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Automatic Analysis

Current monitoring approaches are not always capable of
providing real-time analyses of site conditions to enable critical

decision-making and contingency response.

By MARK L. KRAM, PH.D. Groundswell Technologies Inc., PROFESSOR R. EDWARD

BEIGHLEY, PH.D., SDSU and PROFESSOR HUGO LOAICIGA, PH.D., UCSB

nvironmental monitoring
methods are expensive,
labor-intensive, time con-
suming and often inac-
curate. A typical ground-
sampling
requires sample collec-
tion, sample analysis, data processing and
report preparation to allow for appropri-
ate decision-making and response. This
sequence often requires three to six months
to generate a final report for each sampling
event. This wasteful process is exacerbat-
ed by the fact that organic contaminant
sample integrity is often compromised dur-
ing collection, transport and storage.
Response capabilities are severely time
limited. For instance, contaminant plume
migration to adjacent properties and
potential receptors is often not discov-
ered with enough time to respond, which

water event

poses significant legal and financial risks.
Current monitoring approaches are not
always capable of providing real-time
analyses of site conditions to enable criti-
cal decision-making and contingency
response. Furthermore, there is a wasteful
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carbon footprint associated with conven-
tional approaches. Improved monitor-
ing and conceptualization approaches
are urgently needed to allow faster, less
expensive and more effective site assess-
ment and restoration, and to enable
policy makers and resource managers
ample time to make appropriate deci-
sions required for optimized resource
management.

Field analysis

Over the past several decades, in an
effort to expedite site characterization
and remediation efforts, practitioners
have developed field analytical meth-
ods such as soil-gas analyses, field-gas
chromatography testing, ion-trap mass
spectrometry, cone penetrometers, and
field-test kits, among other so-called
“field-screening” techniques. These




Figure 1: Automatically generated contour map and time series analysis of soil

moisture sensor data.

once-considered innovative approaches
are now commonplace and even stan-
dardized, as the cost and time benefits
have conclusively been documented
and even promoted through technol-
ogy transfer vehicles such as Triad
workshops, Interstate Technology and
Regulatory Council (ITRC) technical
regulatory guides, American Standard
of Testing and Materials standards, and
federal and state guidance.

Recent advances in integrated circuits,
micromachining, micro electromechan-
ical systems, nanotechnology, bio-mim-
icry, molecular engineering, materials
engineering, and computer and electri-
cal engineering have brought forth new
opportunities for fielding automated
devices capable of measuring chemical
and physical properties and character-
istics. Robust automated sensors are
now available for water level moni-
toring, chemical monitoring, remedial
performance monitoring and even for
intelligent data collection control. These
new sensors represent the next phase
in a logical sequence of industry steps
towards expedited measurement and
monitoring. While sensors for some of
the key organic contaminants of con-
cern are not yet commercially available,
several have been in the field for several
years.!23] Technologies now pervading
the groundwater industry — such as the
current efforts to develop national secu-
rity alert systems based on rapid detec-
tion of toxic agents through analyte-

specific sensors®l — will undoubtedly
have a direct impact on the future of
environmental monitoring.

While robust field sensors will be
critical to the future of environmental
monitoring, data collection is only one
component of an expedited approach
that allows rapid decision-making. For
instance, sensor data must be reliable and
of known quality, must be placed in the
proper context for clear understanding,
must be organized to produce a graphical
representation and conceptualizations,
and must be rapidly transferred or made
available to the responsible individuals
tasked to make and implement critical
decisions or prepare essential reports.

The authors have developed and pat-
ented (U.S. Patent Number 6,915,211)
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an innovative process for integrating
environmental sensors, telemetry, geo-
graphical information systems, and geo-
statistical algorithms for automatically
generating contour maps and models of
sensor attributes and multivariate analy-
ses. Groundwater applications include
long-term contaminant remediation
performance monitoring via flux,*
solute plume containment monitoring,
vadose zone imbibition monitoring,
vapor intrusion, and water resources
management and sustainability. A brief
summary of selected case studies and
future plans for new applications are
presented and discussed.

Materials and methods
Field sensors are linked to data loggers
and telemetry systems, which transmit
the data to a remote location where
it is automatically processed to meet
user needs. The system can automati-
cally generate customized reports, and
can engage alarms, emergency response
plans, and well field and remediation
optimization scenarios.

Sensors and sensor platforms are
deployed for groundwater monitoring
applications in conventional monitor-
ing wells, where they are monitored for
multiple constituents and parameters.
Many commercially available, multi-
sensor platforms can be deployed to
simultaneously monitor water level, dis-
solved oxygen, redox potential, iron spe-

Figure 2: Groundwater Basin storage change distributions based on dynamic
water levels.
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