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Background

In 1999 (AFCEE A, 1999) it was projected that the Department of Defense (DoD) will spend over one billion
dollars in the current decade on the operation, maintenance, and monitoring (OM&M) of environmental
remediation systems. Concern over this high cost for OM&M has led to the introduction of AFCEE’s Remedial
Process Optimization (RPO) program, which aims to evaluate and improve site remediation processes so that
maximum risk reduction can be achieved for each dollar spent. Phase Il of the RPO process is designed to
incorporate existing regulatory requirements such as 5-year Record of Decision (ROD) reviews under CERCLA,
RCRA permit reapplications, and “Operating Properly and Successfully (OPS)” remediation system
demonstrations at BRAC sites scheduled for property transfer to private parties. One of the key elements of the
Phase Il RPO is the evaluation of the effectiveness of an existing remedial system in relation to the established
site-specific cleanup goals. Both the establishment of cleanup goals as part of individual remediation system’s
data quality objectives (DQOs), and the evaluation of individual remediation system performance necessitate an
understanding of the minimum monitoring requirements for that particular remediation technology.

Discussion

Monitoring a remediation system to evaluate its performance requires not only measurements of target
contaminant concentration in the affected media over time and space, but also requires monitoring of various
operational (e.g., process flowrates) and indicator parameters (e.g., pH, redox potential, electron acceptor
concentrations) to support a reasonable closure of the contaminant’'s mass balance and to ensure that the applied
technology is behaving as anticipated. Process performance indicator parameters are specific to the type of
target contaminant(s), the type of remediation technology (e.g., biological versus non-biological), and the nature
of the contaminated media (e.g., solid versus aqueous). Currently, there is no single product that concisely
defines the parameters requiring monitoring for a given remediation technology and the frequency of such
monitoring. Existing information tools either offer detailed descriptions of various technologies or provide detailed
information into various field sampling and analytical methods, completely overlooking the technology
performance evaluation perspective.

The AFCEE Performance Monitoring Technology (PMT) Matrix is a simple information tool that provides planning-
level information on minimum performance monitoring requirements for remediation technologies listed in the
AFCEE Technology Matrix (Table 1(a) and (b)), which is also known as the Federal Remediation Technologies
Roundtable (FRTR) Matrix. The AFCEE PMT Matrix bridges the gap between existing information tools on
technology descriptions (e.g., AFCEE/FRTR Matrix) and tools on field sample collection and laboratory sample
analysis methods (e.g. the FRTR Field Sampling & Analysis Matrix and the USEPA Field Analytical Technologies
Encyclopedia) by focusing on the identification of monitoring information required to evaluate remediation
technology performance. In addition, the PMT Matrix provides technology-specific information on the frequency
of monitoring and/or the technology phase requiring monitoring (e.g. startup). The PMT also offers limited
recommendations on analytical methods. The AFCEE PMT Matrix was developed in two forms: a quick-
reference poster with tabulated information on each technology (Figure 1), and a more detailed HTML web-based
version with monitoring profile files for each remedial technology listed within the AFCEE/FRTR Matrix. Each
detailed remediation technology profile file provides a brief technology description, the types of contaminants it
has been successfully used to treat, its indicators or measures of performance, their suggested monitoring
frequency, recommended analytical methods for evaluating these indicators, and a table summarizing key
performance evaluation information.
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Figure 1. Summary Poster for the AFCEE Performance Monitoring Technologies Matrix.
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Table 1. Performance Monitoring Technology Profiles for Contaminated Media
(a) Solid Phase

In Situ Biological Treatment

Bioventing

Enhanced Bioremediation

Natural Attenuation in Soils
Enhanced Anaerobic Bioremediation
Phytoextraction

Phytostabilization

In Situ Physical/Chemical Treatment

Soil Fracturing

Soil Flushing

Soil Vapor Extraction

Thermally Enhanced Soil Vapor Extraction
Solidification/Stabilization

In Situ Thermal Treatment

Hot Water Injection/Steam Stripping

Ex Situ Biological Treatment

Biopiles

Composting

Landfarming

Slurry Phase Biological Treatment

Ex Situ Physical/Chemical Treatment

Chemical Reduction/Oxidation
Chemical Extraction
Mechanical Separation

Soil Washing

Soil Vapor Extraction
Solidification/Stabilization

Ex Situ Thermal Treatment

Hot Gas Decontamination
Incineration

Open Burn/Open Detonation
Thermal Desorption

Containment Standard RCRA Caps
Evapotranspiration Caps
Other Excavation, Retrieval, and Disposal

) Aqueous Phase

In Situ Biological Treatment

Natural Attenuation in Groundwater
Enhanced Aerobic/Anaerobic Biodegradation
Phytoremediation-Phytoextraction

In Situ Physical/Chemical Treatment

Air Sparging

Bioslurping

Directional Wells

Dual Phase Extraction

Thermal Oxidation
Hydrofracturing

In-Well Air Stripping/Recirculation
Passive/Reactive Treatment Walls

Ex Situ Biological Treatment

Bioreactors
Constructed Wetlands

Ex Situ Physical/Chemical Treatment

Adsorption/Absorption

Ultraviolet Oxidation

Air Stripping

Liquid Phase Carbon Adsorption
Containment Pumping

lon Exchange
Precipitation/Coagulation/Flocculation
Gravity Separation

Spray Irrigation

Soil Vapor Extraction

Containment

Slurry Walls, Deep Well Injection

Air Emissions/Off-Gas Treatment

Catalytic Oxidation
Vapor Biofiltration, Vapor Phase Carbon Adsorption




