non-invasive, multi-level groundwater sampling systems were designed and are
being tested at Brookhaven National Laboratory (BNL) and at the Savannah River
Laboratory (SRL). They provide information on the concentration of contaminants and
horizontal flows in an aquifer, simultaneously at several depths in the same well. This
information is necessary to properly design remediation projects, but cannot be obtained
using existing technologies. Instead, clusters of wells are usually installed at great expense,
and samples are pumped from each well. Unfortunately pumping has been shown to
perturb both the aquifer being investigated and samples which are collected. In addition,
samples collected using standard methods represent conditions over some large zone in die
vicinity of the pump, not necessarily those conditions where contaminants actually exist.

Two different systems were constructed using commercially available components.
These apparatus were first tested in the laboratory and field at BNL, after which an initial
field trial was conducted at SRL in November 1991. Samples at BNL were taken at a
depth interval of 12-15 m in a glacial aquifer, where contaminants of concern were
benzene, toluene, and xylene. Measurements at SRL were made on samples collected over
a 300 cm interval below the water able located at a depth of about 48 m. Preliminary
results at both locations indicate vertical profiles of several inorganic and organic species,
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and, at SRL, a uniform horizontal specific discharge of approximately 6 cm/day. It is
planned to use these systems in several wells over a short period of time, with the
combined data used to provide a three dimensional perspective of aquifer chemistry and
flow, and as input to numerical models of contaminant fate and transport.

Background

Present groundwater sampling and monitoring technologies are limited in their
ability to characterize the subsurface. For example, bailers and pumps of various kinds all
take samples from a single fixed depth within a single well, or from specified depths within
a cluster of wells located within close proximity to one another. Samples are usually
collected at the surface only after a relatively large volume of water is removed from the
well using some type of pump. This purging process disturbs the aquifer being sampled,
and provides information at only a few depths at most. At best they produce a volume of
water whose chemical properties are used to represent a large (and often very uncertain)
portion of the aquifer presumably in need of remediation. This water must often be
collected and disposed of as hazardous waste.

It has been shown that substantial changes in ground water composition and
horizontal specific discharge occur over small depth intervals. These effects can be
profound; e.g., it was found in one study that the horizontal component of the specific
discharge in the first SO cm (20 inches) below the water table was more than an order of
magnitude lower than that at depths of 100-240 cm (39-94 inches). [Ronen, et. al., 1986]
Clearly, if floating contaminants were present their transport could have been seriously
underestimated.

This is especially true for all contaminants whose densities are markedly different
from ambient water. For example, for contaminants less dense than water it is important to
focus measurements in the region immediately above and below the water table (or
phreatic, unconfined, or piezometric surface). Such contaminant gradients have been found
at BNL for both inorganic and organic constituents. [Kaplan, 1991] Yet little is known
about the geohydrological and chemical processes in this region because there are few (if
any) in-situ devices capable of making measurements over small vertical distances. This is
unfortunate because it is this region connecting unsaturated and saturated soils where
contaminants may enter an aquifer because of downward movement caused by recharge or
percolation, where gaseous transport supplies much of the oxygen needed for biochemical
processes, and where many low density organic substances often find their way after a spill
(or some other accident).
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Objectives.

The data reported in this paper were generated in response to the site
characterization needs of the U.S. Department of Energy, Office of Technology
Development. Activities were directed towards a demonstration of the effectiveness of
innovative, non-intrusive, passive multilayer groundwater monitoring and sampling devices
which collect data simultaneously at small vertical intervals in the same well, without
disturbing the geohydrological environment. This apparatus resembles a bailer or
coliwassa, with several important differences: it is operated remotely; several units are
placed in tandem to obtain simultaneous samples at different depths; and units are filled
with deionized water, lowered into place and opened, allowing equilibration with water in
the wellbore, then closed and retrieved. Operation in this manner avoids degassing allows
retrieval of large (e.g., 500-1000 ml) sample volumes of both dissolved and particulate
matter (Figure 1). Data from previous sampling activities at BNL are reported elsewhere
[Kaplan, 1991, 1992].

Field Experiments at BNL

Various laboratory tests were performed at BNL to determine the diffusion-related
properties of a commercially available discrete liquid sampler. A sampler was filled with
deionized water and lowered into a large container filled with 14 liters of tap water of
known conductivity. A Yellow Springs Instrument Co. Model 32 conductance meter was
connected to a Bausch & Lomb Omniscribe strip chart recorder. Approximately 90%
equilibration war; reached in about 18 minutes (Figure 2), with almost total equilibration in
about 1 hour. (The small depression starting at about 1.5 hours and lasting for about 1
hour is attributed to a temperature phenomenon since during this time the building was
closed and the laboratory temperature decreased overnight.

Field experiments were initiated at BNL in an existing shallow monitoring well
downgradient of an oil spill at a steam generation plant. The well is fully screened in the
saturated zone and has a dedicated submersible pump. Two tandem samplers filled with
deionized water were lowered into the monitoring well just below the water table. The
units were separated by about 0.91 meter (3.0 feet) and left in the well overnight. Prior to
insertion into the well a ground water sample was taken using standard BNL practices using
the dedicated submersible pump in the well (i.e., purging the equivalent of ten bore
volumes before taking a sample). This sample volume was transferred in the field into two
20 mL vials for analysis of organics, and the remaining amount was filtered and collected
for analysis of inorganic species.

Eighteen hours after they were placed into the well the samplers were opened
remotely from the surface, and left in this opened position for 75 minutes, after which time
the units were closed and gently raised to the surface. Their contents were then transferred
as described previously.

A second field sampling event in the same manner as above was initiated
March-April 1992.



Results of field sampling at BNL are shown in Figures 3 and 4. There are three
measurements in each cluster. The bar at the right results from using a submersible pump
(10 bore volumes removed prior to sampling). The left and middle bars show results
obtained using the multilayer samplers (allowed to remain opened for about one hour). All
measurements taken with the multilevel sampler were significantly higher than those taken
via standard BNL pumped-sample procedures (note logarithmic scale). While a significant
amount of time elapsed between the two sampling events, no remedial activities had taken
place at the site. Comparing Figures 3 and 4, it is clear that the multi layer apparatus
performed comparably, obtaining samples which were again significantly higher than those
taken via standard sampling protocols.

Field Experiments at SRL

Field trials of membrane and mechanical multilevel samplers were conducted at the
SRL integrated demonstration site during November 1991. Samples came from two wells
which were specially designed and installed within approximately 4 meters (12 feet) of each
other. A small amount of each sample collected with the mechanical apparatus was
transferred to a VOC collection bottle for headspace analyses of TCE by SRL personnel.
Measurements of inorganic constituents were made in the field and at BNL (using atomic
absorption spectroscopy). Samples collected from the membrane apparatus were shipped to
the U.S. Geological Survey in Reston, VA, for measurements of the concentrations of l8O
and deuterium used as tracers of groundwater flow.

Measurements indicated that the phreatic (i.e., unconfined or water table) aquifer at
the SRL demonstration site required approximately 24 hours until initial disturbances from
inserting the samplers fully settled. It was also found that the mechanical samplers needed
to stay opened about 1 hour, during which they come to equilibrium with surrounding water
via diffusive-dispersive processes. Figure 5 shows preliminary data indicating the existence
of vertical profiles in temperature, dissolved oxygen, and pH over the 300 cm sampling
interval below the water table, confirming results obtained earlier at BNL.

As seen in Figure 6, measurements made using the membrane apparatus indicate a
horizontal specific discharge of about 6 cm/year over a sampling interval of 300 cm (10
feet). There does not appear to be any statistically significant vertical structure to flow. An
important observation was that deuterium worked as effectively as a tracer as did
"O-depleted water. This implies substantial cost savings: "O-depleted water cost about
$3300 per experiment, compared to $50 per experiment for deuterium (or a factor of 66).



Discussion

The large volume, remotely operated mechanical sampler as developed for this
project has been shown to provide simultaneously groundwater samples simultaneously
from several depths in the same well, without disturbing the aquifer being measured. When
used in several wells at the same site, it is uniquely able to provide a three dimensional
perspective on the spatial distribution of all types of contaminants dissolved constituents,
non-aqueous phase liquids (light and dense), as well as suspended and colloidal particles. It
is well known that microbes exist in aquifers which biodegrade various organic
contaminants, and that these microbes preferentially exist attached to paniculate matter. It
is therefore clear that unlike various membrane devices which return sediment-free samples,
the mechanical sampler has a important role in the study of subsurface microbial
remediation.

Results reported here will be confirmed as additional samples are analyzed. Another
field test is planned for later in FY 1993. Comparisons will also be made of chemical
species as measured in adjacent wells by both mechanical and membrane samplers.
Measurements of specific discharge will be compared with comparable information gathered
by a thermal flow meter developed at Sandia National Laboratory, and a colloidal
borescope developed at the DOE's Grand Junction facility.

Important cost savings can be implied solely on the basis of vertical profiles
obtained thus far in single wells. For example, the strong vertical profiles measured at
BNL bear upon decisions made in the past concerning the type of remediation strategy
already decided upon. A pump-and-treat system is planned, where groundwater will be
sprayed into the atmosphere and volattles (e.g., BTX) stripped. Based on concentrations of
organics found using submersible pumps and bailers, remediation pumps would likely be
placed at the bottom of wells. This would lead to longer and costlier remediations, since
multilevel samplers indicate that pumping should focus instead on several feet below the
water table. Measurements of horizontal specific conductivity at the SRL demonstration
site are higher than previously expected. While this information has not as yet been used in
numerical models of contaminant transport, it is clear that previous calculations made with
such models using much lower values of flow would indicate slower movement of
contaminants that may actually be occurring, and longer times to completion of the
remediation.
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