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| ntringc Remediation-

An Introduction

DESCRIPTION:

Intrinsic Remediation is a potential remedial option for the contaminant and reduction
of the mass and concentration of petroleum hydrocarbons at contaminated sites, with
no significant risk to environmental and/or human receptors. It is an innovative
remedial approach that relies on natural attenuation processes to remediate
contaminants in the subsurface. This approach contrasts with active (engineered)
remedial methods which require that contaminants be removed from impacted media
or be destroyed in situ using external means to achieve the desired clean-up level.

1. INTRINSIC REMEDIATION AS A
REMEDIAL OPTION

1.1 Introduction

Intrinsic remediation (IR) relies on naturally
occurring processes to reduce contaminant
concentrations in hydrocarbon-impacted soil and
groundwater. IR has also been referred to as
Remediation by Natura Attenuation (RNA). Natural
processes occur continuously in the subsurface even
during active remedial work. Evidence presented in
two comprehensive studies by NRC (1994) and
Lawrence Livermore National Laboratory (1995)
suggests that natural bioremediation was often the
dominant process in attenuating petroleum
hydrocarbons in groundwater at impacted sites both
with and without active forms of remediation in
place. The goal of an IR assessment isto evaluate
whether these natural processes alone are sufficient
to meet applicable criteria prior to impact upon
potential on-site and off-site receptors (e.g. water
wells, streams and lakes). In some instances, IR may
be applied in conjunction with a conventional

remedial technology such as source removal, or
could be used as part of arisk assessment. Intrinsic
remediation of groundwater istypically the primary
focus, considering that groundwater is the most
significant pathway to potential receptors.

IR is most commonly applied at hydrocarbon-
contaminated sites, because petroleum hydrocarbons
tend to degrade more readily than many other
contaminants (e.g. chlorinated solvents). At such
gites, the primary parameters of concern from the
perspective of mobility and toxicity are the
monoaromatic hydrocarbons (benzene, toluene,
ethylbenzene and xylenes (BTEX)). These
compounds are aso relatively soluble and
susceptible to biodegradation in the subsurface. Asa
result, the primary focus of IR assessments has been
to determine the natural attenuation of the BTEX
compounds. Other hydrocarbons, which are
generally less mobile and less toxic, however, aso
undergo biodegradation, resulting in the consumption
of electron acceptors. The presence of liquid
petroleum hydrocarbons at a site does not
necessarily preclude the use of IR.
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Biodegradation of BTEX/petroleum hydrocarbon
congtituents by indigenous subsurface microbes
appears to be the primary mechanism for intrinsic
remediation. During biodegradation, microbes
transform available nutrients, including
hydrocarbons, into forms useful for energy and cell
production. Microbes obtain this energy by
facilitating the transfer of electrons from electron
donorsto electron acceptors. Electron donors
include natural organic material and petroleum
hydrocarbons.

Electron acceptors in groundwater include dissolved
oxygen, nitrate, iron (111), sulphate and carbon
dioxide. The use of eectron donors by microbes
begins with dissolved oxygen (aerobic conditions).
Aromatic hydrocarbons undergo both aerobic and
anaerobic biodegradation. The field parameters
which indicate the presence of aerobic and
anaerobic conditions are dissolved oxygen (D.O.)
and the oxidation-reduction (or REDOX) potential.

IR has also been applied successfully to sites
impacted with chlorinated solvents and other
organic contaminants (e.g. dinitrotoluene, Bradley et
al., 1997). The focus of this Technical Assistance
Bulletin (TAB) is on petroleum hydrocarbonsin
groundwater; however, similar procedures can be
used for other contaminantsif the same lines of
supporting evidence of natural attenuation are
obtained.

This TAB presents arecommended course of action
to enable proponents to scientifically apply the case
for intrinsic remediation as a viable remedial option
at hydrocarbon-contaminated sites, typically
associated with fuel leaks or spills. Itis
recommended that the IR approach be evaluated in
advance of engineered approaches because of the
potentially significant savingsin remedial efforts at
low-risk sites. There are limitationsto the IR
approach (discussed in Section 5) and it must be
applied on a site-by-site basis. This TAB is not
designed to be a comprehensive document outlining
every procedure and rationale required for an IR
assessment to be undertaken. The reader isreferred
to the ‘references and sources' section for further
detailed information.

1.2 Advantagesof IR

The major advantages of IR relative to conventional
engineered technologies for remediation of
hydrocarbon-fuel-contaminated media at low-risk
sites (e.g. no exposure pathways completed to

receptors) are:

1.2.1 Contaminants (petroleum hydrocarbons) are
transformed to innocuous by-products (CO,
and H,0) and are not simply transferred

elsewhere.

1.2.2 Itisaways norrintrusive and poses little or
no disturbance to nearby surface activities

or facilities.

1.2.3 Engineered technologies can result in the
creation of additional contaminant pathways
to potentia receptors (e.g. air emissions,

subsurface vapour migration).

1.2.4 Itistypicaly more cost effective than

engineered methods.

1.2.5 Limitations of mechanized remediation (e.g.

equipment failure) are completely avoided.

1.2.6 Hydrocarbon compounds that are most toxic
and mobile (e.g. BTEX) are also generally

most susceptible to biodegradation.

1.2.7 WherelR isnot suitable asthe sole
remedial method, it can be used readily in
conjunction with other technologies at any

time during the site's remediation life-cycle.

1.2.8 Dataobtained during an IR assessment can
be very useful in evaluating other remedial
methods (e.g. oxygen requirements),
contaminant fate, transport mechanisms and

exposure pathways.
1.3 Supporting Evidence

In order to scientifically support intrinsic
remediation, the proponent must demonstrate that
natural degradation is occurring at rates sufficient
enough to be protective of human hedth and the
environment. Evidence to support IR can be derived
from a documented loss or reduction in the mass of
contaminantsin the field. In addition, contaminant
and geochemical analytical data, whether direct or
conclusive indirect evidence of microbiological
activity, groundwater flow, transport and
degradation modelling, can be used to support IR.

These lines of evidence are discussed in the
subsequent sections of this bulletin. The overdl IR
Assessment Procedure is presented in aflow chart
in Appendix A.
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2. SAMPLING PROTOCOLS AND SITE
INSTRUMENTATION REQUIREMENTS

Prior to conducting any type of remedial action at a
contaminated Site, a comprehensive site assessment
must be undertaken. This assessment identifies the
particular characteristics of the site including the
source(s), nature and extent of contamination. Site
assessment procedures are outlined in TAB #2: Site
Assessment Procedures.

During the Site Assessment phases, strict quality
assurance/quality control procedures must be
adhered to in order to produce reliable datafor site
characterization and remediation purposes. Such
procedures are outlined in TAB #4. Sampling and
Analysis of Hydrocarbon Contaminated Soil; TAB
#5: Sampling and Analysis of Hydrocarbon
Contaminated Groundwater); and documents such
as Subsurface Assessment Handbook (Waterloo
Centre for Groundwater Research-University of
Waterloo, 1994).

One key aspect of the IR assessment procedure isthe
collection of high quality data from all areas of the
site including background or upgradient conditions.
At least one upgradient well and one or more wells
located in unimpacted zones downgradient of the
contaminated area are required to characterize
background conditions. This information is essential
for showing that natural attenuation processes are
occurring and determining the future natural
attenuation capacity of the groundwater flow system
in the direction in which the dissolved hydrocarbon
plume migrates. In addition, the front (leading edge)
of the plume should be determined as precisely as
reasonably possible.

One of the main goals of the Site Assessment
procedure isto obtain enough information to
determine whether the plume is shrinking, stable or
expanding. The determination of the status of the
plume isthe primary line of evidence that is used to
determine the potentia effectiveness of IR. At most
gites, either groundwater monitoring data over a
period of years and/or precise information regarding
when the contaminants were released are required to
determine the status of a plume.

3. CHEMICAL ANALYSIS REQUIREMENTS

In addition to the key analytical parametersto be
tested for at hydrocarbon-contaminated sites, several
other chemical parameters must be defined across

the siteto aid in the IR assessment. Typical
contaminant analyses at hydrocarbon sites are
recommended in TAB #4 and #5 (BTEX, TPH [light
and heavy], phenols, metals and polycyclic aromatic
hydrocarbons [PAHS]). In order to assess the
assimilative capacity of anatural system, the various
parametersin the following sections must also be
determined.

3.1 Field analyses

The following groundwater analyses are essential to
an IR assessment study and must be measured in the
field:

Dissolved oxygen (D.O.)

REDOX potentia (RP)

Temperature

pH

Electrical Conductivity

Ideally these parameters should be measured using a
flow-through cell and electrodes in the field. Other
methods using down hole probes and field
preservation techniques are also available for
selected parameters.

3.2 Fidd and/or Laboratory Analyses

The following parameters are important to
completing a comprehensive IR assessment study
and, where possible, they should be measured in the
field.

Soil/Aquifer Material
Fraction of organlc carbon (foc) sample(s) from
background uninpacted area.
Avallable nutrients. ammonia, total Kjeldahl
nitrogen (TKN), and phosphorus.

Groundwater
Nitrate (NO3)
Nitrite (NO,)
Sulphate (SO.%)
Sulphide (HS)
Iron (Fe[ll] and total iron), dissolved
Alkalinity, dissolved CO, (HCOs)
Methane (CH,)
Chloride (CI)

Temperature, pH and conductivity are standard
parameters which are measured when ground-water
sampling is conducted. They provide an indication
of well purging efficiency, and results from different
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wells can be used to determine whether or not wells
are completed in the same groundwater zones.

Dissolved oxygen concentrations define aerobic and
anaerobic conditions. REDOX potential identifies
oxidizing and reducing conditions in groundwater.
After dissolved oxygen is consumed, nitrate, iron
(111 and sulphate may serve as dternative electron
acceptors. Carbon dioxide is a product of aerobic
hydrocarbon degradation whereas methane, sulphide
and iron (1) are the products of anaerobic
biodegradation of petroleum hydrocarbons. A
detailed discussion of these processes is presented
in TAB # 20: Intrinsic Remediation - Contaminant
Transport and Attenuation Mechanisms. The
analysis and application of these datain the IR
approach is presented in Section 4.

4. DATA ANALYSIS REQUIREMENTS

Asindicated earlier, studies of intrinsic remediation
typicaly focus on groundwater becauseit is usualy
the most significant pathway that transports
petroleum hydrocarbon releases to potential
sensitive receptors. Based on theintrinsic
remediation protocol developed for the U.S. Air
Force (Wiedemeier et al., 1995 Draft), generic
evidence that can be used to support intrinsic
remediation includes the following:

1. Documented loss of contaminants along a
flowpath at the site:
Involves the use of changes in groundwater
concentrations over time in conjunction with
the hydrogeological setting to show that a
reduction in the total mass of the contaminants
has been occurring at the site.

2. Data analysis and interpretation of chemical
analytical data:
Involvesthe use of chemical datato show that
adecrease in contaminant and electron
acceptor (e.g. dissolved oxygen)
concentrations over time can be correlated
with increases in metabolic by-product
concentrations (e.g. carbon dioxide). Chemical
data can aso be used to determine the future
assimilative capacity of agroundwater system.

3. Laboratory microcosm studies:
Involve the use of laboratory microcosmsto
show that indigenous microbesin the
subsurface are capable of degrading site
contaminants. Studies also provide information
on degradation rates.

4. Fate and transport modelling:
Involves the use of numerical models such as
BIOPLUME Il and Visua MODFLOW to
support and predict the processes of natural
attenuation.

Data analysis and interpretation are key components
in developing evidence under each of these tasks.

4.1 IR Data Review and Processes

The IR process which should be implemented
following a detailed site characterization is
summarized below:

Step 1.Determine pathways and receptors; assess
whether or not contaminant pathways to
receptors are being compl eted.

Step 2.Assess physical and chemical data; develop
conceptua model showing aerobic and
anaerobic zones.

Step 3.Determine theoretical migration rates and
loss of contaminant mass, and determine if
actua rates are higher or lower than
theoretical.

Step 4.Determine plume status: Isit shrinking,
stable or expanding?

Step 5.1f the plume is shrinking or stable, are there
enough datato concludethat | R isa suitable
method? If it is expanding, data on the rate
of expansion should be obtained.

Step 6.Does comparison of background (low
hydrocarbon concentrations) and plume
(elevated hydrocarbon concentrations) data
suggest that natural attenuation processes are
active? See trends as described below
(Tablel).
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Table 1: IR Indicator Parameters Trends

BTEX/ D.O. | NITRATE | Fe(ll) | SULPHATE | SULPHIDE | METHANE | TEMP/pH | ORP

Dissolved

hydrocarbons

low high | high low high low low high
difference

elevated low | low high low high high low

Step 7.In the absence of sufficient information or to
provide stronger supporting evidence
conduct one or more of the following:

a) Assimilative capacity calculations.
b) Microcosm studies.
¢) Groundwater modelling.

Step 8.Compare | R with other options.

Step 9.Select | R as the preferred option.

Step 10. Asrequired, develop and implement the

Long-Term Monitoring (LTM) program.

Step 11. No further action once objectives are met.

5. LIMITATIONS TO THE IR APPROACH

Intrinsic remediation is subject to natural and
anthropogenic changes in conditions (changesin
local hydrogeologic conditions, gradients,
velocities, groundwater chemistry, electron
acceptors, future releases, etc.). Aquifer and
contaminant heterogeneity may complicate Site
characterization and affect the outcome of the IR
assessment. The time frame for completion may be
relatively long, because of the nature of subsurface
reactions, microbial acclimation and growth and
groundwater flow rates. Engineered remedial
methods can generally be modified to account for
changing conditions but IR relies mainly on natural
attenuation, which is not controlled by human
intervention. However, IR can be implemented
alongside, or following, the use of engineered
methods to achieve the desired cleanup level.

Several situations exist for which the IR approach is
not recommended. These include:

1. Exposure pathways that are, or will be
completed to receptors and thus present an
unacceptable risk.

2. Presence of hydrocarbonsin water supplies for
human consumption or high risk sites (e.g. plume
within capture zone of municipal well).

3. Siteswhere future development islikely within
the attenuation zone (changesin land use or
activities to include potentially more sensitive
receptors) and such development cannot be
prevented by institutional controls.

4. Sitesthat cannot be adequately characterized.
5. Thepresence of recacitrant contaminants.

It may also be determined that IR is only acceptable
if an additional remedial method is also applied.
Changes in site conditions, whether institutional or
natural, can drastically affect the outcome of an IR
assessment. Examples of such changesinclude
changes in groundwater gradients, flow directions,
water levels and chemistry brought on by pumping,
land-use or climate changes. Additional releases of
contaminants can constitute a serious threet to the
short-term effectiveness of IR.
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For further information please contact:

Environment Canada
Ontario Region - Environmental Protection Branch
Environmenta Contaminants &

Nuclear Programs Division
4905 Dufferin Street

Downsview, ON M3H 5T4

Telephone: (416) 739-4826
Fax: (416) 739-4405

Our TABs can be found on the Internet at:
http://www.on.ec.gc.ca/pollution/ecnpd/
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Intrinsic Remediation Assessment Procedure

1. Conduct Site Characterization
2. Determine Remedia Objectives

Compliance monitoring I

v

Y
<—

Remedial Objectives
Satisfied

Other Remedid

Options

A A

IS

<—

Any Limitations of Concern?
(Exposure Pathways to Receptors
Completed?)

IS

1. Obtain Additional Assessment Data
2. Conduct Plume Monitoring (Status)
3. Conduct IR Assessment

Ly

Will it Satisfy Remedial Objectives? I

Evaluate IR to other Remedial
Options and Project Constraints

I

_
—
N

Progress Matches Estimates
(contaminant attenuation etc.)

IR Option Selected? (With
additional supporting evidence)

Y

v

Conduct LTM Program I

I

Evaluate Progress N Remedia Objectives

of Remediation Achieved?

!

» NO FURTHER ACTION I
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