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SITE INFORMATION

IDENTIFYING INFORMATION (1)

Site Name: Fort Devens
Location: Devens, Massachusetts
Operable Unit: Areas of Contamination (AOCs) 43G and 43J
CERCLIS #: MA7210025154
ROD Date: October 17, 1996
Technology: Intrinsic Remediation (i.e., natural attenuation)
Type of Action: Remedial

Figure 1 shows the location of Fort Devens in Massachusetts.  Figure 2 displays the site layout for AOC
43G and Figure 3 provides the site layout for AOC 43J. 

TECHNOLOGY APPLICATION

Period of Operation (1,8,9,11):
Intrinsic Remediation Assessment – March 1997 through June 1999
Long-Term Monitoring at AOC 43G – December 1999 through December 2011 (estimated)
Long-Term Monitoring at AOC 43J – December 1999 through December 2004 (estimated)

Quantity of Material Treated During Application (3):
AOC 43G – The contaminant plume extends 320 feet downgradient from the source area and is 230 feet
wide.  Groundwater flow occurs in both overburden and bedrock.  Plume dimensions are based on the
interpreted extent of benzene contamination at concentrations above its maximum contaminant level (MCL)
of 5 µg/L.  Data used for plume determination were taken from samples collected in March 1997. 

AOC 43J – The contaminant plume extends 250 feet downgradient from the source area and is 190 feet
wide.  Groundwater flow occurs in both overburden and bedrock.  Plume dimensions are based on the
interpreted extent of benzene contamination at concentrations above its MCL of 5 µg/L.  Data used for
plume determination were taken from samples collected in March 1997.

BACKGROUND

Fort Devens Background and History (1,7):

• Fort Devens was placed on the National Priority List (NPL) on December 21, 1989.  Beginning in
1992, site investigations and supplemental site investigations were conducted at several study
areas including AOCs 43G and 43J.  These AOCs are two of 18 former gasoline stations operated
at Fort Devens and were studied because of the presence of petroleum contamination in the soil
and groundwater.

• Fort Devens was selected for closure under the Defense Base Realignment and Closure (BRAC)
Act of 1990.  Fort Devens became an inactive Army installation on March 31, 1996.  A major portion
of the post has been released for development.  The area encompassing AOCs 43G and 43J has
been retained by the Army for use as part of the Army Reserve Enclave and is designated as the
Devens Reserve Forces Training Area.



AOCs 43G and 43J

Prepared by: Final
U.S.  Army Corps of Engineers November 11, 1999
Hazardous, Toxic, Radioactive Waste Page 2
Center of Expertise 

Figure 1.  Location of Fort Devens in Massachusetts

ROAD/HIGHWAY
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Figure 2.  Site Layout for AOC 43G
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Figure 3.  Site Layout for AOC 43J
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• AOC 43G consisted of the inactive Army Air Force Exchange Service (AAFES) gasoline station and
historic gasoline station G.  Gasoline station G was used as a motor pool to support military
operations during World War II.  Operations at the motor pool and historic gasoline station G were
discontinued during the late 1940s or early 1950s.  The AAFES gasoline station became inactive in
1994.  It is not known when this station was constructed or when it began operation.

• The AAFES gasoline station had three vehicle service bays, an AAFES store and gasoline pump
islands.  Gasoline was stored in three 9,000-gallon and two 10,000-gallon underground storage
tanks (USTs).  A 500-gallon waste oil UST and a sand and gas trap were also operated at the
AAFES gasoline station.  The sand and gas trap collected fluids from floor drains in the gasoline
station, trapped the waste, and was emptied by hand as necessary.  AAFES no longer manages
the station, but the property will continue to be used for Army Reserve operations.

• The five gasoline USTs at AOC 43G were removed in October 1990.  Replacement USTs (two
10,000-gallon USTs and one 15,000-gallon UST) were installed in the spring of 1991 within the
footprint of the three former 9,000-gallon USTs.  The three replacement tanks were removed in July
1996.  The waste oil UST at the site was removed in May 1992, and the sand and gas trap was
removed in July 1996.

• AOC 43J consisted of historic gasoline station J, which included one pump island, a small pump
house, and one 5,000-gallon UST used to store gasoline.  The site was used during World War II as
a vehicle motor pool to support military operations.  Operations at the motor pool and historic
gasoline station J were discontinued during the late 1940s or early 1950s.

• AOC 43J is presently unoccupied, but recently was used as a vehicle storage yard and
maintenance facility for a Special Forces unit of the Army.  A 1,000-gallon UST was used by the
Special Forces for storage of waste oil generated from maintenance operations at the site. 
Maintenance activities were discontinued in 1995.

• The waste oil and gasoline USTs at AOC 43J were removed in May and in August 1992,
respectively.

Site Investigations (1,7,8):

• During field investigations, AOC 43G was divided into three areas.  Area 1 is the former location of
historic gasoline station G.  Areas 2 and 3 are both associated with the AAFES gasoline station. 
Area 2 is the location of the former gasoline USTs.  Area 3 consists of the locations of the former
waste oil UST and former sand and gas trap.

• Site investigations were performed to further characterize the contamination at AOCs 43G and 43J.
 From August 1992 to August 1994, the Army performed a site investigation, a supplemental site
investigation, and a remedial investigation (RI).  Subsurface soil and groundwater samples were
collected during these investigations.

• Site investigation results indicated that the concentrations of total petroleum hydrocarbons (TPH) in
soil and groundwater at AOC 43G Area 1 did not present a risk to human health or the environment.
 Based on the results of the site investigations and a human health Preliminary Risk Evaluation, no
further action was recommended for Area 1.

• The investigation results for AOC 43G Areas 2 and 3 indicated that soil and groundwater
contamination was present in these areas, presumably from leaks and spills associated with the
former gasoline and waste oil USTs.



AOCs 43G and 43J

Prepared by: Final
U.S.  Army Corps of Engineers November 11, 1999
Hazardous, Toxic, Radioactive Waste Page 6
Center of Expertise 

• Site investigation results indicated that subsurface soil and groundwater contamination was present
at AOC 43J and that the former gasoline and waste oil USTs were likely sources of the
contamination.

• According to a risk assessment, human health risks at AOC 43G Areas 2 and 3 and AOC 43J
exceed U.S.  EPA’s criteria for exposure to groundwater based on estimated future land usage
(commercial/industrial).

• In June 1996, the Army completed a Feasibility Study for AOCs 43G and 43J to analyze potential
remedial alternatives for addressing groundwater contamination.

Removal Actions (1):

• In October 1990, soil contamination was observed during excavation of the five original gasoline
USTs at AOC 43G.  TPH concentrations in the soil exceeded the Massachusetts Department of
Environmental Protection (MADEP) action levels in effect at the time, so soil was excavated until
TPH concentrations were below regulatory levels.  When the three replacement gasoline USTs were
removed in July 1996, no soil contamination was observed at the site.

• Soil contamination was observed during the excavation of the waste oil UST at AOC 43G.  In July
1996, contaminated soil from around the waste oil UST and the sand and gas trap was removed.

• In 1992, soil and groundwater contamination was observed during excavations of the waste oil and
gasoline USTs at AOC 43J.  Based on direction provided by MADEP, soil was excavated until
background concentrations were attained.  For this project, it was assumed that the background
levels were indicated by photoionization detector (PID) readings below 1 ppm.

Waste Management Practices that Contributed to Contamination (1):

It is estimated that soil and groundwater contamination at AOC 43G was caused by leaks and spills from
the three original 9,000-gallon gasoline USTs, the waste oil UST, the sand and gas trap, and possibly the
two original 10,000-gallon gasoline USTs.  Soil and groundwater contamination at AOC 43J was caused by
leaks and spills from the 5,000-gallon gasoline tank and the 1,000-gallon waste oil tank. 

Remedy Selection (1):

Based upon CERCLA requirements and a detailed analysis of the alternatives, the Army determined that
intrinsic remediation was the most appropriate remedy for the contamination at AOCs 43G and 43J.  The
selected remedy consists of the following components:

• Intrinsic remediation;
• Intrinsic remediation assessment (IRA) data collection and groundwater modeling;
• Installation of additional groundwater monitoring wells;
• Long-term groundwater monitoring;
• Development of annual data reports for submittal to U.S. EPA and MADEP; and
• Performance of five-year site reviews.
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The Army will evaluate and, if necessary, initiate additional cleanup actions at AOCs 43G and 43J, including
possible installation of a soil-vapor extraction (SVE) system at AOC 43G Area 2, if any of the following
conditions occur:

• The estimated time frame for degradation of the existing groundwater contaminant plume to
specified groundwater cleanup levels becomes longer than 30 years (based on IRA fate and
transport modeling and assessment);

• The groundwater plume increases in size with potential to migrate off Army property or a sufficient
distance inside the boundary; or

• Any of the five-year site reviews indicate that intrinsic remediation is not protective of human health.

SITE LOGISTICS/CONTACTS (10)

Role Contact Information
Site Lead James Chambers

BRAC Environmental Coordinator
Devens Reserve Forces Training Area
30 Quebec Street
Devens, MA  01432-4429
(978) 796-3114
ChambersJ@devens-emh1.army.mil

Project Oversight Mark Applebee
USACE, New England Division
696 Virginia Road
Concord, MA 01742-2751
(978) 318-8227
mark.r.applebee@usace.army.mil

Regulatory Contacts Jerry Keefe
U.S. EPA, Region 1
1 Congress Street, Suite 1100 (Mailcode HBT)

 Boston, MA  02114-2023
(617) 918-1393
Keefe.Jerry@epamail.epa.gov

John Regan
MADEP
627 Main Street
Worchester, MA  01605
(978) 792-7653
John.Regan-EQE@state.ma.us

Technology Consultant Gina Nyberg
Stone & Webster Environmental Technology & Services
245 Summer Street
Boston, MA  02210
(617) 589-2527
gina.nyberg@stoneweb.com
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MATRIX AND CONTAMINANT DESCRIPTION

MATRIX IDENTIFICATION

Groundwater (in situ)

SITE GEOLOGY/STRATIGRAPHY

AOC 43G (1,8)

Surficial soils are classified as part of the Hinckley-Freetown-Windsor Association.  Observations indicated
that surficial soil consists of well-graded sand and fill.  The fill is approximately 6 to 8 feet thick.  An
overburden till lies between the surficial soil and bedrock.  Bedrock in the vicinity of AOC 43G is classified
as the Oakdale Formation, which is described as fine-grained metasiltstone and phyllite, consisting of
quartz and minor feldspar and ankerite.  Depth to bedrock at the former gasoline USTs is approximately 30
feet below ground surface (bgs).  The bedrock surface in the vicinity of AOC 43G is highly weathered,
resulting in a gradation change from overburden till to bedrock.

The water table at AOC 43G generally occurs in the overburden till and bedrock.  The regional groundwater
flow direction is predominantly to the east-southeast with the horizontal gradient varying seasonally.  All IRA
sampling rounds have consistently shown a groundwater direction to the southeast.  Depth to groundwater
at the site ranges between approximately 15 and 29 feet bgs.

AOC 43J (1,9)

Surficial soils are classified as part of the Hinckley-Freetown-Windsor Association.  Based on soil borings at
AOC 43J, it appears that fill soil was imported to the site to level the original ground surface for construction
of the motor pool.  The fill soils have variable textures ranging from granular medium to coarse sands with
subangular gravel to fine sand and silt.  The fill soils are predominantly poorly graded and medium dense to
very dense.  A glacial till layer was encountered in soil borings beneath the surficial soils and fill material. 
Depth to glacial till near the former USTs is approximately 9 feet.  The till consists of fine sandy silt, silty
sand, or clayey silt, with coarse sand, fine to medium gravel, and occasional angular siltstone fragments
and cobbles.  Bedrock in the vicinity of AOC 43J is classified as the Oakdale Formation, which is described
as fine-grained metasiltstone and phyllite, consisting of quartz and minor feldspar and ankerite.  Bedrock
was encountered in soil borings at depths from 0.7 to 58.5 feet bgs.  The average interpreted depth to
bedrock is relatively uniform at 15 to 20 feet bgs.  Based on split spoon samples and auger refusal, the
bedrock surface at AOC 43J appears to be lightly to moderately weathered.

The water table at AOC 43J generally occurs in the glacial till with the exception of the northwest corner of
the site where the water table is present in the bedrock.  Groundwater flows predominantly to the south or
southeast at the site.  Water table elevations are seasonal and suggest that seasonal downward/upward
gradients may occur at the site.  An upward gradient from bedrock into the overburden is most prevalent. 
However, sporadic downward gradients appear and are more likely during periods of lower groundwater
elevations, with a few exceptions.
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CONTAMINANT CHARACTERIZATION

Primary Contaminant Group: Volatiles (Nonhalogenated)

Key Specific Contaminants (1): BTEX (benzene, toluene, ethylbenzene, and xylene)

Table 1 lists selected properties for the key specific contaminants present at the Fort Devens. 

Table 1.  Contaminant Properties (4)
Property Units Benzene Toluene Ethylbenzene Xylene

Chemical Formula - C6H6 C7H8 C8H10 C8H10

Molecular Weight g/mole 78.11 92.14 106.17 106.17

Specific Gravity (at 20°C) - 0.88 0.87 0.87 0.86 –- 0.88

Vapor Pressure (at 20°C) mm Hg 76 22 7.1 6.6 – 8.8

(at 25°C)

Boiling Point °C 80.1 110.6 136.2 137 – 144

Octanol-Water Partition Coefficient log Kow 1.56 – 2.15 2.11 – 2.80 3.05 – 3.15 2.77 – 3.20

Soil-Water Partition Coefficient log Koc 1.69 – 2.00 2.06 – 2.18 1.98 – 2.41 2.11 – 3.20

Nature and Extent of the Contaminants:

AOC 43G (1,3,8)

Contaminants detected in soil samples are consistent with the historical use of this area as a gasoline
station.  BTEX and TPH concentrations detected in Areas 2 and 3 indicate that soil contamination was
present in these areas, and was most likely caused by activities associated with the former gasoline and
waste oil USTs.  The highest contaminant concentrations in soil were observed in Area 2 at depths from
approximately 20 to 24 feet bgs.  (Previous soil excavation during UST removal was stopped at 20 feet bgs.)
Concentrations of fuel-related contaminants generally decreased with depth.  Soil samples collected as part
of the IRA indicate that concentrations of toluene, naphthalene, 2-methylnaphthalene, C5-C8 aliphatics, C9-
C10 aromatics, and C10-C22 aromatics exceeded Massachusetts Contingency Plan (MCP) soil category S-
3/GW-1 standards.  Despite these exceedances, historic and recent data from nearby groundwater
monitoring wells suggest that the former source of groundwater contamination in this area has been
substantially reduced by the UST and soil removal activities.  In addition, soil contamination in Area 3 is
present in the shallow soils (approximately 6 to 8 feet bgs) below the former waste oil UST and in the vicinity
of the sand and gas trap. 

Site investigation results indicate that the source of groundwater contamination is the soil contamination
below the former gasoline USTs in Area 2 and possibly the former waste oil UST and sand and gas trap in
Area 3.  The highest concentrations of BTEX and polynuclear aromatic hydrocarbons (PAHs) were detected
in the monitoring wells at the base of the slope directly south (downgradient) of Areas 2 and 3.  Groundwater
contaminant concentrations decrease with distance in the downgradient and cross-gradient directions from
this area.  Benzene was detected at concentrations as high as 2,000 µg/L in samples collected during
round 6 of the RI (March 1995).  Samples collected in March 1997 indicate that the contaminant plume
(based on benzene above its MCL of 5 µg/L) extends 320 feet downgradient from the source area and is 230
feet wide.  Detected concentrations of nickel, iron and manganese in groundwater exceeded background
concentrations, but the areal distribution of contaminants does not indicate that the presence of these
constituents is related to past activities at AOC 43G.
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AOC 43J (1)

The detected contaminants and the distribution of subsurface soil contamination indicate that the former
gasoline and waste oil USTs were the sources of the existing subsurface soil contamination.  The primary
contaminants of concern are BTEX, 2-methylnaphthalene, naphthalene, phenanthrene, and pyrene, which
are documented constituents of gasoline and oil.  In addition, TPH has been detected at the site.  The
majority of the soil contamination was detected at, or just below, the water table at depths ranging from 7 to
12 feet bgs.  Based on soil boring data, it appears that contamination has not migrated vertically to the top
of the bedrock. 

Site investigation results indicate that the past sources of groundwater contamination were the former
gasoline and waste oil USTs, and that the contaminated soil at the site remains an ongoing source of
groundwater contamination.  BTEX, chlorinated solvents, and several semi-volatile organic compounds
(SVOCs) were detected in several monitoring wells downgradient of the former UST locations.  The
groundwater contaminant distribution is similar to the soil contaminant distribution, except that low
concentrations of fuel-related contaminants have also been detected southeast of the site.  This migration is
likely the result of seasonal fluctuations in the groundwater flow direction.  Benzene was detected at
concentrations up to 300 µg/L in round 6 of the RI (March 1995).  Samples collected in March 1997 indicate
that the contaminant plume (based on benzene above its MCL of 5 µg/L) extends 250 feet downgradient
from the source area and is 190 feet wide.  Concentrations of arsenic, iron and manganese in groundwater
exceeded background concentrations, the areal distribution of contaminants does not indicate that the
presence of these constituents is related to past activities at AOC 43J. 

MATRIX CHARACTERISTICS AFFECTING TECHNOLOGY COST OR PERFORMANCE

Table 2 lists selected characteristics for each of the subject sites at Fort Devens.  Data provided
corresponds to source area and downgradient samples collected in March 1997 during the initial
groundwater sampling for the IRA.

Table 2.  Matrix Characteristics

Characteristic AOC 43G AOC 43J
Measurement

Procedure
Soil Classification Not Available Not Available None
Clay Content and/or Particle Size
Distribution

Not Available Not Available None

Hydraulic Conductivity (cm/sec)(1) 5.5 × 10-4 (till)
1.7 × 10-5 (bedrock)

2.9 × 10-3 to 9.6 × 10-7 (till) Hydraulic Conductivity
Tests

pH (3) 5.85 – 6.97 5.67 – 7.55 Flow-through cell
Thickness of Zone of Interest (3) Approx.  5 feet

(aquifer thickness)
About 10 feet

(aquifer thickness)
Difference in water

table elevations and
bedrock depth

Total Organic Carbon (mg/L) (3) 1.0 – 12.2 0.8 – 8.9 EPA 415.1
TPH (mg/L) (1) 1.7 – 5.1 (area 2) ND – 140 EPA 418.1
Presence of NAPLs (3,8) Free product detecteda Free product detected Oil-water interface

probe
Electron Acceptors (mg/L) (3)

Dissolved Oxygen
Nitrate
Nitrite
Sulfate
Carbon Dioxide

0.66 – 5.90
<0.01 – 3.0

<0.005 – 0.027
9 - 35

35 – 106.25

0.57 – 10.75
<0.01 – 0.68

<0.005
<5 - 32

22.5 – 110

Flow-through cell
EPA 353.2
EPA 354.1
EPA 375.1
Hach test kit

a Field activities revealed only intermittent evidence of free-phase product in four monitoring wells (all in the source area).  It is
suspected that the detected material is heavily weathered gasoline product devoid of, or lower in, BTEX compounds and composed
of heavier recalcitrant hydrocarbons.
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TECHNOLOGY SYSTEM DESCRIPTION

TECHNOLOGY (1)

Groundwater In-Situ – Intrinsic Remediation (i.e., natural attenuation) of non-chlorinated
hydrocarbons

SYSTEM DESCRIPTION AND OPERATION

System Description (1,5)

Intrinsic remediation relies on the innate capabilities of indigenous bacteria to convert site pollutants (BTEX)
to carbon dioxide and water in the presence of oxygen.  Under low- or no-oxygen conditions, other electron
acceptors may be used to degrade site pollutants.  The rate of biological processes and, therefore, the
biodegradation of contaminants is affected by pH, temperature, and availability of electron acceptors and
nutrients.  Microbial activity can be monitored by hydrocarbon degradation, oxygen uptake rate, and carbon
dioxide gas generation.  The disappearance of terminal electron acceptors (e.g., dissolved oxygen, sulfate,
or nitrate) or the appearance of degradation products (e.g., ferrous ions, manganese ions, or methane)
indicates that contaminants are being biologically degraded and not just physically diluted or dispersed.

Although microbial activity is focused on degradation of organic compounds, reduced concentrations of
inorganic compounds in the groundwater are also expected once removal of organic contamination at the
site is complete.  Microbial activity can alter water quality parameters such as dissolved oxygen content,
oxidation-reduction potential, and pH, which can increase the solubility of naturally occurring inorganic
compounds.  Removal of the organics is expected to return the groundwater quality to background
conditions, which can cause an increase in the concentrations of the more insoluble inorganic fractions.

This remediation approach requires a demonstration, through intensive site characterization, that natural
biological processes are destroying contaminants in situ.  Once this demonstration is completed, long-term
monitoring is required to confirm that adequate remediation is occurring.  For intrinsic remediation to be
effective as a stand-alone approach, the naturally occurring hydrogeochemical conditions at the site must
allow the rate of biodegradation to exceed the rate of contaminant migration.  Intrinsic remediation can be
demonstrated through:

• Observation of a stable or decreasing contaminant plume over time;

• Correlation of contaminant plumes with electron acceptor distribution; and

• Modeling studies that indicate attenuation due to processes other than dispersion, volatilization,
and sorption.

Demonstration that Intrinsic Remediation is Occurring (8,9)

The Air Force Center for Environmental Excellence (AFCEE) has published a protocol for assessing intrinsic
remediation using three lines of evidence.  The first line of evidence includes use of statistically significant
historical trends in contaminant concentrations to show that a reduction in the total mass of contaminants is
occurring at the site.  The second line of evidence involves the use of chemical analytical data in mass
balance calculations to show that electron acceptor concentrations in groundwater (oxygen,
nitrate, sulfate, or iron) are sufficient to facilitate degradation of dissolved contaminants.  Solute fate and
transport models are used as a third component, in conjunction with mass balance calculations, to predict
future migration of contaminants and estimate concentrations at potential receptor locations.  The IRA for
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these sites focused on conducting field activities and data assessments to support these three major tasks:
 statistical analysis of analytical data, assimilative capacity calculations, and contaminant fate and transport
modeling.

Field Investigation (7,8,9)

The sampling program at AOCs 43G and 43J was designed to provide data regarding the concentrations and
distributions of contaminants for use in assessing the performance of intrinsic remediation.  The IRA field
investigation included:

• Installation of a water table monitoring well at AOC 43G Area 2;
• Soil and groundwater sampling at AOC 43G Area 2 to evaluate whether a potential or intermittent

contaminant source is present;
• Installation of three bedrock monitoring wells at AOC 43J; and
• Quarterly groundwater monitoring for two years at both sites.

Seventeen monitoring wells were sampled during each round at AOC 43G in 1997 and 16 monitoring wells
were sampled in 1998 (one well was hit by a car and destroyed).  Sixteen monitoring wells were sampled at
AOC 43J.  Monitoring wells were purged and sampled using low-flow, submersible pumps in accordance
with the U.S. EPA’s Low Flow Purging and Sampling Procedure for the Collection of Groundwater Samples
from Monitoring Wells (July 1996).  Well-specific, dedicated pumps and tubing were used for sample
collection and were decontaminated after each well was sampled.  Well-dedicated equipment was stored
indoors at the site between sampling rounds.

Several water quality parameters were monitored during each sampling event.  A flow-through cell measured
temperature, pH, specific conductivity, oxidation-reduction potential, and dissolved oxygen concentration. 
Turbidity readings were collected before groundwater passed through the flow-through cell.  Carbon dioxide
concentration was measured in the field using Hach test kits.  Free product was monitored with an oil-water
interface probe.

Groundwater samples were analyzed at an off-site laboratory for VOCs (US EPA Method 8260), TPH
(MADEP methods for volatile and extractable petroleum hydrocarbons – VPH and EPH), inorganic
contaminants of concern (US EPA Method 200.7), and numerous IRA parameters such as electron
acceptors, nutrients and biodegradation byproducts.  Method 8010 (DL = 0.5 µg/L) was used to confirm that
chlorinated solvents were below MCLs if detected in Method 8260 (DL = 5 µg/L).

Investigation-derived waste (IDW), such as purge and decontamination water, was generated and collected
during investigative activities performed at each site.  Waste materials were screened using a PID meter to
determine appropriate disposal methods.  All IDW with PID readings above background was drummed for
disposal at appropriate off-site facilities.  If no contamination was detected, IDW was returned to the site.

Data Assessments (3,7,8,9)

The July 1997 Baseline IRA report presented the initial groundwater sampling data plus a preliminary
assessment of the effectiveness of intrinsic remediation of groundwater at AOCs 43G and 43J.  The report
also provided an early opportunity for the Army and environmental regulators to review and, if necessary,
modify the IRA approach.  The IRA reports for AOCs 43G and 43J were updated in June 1999 following two
years of quarterly groundwater monitoring. 

Groundwater data for each site was statistically assessed to evaluate if individual contaminant
concentrations were decreasing over time.  Trend analysis was performed using the Mann-Kendall test at
the 95% confidence level.  Individual BTEX compounds, total BTEX, and VPH were analyzed using data
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from the two years of quarterly monitoring data and up to four rounds of historical data.  Regression
analyses were also conducted for those well/parameter combinations where statistically significant
decreasing trends in contaminant concentrations were demonstrated and where contaminants were above
cleanup levels.  The regression analyses were used to estimate how long it will take to achieve cleanup
levels using intrinsic remediation.  The presence of seasonal patterns in contaminant concentrations was
also investigated.

The ability of an aquifer to naturally degrade soluble organic constituents may be addressed in part by an
overall mass balance that compares the capacity of the biodegradative system with the concentrations of
organics in groundwater.  Analytical data were used in mass balance calculations to assess if electron
acceptor concentrations in the groundwater at the Fort Devens sites were sufficient to facilitate degradation
of the observed BTEX concentrations.  If the assimilative capacity of the aquifer is greater than the BTEX
concentrations, then there is substantial support for intrinsic remediation as a viable remedial alternative. 
The BIOSCREEN screening level model was run during the baseline IRA to estimate the maximum plume
extent.  This model was not rerun as part of the IRA because the input variables (e.g., groundwater flow
system and assimilative capacity) were relatively unchanged. 

Fate and transport modeling was performed to assess the degradation and migration of the organic
contaminants of concern in the overburden groundwater at AOCs 43G and 43J and to estimate the
effectiveness of intrinsic remediation.  Implementation of this level of modeling is typically performed after the
preliminary evaluation of assimilative capacity and the BIOSCREEN model results have indicated that
intrinsic remediation is a potentially viable alternative.  BIOPLUME II was used for fate and transport
modeling.  While BIOSCREEN provides for utilization of electron acceptors other than oxygen and nitrate,
the BIOPLUME II model allows for the introduction of some oxygen in the groundwater that recharges the
contaminated area.  BIOPLUME II was initially run for the baseline IRA and then rerun for both sites using
data from the IRA field investigation.  Benzene was the only contaminant modeled because it is considered
the only organic contaminant of potential long-term concern at both sites.  The rerun model accounted for
decreasing contaminant concentrations in the source area with time based on regression analysis and
reduced electron acceptor concentrations caused by competition from degradation of other organic
compounds (e.g., other BTEX constituents).  The groundwater flow model was also updated for AOC 43J to
better conform to the latest monitoring data.

Long-Term Operation (8,9,11)

Long-term operations at both sites include:

• Annual groundwater monitoring to ensure compliance with the performance standards;
• Submittal of annual data reports to U.S. EPA and MADEP; and
• Five-year site reviews for continued assessment of the remedial progress.

At AOC 43G, nine existing monitoring wells will be sampled: four in the source area and five on the site
perimeter.  At AOC 43J, twelve existing monitoring wells will be sampled: four in the source area and eight
on the site perimeter.  The source area wells were selected based on previous analytical results from IRA
sampling rounds and groundwater modeling.  In addition, perimeter wells were selected to monitor for
potential off-site migration of the contaminant plume.  Samples from the wells will be analyzed for BTEX,
VPH and inorganic contaminants of concern.  The same sampling and analytical methods used for the IRA
field effort will be used during the long-term monitoring.

The annual reports will include a description of site activities, a summary of the long-term monitoring results,
recommendations for future sampling, and an evaluation of the effectiveness of intrinsic
remediation.  Intrinsic remediation will be judged to be effective based on the following two performance
standards developed as part of the IRA:
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1. If the groundwater plume with concentrations exceeding MCLs does not increase in size and does
not migrate off Army property.

2. If contaminants of concern are reduced to cleanup levels within 30 years of the signing of the ROD.

During the five-year site reviews, an assessment will be made of whether the implemented remedy continues
to be protective of human health and the environment or whether the implementation of additional remedial
action is appropriate.  This evaluation will be based on how successful the remedial approach is in attaining
groundwater cleanup levels. 

Personnel Requirements (2,7,11)

Before the initial IRA sampling round was conducted, soil borings and one water table monitoring well were
installed at AOC 43G.  One drill crew, which typically included two people, completed the drilling.  The
borings and well installation were completed in three days.  One field geologist was on-site to supervise all
drilling activities, complete drilling logs, and collect soil samples.  A second geologist was on-site to perform
sample management.

Three bedrock wells were installed at AOC 43J before the initial IRA sampling round was conducted. 
Completion of this task required two geologists plus a drill crew, which typically included two people.  Well
construction at AOC 43J and development of all new wells required 50 hours of oversight for a mid-level
hydrogeologist and 70 hours for a junior geologist.  In addition, 5 hours were spent for geophysics and
10 hours for demobilization.  Monitoring well development lasted no more than 20 hours for all three wells.

On average, each quarterly sampling event required 11 days to complete (three wells per day). 
Approximately 10 additional hours were required for mobilization and laboratory coordination.  The sampling
crew consisted of one mid-level engineer and one junior-level geologist.  Sampling events for long-term
monitoring should take less time since there will be fewer wells to sample. 

Labor estimates for data analysis tasks are presented below.

• 400 hours to conduct baseline modeling efforts;
• 504 hours to prepare the Baseline IRA Report;
• 539 hours to prepare the two Annual Reports; and
• 600 hours to prepare the two IRA Reports.

Health and Safety Requirements (6,7)

The project health and safety plan outlined training and/or medical surveillance requirements in accordance
with OSHA 29 CFR 1910.  Prior to performing site work, all personnel covered by the site health and safety
plan attended a pre-entry briefing to provide information regarding the project and to discuss the site-specific
health and safety plan. 

Field activities were performed in Level D or modified Level D personal protective equipment (PPE) as
determined by the on-site health and safety officer (HSO).  Modifications to the initial level of protection were
determined by the HSO based on real-time air monitoring results and his/her discretion.  Real-time air
monitoring was performed using a PID during each field activity to verify that ambient VOC concentrations in
the breathing zone did not exceed permissible exposure limits established by OSHA and ACGIH. 
Measurements were made each day at the start of site activities and at appropriate times during the day,
including a minimum of once every 15 minutes during field activities.  Based on air monitoring results, no
upgrades in PPE were required.
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OPERATING PARAMETERS AFFECTING TECHNOLOGY COST OR PERFORMANCE

Table 3 lists values for selected parameters associated with intrinsic remediation at AOCs 43G and 43J. 
The parameters were selected for this report based on USACE guidance.  Data provided corresponds to
source area and downgradient samples collected in March 1997 during initial IRA groundwater sampling.

Table 3.  Operating Parameters (3)

System Parameter AOC 43G AOC 43J
Measurement

Procedure
pH 5.85 – 6.97 5.67 – 7.55 Flow-through cell

Temperature (°C) 7.14 – 14.4 5.95 – 14.8 Flow-through cell

Biodegradation Rate for Organics Not Available Not Available None

Oxygen Uptake Rate Not Available Not Available None

Carbon Dioxide Evolution Not Available Not Available None

Nutrients and Other Soil Amendments
Phosphate-Phosphorus
(mg/L)
Nitrate-Nitrogen (mg/L)
Nitrite-Nitrogen (mg/L)
Ammonia-Nitrogen (mg/L)

<0.01 – 0.2
<0.01 – 3.0

<0.005 – 0.027
<0.02 – 0.22

<0.01 – 0.16
<0.01 – 0.68

<0.005
<0.02 – 0.74

EPA 365.4
EPA 353.2
EPA 354.1

Colorimetric
E350.1

TIMELINE (1,8,9)

Date Activity
December 21, 1989 Fort Devens placed on NPL
May 13, 1991 Federal Facility Agreement signed between US EPA Region 1 and Army
August 1992 – August 1994 Army conducted site investigations and supplemental site investigations
February 1996 Army completed a RI for AOCs 43G and 43J
March 31, 1996 Fort Devens ceased to be an active Army installation as a result of BRAC
June 1996 Army completed a Feasibility Study for AOCs 43G and 43J
August 15, 1996 Proposed Plan for remedial action at AOCs 43G and 43J released to

public
August 25 – September 26, 1996 Public comment period on the Proposed Plan
October 17, 1996 ROD signed by the U.S. EPA and the Army
October 21, 1996 Notice to proceed issued
February 1997 Additional monitoring well installation
March 1997 Initial IRA groundwater sampling
May 12 – June 11, 1997 Baseline fate and transport modeling
June 14 – July 25, 1997 IRA groundwater sampling round 1
July 1997 Baseline IRA completed
September 6 – October 17, 1997 IRA groundwater sampling round 2
Dec.  2, 1997 – Jan.  15, 1998 IRA groundwater sampling round 3
March 4 – April 15, 1998 IRA groundwater sampling round 4
June 13 – July 24, 1998 IRA groundwater sampling round 5
September 5 – October 16, 1998 IRA groundwater sampling round 6
Dec.  2, 1998 – Jan.  15, 1999 IRA groundwater sampling round 7
June 1999 IRAs for AOCs 43G and 43J completed
December 1999 Long-term monitoring initiated at AOC 43G and 43J
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TECHNOLOGY SYSTEM PERFORMANCE

CLEANUP GOALS/STANDARDS (1,8,9,11)

The preliminary remediation goals (PRGs) for AOCs 43G and 43J were developed in the Feasibility Study
based on U.S. EPA guidance provided in the Federal Facilities Agreement for the site, and on a document
that describes the role of baseline risk assessments in Superfund remedy selection decisions.  The
following table presents the PRGs for groundwater at both AOCs.  The ROD established the PRGs as the
groundwater cleanup levels.

Table 4.  Groundwater Cleanup Levels
Contaminant PRGs for AOC 43G (µg/L) PRGs for AOC 43J(µg/L) Basis

Benzene 5 5 MCL

Carbon Tetrachloride Not Applicable 5 MCL

Ethylbenzene 700 700 MCL

Toluene Not Applicable 1,000 MCL

Total Xylenes 10,000 Not Applicable MCL

Arsenic Not Applicable 50 MCL

Iron 9,100 9,100 Risk

Manganese 1,715a 1,715a Risk

Nickel 100 Not Applicable MCL
a Based on the current reference dose for manganese.  The manganese PRG was 291µg/L at the start of the remedial effort based on
the previous reference dose that has since been updated.

Property boundary performance standards for these sites are based on two guidelines: the PRGs and the
MCP GW-1 standards for EPH and VPH.  EPH has not been detected in the source areas at concentrations
that pose a risk.  As a result, EPH standards are no longer being tracked at either site.  GW-1 standards
are provided for VPH in the following table.  If the potential exists for these values to be exceeded at the
property boundary based on sampling results, the Army will develop risk-based values.  According to the
IRAs for both sites, migration of EPH/VPH concentrations in excess of GW-1 standards is not probable, so
no risk-based concentrations have been developed to date.

Table 5.  Site Boundary Condition Requirements for VPH (8,9)
Contaminant GW-1 Concentration (µµ g/L)

C9 – C10 Aromatics 200

C5 – C8 Aliphatics 400

C9 – C12 Aliphatics 4,000

PERFORMANCE DATA

Table 6 provides a summary of the groundwater data collected historically at AOCs 43G and 43J.  The table
shows PRG exceedances in samples collected during the RI in December 1994, the supplemental site
investigation in March 1995, initial IRA groundwater sampling conducted in March 1997, and IRA sampling in
March 1998 and December 1998.
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Table 6.  Historical Data Trends (3,8,9)
PRG Exceedances

AOC Parameter 12/94 3/95 3/97 3/98 12/98
Benzene 3 3 3 3 3

Ethylbenzene 3 343G

Xylene 3

Benzene 3 3 3 3 3

Carbon Tetrachloride 3

Ethylbenzene 3 3 3 3 3
43J

Toluene 3 3 3

Tables 7 and 8 present the results of quarterly groundwater monitoring at AOCs 43G and 43J, respectively,
in source area and downgradient wells.  Groundwater samples were analyzed for BTEX using EPA Method
8260A.  Samples were analyzed for metals using EPA 200.7.  Decreases in the sizes of contaminant
plumes can be observed in Figures 4 and 5, which present estimated benzene plumes at AOCs 43G and
43J, respectively, based on average groundwater concentrations observed during 1997 and 1998 monitoring
events. 

PERFORMANCE DATA ASSESSMENT (3,8,9)

The IRAs for AOCs 43G and 43J demonstrate that intrinsic remediation is working and that the Army will not
need to initiate additional cleanup actions.  Specifically, modeling indicates that the concentrations of the
contaminants of concern will be below groundwater cleanup levels in less than 30 years and that they will
not migrate off of Army property.  Additional notes regarding the analysis of the performance data are
provided below:

• The results of the Mann-Kendall statistical trend analyses on BTEX compounds revealed that 28 of
32 well/parameter pairs evaluated at AOC 43G exhibit a statistically significant downward trend at
the 95% confidence level.  The four well/parameter pairs that do not meet this confidence level
exhibit an obvious decreasing trend in concentration but at the 80 to 90% confidence level. 

• The results of the Mann-Kendall statistical trend analyses for BTEX compounds revealed that the
groundwater monitoring wells at AOC 43J exhibit a statistically significant downward trend at the
95% confidence level for almost all the well/contaminant pairs that currently or historically have
exceeded MCLs.

• The statistical trends for the VPH data were not as evident as for the BTEX data at both sites.  This
may be due to a smaller data set (2 years for VPH versus 5 years for BTEX) or the possibility that
VPH compounds are degrading more slowly.  As of December 1998, VPH performance standards
were being met.

• Based upon final IRA sampling results, benzene was the only organic contaminant of concern that
exceeds its MCL at AOC 43G.  Exceedances were observed in three wells.  Using the most
conservative data set, the regression models predicted that benzene concentrations at this site
would be at or below the MCL by October 2011, which is 15 years after the signing of the ROD.

• Based upon final IRA sampling results, benzene, ethylbenzene and toluene were the organic
contaminants of concern that exceeded MCLs at AOC 43J.  The regression models predicted that
contaminant concentrations at this site would be at or below the MCLs by the end of the year 2004,
which is 8 years after the signing of the ROD.
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Table 7.  Summary of Quarterly Groundwater Monitoring Results for AOC 43G in µµg/L (8)

Parameter
March 1997 June 1997 September

1997
December

1997
March 1998 June 1998 September

1998
December

1998
PRG

Benzene <5 – 580 <5 – 240 <5 – 340 <5 – 310 <5 – 1,200 <5 –- 240 <1 – 86 <1 – 87 5

Ethylbenzene <5 – 810 <5 – 570 <5 – 680 <5 – 550 <5 – 500 <5 – 320 <1 – 320 <1 – 340 700

Total Xylenes <5 – 5,100 <5 – 2,400 <5 – 3,800 <5 – 2,900 <5 – 8,000 <5 – 2,800 <1 – 2,000 <1 – 1,300 10,000

Iron, Total 137 – 38,000 2,900 –
21,800,000

830 – 34,000 242,000 –
35,900,000

<2.1 –
25,900

89.6 –
18,100

2,090 –
19,800

1,190 –
26,700

9,100

Manganese,
Total

79 – 10,300 1,490 –
7,460,000

1,130 –
7,600

80,600 –
9,810,000

11.3 –
13,300

7.9 – 7,180 1,750 –
6,060

891 – 4,820 1,715

Nickel <40 – 40 ND ND ND <2.1 – 7,500 ND ND ND 100

PRG exceedances are in bold.
ND – Not Detected

Table 8.  Summary of Quarterly Groundwater Monitoring Results for AOC 43J in µµg/L (9)

Parameter March 1997 June 1997 September
1997

December
1997

March 1998 June 1998 September
1998

December
1998

PRG (µµ g/L)

Benzene <5 – <51 <5 – <140 <5 – 49 <5 – 41 <5 – 31 <5 – 37 <1 – 39 <1 – 80 5

Carbon
Tetrachloride

ND ND ND ND ND ND ND ND 5

Ethylbenzene <5 – <830 <5 – 2,300 <5 – 1,800 <5 – 1,300 <5 – 940 <5 – 820 <1 – 1,500 <1 – 2,300 700

Toluene <5 – <420 <5 – 3,600 <5 – 2,200 <5 – 1,400 <5 – 350 <5 – 440 <1 – 2,100 <1 – 3,000 1,000

Arsenic <10 – 121 <10 – <3,100 <10 – 107 <2,500 –
147,000

<3.6 – 111 ND ND ND 50

Iron, Total 69 – 51,000 <100 –
150,000

<100 –
25,300

27,100 –
49,800,000

<25.6 –
46,200

<37.3 –
34,800

<23.9 –
24,200

38.9 –
31,200

9,100

Manganese,
Total

<20 – 13,800 53 –
1,160,000

<20 – 13,800 1,500 –
17,000,000

3.7 – 14,400 <1.1 –
13,200

8.4 – 9,460 11.7 –
16,200

1,715

PRG exceedances are in bold.
ND – Not Detected
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Figure 4.  Estimated Benzene Plume Trends at AOC 43G
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Figure 5.  Estimated Benzene Plume Trends at AOC 43J
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• Model correlation coefficients were not substantially improved with consideration of seasonal effects
on the groundwater data at AOC 43G.  Consideration of seasonal effects at AOC 43J resulted in the
finding that ethylbenzene concentrations at two source area wells have been significantly
decreasing since 1993, a result not identified in the less powerful non-parametric Mann-Kendall
trend analysis.

• At AOCs 43G and 43J, there is significant evidence of the utilization of electron acceptors and the
appearance of degradation products, suggesting that contaminants are being biologically degraded
and not just physically diluted or dispersed.  Calculations indicate that the assimilative capacity of
the aquifer at both sites exceeds the residual observed BTEX concentrations in groundwater,
indicating the potential viability of intrinsic remediation as a remedial alternative.

• According to the BIOSCREEN modeling performed for the Baseline IRA, the contaminant migration
rate is slower than the seepage velocity of the groundwater as characterized by the retardation
factor. As a result, the groundwater can continuously bring additional oxygen and other electron
acceptors from upgradient sources into the reaction zone.  The BIOSCREEN models were not rerun
for the IRA reports because no significant changes were noted.

• Based on assimilative capacity calculations for AOC 43G, sulfate reduction appears to be the
predominant mechanism for biodegradation with lesser but still significant contributions by oxygen
and nitrate.  At AOC 43J, sulfate and oxygen reduction appear to be the predominant mechanisms,
with lesser contributions from iron and manganese.

• IRA fate and transport modeling with BIOPLUME II demonstrated that it was unlikely that the
benzene plumes at AOCs 43G and 43J will migrate off of Army property.  The time at which the
benzene concentration at AOC 43G will be below the MCL was estimated to occur between 2007
and 2009, which is 10 to 12 years after signing of the ROD.  The time at which the benzene
concentration at AOC 43J will be below the MCL was estimated to occur between 2004 to 2006,
which is seven to nine years after signing of the ROD.

PERFORMANCE DATA QUALITY (1,8,9)

A Field Sampling Plan and a Quality Assurance Project Plan were prepared for the field tasks at AOCs 43G
and 43J.  Sample management procedures included sample container preservation requirements, chain of
custody program protocols and records, cooler receipt forms, and sample tracking and shipping.
Data quality objectives were established for field screening and analyses and off-site laboratory analyses.
QC procedures established for field activities included the use of calibration standards and blanks for pH,
specific conductance, temperature, PID measurements and other parameters analyzed using field test kits.
 QA/QC samples submitted to the off-site laboratory included duplicate samples, trip blanks, equipment
rinsate blanks, matrix spike and matrix spike duplicates.  In addition, the laboratory analyzed method blank
samples and surrogate spike samples.  Data validation/evaluation for this project was consistent with
EPA/540/G-87/003 former Level III data (current Definitive Data).  Data validation was conducted for
analytical results according to the quality control requirements as specified in the methods and in the
following two guidance documents:  Region 1 Laboratory Data Validation Functional Guidelines for
Evaluating Organic Analyses, November 1988, and Region 1 Tiered Organic and Inorganic Data Validation
Guidelines, July 1993.

Groundwater sampling was conducted in accordance with U.S. EPA’s low-flow purging and sampling
guidelines.  Because there may have been issues regarding comparability between the use of low-flow
sampling for the IRA sampling rounds and the use of conventional sampling methods during previous
studies, a selected number of wells were purged, sampled, and the samples analyzed for VOCs using



AOCs 43G and 43J

Prepared by: Final
U.S.  Army Corps of Engineers November 11, 1999
Hazardous, Toxic, Radioactive Waste Page 22
Center of Expertise 

both techniques during the initial IRA sampling round.  There was no statistical difference between the
conventional (bailer) sample results and the low-flow sampling results. 

Data evaluation for the long-term monitoring will be consistent with EPA/540/G-87/003 former Level III data
(current Definitive Data) and will not be accompanied by CLP-type validation normally associated with Level
IV data collection activities.

COST OF THE TECHNOLOGY SYSTEM

PROCUREMENT PROCESS (1,2,3)

USACE awarded the contract to perform the IRA for AOCs 43G and 43J to Stone & Webster Environmental
Technology & Services.  The contract was bid at $532,714 using a firm fixed-price cost structure.  Table 9
provides a breakdown of the costs by task. 

The following list presents the subcontractors used and their roles on the project:

Subcontractor Tasks

Harding Lawson Associations IRA work plan development
(formerly ABB Environmental Services, Inc.) 43G Area 2 soil contamination assessment

43J initial well installation oversight
Groundwater sampling support
Fate and transport modeling
Preparation of baseline and final IRA reports
Review of annual groundwater sampling reports
GPR surveys

New Hampshire Boring Field drilling and monitoring well installation

Severn Trent Laboratories Off-site laboratory chemical analysis
(formerly Intretek Testing Services)

Kestrel Environmental Technologies Validation of groundwater data

Advanced Environmental Technical Services IDW management

COST DATA (11)

The total project cost for the IRA at AOCs 43G and 43J at Fort Devens was $671,342.  Table 9 provides a
breakdown of the actual project costs.  The actual project costs exceeded the original budget by more than
$100,000.  The increased cost was due to significant regulatory comments on the IRA Work Plan and
modeling tasks, additional analytical costs, and other miscellaneous items.  After the initial budget was
established, additional analytical parameters were included in the scope and slow groundwater recharge and
other site-specific issues increased the sampling labor requirements.

The annual cost of the long-term monitoring phase of the project is expected to be $50,000, which includes
groundwater sampling and analysis and preparation of annual reports.
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Project costs will be significantly increased if long-term monitoring results and future fate and transport
modeling do not demonstrate that intrinsic remediation can achieve performance standards and additional
remediation is required.  For intrinsic remediation, the number of wells sampled is a significant cost element
because it effects the duration of field sampling events, analytical expenses, and the effort involved with
tracking and assessing data.

Table 9.  Costs for the IRA at AOCs 43G and 43J at Fort Devens (2,11)

Cost Category Cost Element
Total Bid Cost ($) Total Actual Cost

($)

IRA Work Plan 23,246 37,905

43G Area 2 Soil Contamination Assessment and
Well Installation

26,552 26,552

43J Well Installation 29,668 29,668

Capital

Project Management (estimated) 9,681 8,876

Subtotal 89,147 103,001

IRA Groundwater Sampling (8 rounds) 291,140 374,375

Fate and Transport Modeling 24,171 47,523

IRA Reports 34,392 31,521

O&M

Project Management (estimated) 42,603 42,756

Subtotal 392,306 496,175

Annual Reports 36,308 54,314

IDW Management 9,386 11,636

Other Related

Project Management (estimated) 5,567 6,219

Subtotal 51,261 72,169

Total 532,714 671,345

REGULATORY/INSTITUTIONAL ISSUES

Because this project was performed under CERCLA regulations, it was not necessary to obtain permits from
local regulatory authorities for on-site activities.  It was necessary, however, to meet the substantive
requirements of potentially applicable regulations.  The following permitting, approval and public relations
issues were encountered on this project (1):

• The Proposed Plan for remedial action at AOCs 43G and 43J was released to the public on August
15, 1996.  The public comment period lasted from August 25 to September 26, 1996.  A public
meeting was held on September 5, 1996 to present the Proposed Plan, to accept any verbal or
written comments from the public, and discuss the cleanup alternatives evaluated in the Feasibility
Study.  Following receipt of public comments, the Army issued the ROD, documenting the final
choice of a cleanup remedy at the two sites.

• Groundwater in the surficial aquifer at Fort Devens has been designated as Class I under
Commonwealth of Massachusetts’s regulations.  According to 314 CMR 6.03, Class I groundwater
is a source of potable water supply.

• The site is being remediated to a level suitable for commercial or industrial use.
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OBSERVATIONS AND LESSONS LEARNED

COST OBSERVATIONS AND LESSONS LEARNED (10,11)

In future applications of intrinsic remediation, the USACE New England Division (NED) recommended that
testing be started using a full set of parameters for all wells at a site with the option to reduce the number of
parameters and/or wells based on the results from previous data collection activities.  This approach may
reduce costs and eliminate collection of unnecessary data.

The USACE NED felt that fewer sample parameters or less frequent sampling would have been acceptable
at some wells at Fort Devens based on analytical results.  The USACE was able to obtain approval to
reduce the sampling frequency for some parameters, but they were unable to obtain approval to eliminate
sampling of wells where contaminants of concern were consistently not detected.  The NED recommends
semi-annual sampling for contaminants of concern rather than quarterly sampling for the purpose of
performing trend analyses.  Trends are more evident over longer time intervals, and quarterly results are
more likely to exhibit variability than semi-annual results.  This variability can cause undue concern
regarding the site’s progress.

The USACE NED recommended focusing the treatment evaluation on actual site data rather than modeling
results.  Cost savings may result from reducing the importance and level of detail of modeling efforts.

PERFORMANCE OBSERVATIONS AND LESSONS LEARNED (10,11)

Intrinsic remediation is a potentially viable treatment option for other sites contaminated with BTEX
compounds, as the data from Fort Devens suggests. 

The BIOPLUME II modeling software only evaluates BTEX compounds, so other aliphatic hydrocarbons that
utilize electron acceptors were not accounted for.  For this project, modeling was not considered to be as
important as actual field data (i.e., trend analysis and regression analysis).

The field sampling crew had difficulty obtaining stable readings for dissolved oxygen and oxidation-reduction
potential.  This increased the required time for sampling and inflated sampling costs.  Alternate flow-through
meters were tried without improvement.  Operator error and cold temperatures were contributing factors.

OTHER OBSERVATIONS AND LESSONS LEARNED (10)

For the Fort Devens project, regulatory agencies were initially very supporting of the remediation approach,
but support diminished as the project proceeded.  The amount of data, explanation and coordination required
to satisfy the regulatory agencies made implementation difficult and time-consuming.  The regulators tended
to focus on changes in results from one sampling event to the next rather than looking at the “big picture”. 
On some occasions, new staff members would provide detailed comments/requests that went beyond the
scope previously agreed to in the work plan.  Changing staff at the regulatory agencies caused problems
with consistency during project reviews.

For future applications of intrinsic remediation, the USACE NED recommends putting a significant amount of
time and effort into preparing the work plan for the IRA.  The project manager should make sure that the
regulatory agencies perform a detailed review of the work plan and that all their comments are resolved
before starting any work.  Continuous coordination with all parties is essential throughout the assessment
process.
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With intrinsic remediation, there are no factors (e.g., work plan approval or well installation) that cause major
impacts on the remediation schedule since the time to reach cleanup goals is completely dependent on
natural processes.  Cold weather may slow the degradation rate and extremely dry conditions (e.g., drought)
may decrease the replacement of electron acceptors through recharge to the contaminated areas.
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