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Executive Summary

This document presents an updated evaluation of natural attenuation (NA) processes occurring in groundwater at
the Fruit Avenue Plume (FAP) Superfund Site located in Albuquerque, New Mexico. This evaluation complements
a previous evaluation conducted in 2005 (Natural Attenuation Evaluation, Version 1.1, Fruit Avenue Plume
Superfund Site, U.S Environmental Protection Agency [EPA], 2005).

The evaluation was performed to determine if monitored natural attenuation (MNA) of the downgradient
trichloroethene (TCE) plume, as implemented under the Explanation of Significant Differences (ESD) for the Fruit
Avenue Plume Superfund Site (EPA, 2006), remains protective of human health and the environment. A secondary
objective for the evaluation was to determine if NA processes can address other portions of the TCE plume.

Monitored natural attenuation as applied to groundwater contamination at Superfund sites may be used in
conjunction with active remediation of contaminant source zones and to address low-concentration plume areas.
Under the Comprehensive, Environmental Response, Compensation, and Liability Act (CERCLA), MNA is
considered a remedy and, as such, is subject to periodic evaluation to confirm that NA processes are occurring in
accordance with expectations and is capable of achieving cleanup levels in a reasonable timeframe compared to
other alternative remedies.

The EPA has developed rigorous guidance to determine if MNA is applicable for a given site, and if so, methods for
assessing its effectiveness. The evaluation presented herein was performed using the latest technical guidance
cited in the references section of this report.

Background

The FAP site is identified on the National Priorities List (NPL) as a chlorinated solvent groundwater plume located
in the downtown area of Albuquerque, New Mexico. The site consists of a TCE plume present within an alluvial
aquifer at depths between 45 and 550 feet below ground surface (bgs). The plume was initially about 6,000 feet
long with a width between 550 feet and 1,300 feet.

The City of Albuquerque (CoA) and the New Mexico Environment Department (NMED) conducted several
investigations between 1989 and 1999 to characterize the distribution of TCE in groundwater and to identify the
source of the contamination. In 1999, EPA placed the site on the NPL. After the NMED completed a remedial
investigation (RI) and feasibility study (FS), EPA issued a Record of Decision (ROD) for the site in 2001 (EPA, 2001).

Following completion of a remedial design investigation (Final 100% Design Deliverable, EPA, 2003) and the 2005
NA evaluation, EPA issued an ESD (EPA, 2006), which modified the remedy selected in the ROD. The ESD
authorized groundwater pump-and-treat (P&T) for the central portion of the TCE plume and MNA to treat
portions of the plume (specifically the downgradient portion) not addressed by the P&T system. The ESD
increased the frequency of groundwater monitoring at the site from annual to semiannual while adding periodic
reviews to confirm that MNA remains effective. The ESD also eliminated soil vapor extraction, maintenance of an
asphalt ground surface cap in the presumed source area, and hot-spot groundwater treatment because the
remedial design investigation determined that these elements were not needed.

The P&T system, which is comprised of an 80 gallon per minute (gpm) extraction well, an air stripper treatment
plant (ASTP), and two treated water injection wells, has operated for 7 years (2005 through 2012) withdrawing
216 million gallons of groundwater containing 15 pounds (lbs) of TCE. This amount represents about 20 percent of
the 70 Ibs of TCE mass estimated to have been present in 1998. During the 14 year period (1998 through 2012)
that routine groundwater monitoring has been performed at the site, NA processes have removed an estimated
33 Ibs of TCE from the aquifer. Based on current information, it is estimated that 22 Ibs of TCE remain within the
plume boundary as defined by the remedial goal specified in the ROD (EPA, 2001). The current distribution of TCE
in groundwater at the site is shown on Figure ES-1.
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EXECUTIVE SUMMARY

Over the past several years the mass of TCE removed from the aquifer by the P&T system has declined
significantly from the levels initially observed and has reached an asymptotic level of less than 0.2 Ibs per month.
The TCE concentration present in the extraction well influent has remained relatively constant over the past 6 to 9
months at around 5 micrograms per liter (ug/L). This concentration corresponds to the EPA drinking water
maximum contaminant level (MCL) and the remedial goal established for TCE in the ROD (EPA, 2001). Based on
the levels of TCE present in the extraction well influent, and within the area of the plume influenced by
groundwater extraction, continued operation of the P&T system is no longer technically practical or cost effective.

Approach

The updated MNA evaluation presented in this report used a multiple lines of evidence approach to identify the
processes and degree of NA affecting the fate and transport of TCE at the site. The key lines of evidence that were
assessed included:

e Field and laboratory analysis of groundwater samples for TCE, TCE degradation products, and geochemical
parameters associated with different NA processes. These data provide direct and indirect evidence of the
degradation processes operating at the FAP site.

e  Statistical evaluation of monitoring well TCE and cis-1,2-dichloroethene (cis-1,2-DCE) concentration data using
the Mann-Kendall statistic to determine where concentrations are increasing, decreasing or stable.

e Compound-specific isotopel analysis (CSIA) to confirm the presence of biotic/abiotic degradation processes.
The results of the CSIA evaluation were also used to develop a degradation rate used in TCE fate and transport
modeling.

e Laboratory analysis to identify the presence of microorganisms associated with biodegradation processes.

e Magnetic susceptibility measurements at selected monitor well locations to identify the presence of reactive
minerals associated with abiotic degradation processes.

e Statistical evaluation of TCE and cis-1,2-DCE concentration data using linear regression methods to estimate
decay rates and remediation timeframes for the range of conditions present at the FAP site.

e Numerical modeling to simulate future groundwater flow patterns and TCE fate and transport for a range of
potential site conditions. The model simulations were used to estimate TCE remediation timeframes with and
without P&T system operation.

The above approach was developed using the latest EPA and Interstate Technical and Regulatory Council (ITRC)
technical guidance and in consultation with EPA and NMED technical experts based in Ada, Oklahoma; Dallas,
Texas; Washington D.C; and Santa Fe, New Mexico.

Summary of Findings

This MNA evaluation concluded that within the aquifer zones monitored by the existing monitoring well network
geochemical conditions are indicative of Type 32 plume behavior; a category that is deemed less favorable for
biodegradation processes. Within the fine-grained portions of the aquifer, geochemical conditions are expected to
be more supportive of biodegradation and abiotic degradation processes. The evaluation also determined that
injection of treated groundwater from the ASTP is inhibiting degradation processes within the central and
downgradient portions of the TCE plume because the treated water contains elevated concentrations of dissolved
oxygen and sulfate, and low concentrations of carbon dioxide, which interfere with TCE biodegradation processes.

1 Isotope = two or more forms of the same compound having the same number of protons but with a different number of neutrons in the nucleus.

2 Aquifer conditions with low, and potentially inadequate, native and/or anthropogenic organic carbon concentrations and dissolved oxygen concentrations
greater than 1.0 milligram per liter (mg/L).
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EXECUTIVE SUMMARY

NA processes contributing to TCE degradation at the FAP site include anaerobic reductive dechlorination and
abiotic degradation. Although site conditions do not favor rapid TCE degradation, the rate of degradation is
sufficient such that these processes provide a significant contribution to the overall reduction of TCE
concentrations in groundwater. The laboratory analysis and CSIA evidence indicates that TCE is degrading to
cis-1,2 DCE. Decreasing cis-1,2 DCE concentrations are likely caused by aerobic oxidation, aerobic cometabolism,
or abiotic degradation, as indicated by the lack of vinyl chloride (VC).

Based on the findings of this evaluation, TCE concentrations present downgradient of the P&T system are
expected to attenuate to concentrations below the 5 pug/L remedial goal specified in the ROD before the plume
reaches the groundwater use restriction boundary. Furthermore, this report finds that site-related TCE present
upgradient of the P&T system is also expected to naturally attenuate below the 5 pg/L remedial goal specified in
the ROD even if the P&T system is shutdown (Figure ES-2 and ES-3). That is, MNA, acting as the sole remedy at the
site, is expected to maintain the concentration of TCE below the 5 pug/L remedial goal at the groundwater use
restriction boundary and to achieve the remedial goal throughout the plume boundary by approximately the year
2030.

Uncertainties remain concerning the specific biodegradation processes responsible for TCE and cis-1,2 DCE
degradation in groundwater at the site, and the impact migration of an un-related TCE plume located west of the
FAP site will have on cleanup timeframe projections. Past microbial analyses were not capable of identifying
specific bacteria, enzymes, or microbial processes. However, new microbiological analysis methods are now
available to ascertain the specific bacteria, enzymes, and/or microbial processes responsible for degradation of
TCE and cis-1,2 DCE in groundwater. Fate and transport modeling, and existing groundwater monitoring results,
indicate that the offsite plume has migrated onto the FAP site. Future groundwater monitoring and data
evaluations will be used to update cleanup timeframe projections to reflect offsite plume impacts if warranted.

Recommendations

Based on the findings of this evaluation, it is recommended that the remedy described in the ESD (EPA, 2006) be
modified to expand MNA to include the western and central portions of the TCE plume. This change would be
implemented through a new decision document. The P&T system would be placed in a standby mode to function
as a contingent remedy until the second five-year review to be conducted in the year 2016 evaluates and confirms
the protectiveness of MNA as the sole remedy for the site. While in the standby mode, the P&T system would be
routinely maintained such that continuous or pulsed operations could readily resume if warranted.

Continued semiannual groundwater monitoring, as specified in the Field Sampling Plan (CH2M HILL, 2010), with
semiannual and annual reporting of the monitoring results will provide a comprehensive data set to support the
evaluations needed to confirm that MNA is effective while also providing important input for the second five-year
review. If the second five-year review concludes that MNA alone is protective, the P&T system will be
decommissioned prior to completion of the 10 year long-term remedial action (LTRA) period, which occurs on
August 26, 2017, and transfer of the FAP site to NMED for the remaining operations and maintenance (O&M)
period. A tentative schedule of activities planned for the 2013 through 2017 (5 year) period is presented in Table
ES-1.

In the event, the second five-year review concludes that sitewide MNA is not protective of human health and the
environment, then EPA will modify the remedy as necessary. The scope of any required remedy modifications
would most likely be determined through a Focused Feasibility Study, Proposed Plan, and ROD amendment that
will allow for review and comment by the public.
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FIGURE ES-2
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Fruit Avenue Plume Superfund Site, Albuguerque NM

EXECUTIVE SUMMARY

Snapshots of FAT Modeling Results - P&T System Remains On Base Case Scenario

Yiear: 2020

o
Vs

Yoae: 2030

o
aem

o

.1

e
o o
FIGURE ES-3
Snapshots of FAT Modeling Results - P&T System Turned Off Base Case Scenario
Fruit Avenue Plume Superfund Site, Albuguergue NM
Year 2015 Yew: 2020
%
s b o
o e [+]
<P
e
o
Restin
o ot L] Wk w
Yoar: 2025 Yea: 2030

LT .
e
/.

2
Vam

FAP_MNA_EVALUATION
ES092512172101DFW

009573

ES-7



EXECUTIVE SUMMARY

TABLE ES-1

Future Groundwater Monitoring and Reporting Activities Schedule
Fruit Avenue Plume Superfund Site, Albuquerque NM

Date

Activity

2013

February — First semiannual groundwater monitoring event conducted

April — Draft Final Cleanup Status Report No. 39 issued

May — Draft Final First Semiannual Groundwater Monitoring Report issued

June — Draft Final Decision Document issued

July — Draft Final CSR No. 40 issued

August — Second semiannual groundwater monitoring event conducted
September — Signed Decision Document issued, pump-and-treat system shutdown
October — Draft Final CSR No. 41 issued

November — Annual Long-term Monitoring Report issued

2014

February — First semiannual groundwater monitoring event conducted
May — Draft Final First Semiannual Groundwater Monitoring Report issued
August — Second semiannual groundwater monitoring event conducted

November — Annual Long-term Monitoring Report issued

2015

February — First semiannual groundwater monitoring event conducted, includes testing for MNA parameters including
those recommended in the 2013 MNA update report

May — Draft Final First Semiannual Groundwater Monitoring Report issued
August — Second semiannual groundwater monitoring event conducted
August — Draft Final MNA Performance Evaluation Report issued

November — Annual Long-term Monitoring Report issued

2016

February — First semiannual groundwater monitoring event conducted
May — Draft Final First Semiannual Groundwater Monitoring Report issued
August — Second semiannual groundwater monitoring event conducted
November — Annual Long-term Monitoring Report issued

December — Second Five Year Report issued

2017

January — Begin decommissioning of pump-and-treat system (if second five-year review confirms protectiveness)
February — Annual groundwater monitoring event conducted
May — Draft Final Annual Groundwater Monitoring Report issued

August 26 - FAP site transferred to NMED
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Acronyms and Abbreviations

ug/L
5YR

ASTP
bgs
BNSF
BTEX
CERCLA
CERCLIS
cis-1,2-DCE
CLP
CoA
coc
cov
CSIA
CSM
CSR
cvocC

D1, D2, D3, and D4

DE&S
DO
DQO
EPA
ESD
FAP
FID
FS

GC

kg

LTM
LTMO
LTRA
m>/kg
MAROS
MCL
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micrograms per liter
five-year review

air stripper treatment plant
below ground surface
Burlington Northern Santa Fe

benzene, toluene, ethylbenzene, and xylene

Comprehensive, Environmental Response, Compensation, and Liability Act

Comprehensive Environmental Response, Compensation, and Liability Information System

cis-1,2-dichloroethene

Contract Laboratory Program

City of Albuquerque

contaminant of concern

coefficient of variation
compound-specific stable isotope analysis
conceptual site model

Clean-Up Status Report

chlorinated volatile organic compound
deep aquifer zones

Duke Engineering & Services

dissolved oxygen

data quality objective

U.S. Environmental Protection Agency
Explanation of Significant Differences
Fruit Avenue Plume Superfund Site
flame ionization detector

Feasibility Study

gas chromatography

gallons per minute

intermediate 1 aquifer zone
intermediate 2 aquifer zone

kilogram

long-term monitoring

long-term monitoring optimization
long-term remedial action

cubic meters per kilogram

Monitoring and Remediation Optimization System

Maximum Contaminant Level



ACRONYMS AND ABBREVIATIONS

MCLG
mg/L
MK
MMS
MNA
mV

NA
NAIP
NMAC
NMED
NPL
O&M
ORP
OSE
P&T
PCE
PLFA
RA
RAO
REDOX
RI

ROD
RSE

S

SARA
SICDWP
SVE
TCE
TEAP
TPH
trans-1,2-DCE
UNM
USGS
UsT
VC
VOC
Water Authority
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Maximum Contaminant Level Goal
milligrams per liter

Mann-Kendall
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Glossary

abiotic degradation: A chemical transformation reaction that degrades contaminants without microbial
facilitation. See reactive mineral.

absorption: The process of taking in —the contaminant penetrates the interior portions of a solid particle in
response to a concentration gradient. Compare to adsorption.

adsorption: The attachment of a contaminant to a solid surface. Adsorption processes include electrostatic
attraction, chemical reaction, or incorporation of the contaminant into the porous surface of the solid
aquifer material. Adsorption results in the removal of contaminants from groundwater. Organic
compounds (such as trichloroethene [TCE]) adsorb to organic carbon in the aquifer materials and to a
lesser extent to mineral surfaces. Adsorption results in the retardation, or slowing down, of the plume
movement. Compare to absorption.

aerobic: Requiring or containing oxygen. Groundwater with dissolved oxygen concentrations greater than 0.5
mg/L is considered aerobic although at dissolved oxygen concentrations between 0.5 mg/L and 2 mg/L it
may be considered anoxic. Compare with anaerobic.

aerobic cometabolism: A naturally occurring biologically mediated process that is capable of degrading
trichloroethene (TCE) and other chloroethenes under aerobic conditions. The term cometabolism
indicates that transformation of the contaminants is a secondary reaction. (Cometabolism is a result of
nonspecific enzyme activity towards organic compounds that do not serve as carbon or energy sources.)
The microbes consume other forms of organic carbon for their energy needs, and in the process, produce
enzymes that fortuitously degrade other compounds such as chloroethenes.

aerobic oxidation: The microbiological use of less-oxidized chlorinated solvents (e.g. DCE or VC) as a primary
substrate under aerobic and potentially anoxic conditions. The microorganism receives energy (resulting
from electron transfer) from the degraded chlorinated solvent.

alluvial aquifer: An aquifer comprising unconsolidated material deposited by flowing water, typically occurring
within river channels, adjacent to rivers (overbank deposits), and in buried paleochannels (old or ancient
river channels). Alluvial aquifers are generally composed of mixtures of clay, silt, sand, and gravel sized
material. Alluvial aquifers can store and transmit groundwater and can, therefore, be developed as a
water source. These aquifers typically occur at shallower depths and may be more vulnerable to
contamination.

anaerobic: Requiring the absence of oxygen. Compare with aerobic. Groundwater with dissolved oxygen
concentrations less than 0.5 mg/L is considered anaerobic.

anaerobic biodegradation: The degradation of compounds by microorganisms in the absence of oxygen.

anaerobic reductive dechlorination: A chlorinated ethene degradation process where anaerobic microbes trigger
a step-wise sequence of reactions that transform perchloroethene (PCE) and trichloroethene (TCE) to the
harmless substance ethane. Microbes replace chloride molecules in the chemical's structure with
hydrogen molecules. Replacement of one chloride molecule transforms PCE to TCE. Replacement of
another chloride molecule transforms TCE to cis-dichloroethylene (cis 1,2-DCE), then cis 1,2-DCE to vinyl
chloride, vinyl chloride to ethene, and then finally to carbon dioxide, water and chloride.

analyte: A chemical substance that is the subject of chemical analysis.

aquifer: A geologic formation which has structures or textures that store water or transmit appreciable water
through them. A formation, group of formations, or part of a formation that contains sufficient saturated
permeable material to store and transmit water; and to yield economical quantities of water to boreholes
or springs.
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arsenic drinking water standard: The U.S. Environmental Protection Agency (EPA) has set the arsenic standard for
drinking water at 0.010 parts per million (10 parts per billion) to protect consumers served by public
water systems from the effects of long-term, chronic exposure to arsenic. Water systems must comply
with this standard by January 23, 2006, providing additional protection to an estimated 13 million
Americans. Arsenic enters drinking water supplies from natural deposits in the earth or from agricultural
and industrial practices.

attenuate: To reduce the toxicity, mobility or concentration of a chemical compound.

attenuation rate: The rate at which contaminant concentrations are reduced by physical, chemical, and/or
biological processes without human intervention.

back-diffusion: The process whereby contaminants, driven by a concentration gradient and having previously
diffused out of well-connected aquifer matrix and into the pore space between fine-grained materials
(see matrix diffusion), now diffuse back into the aquifer. The fine-grained materials thereby act as a
limited-but-potentially significant source of groundwater contamination.

biodegradation: Decomposition or breakdown of a substance (such as the structure of chemicals introduced into
the environment) through the action of microorganisms (such as bacteria or fungi).

biomass: The amount of living matter (as in a unit volume).

chlorinated solvent: One of a large family of chemical compounds that contain chlorine, for example, carbon
tetrachloride (CTC), TCE or methylene chloride. Chlorinated solvents are used for a wide variety of
commercial and industrial purposes, including degreasers, cleaning solutions, paint thinners, pesticides,
resins, glues, and a host of other mixing and thinning solutions. Their chlorine-containing chemical
structure helps them to efficiently dissolve organic materials like fats and greases, exhibit non-flammable
properties, and to serve as raw materials or intermediates in the production of other chemicals.

Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA): CERCLA, also
known as Superfund, is the federal law that addresses the removal or cleanup of hazardous substances in
the environment at hazardous waste sites where contamination originated prior to 1976. The Agency for
Toxic Substances and Disease Registry (ATSDR), which was created by CERCLA, is responsible for assessing
health issues and supporting public health activities related to hazardous waste sites or other
environmental releases of hazardous substances. This law was later amended by the Superfund
Amendments and Reauthorization Act (SARA).

concentration: The amount of a substance present in a certain amount of soil, water, air, or any other media.

contaminant: A substance that is either present in an environment where it does not belong or is present at levels
that might cause harmful (adverse) health effects.

daughter product: A chemical compound formed by the degradation of another chemical compound. Some
daughter products are more harmful to humans and the environment than the parent contaminant. See
parent contaminant.

decay rate: The amount of concentration change per unit time. A contaminant decay rate includes concentration
changes caused by degradation and non-degradation processes.

degradation: The act or process of reducing the complexity of a chemical compound.
dehalogenate: To remove halogen (typically chlorine) atoms from a molecule.

dermal absorption: Means passing through the skin. For a person or an animal, dermal absorption is the process
of a substance getting into the body through the skin.

desorption: The process of releasing (something) through pores or interstices from a solid to aqueous media.

detection limit: The lowest concentration of a chemical that can be reliably distinguished from a zero

concentration.
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diffusion: The process by which ions or molecules move from areas of high solute concentrations to areas of low
solute concentration. Also see matrix diffusion.

dilution: The action of being diminished in strength.

dispersion: The action of being scattered from a source. Dispersion is a scale-dependent factor with a magnitude
that increases with increasing distance from the source.

electron acceptor: Compounds that accept electrons in oxidation-reduction reactions allow simultaneous
oxidation of an electron donor compound (typically and organic compound). The most energetically
favorable (in decreasing order) electron acceptors used by microorganisms in natural environments are
oxygen, nitrate, manganese, iron, sulfate, and carbon dioxide.

enriched: Possessing a higher concentration of a heavier isotope(s). With respect to *Carbon, the nominal value
of §"*C becomes more positive.

exposure: Contact with a substance by swallowing, breathing, or touching the skin or eyes. Exposure may be
short-term (acute exposure), of intermediate duration, or long-term (chronic exposure).

exposure pathway: The route a substance takes from its source (where it began) to its end point (where it comes
in contact with a human or ecological receptor), and how people or other living organisms (plants,
animals, birds) can come into contact with (or get exposed to) it. An exposure pathway has five parts: a
source of contamination (such as an abandoned business); an environmental media and transport
mechanism (such as movement through groundwater); a point of exposure (such as a private well); a
route of exposure (eating, drinking, breathing, or touching), and a receptor population (people potentially
or actually exposed). When all five parts are present, the exposure pathway is termed a complete
exposure pathway.

extraction well: A well for removing groundwater from the aquifer and delivering water into the treatment
system. The Fruit Avenue Plume Superfund site pump and treatment system has one extraction well,
screened in the D2 aquifer zone. See injection well.

fault zone: A zone of displacement in geologic formations resulting from forces of tension or compression in the
earth’s crust. Faults in the unconsolidated deposits underlying the site may act as conduits for vertical
groundwater movement and groundwater contamination and as barriers to lateral movement.

feasibility study: A process used by the U.S. Environmental Protection Agency (EPA) and potentially responsible
parties to determine the best way to clean up environmental contamination. .

gamma log: A record of the amount (activity) of natural gamma radiation emitted by the material surrounding a
borehole. The most significant naturally occurring sources of gamma radiation are potassium-40 and
daughter products of the uranium- and thorium-decay series. Clay- and shale-bearing rocks commonly
emit gamma radiation because they include weathering products of potassium feldspar and mica and
tend to concentrate uranium and thorium by ion absorption and exchange. Subsurface materials with low
gamma values are considered aquifer zones and high gamma values indicate low-permeability fine-
grained materials.

geochemistry: A science that deals with the chemical composition of and chemical changes in the matter of the
earth, including the related chemical and geological properties of aquifer materials and groundwater.

geophysical log: A record of the structure and composition of the earth (including rock formations) encountered
when drilling a well or similar type of test hole or boring. Common geophysical logs include caliper,
gamma, single-point resistance, spontaneous potential, normal resistivity, electromagnetic induction,
fluid resistivity, temperature, flowmeter, television, and acoustic televiewer. Also see gamma log,
resistivity log.

gradient: The rate of regular or graded ascent (upgradient) or descent (downgradient). Also see hydraulic
gradient.

FAP_MNA_EVALUATION IX
ES092512172101DFW

009583



GLOSSARY

groundwater: Water beneath the earth’s surface in the spaces between soil particles and between rock surfaces.
Compare with surface water.

groundwater contaminant plume: A volume of contaminated groundwater that extends downward and outward
from a specific source; the shape, movement and fate of the plume is affected by the physical and
chemical properties of the local geology, the contaminant type, and the flow characteristics of the area
groundwater.

groundwater monitoring: The routine sampling, analysis, and evaluation of one or more elements of the
groundwater resource for a specific objective(s). Groundwater monitoring is a formal process of regularly
collecting groundwater data (for example, water levels, water quality laboratory analysis, rainfall,
pumping rates/volumes) and analyzing the data to observe trends until monitoring objectives are met.

groundwater plume: See groundwater contaminant plume.

half-life: The time required for half the amount (concentration) of a substance introduced into an ecosystem to be
eliminated or disintegrated by natural processes. The half-life of a contaminant in an aquifer is described
by the degradation rate.

halogenate: To treat or combine with a halogen (typically chlorine).

hydraulic barrier: A general term referring to existing conditions or modifications of a groundwater flow system
which restrict or impede movement of contaminants.

hydraulic gradient: With regard to an aquifer, the rate of change of pressure head per unit distance (horizontal or
vertical) at a given point and in a given direction. Hydraulic gradient provides an indication of the direction
of groundwater flow. Also see gradient.

hydrogeology: The study of the properties, circulation, and occurrence of groundwater. Hydrogeology allows the
understanding, quantification, and management of water resources.

injection well: A vertical pipe in the ground into which water, other liquids, or gases are pumped or allowed to
flow. The Fruit Avenue Plume pump and treat system uses two injection wells to return treated water into
the aquifer. See extraction well.

isotope: Atoms of the same element having the same number of protons (same atomic number) but with a
different number of neutrons in the nucleus (different mass numbers). Environmental isotopes are
important for investigating the origins of water in the subsurface, evaluating groundwater and surface
water mixing, differentiating contaminant sources, and, quantifying contaminant degradation.

magnetic susceptibility: The magnetization of a material per unit applied field. It describes the magnetic response
of a substance to an applied magnetic field.

matrix diffusion: The transfer of solutes from the main groundwater conduits to the surrounding aquifer matrix
by means of diffusion. Also see diffusion.

microbiological analysis: The identification of microorganisms, either unicellular (single cell) , multicellular (cell
colony), or acellular (lacking cells).

migration: Moving (contaminant) from one location to another.

mole: The base unit of the amount of pure substance in the International System of Units that contains the same
number of elementary units (atoms, molecules) as there are atoms in 12 grams of carbon 12.

mole fraction: The ratio of the number of moles of a given component in a mixture to the total number of moles
of all the components.

monitored natural attenuation (MNA): Reliance on natural attenuation processes (within the context of a
carefully controlled and monitored site cleanup approach) to achieve site-specific remediation objectives
within a time frame that is reasonable compared to that offered by other more active methods. The
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'natural attenuation processes' that are at work in such a remediation approach include a variety of
physical, chemical, or biological processes that, under favorable conditions, act without human
intervention to reduce the mass, toxicity, mobility, volume, or concentration of contaminants in soil or
groundwater. Typical natural attenuation processes include biodegradation; abiotic degradation;
dispersion; dilution; sorption; volatilization; chemical or biological stabilization, transformation, or
destruction of contaminants.

natural attenuation (NA): Reduction in mass or concentration of a compound in groundwater over time or
distance from the source of constituents of concern due to naturally occurring physical, chemical, and
biological processes, such as; biodegradation, abiotic degradation, dispersion, dilution, sorption, and
volatilization. Natural attenuation processes affect the fate and transport of contaminants in
groundwater.

nonparametric trend analysis: A method commonly used in statistics to model and analyze ordinal or nominal
data with small sample sizes. Typically, this type of analysis is used when the data have an unknown
statistical distribution, are non-normal, or have a sample size so small that the central limit theorem can't
be applied to assume the distribution.

oxidation: The loss of at least one electron (or increase in oxidation state) when two or more substances interact.
Those substances may or may not include oxygen.

oxidation-reduction potential (ORP): The standard potential of an atom or ion that undergoes oxidation at the
anode or reduction at the cathode in an electrochemcial cell as compared to the potential of a standard
hydrogen electrode when it is undergoing the same process. Oxidation-reduction is also referred to as
redox.

oxidizing conditions: A chemical environment in which oxidation is favorable.
parent compound: See parent contaminant.

parent contaminant: The original chemical compound (contaminant) released from a contaminant source that is
sequentially transformed into one or more other chemical compounds. See daughter product.

plume: See groundwater contaminant plume.

point decay rate: An estimate of the rate at which contaminant concentrations are changing over time at one
sample location. Decay is caused by the physical, chemical and/or biological processes occurring in the
environment without human intervention.

production well: A well used to retrieve water from an underground aquifer.

pump-and-treat (P&T) system: A system comprised of an array of extraction wells or trenches that pumps
contaminated groundwater, treats it to reduce contaminant concentrations to levels below cleanup
standards (maximum contaminant levels [MCLs]), and then discharges the treated water.

Rayleigh fractionation: Separation processes where the product is removed from the reactant. Rayleigh
fractionation is an important, open system process that involves the progressive removal of a fractional
increment of a trace substance from a larger reservoir. A consistent relationship, such as a distribution
coefficient, equilibrium constant, or a fractionation factor, is maintained between the reservoir and each
increment at the instant of its formation, but once formed, each increment is thereafter removed or
otherwise isolated from the system. The Rayleigh fractionation model describes the concentrations and
stable isotope signatures of contaminants undergoing sequential degradation processes.

reactive minerals: Any one or more of a variety of naturally occurring iron or sulfide bearing minerals, such as
mackinawite, pyrite, magnetite, green rust, and iron-bearing clays (reactive minerals), which have been
shown to facilitate degradation of chlorinated ethenes. Reactive minerals support complete
transformation of TCE and cis-1,2-DCE through various reactions, which may avoid the creation of
potentially harmful daughter products, such as vinyl chloride. In these reactions, the mineral surfaces act
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as electron donors and /or reaction mediators to increase the rate of transformation via one or more
abiotic degradation pathways.

redox (oxidation-reduction): The chemical reaction whereby electrons are removed (oxidation) from atoms of the
substance being oxidized and transferred to those being reduced (reduction).

reducing conditions: A chemical environment in which reduction is favorable. Reducing conditions can indicate
the presence of iron sulfide or methane.

reduction: The addition of at least one electron (or decrease in oxidation state) when substances come into
contact with each other.

reductive dechlorination: A term that is used to describe certain types of degradation of chlorinated organic
compounds by chemical reduction with release of chloride ions. Stepwise reductive dechlorination can be
biologically enhanced by bacteria that derive energy by facilitating the transfer of an electron between
electron donors and electron acceptors.

remedial investigation: The CERCLA process of determining the type and extent of hazardous material
contamination present at a site, and the risk posed by hazardous substances.

remediation: The action of remedying something, in particular of reversing or stopping environmental damage.

remediation goals: Media-specific cleanup goals for a selected remedial action. Remediation efforts are
considered complete and no further action would be necessary upon attainment of the remediation
goals.

resistivity log: A record of the electric resistivity of the geologic media and groundwater occurrences penetrated
by a borehole. Changes in resistivity reflect differences in geologic materials and dissolved-solids
concentration of water. Fluid-resistivity logs are useful for delineating water-bearing zones and identifying
vertical flow in the borehole.

risk: The probability that something will cause injury or harm.
solvent: A liquid capable of dissolving or dispersing another substance (for example, acetone or mineral spirits).

source of contamination: The place where a hazardous substance comes from, such as a landfill, waste pond,
incinerator, storage tank, or drum. A source of contamination is the first part of an exposure pathway.

stakeholder: A person, group, or community who has an interest in activities at a hazardous waste site.

Superfund Amendments and Reauthorization Act (SARA): In 1986, SARA amended the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) and expanded the health-
related responsibilities of the Agency for Toxic Substances and Disease Registry (ATSDR). CERCLA and
SARA direct ATSDR to look into the health effects from substance exposures at hazardous waste sites and
to perform activities including health education, health studies, surveillance, health consultations, and
toxicological profiles.

Superfund site: A site where toxic wastes have been dumped or spilled, and the Environmental Protection Agency
has designated them to be cleaned up.

surface water: Water on the surface of the earth, such as in lakes, rivers, streams, ponds, and springs. Compare
with groundwater.

thermodynamic stability: The enthalpy or potential energy of a compound relative to a reference state.
thermodynamics: Physics that deals with the mechanical action or relations of heat.

vadose zone: A subsurface zone of soil or rock containing fluid under pressure that is less than that of the
atmosphere. Pore spaces in the vadose zone are partly filled with water and partly filled with air. The
vadose zone is limited by the land surface above and by the water table below.
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volatile organic compound (VOC): Any compound of carbon with a high vapor pressure, typically with low water
solubility, low molecular weight, and a tendency to persist in and migrate with groundwater. VOCs are
numerous, varied, and ubiquitous. They include both human-made and naturally occurring chemical
compounds. VOC contamination of drinking water supplies is a human-health concern because many are
toxic and are known or suspected human carcinogens.
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SECTION 1

Introduction

This monitored natural attenuation (MNA) report has been prepared for the Fruit Avenue Plume (FAP) Superfund
Site (Site). In 2006, the U.S. Environmental Protection Agency (EPA) issued an Explanation of Significant
Differences (ESD) for the Fruit Avenue Plume Superfund Site (EPA, 2006). The ESD modified the response action
selected in the Record of Decision (ROD) Fruit Avenue Plume Site Albuquerque, New Mexico CERCLIS #
NMD986668911 (EPA, 2001) to incorporate MNA as a component of the overall Site response action. The
information used to select MNA in the ESD was presented in Natural Attenuation Evaluation Version 1.1 Fruit
Avenue Plume Superfund Site, Albuquerque, New Mexico (EPA, 2006).

Natural attenuation (NA) processes (biodegradation, adsorption, diffusion, dispersion) affect the fate and
transport of contaminants in groundwater. These processes can provide an important contribution to the overall
remediation of a site, especially in the diffuse or low-concentration portions of a groundwater contaminant
plume.

Monitored natural attenuation as applied to groundwater contamination at Superfund sites is typically used to
complement active remediation of contaminant source zones or to address low-concentration areas. Under the
Comprehensive, Environmental Response, Compensation, and Liability Act (CERCLA), when MNA is used as a
response action, it is subject to periodic evaluation to confirm that NA processes are occurring in accordance with
expectations and are capable of achieving cleanup levels in a reasonable timeframe.

1.1  Purpose

This document provides an updated evaluation of the NA processes occurring at the FAP Superfund site (the site).
This evaluation is designed to assess whether MNA of the downgradient trichloroethene (TCE) plume, as
implemented under the ESD (EPA, 2006), remains protective of human health and the environment in accordance
with the remedial action objectives (RAOs) specified in the ROD (EPA, 2001). A secondary objective for this
evaluation is to assess whether MNA can effectively address other portions of the TCE plume, specifically that
portion that lies west (upgradient) of the existing pump-and-treat (P&T) system and any residual TCE that may
remain within the area remediated by the P&T system.

If this updated evaluation concludes that MNA of the remaining portions of the site-related TCE plume is
protective of human health and the environment and complies with applicable, relevant, and appropriate
requirements within a reasonable timeframe, EPA will seek concurrence from the New Mexico Environment
Department (NMED) to modify the selected P&T response action to include MNA for both the upgradient (west)
and downgradient (east) portions of the FAP. This change will be implemented through a ROD Amendment, upon
which the existing P&T system will be placed in a standby mode for the next 5 years (2013 to 2017) while
continuing to monitor TCE concentration trends in accordance with the Field Sampling Plan (CH2M HILL, 2010). If
this monitoring confirms during the next Five-Year Review that MNA remains protective of human health and the
environment, EPA will decommission the P&T system prior to transferring operation and maintenance (O&M)
responsibilities for the site to NMED in 2017.

1.2 Organization

The organization and content of this report is similar to that presented in Natural Attenuation Evaluation Version
1.1 Fruit Avenue Plume Superfund Site, Albuquerque, New Mexico (CH2M HILL, 2005a). This report is divided into
the following sections:

e Section 1 - Introduction - describes the purpose of the report.

e Section 2 - Site Description and Background Information— provides background information including a
description of the site and conceptual site model (CSM), current remedial action accomplishments preceding
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the production of this report, a summary of the 2005 MNA evaluation report findings, and MNA objectives
and decision points.

e Section 3 - Evaluation of Natural Attenuation Processes — identifies the processes acting on the TCE
contaminant plume at the site and simulates future transport of the Sites TCE contaminant plume.

e Section 4 - Natural Attenuation Effectiveness Compared to Pump-and-Treat — provides a quantitative
comparison of TCE removal by the P&T system versus NA.

e Section 5 - Conclusions — summarizes the overall effectiveness of NA processes within the eastern
(downgradient) and western (presumed source area) portions of the TCE plume, provides an updated
estimate of time to achieve the remedial goals specified in the ROD, re-evaluates the CSM, and evaluates
decision points.

e Section 6 - Recommendations — provides recommendations for future MNA sampling and data evaluation,
and recommends response action modifications to achieve remedial goals in the most cost-effective manner
and within a timeframe that is commensurate with the expected use of groundwater within the site
boundary.

e Section 7 - Works Cited- lists the references that supported the evaluations presented in this report.

e Appendices A through L - A majority of the information contained in this report was developed using the
findings of other evaluations covering the many different facets of MNA, as follows:

— Appendix A presents s tabular summary of the historical and Long-Term Monitoring Optimization (LTMO)
Report groundwater monitoring programs, and hydrogeologic information on the different aquifer zones
present at the FAP site.

— Appendix B presents February 2012 groundwater elevation contour and flow maps, TCE distribution
maps, and groundwater elevation hydrographs for each aquifer zone.

— Appendix C presents a tabular summary of the water quality data used for this MNA evaluation.

— Appendix D presents the results of a Mann-Kendall (MK) statistical evaluation of TCE and cis-1,2-DCE
concentration data for a many of the long-term monitoring (LTM) well locations. The MK statistic provides
an indication on whether contaminant concentrations are stable, increasing, or decreasing or whether no
trend is evident. For MNA to be deemed effective, contaminant concentrations must generally be stable
or decreasing at representative locations across a site.

— Appendix E presents the results of compound-specific isotope analysis (CSIA). CSIA is a tool that can be
used to differentiate degradation NA processes from non-degradation (dispersion, diffusion, and sorption)
NA processes.

— Appendix F presents the results from an evaluation of NA indicator parameters. Indirect evidence of NA
processes provides an additional line of evidence that can help establish whether the geochemical
conditions within an aquifer support or inhibit NA processes.

— Appendix G summarizes the results from microbiological testing that was performed to identify the type
and cell counts for the primary microorganisms associated with degradation processes.

— Appendix H presents the results from an evaluation of abiotic NA processes at the FAP site.

— Appendix | describes the approach used to calculate the TCE degradation rate for use in the contaminant
fate and transport modeling described in Appendix J.

— Appendix J describes the approach and results of groundwater flow and TCE fate and transport modeling
that was conducted to estimate the time required to achieve the 5-micrograms-per-liter (ug/L) remedial
goal with and without operation of the FAP P&T system.
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— Appendix K summarizes the results from aquifer testing recently completed at the site. This testing was
performed to develop hydraulic conductivity estimates for comparison to those determined by calibration
of the groundwater flow model.

— Appendix L summarizes approach used to calculate the volume of contaminated groundwater and mass
of TCE present in the aquifer at the FAP site.
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SECTION 2

Site Description and Background Information

The FAP Superfund site (Comprehensive Environmental Response, Compensation, and Liability Information
System [CERCLIS] No. NMD986668911) is identified on the National Priorities List (NPL) as a chlorinated solvent
groundwater plume located in the downtown area of Albuquerque, New Mexico. Remedial action at the site is led
by EPA, with the NMED, Water Authority, and City of Albuquerque (CoA) representing other stakeholders.

The site consists of a groundwater contaminant plume, spanning multiple aquifer zones up to 544 feet deep, and
is approximately 2/3 mile long and 550 feet to 1,300 feet wide. The geographic coordinates for the center of the
site are Latitude 35°5’21” North, and Longitude 106°38’40” West in Township 10N, Range 3E. Figure 2-1 depicts
the overall area of the site and illustrates the location of the nearest Albuquerque Bernalillo County Water Utility
Authority (Water Authority) and University of New Mexico (UNM) production wells.

The suspected sources of the groundwater contaminant plume are historic releases from several facilities
(Sunshine Laundry, Elite Cleaners, and American Linen Corporation) that formerly operated laundry and/or dry
cleaning operations near the corner of 3rd Street and Roma Avenue from 1924 to 1973. In 1973, the buildings
were demolished and replaced by a paved parking area as part of an Urban Development Plan. The City of
Albuquerque first discovered chlorinated solvent contamination in groundwater near the site in April 1989 during
a routine inspection of the Coca-Cola Bottling Plant water supply well, located at 205 Marquette Avenue NE,
which was plugged and abandoned in 1989 (DE&S, 2001b). In addition, two underground storage tanks (USTs)—a
300-gallon UST and a 1,500-gallon UST—were removed from the former Elite Cleaners/Sunshine Laundry property
by the City of Albuquerque in November 1989.

Groundwater is an important source of drinking water for the City of Alouquerque. Currently, there is an array of
water supply wells located east (downgradient) of the site that are operated by the Water Authority and the
UNM. These wells are screened in the same alluvial aquifer that is being remediated under the FAP Superfund site
ROD. Protection of water quality at the Water Authority and UNM well locations from impacts associated with the
FAP Superfund site is consistent with the requirements established in the ROD.

A separate TCE plume is encroaching upon the site and comingling with the FAP TCE plume. This plume originates
from an unknown source located west (upgradient) of the FAP site.
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SECTION 2: SITE DESCRIPTION AND BACKGROUND INFORMATION

2.1 Reference Documents

A number of key reference documents cited in this report provide historical background and recent information
on site activities. The following paragraphs provide a brief summary of these.

The City of Albuquerque and the NMED conducted several investigations between 1989 and 1999 to determine
the source of the contamination. In 1999, EPA placed the site on the NPL. After conducting a Remedial
Investigation (RI) and Feasibility Study (FS), EPA issued a ROD in 2001 (EPA, 2001).

Following the 2005 NA Evaluation (CH2M HILL, 2005a), the EPA issued the ESD (EPA, 2006), which modified the
response action selected in the ROD. The ESD (EPA, 2006) eliminated certain elements of the sitewide response
action and implemented MNA as a response action for portions of the TCE plume that are not included in the
capture zone of the P&T system. The ESD requires periodic reviews to confirm that MNA remains effective.

The Annual Groundwater Sampling Report (e.g. CH2M HILL, 2012a) summarizes and evaluates the data collected
during the two semiannual groundwater sampling events conducted each year. This report is the primary source
of information used for evaluating the effectiveness of MNA at the site.

The LTMO (CH2M HILL, 2009a) used both qualitative and quantitative analyses to investigate sampling methods,
analyte lists, and concentration and water-level trends at individual wells; the spatial distribution of monitoring
locations across the site; and the temporal distribution of sampling events. The LTMO updated the CSM and
recommended several changes to the LTM program (Appendix A).

The quarterly Clean-Up Status Report (CSR) (e.g., CH2M HILL, 2012c) present general information on the
performance of the P&T remedy and describe remedial action accomplishments.

The Remedial System Evaluation Report (RSE) (CH2M HILL, 2009b) evaluated operation of the P&T system and its
contribution toward achievement of the remedial action objectives (RAOs) specified in the ROD. The RSE
concluded that full-time operation of the P&T system was no longer necessary to meet RAOs, and recommended
that pulsed operation of the system be evaluated through a pilot test.

The NMED and EPA recently completed the first five-year review (5YR) for the FAP Superfund site (EPA, 2011). The
5YR is a technical evaluation that assesses the implementation and performance of a response action to
determine if the response action is or will be protective of human health and the environment. Section 121 of
CERCLA, as amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA), requires that
remedial actions that result in any hazardous substances, pollutants, or contaminants remaining at a site be
subject to a 5YR until such time that contaminant concentrations achieve a level of protection that allows for
unlimited use and unrestricted exposure. The 5YR review concluded, “Current groundwater monitoring data
indicate that the remedy is functioning as expected, is protective in the short-term, and is progressing toward
achieving the remedial goals set out in the ROD.”

2.2 Conceptual Site Model

Site-specific data have been collected at the site since 1989 to develop the CSM, which was last revised as part of
the LTMO (CH2M HILL, 2009a). Subsurface soil properties and geophysical parameters have been logged during
well construction (CH2M HILL, 2004, includes monitor well construction details). Additional data are available
from periodic groundwater elevation measurements (CH2M HILL, 2009b), aquifer pumping tests, and
groundwater flow modeling (CH2M HILL, 2005a). The regional aquifer, the Central Rio Grande Basin, is one of the
most studied groundwater basins in the United States (U.S. Geological Survey [USGS], 2003, Reeder et al, 1967,
and Bjorklund and Maxwell, 1961). These data were consolidated into a comprehensive CSM (CH2M HILL, 2009a),
which is briefly summarized in the following subsections.

2.2.1 Changes to the CSM since Completion of the 2005 MNA Report
Three parts of the CSM have been updated since the previous NA Evaluation (CH2M HILL, 2005a).
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1. More thorough understanding of the characteristics of the hydrogeology and contaminants in the presumed
source area, and the effectiveness of MNA in the downgradient portion of the plume, resulted in the ESD
(EPA, 2006), which eliminated portions of the response action proposed by the ROD (EPA, 2001).

2. The installation and sampling of additional downgradient groundwater monitor wells (MNW-13, MNW-15,
and MNW-16) has permitted delineation of the downgradient eastern end of the plume, as defined by the
5-microgram per Liter (ug/L) isopleth.

3. The upgradient, offsite TCE plume is not part of the FAP Superfund site. The analytical sampling results from
wells located on the western and southwestern portions of the FAP site have been allocated to differentiate
the two plumes, although some commingling has already occurred.

Because the upgradient, offsite plume is not part of the FAP site, it is no longer referred to as the western portion
of the plume. In the remainder of this report, the portion of the site near the presumed source area is referred to
as the western plume, the portion of the site near the P&T system is called the central plume, and downgradient

of the P&T system is the eastern plume.

2.2.2 Geology

The site is located in the central portion of the Albuquerque Basin, a geologic feature filled with unconsolidated to
loosely consolidated gravel, sand, silt, and clay. The ground surface elevation near the site varies from 4,950 feet
to 5,125 feet above mean sea level, and slopes from the east down toward the Rio Grande to the west. The Rio
Grande is located just over one mile west-southwest of the site.

Of particular interest are the river deposits identified as the axial Rio Grande facies that underlie the site. These
braided streambed deposits consist of well-sorted coarse sand to gravel separated by silty and clayey fine sands.
Based on soil boring logs and geophysical parameters measured in the MNA wells, the correlatable geologic strata
are generally horizontal on the western portion of the site but dip down to the east on the eastern portion of the
site (Figure 2-2). These strata are divided into different aquifer zones for assessing groundwater flow and
contaminant distribution at the site.

2.2.3 Hydrogeology

Seven aquifer zones, differentiated based on geologic and hydraulic characteristics, have been defined at the site
(Appendix A). These zones are identified as the shallow (S) aquifer zone, the intermediate 1 (I11) and intermediate
2 (12) aquifer zones, and deep aquifer zones D1, D2, D3, and D4. The hydraulic characteristics of the aquifer zones
are summarized from previous reports (CH2M HILL, 2009a), which document estimated values from the literature,
one aquifer pumping test at SFMW-47(11/12), and a calibrated groundwater flow model. An additional aquifer
pumping test was conducted as part of this MNA Evaluation and is discussed later in this report.

The uppermost water-bearing zone (shallow aquifer zone) is present approximately 40 feet below ground surface
(bgs) beneath the western portion of the site and up to 250 feet bgs at well MNW-15 at the site’s eastern boundary
due to the increasing ground surface elevation. The average groundwater velocity in each of the aquifer zones is
estimated to range between 0.4 to 0.8 foot/day. Groundwater at the site generally flows eastward from the site
toward the main regional groundwater pumping centers related to the Water Authority well fields (Appendix B).

The aquifer zones designated at the site are generally sandy or gravely zones separated by discontinuous silty and
clayey sands and clay intervals. These zones are identifiable based on gamma and resistivity geophysical logs, and
can be cross-correlated between boreholes across the site. The shallow, 11, 12, and D1 aquifer zones are
contiguous and unconfined. Distinct and uniform low-resistivity and low-gamma intervals are identifiable in the
D2, D3, and D4 aquifer zones. These intervals are separated by intervals of greater variability, presumably shorter
intervals of fine-grained materials. The D2, D3, and D4 intervals are treated as leaky-confined aquifers to enable
the groundwater flow model to be calibrated.
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SECTION 2: SITE DESCRIPTION AND BACKGROUND INFORMATION

Groundwater flow across the site (Appendix B) is influenced by an apparent fault zone, or other vertical geologic
feature located between 2nd Street and the Burlington Northern Santa Fe (BNSF) railroad tracks, trending roughly
parallel to 2nd Street. The potential effects of the apparent fault on the capture zone of the P&T system and the
transport of contaminants have not been assessed.

The primary source of regional groundwater recharge is infiltration from the Rio Grande, located approximately
2% miles east of the site. Local groundwater recharge is primarily lateral inflow from the aquifer adjacent to the
site and possibly leaking sewers and water distribution lines (USGS, 2002).

Groundwater flow directions and levels are expected to change as pumping rates are modified at various local
well fields in response to two changes. Groundwater levels at the site are expected to rise approximately 20 feet
near the site’s chlorinated solvent source area over the next 30 years as the Water Authority increasingly uses
surface water as a public water supply source (USGS, 2002 and 2003). In addition, the Water Authority is changing
its pumping scheme in response to the more-stringent arsenic drinking water standard. The long-term groundwater
monitoring program implemented at the FAP Superfund site includes water level measurements at over

100 monitoring well locations across the site (Figure 2-3). This program will provide the information needed to
assess what affect rising water levels and pumping rate changes have on groundwater flow patterns at the site.

Injection of treated water from the air stripper treatment plant (ASTP) influences groundwater flow patterns near
the injection and extraction wells. In particular, injection of treated water creates a groundwater elevation mound
near the injection wells that diverts a portion of the upgradient TCE plume present in the 11/12 and D1 aquifer
zones to the north toward the perimeter of the groundwater extraction well’s hydraulic capture zone.

2.2.4 Contaminant Sources

A number of investigations have been conducted to identify the source of chlorinated solvent detected in
groundwater at the FAP site. A chronology of these investigations and their key findings is summarized in

Table 2-1. The Feasibility Study report (DE&S, 2001a) identified the Elite Cleaners/Sunshine Laundry, formerly
located in the area of the Wells Fargo parking lot (2nd Street and Roma Avenue) (Figure 2-1 and Figure 2-2), as
the presumed source of chlorinated solvents detected in site groundwater. Chlorinated solvent contamination has
been confirmed at this location through onsite observation of UST removals and soil sampling. Other potential
chlorinated solvent sources such as former laundries, dry cleaners, machine shops, and auto repair shops were
also identified within three blocks of the presumed source area in historical documents, and it is possible there
are other minor contributing sources in the area.

The ROD lists perchloroethene (PCE), trichloroethene (TCE), cis-1,2-dichloroethene (cis-1,2-DCE), and trans-1,2-
dichloroethene (trans-1,2-DCE) as contaminants of concern (COCs) for the site. The only COC that exceeds its
remedial goal is TCE and there are less frequent detections of PCE, and the PCE and TCE daughter products cis-1,2-
DCE and trans-1,2-DCE. Vinyl chloride (VC), another recognized potentially harmful daughter product, has not
been consistently detected in groundwater samples collected at the site.

A primary source of TCE is no longer present at the site. A soil-vapor extraction (SVE) pilot test conducted at the
presumed source area in 2002 (CH2M HILL, 2002) detected petroleum hydrocarbons (probably Stoddard solvent)
and less than one percent chlorinated solvents in the soil gas generated during the test. Because of the unlikely
presence of soil contaminated with chlorinated solvents or the presence of free-phase chlorinated solvents, the
ESD removed SVE and hot-spot treatment from the response action selected in the ROD. If there is residual soil
contamination that has not been detected and that could affect the groundwater, it is likely a small vadose zone
source that may be discoverable when groundwater levels rise in response to the San Juan Chama Drinking Water
Project (SJCDWP) diversion.

It is possible that matrix diffusion remains a potential low-level secondary source for the TCE plume at the site.
TCE previously present in groundwater in the presumed source area may have been sequestered in or sorbed
onto fine-grained aquifer materials. These aquifer materials act like a low-level source by slowly releasing TCE to
the higher-conductivity adjacent aquifer materials. The magnitude of this back-diffusion and desorption has
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SECTION 2: SITE DESCRIPTION AND BACKGROUND INFORMATION

declined over time, as reflected in the groundwater sampling results. Additionally, conditions favorable for
degradation of TCE are more likely to be present in the fine-grained materials.

TABLE 2-1

Summary of Previous Source Investigations
Fruit Avenue Plume Superfund Site, Albuguerque NM

Date Activity Description Summary of Results

April 1989  CoA conducts routine sampling of Coca-Cola Well ~ Analytical results detect chlorinated solvents PCE, TCE, and cis-1,2-DCE.

located at 205 Marquette Avenue NE. TCE present at concentrations above the 5 pg/L MCL. The CoA
recommends that Coca-Cola stop using its supply well because the MCL
for TCE was exceeded. Coca-Cola switches to municipal water for
potable and non-potable operations in 1989.

1989 City of Albuquerque identified public supply CoA discovered chlorinated solvent contamination in ground water
wells, industrial wells, and monitoring wells in underlying two facilities located within 2,500 feet of the Coca-Cola
the downtown Albuquerque area in an effort to supply well; at a monitor well located at the Convention Center, and
determine the source(s) of contamination monitor/industrial wells located at the Lomas Center. The source(s) of
observed in the Coca-Cola well. this contamination was not determined.

1989 NMED completes a Preliminary Assessment (PA) Five potential sources of the ground water contamination in the vicinity

of the Coca-Cola well identified. They include:

a. Excelsior Cleaners (currently American Linen) located between Roma
and Marquette Avenues, and First and Second Streets;

b. Former Albuquerque Bus Terminal located on the southeast corner of
Marquette Avenue and Second Street (currently the site of the
Convention Center).

c. Wyandotte Chemicals formerly at Tijeras Avenue and First Street
(currently the site of the Springer Plaza Office Complex);

d. Former Elite Cleaners at 514 Third Street (currently a parking lot
leased by Wells Fargo Bank);

e. Lomas Center at the southeast corner of Lomas Boulevard and
Broadway Avenue (former location of Sno-White (Rutledge) Linen and a
gasoline station); currently a McDonald’s restaurant.

Nov 1989 CoA removes the USTs (a300 gallon and 1,500 Soil sampling showed PCE and TCE contamination as high as 3 milligrams
gallons) from the former Elite Cleaners/Sunshine per kilogram (mg/kg) and 0.5 mg/kg, respectively from the surface to at
Laundry property. least 24 feet below ground surface (bgs). Although the tanks appeared

to be intact during removal, contaminated soils around the tanks and
extensive soil staining indicated a release of contaminants was
associated with the former Elite Cleaners/Sunshine Laundry property.

Oct 1990 NMED submits a Screening Site Inspection (SSI) Three of these wells found ground water contaminated with TCE at
report to the EPA. The SSl included installation of  levels exceeding the MCL.
four monitor wells on the former Elite
Cleaners/Sunshine Laundry property (SFMW-1
through SFMW-4).

1993 NMED conducted an Expanded Site Inspection Soil and ground water analytical data gathered during the ESI indicated
(ESI) for the Fruit Avenue Plume. The ESlincluded  that waste sources at the former Elite Cleaners/Sunshine Laundry
installation of two soil borings and three monitor ~ property contributed to observed contamination in the shallow zone,
wells (SFMW-5, 6, and 7) on or near the former and that contamination was present in ground water collected from
Elite Cleaners/Sunshine Laundry property. greater depths.

1993 Wells Fargo Bank, which leases the parking lot Soil sampling results showed the presence of Stoddard solvent, diesel

that used to be the former Elite
Cleaners/Sunshine Laundry property, hires a
contractor to conduct a Phase Il Hydrogeologic
Investigation. The investigation consisted of a
historical site review, sampling of existing wells,
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TABLE 2-1
Summary of Previous Source Investigations
Fruit Avenue Plume Superfund Site, Albuquerque NM

Date Activity Description

Summary of Results

drilling of seven soil borings, and installation of
16 monitoring wells (DM-1 through DM-13(D2)).

1996 NMED completes a comprehensive ground water
sampling event

1997 Western Bank, located at the northeast corner of
Marquette Avenue and Sixth Street (west of the
former Elite Cleaners/Sunshine Laundry), hires a
contractor to conduct a limited phase Il
investigation of its property

1997/1998 NMED conducted a two-phase field investigation
(hereinafter referred to as the Background
Investigation) to determine the lateral and
vertical extent of ground water contamination,
and to determine whether other source areas
besides the former Elite Cleaners/Sunshine
Laundry property existed. The NMED installs 30
monitoring wells ranging in depth from 50 to 440
feet (SFMW-8 through SFMW-37) and six
Geoprobe borings.

1998 NMED investigates five potential source areas
during the Background Investigation, and the
Remedial Investigation.

1999 NMED performed a Remedial Investigation which
included the installation of six additional wells
(SFMW-38 through SFMW-42, and the
McDonald’s Well), and one year of quarterly
ground water sampling.

Soil Vapor Extraction Pilot Test - Wells Fargo

June 2002 parking lot near former USTs
Sep 2002 Site wide

Dual-tube sonic drilling and soil sampling - 32 soil
samples and discrete-depth groundwater

2
003 samples from HSM-12-x Locations in Wells Fargo
and Plaza del Sol parking lots.
2003 Direct push soil vapor sampling - Marquette to

Lomas and 2nd to 4th.

and up-gradient of the former Elite Cleaners/Sunshine Laundry property.

The primary VOCs detected in ground water included TCE, PCE, and 1,2-
DCE as in previous investigations. TCE was detected in 17 of the 23 wells
sampled, with the highest concentration of 58 ug/L detected in
intermediate zone well DM-13(l), located in the source area vicinity
(former Elite Cleaners/ Sunshine Laundry property).

Ground water sample results showed no detectable VOCs in the shallow
zone wells, and trace levels of TCE, 1,2-DCE, and toluene in the
intermediate zone wells.

TCE concentrations exceeding the MCL were detected in 22 of 65 wells
sampled, with the highest concentration of TCE (86 pg/L) detected in
monitoring well DM-13(1). PCE concentrations exceeded the MCL in two
of the 65 wells sampled. VOC concentrations in the shallow and
intermediate zones appeared to center on the former Elite
Cleaners/Sunshine Laundry property.

Except for the former Elite Cleaners property, no soil, vapor, or ground
water data linked any of the potential source areas to the Fruit Avenue
Plume contamination. The NMED concludes that the property housing
the former Elite Cleaners and Sunshine Laundry facilities is the primary
source of soil and ground water contamination.

Ground water sampling data showed that the highest concentrations of
TCE were still centered near the former Elite Cleaners/Sunshine Laundry
property (monitoring wells SFMW-19 and DM-13(l) had 90 pg/L and 69
ug/L TCE, respectively). Ground water data also showed that TCE
contamination above the MCL of 5 pg/L extended in the deep portion of
the aquifer to a depth of at least 544 feet bgs, and had migrated east as
far as Elm Street. The NMED oversees sealing of the Coca-Cola
production well in September of 1999, and the plugging and
abandonment of the Rutledge Linen production well in June 2000.

Petroleum hydrocarbon contamination associated with USTs makes up
99% of observed contamination.

“No free- or residual-phase DNAPLs have been observed...”

One soil sample contained PCE (0.044 mg/kg) in excess of RAOs. The
majority of other samples did not detect PCE or TCE.

Soil vapor TCE concentrations not indicative of significant soil
contamination.
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2.2.5 Nature and Extent of Groundwater Contamination

The ROD (EPA, 2001) estimated that the site contained 320 million gallons of contaminated groundwater. The
contaminated groundwater plume is described as having three portions:

e The primary, or western, portion of the plume lies west of the BNSF railroad tracks and upgradient of the P&T
system with chlorinated solvent contamination generally occurring in the shallow (S) and intermediate (11 and
12) aquifer zones.

e The central portion of the plume affected by the P&T system, contains chlorinated solvent in both the
intermediate and deep aquifer zones. Currently, no TCE has been detected at concentrations above 5.0 ug/L
in monitor well groundwater samples collected from this portion of the site.

e The eastern portion of the plume lies east (downgradient) of the P&T system with chlorinated solvent
contamination generally occurring in the deeper (D1, D2, D3) aquifer zones.

Currently, TCE is the only COC that exceeds its remedial goal of 5 pg/L. Based on the most recent LTM results
(CH2M HILL, 2012d), TCE is present at 42 of 56 locations at concentrations ranging from less than 0.5 pg/L to

39 pg/L with only 19 locations showing concentrations above the 5-ug/L remedial goal. PCE was detected at

7 locations at concentrations of less than 0.69 pg/L. Cis-1,2-DCE was detected at 34 locations at concentrations of
less than 8.6 ug/L, and trans-1,2-DCE at 24 locations at concentrations of less than 8.7 pg/L. VC has been detected
in seven samples collected from six different monitor wells between 1998 and 2011 at concentrations between
0.3 pg/L and 1.7 pg/L (Appendix C). Three of the detections have occurred since the 2005 MNA evaluation.
Ethene, a product of the natural degradation of TCE, cis 1,2-DCE and VC, which does not have a remedial goal
established in the ROD, has been detected in 63 of 80 samples at concentrations between 6.3 pg/L and 1800 pg/L.
Because TCE is the only COC that routinely exceeds its remedial goal, much of the evaluation presented in this
report focuses on TCE.

Of particular interest to the MNA evaluation is the concentration of cis-1,2-DCE and ethene found throughout the
plume. In February 2012 (CH2M HILL, 2012d), cis-1,2 DCE was found in all aquifer zones (except the D4 aquifer
zone) ranging in concentration from 0.22 pg/L to 8.6 ug/L. Both cis-1,2-DCE and ethene are biodegradation
products of TCE. Since the RI (DE&S, 2001b) did not identify a cis-1,2-DCE source, the presence of cis-1,2-DCE is a
positive indicator that NA processes are transforming TCE to cis-1,2-DCE, which has a remedial goal of 70 pg/L.
The presence of ethene, an even later stage biodegradation product, further supports that contaminant
degradation is occurring at the FAP site.

Although not identified as a COC for the FAP site, total petroleum hydrocarbons (TPH) have also been detected at
several locations within the site boundary:

e TPH has been observed in soil and soil gas samples collected beneath the Wells Fargo parking lot (presumed TCE
source area). This occurrence is most likely from a historic release of Stoddard solvent used in dry cleaning.

e The former Total Fuel Station located at the southeast corner of Lomas Boulevard and 2" Street is about
500 feet downgradient and cross-gradient to the Wells Fargo parking lot in the central portion of the plume.
This site had a leaking petroleum UST at one time.

e Only a block away from the former Total Fuel Station is the former Fur & Hide UST site. This site is located
about 500 feet downgradient of the Wells Fargo parking lot. This site also had a former leaking petroleum
UST. Monitor wells named FHMW-## were installed as part of the investigation at this site.

e The Southeastern Public Service Company/Maloof UST site is located about 1,000 feet downgradient of the
Wells Fargo parking lot and at the transition between the central and eastern portions of the FAP — TCE
plume. This site also had a former leaking petroleum UST. Monitor wells named SPSC-## were installed as part
of the investigation at this site.
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TPH is relevant to the MNA evaluation presented in this document because soluble TPH can enhance
biodegradation of TCE to cis-1,2-DCE, VC, and ethene. Additional information on this process is presented in
Section 3 of this report.

2.2.6 Contaminant Transport

The eastward migration of the FAP — TCE plume is caused by the induced groundwater flow direction towards the
Water Authority and UNM water supply wells.

The vertical migration of TCE from the shallow and intermediate aquifer zones to the deeper aquifer zones is
attributed to two conditions:

e The downward vertical hydraulic gradient that resulted from historical pumping of the Coca-Cola well before
it was taken out of service in 1989.

e The Coca-Cola well bore may have provided a preferential flow pathway for the downward migration of
contaminants under the effect of natural or pumping induced vertical hydraulic gradients.

The Coca-Cola well was abandoned by NMED in September 1999 (DE&S, 2001b) and is no longer expected to act
as a preferential flow pathway.

Vertical migration of contaminants in groundwater may have also been enhanced by a suspected fault zone
located between 1st Street and 2nd Street. The vertical permeability of geologic materials within the fault zone
may be greater, thereby enhancing vertical groundwater flow and TCE transport. Future groundwater monitoring
within the 12 and D1 monitoring wells located downgradient of the fault zone may provide new information on
vertical TCE migration in this area.

In 2005, CH2M HILL completed a MNA evaluation for the site (CH2M HILL, 2005a), which concluded TCE decay
occurs through biological degradation and physical processes. However, biodegradation at the site is likely limited
by the following conditions:

e Low contaminant concentrations that limit the population growth of niche microbes capable of reductive
dechlorination.

e Inadequate amounts or limited distribution of organic carbon and other electron donors.

e High concentrations of alternate electron acceptor compounds (sulfate) that compete (e.g., are energetically
more favorable) with the chlorinated solvent compounds during the reductive dechlorination reactions.

Because the TCE plume at the site has persisted at relatively similar concentrations for the 23 years since its
discovery, biodegradation rates appear to be slow. While biodegradation is occurring, the slow rate translates to a
longer remedial action timeframe.

As described further in Appendix F and Appendix G, various indicators support the determination that TCE
biodegradation is occurring at the site. The microbial analysis indicates that while bioactivity in the aquifer is low,
a population of suitable microbes is present. Low concentrations of organic carbon are present and petroleum
hydrocarbons (benzene, toluene, ethylbenzene, and xylenes [BTEX]) are available as electron donors in some
portions of the aquifer. The geochemical indicators suggest that oxidation-reduction (redox) conditions are
favorable to support some biodegradation in portions of the aquifer. The widespread occurrence of cis-1,2-DCE
and trans-1,2-DCE, without evidence of a primary release, provides additional evidence that partial
biodegradation (TCE to cis-1,2-DCE and trans-1,2-DCE) is occurring. Although evidence of the cis-1,2-DCE to VC
biodegradation pathway is limited, it is reasonable to conclude based on oxidation-reduction potential (ORP)
measurements, that redox conditions within the aquifer are favorable for aerobic transformation of VC to ethene.
The presence of ethene also indicates that natural processes are contributing to the complete dechlorination of
chlorinated solvent and the destruction of contaminant mass in the plume. Biodegradation to some degree is
observed in all portions of the site but is expected to be more predominant within the fine-grained aquifer zones.
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An effort was made previously (CH2M HILL, 2005a) to estimate TCE decay rates for inclusion in a numerical
contaminant transport model. The estimated decay coefficient yielded TCE half-lives ranging from 2.23 to
115 years. TCE half-lives estimated from laboratory microcosm and field studies have reported values ranging
from 0.76 to 13.6 years (Aronson and Howard, 1997).

The estimated half-lives were tested in the 2005 MNA numerical contaminant transport model (MODFLOW-
SURFACT) for the site and generally found to overestimate TCE degradation. Most estimated half-lives were too
short and predicted that the TCE plume should completely degrade within a few years of the initial release. This is
clearly not the case, as the site plume has persisted in some areas for many years. The wide range of estimated
half-lives derived from the site data also illustrates that the degradation rate is difficult to define and that the
estimating process is very sensitive to input parameters. As such, small changes in the field data result in large
changes to the estimated degradation rate.

The uncertainties encountered in estimating the TCE half-life were attributed to differing assumptions between
the tool (BIOCHLOR and NA Software computer-based contaminant fate and transport model [EPA, 2000]) used to
estimate the half-life and the hydrogeologic and geochemical characteristics of the plume. The half-life estimates
were also complicated by the lack of ideally placed monitoring wells necessary to optimize the computer model
algorithms to interpolate and derive decay rates. Due to a lack of confidence in the estimated rates, decay was
excluded from the 2005 contaminant fate and transport model simulations. Exclusion of decay from the model
yields a more conservative (greater) estimate of contaminant transport distances and remediation timeframes.
The 2005 NA evaluation concluded that although biodegradation processes were difficult to quantify, and there
were uncertainties in the nature and extent of the plume, using a worst-case (no degradation) scenario suggested
that NA alone may be sufficient to meet RAOs within about 40 years (by 2046). Additionally, operation of the
existing P&T system was to contribute to meeting RAOs earlier (by mid-2042).

Since completing the 2005 NA evaluation, additional tools have been developed for estimating decay rates and
estimating the fraction of decay that is attributable to degradation processes. The evaluation methods and results
are presented in Appendix H and Appendix I.

2.2.7 Receptors

Two groundwater production wells have been taken out of service due to elevated TCE concentrations: the Coca-
Cola production well where TCE was initially discovered at the site was plugged and abandoned in 1999. The
Lovelace Hospital well has been without a pump and not in use since 1998. According to the NMOSE WATERS
database, the Lovelace Hospital does not possess a water right. There are no other known production wells
located within the groundwater use restriction boundary.

Beyond the groundwater use restriction boundary, potential receptors include the Presbyterian Hospital well, the
Water Authority’s Yale #3, Yale #1, and Yale #2 wells, and the UNM #7 and UNM #8 groundwater production wells
(Figure 2-1). TCE and its breakdown products have been detected in samples collected from the Presbyterian
Hospital well (0.58 pug/L TCE and 0.13 pg/L DCE; 2008 Personal communication from Bill Maier, Presbyterian
Hospital Facilities Manager), and monitoring wells near UNM #7 (46 J ug/L TCE in MW-5;NMED, 2002). A
connection between these detections and the FAP site has not been demonstrated. The Presbyterian Hospital
well is currently being used for cooling water and UNM #8 is being used for irrigation. The 2012 Water Quality
Report from the Water Authority (ABCWUA, 2013) indicates that TCE has not been detected in samples collected
from entry points to the distribution system or from customer taps. Given the location and current and future
projected pumping rates of the down gradient water supply wells, their operation is unlikely to affect NA
processes within the groundwater use restriction area.

Ecological and human health risk assessments were conducted for the Rl report (DE&S, 2001b). There are no
complete ecological exposure pathways. The primary risks to human health are future ingestion and dermal
absorption of contaminated groundwater.
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2.2.8 Upgradient - Offsite Plume

As first described in the Fruit Avenue Plume Superfund Site Second Quarter 2005 Groundwater Sampling Event
(CH2M HILL, 2005b), an unidentified source located west of the FAP site has formed a separate chlorinated
solvent groundwater plume. This upgradient, offsite TCE plume is not part of the FAP Superfund site. The plume
originates west of the site with TCE and cis-1,2-DCE detected in the 12, D1, and D2 aquifer zones. Within the 12
aquifer zone, TCE concentrations at MNW-1 (I1) declined from 10 pg/L in 2003 to less than 1 pg/L in 2007 but
have since risen to 17 pg/L in August 2012. Within the D1 aquifer zone, TCE concentrations have risen steadily at
MNW-11 (D1) from 14 pg/L in April 2005 to 46 pg/L in August 2012. Monitoring well MNW-11 is located
approximately 2,500 feet (west) upgradient of the FAP site’s presumed source area.

The full nature and extent of the offsite plume is unknown. The plume has begun to commingle with the FAP —
TCE plume (Figures 11, 12, and 13 in Appendix B). Through the semiannual groundwater sampling events, EPA
and NMED continue to monitor the migration of the offsite plume onto the site and its commingling with the FAP
— TCE plume. The potential impact of the offsite TCE plume on cleanup of the FAP is not addressed in this report.

Per the ROD (EPA, 2001), and 40 CFR 300.425 (b) (1), a site may undergo remedial action financed by the Trust
Fund (Superfund) only after it is placed on the NPL. Since the offsite plume is a separate release, and not part of
the FAP site, and has not been listed on the NPL, resources designated for remedial action of the FAP site cannot
be expended on the “offsite” plume. The NMED is conducting a preliminary assessment of the offsite plume that
may eventually lead to a listing on the NPL and a future response action. The preliminary assessment is scheduled
to be completed in 2015. Until the preliminary assessment is complete, the scope of future offsite plume activities
is limited to tracking the offsite plume’s migration onto the FAP site.

2.3 Remedial Action

The FAP remedial action (RA) began in October 2003. The ROD (EPA, 2001), as modified by the ESD, specified the
following response action components:

e A groundwater P&T system with extraction, treatment, and reinjection components installed in the central
portion of the plume.

e LTM to track the effectiveness of the P&T system and MNA portion of the response action.

e Groundwater use restrictions as defined under New Mexico Administrative Code (NMAC) 19.25.9.

2.3.1 Remedial Action Objectives
The ROD and ESD specified the following RAOs for the site:

e Prevent human ingestion of, inhalation of, or dermal contact with groundwater that contains concentrations
of PCE above 5 pug/L, TCE above 5 pg/L, cis-1,2-DCE above 70 pg/L, trans-1,2-DCE above 100 pg/L (these
concentrations are the Maximum Contaminant Level Goals (MCLGs) set by the Clean Water Act (CWA), or are
Maximum Contaminant Levels where MCLGs are set at zero).

e Prevent human ingestion of, inhalation of, or dermal contact with concentrations of PCE and TCE in
groundwater, the source of which is contaminated soil with concentrations of PCE and TCE that exceed
0.027 mg/kg and 0.024 mg/kg, respectively. That is, while the exposure route involves groundwater as the
medium of concern, the source of the PCE and TCE contamination in question is contaminated soil, even
though that soil poses no direct risk to human health.

The groundwater remediation goals for the FAP site’s COC were set at the non-zero maximum contaminant level
goals (MCLGs) or where the MCLGs are zero, at maximum contaminant levels (MCLs) established under the Safe
Drinking Water Act.

Restoration of groundwater to remediation goals less than non-zero MCLGs or where MCLGs are zero at MCLs
occurs only when a more conservative state standard exists. The NMED groundwater standard (NMAC
20.6.2.31013) for TCE is 100 pg/L which is not as stringent as the MCL. Therefore, EPA and NMED are remediating
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TCE contaminated groundwater at the FAP site to the MCL of 5 pg/L that is 20-times lower than the State
standard.

Sampling conducted during the 2003 remedial design investigation did not identify the presence of PCE or TCE
contaminated soil that could act as a groundwater contaminant source. Consequently, the ESD eliminated soil
vapor extraction and in situ chemical oxidation of TCE contaminated soil as components of the overall site response
action.

Although a point of compliance is not specified in the ROD, the groundwater use restriction boundary (Figure 2-1) is
currently used as an interim point of compliance. Once the cleanup levels specified in the ROD (EPA, 2001) are
achieved throughout the site, the groundwater use restriction will be lifted, allowing for unlimited use.

The P&T remedy selected in the ROD indicated that TCE concentrations within the plume would be reduced to the
5 ug/L remedial goal within 15 years except for a portion of the intermediate aquifer zone near the presumed
source area, where restoration could take 30 years or more. That is, the plume in the presumed source area was
expected to persist beyond the year 2031, and TCE in the downgradient and peripheral portions of the plume was
expected to decay below 5 pg/L by year 2016.

Because the design and construction of the existing P&T system differs from that described in the ROD, the actual
remediation timeframe will be different. The ESD (EPA, 2006) did not identify a remediation timeframe for the
as-built P&T system; nonetheless, it indicated that operation of the P&T would contribute to meeting RAOs by
mid-2042. With respect to remediation timeframes, the National Contingency Plan (40 CFR 300.430 (a) (1) (iii))
indicates, “EPA expects to return usable ground waters to their beneficial uses wherever practicable, within a
timeframe that is reasonable given the particular circumstances of the site.” With the Water Authority’s increasing
reliance on surface water to meet water supply requirements (Water Authority, 2007), an aggressive remediation
timeframe for the FAP site no longer appears necessary if additional water supply wells are not planned within the
groundwater use restriction area.

2.3.2 Groundwater P&T Remedy

The P&T system consists of one groundwater extraction well (D2E-P1), an ASTP, and two injection wells identified
as 12/D1E-11 and D2E-13 (Figure 2-2). Since system startup in November 2005, the P&T system has removed
approximately 10.2 kilograms (kg) of chlorinated solvent mass from the aquifer (CH2M HILL, 2012c). System
operations include the following:

e Groundwater is pumped at about 85 gallons per minute (gpm) from a single extraction well (D2E-P1) screened
in the D2 aquifer zone. Groundwater elevation measurements indicate that extraction well pumping
influences groundwater flow patterns in the D1, D2, and D3 aquifer zones. This well is located near the
intersection of Arno Street and Roma Avenue.

e Extracted groundwater is conveyed through an underground pipe to the centrally located ASTP where volatile
organic compounds (VOC) are removed from the water.

e The treated water is returned to the aquifer via two reinjection wells (12/D1E-11 and D2E 13).

As reported in the 2012 Q1 Clean-Up Status Report (CH2M HILL, 2012c), the P&T system has extracted, treated, and
returned to the aquifer 207.5 million gallons of contaminated groundwater. An estimated 10.2 kilograms of total
VOCs (consisting of TCE, cis-1,2-DCE, and trans-1,2-DCE), have been removed from the aquifer since system startup.

The P&T system extraction and injection well layout do not contribute to hydraulic control of the presumed source
area plume. Because this P&T system design was modified during construction, the groundwater mound created by
the injection of treated water is not large enough to provide a hydraulic barrier to contaminant transport. Rather the
centrally located groundwater mound likely diverts the TCE plume to the north away from the extraction well.

Pulsed operation of the P&T system was recommended by the Remedial System Evaluation Report (CH2M HILL,
2009b) to allow the TCE plume to reach the extraction well and be treated. The decision to start or stop the
system during pulsed operations is based on evaluation of COC concentration rebound and plume mobility
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criteria. Influent TCE concentrations to the ASTP and the concentration of TCE in monitor wells affected by P&T
operations are monitored to evaluate whether the P&T system should remain in the pulsed operation run mode
or transition to the pulsed operation rest mode. The decision criteria are detailed in the RSE Report (CH2M HILL,
2009b). The first pulsed operations rest mode period started in July 2009. The ASTP was returned to pulsed
operations run mode in November 2010 and has remained in the run mode since then. Because relatively high
levels of TCE present in the presumed source area did not reach the extraction well prior to restarting the P&T
system, the first rest phase may have been too short to achieve the goals of pulsed operation.

The downgradient portion of the plume extends approximately 2,000 feet east of the extraction well. Capture of
the downgradient portion of the plume was not included in the original P&T system design basis.

2.3.3 MNA Response Action

The 2005 NA Evaluation (CH2M HILL, 2005a) indicated that natural attenuation of site contaminants takes place
by both biological and physical processes. The geochemical and biological analytical results suggest that
contaminant mass is being removed from the aquifer by reductive dechlorination and possibly other degradation
processes. The dechlorination processes appeared to be more complete in the western portion of the plume near
the presumed source area that lies near the Wells Fargo parking lot. The dechlorination processes may have been
limited by geochemical conditions and a low level of bioactivity in the aquifer. Although biodegradation was difficult
to quantify, any biodegradation of contaminants contributes to the reduction of contaminant concentrations.

The P&T system negatively impacts NA processes by returning treated water to the aquifer through two injection
wells screened in the 12 and D1/D2 aquifer zones. The treated water contains elevated concentrations of dissolved
oxygen and decreased carbon dioxide resulting from the air stripping treatment process, and elevated
concentrations of sulfate arising from the use of sulfuric acid to control mineral scaling in the ASTP. These
conditions impede further biodegradation within the central portion of the TCE plume.

The physical NA processes of diffusion, dispersion, and adsorption also contribute to the reduction of TCE and cis-
1,2-DCE concentrations. Evaluation of these processes in the 2005 NA evaluation, using a worst-case (no
degradation) scenario in a numerical contaminant transport model, determined that these physical processes
alone prevent TCE concentrations above the remedial goal from reaching the downgradient receptor wells. At the
time of the 2005 report, and based on the assumptions in the model, it appeared that NA alone may be sufficient
to meet the RAOs by reducing the maximum TCE concentration of 98 pg/L to less than the 5 pg/L remediation
goal throughout the aquifer within about 40 years (year 2046). Operation of the P&T system would reduce the
time required to achieve the remedial goal by only 4 years (year 2042). These time frame estimates are tempered
by considerable uncertainty in the upgradient extent of the offsite plume, the potential for a residual TCE source
in the presumed source area (Wells Fargo parking lot), and the current downgradient extent of the plume.

During its operating lifetime, the P&T system was predicted to remove approximately 24 percent (8.3 kg) of the
initial TCE mass present within the FAP plume. To date, the P&T system has removed 7.3 kg of TCE or about 90
percent of the 8.3 kg originally estimated.

Based on the 2005 MNA Evaluation (CH2M HILL, 2005a), the ESD (EPA, 2006) removed SVE, in-situ chemical
oxidation, and restrictive covenants from the response action. The ESD further indicated, “MNA through semi-
annual groundwater monitoring has been shown an effective response action for treatment of the plume
perimeter that is not included in the capture zone of the ASTP system. Further monitoring of the shallow
groundwater will continue at this time, since EPA’s studies show that currently the groundwater treatment and
natural attenuation are reducing the concentrations of contaminants” and five year reviews are required “to
ensure that the remedy is, or will be, protective of human health and the environment.”

2.3.4 Institutional Controls

The entire site is serviced by the municipal water supply system operated by the Water Authority. It is unlikely
that private groundwater wells would be installed within the site boundary. At this time, there is a regulation
developed by the New Mexico Office of the State Engineer (OSE) that prevents issuance of well-drilling permits
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within the 300-acre groundwater use restriction boundary (Figure 2-1). This restriction is promulgated under the
New Mexico Administrative Code, Title 19, Chapter 25, Part 9.

The New Mexico OSE is responsible for enforcing the groundwater use restriction boundary. It is unknown at this
time if any applications have been submitted, or permits issued, for the installation of groundwater production
wells within the groundwater use restriction boundary.

2.4 MNA Objectives and Decision Points

The objective for this evaluation is to confirm that NA processes, can achieve the RAOs described in the ROD (EPA,
2001) and ESD (EPA, 2006) in an efficient and reasonable timeframe. A secondary objective for this evaluation is
to assess whether MNA can effectively address other portions of the TCE plume, specifically that portion that lies
west (upgradient) of the existing P&T system.

2.4.1 MNA Performance Criteria

The operational objective for the site is to partially contain and treat the TCE plume using the P&T system,
thereby reducing the plume’s toxicity and volume, such that MNA can address the remaining portions of the
plume that lie outside the P&T system’s zone of influence. Thus, the primary goal of the MNA response action is
to ensure that portions of the plume not captured by the P&T system do not reach potential receptors at
concentrations above the remediation goals described in Section 2.2.7.

EPA guidance (EPA 1998 and EPA 199b) provides criteria for evaluating the use of MNA as a remedy. As with any
other remedial alternative, MNA should be selected only where it meets all relevant remedy selection criteria,

and where it will meet site remediation objectives within a timeframe that is reasonable compared to that offered
by other methods. The evaluation criteria are similar to those used to evaluate performance of other groundwater
remedial technologies and generally require the selected remedy to:

e Prevent exposure to contaminated groundwater
e  Minimize further plume migration
e Minimize further contaminant release from source materials, and

e Restore the aquifer to cleanup levels appropriate for the current and future anticipated beneficial uses to the
extent practicable

As with other remediation methods, the progress of MNA toward the site’s remedial objectives should be
carefully monitored and compared with expectations, and contingency measures should be planned where
appropriate.

2.4.2 Data Quality Objectives and Decision Criteria

To assess whether the stated objective can be achieved, the effects of current and future P&T system operation
were considered through contaminant transport modeling in addition to evaluation of NA data obtained from
testing of groundwater samples collected at the site. These evaluations are designed to help determine whether
modifications to one or more of the existing groundwater response action components (e.g., P&T system, MNA,
or groundwater use restriction boundary) are necessary.

To help with the overall assessment, the initial data quality objectives (DQOs) from the LTMO (CH2M HILL, 2009a)
were reviewed using the seven-step DQO process. This review resulted in the following updated DQOs for this
MNA evaluation.

2.4.2.1 State the Problem

Can MNA provide sufficient remedial action to address the portion of the plume not remediated by the P&T
system, and if so, can MNA be expanded to address the western plume?
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2.4.2.2 Identify the Goal of the Study

If MNA is effective, then develop implementation strategy to expand MNA to remaining portions of the plume or
recommend that P&T and MNA continue as the primary remedial action.

If MNA is not effective, then identify modifications to existing remedy components or additional remedial
measures to ensure RAOs are achieved in a reasonable timeframe.

2.4.2.3 lIdentify Information Inputs

The following inputs are required to evaluate the appropriateness of MNA as a primary response action
(ITRC 2008, EPA, 1999b):

e Evaluation of whether COCs can be effectively remediated by NA processes.
e Demand for resources within the groundwater use restriction boundary.

e Evaluation of whether the plume is stable or shrinking.

e Evaluation of whether NA conditions are sustainable.

e Human health and environmental risks assessments.

e Whether degradation products (e.g. cis-1,2-DCE and VC for TCE) present a greater risk than parent
contaminants.

e The impact of the P&T remedy on the MNA response action.
e The impact of nearby groundwater production wells on MNA response action.

e Estimate of remediation time frame that is commensurate with expected period when resource use will be
required.

e Cost-benefit analysis.

The last two inputs are not evaluated in this report because: 1) although groundwater is currently being pumped
from Water Authority wells located downgradient of the site, groundwater pumping rates from these wells are
expected to decline in the future in response to increased reliance on surface water resources (Water Authority,
2007); and 2) this report is a technical evaluation designed to assess MNA effectiveness only, not cost-benefit
performance.

2.4.2.4 Define the Boundaries of the Study

The boundaries of the study are defined by the current and future horizontal and vertical extent of the TCE plume
at the site, and the location of existing and potential receptor wells, which represent the only complete exposure
pathway for the contaminated groundwater at the site. The available data and the predictive quality of the
groundwater flow modeling define the temporal extent of this study. Temporal boundaries of the study include
the presumed remediation timeframes estimated from the ROD or alternate timeframe agreements between
EPA, NMED, and the stakeholders.

2.4.2.5 Develop the Analytical Approach
Technical decision rules for assessing MNA effectiveness at the site include the following:

e If TCE concentrations in the downgradient groundwater plume are stable or decreasing, then MNA is
effective.

e If the distribution of TCE in the groundwater plume, as defined by the 5 pug/L remedial goal is stable or
decreasing, then MNA is effective.

e If the contaminated groundwater plume is not migrating beyond the groundwater use restriction boundary,
then MNA is effective.
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Additional decision rules that may need to be addressed include the following:

e |If the leading edge of the TCE plume, as defined by the 5 ug/L remedial goal, migrates beyond the
groundwater use restriction boundary, then additional monitor wells and/or monitoring at points of potential
exposure (water supply wells) may be needed.

e If TCE concentrations in the groundwater plume are consistently increasing, then expansion of the P&T
system, and/or implementation of an alternate response action may be needed.

e If rising groundwater levels in the presumed source area mobilize previously undiscovered COCs, then the
effectiveness of MNA may need to be re-evaluated, or implementation of an alternate response action
considered.

e If the upgradient offsite plume interferes with achieving site remediation goals, then action under a separate
decision document may be required to address that plume.

If MNA is sufficient to address contaminated groundwater at the site, then the P&T system can be placed in a
standby mode and eventually decommissioned.

2.4.2.6 Specify Performance or Acceptance Criteria

The proposed performance criteria for this evaluation include the following:

e If TCE concentrations at representative monitoring wells within the plume boundary show stable to declining
concentrations, and TCE concentrations at the furthest downgradient FAP monitor wells (MNW-4 and
MNW-15) consistently remain at concentrations less than 2.5 ug/L (one-half of the MCL), then MNA in
conjunction with maintenance of groundwater use restrictions can serve as the sole response action
components.

e If TCE concentrations at representative monitoring wells within the plume boundary consistently show stable
to increasing trends, and TCE concentrations at MNW-4 and MNW-15 consistently remain at concentrations
of less than 2.5 pg/L, then P&T in combination MNA will continue as the primary response action
components.

e If TCE concentrations at representative monitoring wells within the plume boundary are increasing, and TCE
concentrations at MNW-4 and MNW-15 increase and consistently remain above 2.5 pg/L, then modification
of the existing P&T, MNA, or groundwater use restriction boundary is necessary.

2.4.2.7 Develop Plan for Obtaining the Data

The inputs to the decision define the MNA Evaluation. This evaluation shall be conducted to make specific
recommendations for the use of, or need for enhancement of, MNA as a primary response action at the site.

2.4.3 Natural Attenuation Data Collection

The goals for this MNA evaluation are coincident with the purpose of the LTM program objectives as discussed in
the LTMO (CH2M HILL, 2009a). The LTM objectives are to provide ongoing monitoring of defined chemical and
hydraulic parameters in accordance with the RAOs described in the ROD (EPA, 2001). These parameters are
periodically measured to monitor plume boundary changes, to ensure that COC concentrations at the
groundwater use restriction boundary remain at levels below the ROD remediation goals, and to help evaluate the
effectiveness of the P&T and MNA response actions. The LTM program and supplemental MNA sampling event
are defined in the site’s Field Sampling Plan (CH2M HILL, 2010).

2.4.3.1 Adequacy of Monitoring Network and Schedule

The LTM program sampling locations were selected primarily based on information provided in the LTMO
(CH2M HILL, 2009a) to provide information throughout and at the boundaries of the plume in three dimensions.
Groundwater samples are collected from the monitoring wells either semiannually, annually, or biennially,

FAP_MNA_EVALUATION 2-23
ES092512172101DFW

009615



SECTION 2: SITE DESCRIPTION AND BACKGROUND INFORMATION

depending on concentration, rate of change, and location. The most recent description of LTM sampling results is
provided in the 2011 Annual Groundwater Sampling Report (CH2M HILL, 2011).

Monitoring well locations (Table 2-2) for the supplemental MNA sampling event were selected to provide data
representative of the western plume (near the presumed source area), central plume (near the P&T system), and
the eastern plume. Sampling was also performed to obtain “background” water quality information from
monitoring well locations unaffected by the TCE plume. Monitoring well locations also were selected to provide
information from each of the seven aquifer zones. In addition, several samples were collected from upgradient of
the FAP. Eight of the nine wells included in the prior 2004 and 2005 MNA sampling events were included in the
2010 event to confirm prior results.

TABLE 2-2
Sampling Locations for MNA Parameters

Fruit Avenue Plume Superfund Site, Albuquerque NM

Plume Zone

Aquifer Zone

Upgradient Presumed Source Area Cross-gradient Plume Core Downgradient of Plume
Intermediate-1 (11) SFMW-12(11) SFMW-16(11), None SFMW-20(11) SFMW-43(11)
SFMW-25(11)
Intermediate-2 (12) SFMW-13(12) HSM-12-4, MNW-02(12) None SFMW-21(12)
HSM-12-5, SFMW-32(12)
MNW-14(12)
Deep-1 (D1) SFMW-22(D1) None None MNW-05(D1) MNW-15(D1)
Deep-2 (D2) SFMW-33(D2) None MNW-03(D2), SFMW-23(D2), MNW-15(D2)
MNW-06(D2) SFMW-44(D2),
MNW-5(D2)
Deep-3 (D3) SFMW-35(D3) None SFMW-40(D3) MNW-15(D3)
Deep-4 (D4) None None None None None
Offsite Plume None None None MNW-08(12) None
MNW-09(12)
MNW-09(D1)
Total Field samples 5 5 3 9 6

(28)

MNA samples for this report were collected during the 2010 annual LTM sampling event (Appendix C). MNA
sampling was performed on four previous occasions at the site (in 1997, 2002, 2004, and 2010; Appendix C). The
next MNA sampling and data evaluation event will occur in 2015 to provide sufficient time to complete an
updated MNA technical evaluation prior to commencing second 5-year review (due in 2016) activities.

2.4.3.2 Monitoring Parameters, Analytical Methods, and Field Methods

Groundwater samples collected as part of the LTM program are analyzed by a Contract Laboratory Program (CLP)
laboratory for VOCs via SOMO01.2. The list of analytes, analytical methods, and analytical laboratories for the
groundwater samples collected for the 2010 MNA evaluation are provided in Table 2-3. Field test methods were
used for parameters requiring immediate analysis.
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TABLE 2-3
List of Analytes, Analytical Methods, and Laboratories for the 2010 MNA Sampling Event
Fruit Avenue Plume Superfund Site, Albugquerque NM

Analytical

Analyte Group Method Analytes Analytical Laboratory
EPA 200.7 Calcium Magnesium CLP or
Iron Manganese EPA Region 6-Houston
EPA 160.1 Total Dissolved Solids EPA Region 6-Houston
EPA 300.0 Sulfate Chloride EPA Region 6-Houston

_ Alkalinity, Carbonate
General Chemistry EPA 310.1 Alkalinity, Bicarbonate EPA Region 6-Houston
Alkalinity, Total

EPA 415.1 Total Organic Carbon EPA Region 6-Houston
EPA 353.2 Nitrate, as N Nitrite, as N EPA Region 6-Houston
EPA 376.1 Sulfide EPA Region 6-Houston
Field Oxygen Reduction oH Field analysis

Instrument Potential

General Chemistry

Micro-Chem  Total and Ferrous Iron, Dissolved Oxygen

Field Kit® Sulfate and Sulfide Nitrate and Nitrite Field analysis

RSK-175 or Methane, Free Carbon Dioxide
Dissolved Gasses equivalent Ethane, Tier-4 Laboratory
(GC/FID) Ethene

Anaerobic Metal Reducers (BrMao Firmicutes (TerBrSats)

Molecular Biology D li
olecular Biology PLEA ecreased Permeablillty General (NSBFS) Tier-4 Laboratory

Eukaryotes (Polyenoics) Proteobacteria (Monos)
Srb/Actinomycetes (MidBrSats)  Slowed Growth

Compound Specific

Stable GC/C/IRMS $3C on TCE & DCE Tier-4 Laboratory

Isotopes ™"

Notes:

(a) Analysis performed only on TCE and cis-1,2-DCE for samples containing sufficient concentrations needed to meet minimum analytical
requirements. Samples may be submitted from wells HSM-12-5 (12), SFMW-44 (D2), MNW-5 (D1), and MNW-5 (D2).

(b) Tier —4 Laboratories: Microseeps — Pittsburgh PA, Microbial Insights — Rockford, TN

Micro-chem field kits by CHEMetrics, Inc.®.

2.4.3.3 Changes to the MNA Evaluation since 2005

This MNA data evaluation is generally designed to replicate the work done during the 2005 MNA evaluation.
Several sampling locations were added. Compound-specific isotope analysis (CSIA) was added to provide a better
understanding of degradation versus non-degradation processes. CSIA was not a commercially viable technology
at the time of the previous MNA evaluation. Groundwater sampling and borehole geophysics were conducted to
support an evaluation of abiotic degradation.
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SECTION 3

Evaluation of Natural Attenuation Processes

NA processes include biodegradation, abiotic degradation, and non-degrading physical processes. For the purposes of
this report, degradation processes break down an organic molecule, converting parent compounds to potentially
harmful intermediate daughter products and finally to innocuous daughter products such as carbon-dioxide.
Decay of contaminants refers to the decreasing concentration observed, which may be caused by both
degradation and non-degrading physical processes such as diffusion, dispersion, and adsorption.

3.1 Degradation Principles

Biodegradation is defined as the process of breaking down an organic molecule by converting it to biomass,
carbon dioxide, and water. Abiotic degradation is defined as the process of breaking down an organic molecule by
reaction on a catalytic mineral surface, converting it to carbon dioxide and water. Although abiotic degradation is
a less commonly investigated process, chloroethenes have been found to undergo abiotic degradation in the
presence of a variety of iron-bearing minerals such as mackinawite and magnetite (EPA, 2009b) and to undergo
biodegradation by naturally occurring microbes. During both of these processes intermediate compounds, or
daughter products of the parent compound, may be formed. Depending on the characteristics of the degradation
environment, the daughter products may or may not be stable, and may be more or less harmful than the parent
compounds.

Biodegradation and abiotic degradation generally reduce the toxicity, mobility, and volume of contaminants
within a groundwater contaminant plume by transforming contaminants into less toxic or non-toxic forms and
reducing concentrations. In some instances, these two natural degradation processes alone may be sufficient to
meet the RAOs for a site. This section reviews these two degradation processes, which are applicable for the COCs
present at the site, and discusses the effects these processes have on the fate and transport of contaminants in
site groundwater.

3.1.1 Biodegradation of Chloroethenes

Naturally occurring microbes can metabolize a wide variety of organic compounds such as sugars, starches, and

amino acids. Microbes from aquifers that have been contaminated with synthetic organic compounds also have

been found capable of degrading these compounds. The following elements are necessary for biodegradation of
chlorinated solvents to be successful:

1. A population of “niche” bacteria that perform the biodegradation reactions

2. Sufficient nutrients such as nitrogen, phosphorus, potassium, and organic carbon (electron donors) to sustain
the microbial population’s existence

3. Sufficient quantities of contaminants (electron acceptors) in a soluble form to promote the growth of niche
bacteria

4. Tolerable variations in temperature, pH, and other geochemical parameters to minimize disruptions to the
biodegradation processes

Deficiencies in these parameters may be sufficient to slow biodegradation rates, stop a sequential process, or
prevent the initiation of the degradation reactions. For example, if contaminant concentrations are very low, the
population of specialized niche bacteria may never flourish and be sufficiently robust to affect the plume. Specific
biodegradation reactions play an important role in determining the fate of organic contaminants.

Chlorinated solvent plumes, and the biodegradation that occurs within them, generally can be described as one of
three types (Wiedemeier et al., 1998):

e Type 1 where high concentrations of anthropogenic nutrients drive reductive dechlorination.
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e Type 2 where moderate concentrations of natural nutrients result in slower biodegradation.

e Type 3 where low concentrations of natural nutrients and high dissolved oxygen concentrations result in low
rates of biodegradation of the more-chlorinated ethenes. Attenuation occurs primarily through diffusion,
dispersion, and sorption with limited biodegradation taking place in localized areas. Where present, VC can be
rapidly oxidized. Overall, the FAP exhibits Type 3 plume behavior.

In Type 1 and Type 2 plumes, biodegradation processes transform chlorinated solvents through reductive
(anaerobic) dechlorination. Reductive dechlorination is the replacement of a chlorine atom in a chloroethene
molecule with a hydrogen atom, thereby releasing a chloride ion to the groundwater. Figure 3-1 illustrates the
stepwise reductive dechlorination process that transforms PCE and TCE to ethene:

FIGURE 3-1
Stepwise Reductive Dechlorination of Chlorinated Solvents
Fruit Avenue Plume Superfund Site, Albuguerque, NM

trans-DCE
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Through repetition of this stepwise process, TCE is transformed to cis-1,2-DCE and then VC. In Type 1 or Type 2
plumes, VC is further reduced to ethene and then to ethane by substituting two hydrogen atoms for the double
bond in the ethene molecule. In deeply anaerobic conditions (methanogenic), the transformation of VC to
ethene/ethane is slowed such that VC often accumulates. If VC is transported by natural groundwater flow into a
portion of the aquifer where dissolved oxygen is present, an aerobic transformation reaction is favored as in Type
3 plumes, where VC is oxidized to carbon dioxide. Theoretically, the end products of the degradation reactions
(ethane and ethene) should be amenable to further biodegradation to carbon dioxide and water.

Plumes may exhibit different behavior in a source area compared to the leading edge (Wiedemeier et al., 1998).
The combination of Type 1 or Type 2 behavior (anaerobic reductive dechlorination of TCE) in the source area,
followed by Type 3 behavior (aerobic microbial oxidation of DCE and VC) at the plume margins, provides a
microbial pathway for complete degradation of chlorinated solvent in groundwater plumes, thus making MNA a
viable component of, or an alternative to, an active remedy. Another case is where Type 1 or Type 2 behavior
takes place in lenses or layers of fine-grained materials where groundwater movement is limited and Type 3
behavior occurs in the high-flow coarse-grained layers of the aquifer.

Stepwise reductive dechlorination can be biologically enhanced by bacteria that derive energy by facilitating the
transfer of an electron between electron donors and electron acceptors (Figure 3-2). Microbial degradation of an
electron donor, such as a naturally occurring carbon source, (the electron donor) also requires the microbe to use
an available electron acceptor. After the more-preferred electron acceptors (such as oxygen and nitrate) have
been used up, the aquifer microbial communities use less efficient or energetically favorable electron acceptors
such as manganese, ferric iron, and sulfate. If an aquifer does not have a sufficient supply of electron acceptors,
chloroethenes may be used. If all preferred electron acceptors are exhausted, methanogenic conditions may
develop, and the less preferred electron acceptors (such as chloroethenes) can be rapidly dechlorinated. If the
more preferred electron acceptors are not exhausted, development of conditions in which chloroethenes are
reduced may be prevented (Chapelle, et al., 2003).
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FIGURE 3-2
Schematic of Biologically Mediated Reductive Dechlorination
Fruit Avenue Plume Superfund Site, Albuquerque NM
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It is possible that anaerobic conditions conducive to reductive dechlorination are not widespread at a site, and are
only present in relatively small localized portions of the aquifer. At the FAP site, the discontinuous silty and clayey
sands and clay intervals of the braided streambed deposits of the Rio Grande facies likely provide zones with
higher nutrient concentrations, and low groundwater flow rates, which permit development of geochemical
environments amenable to reductive dechlorination processes.

Several other microbial mechanisms for biodegradation of chloroethenes, including aerobic oxidation, anaerobic
oxidation, and aerobic cometabolism, have been identified. A wide variety of chlorinated solvents (including TCE,
cis-1,2-DCE, trans-1,2-DCE, and VC) can be cometabolically degraded. Cometabolism is a result of nonspecific
enzyme activity towards organic compounds that do not serve as carbon or energy sources. Cometabolism of
chloroethenes is mediated by the enzyme methane monooxygenase (MMO), which is produced by
methanotrophic bacteria. Methantrophs are environmentally ubiquitous bacteria that oxidize methane as an
energy source and carbon source (Brigmon, 2001). Unlike reductive dechlorination, the chlorinated compounds
are completely mineralized to carbon dioxide and chloride with no toxic intermediates (Conrad, et al., 2010).

TCE & DCE > Dichloroacetate, Glyoxylic acid, Formate = CO, + HCI

Oxidation of cis-1,2-DCE and trans-1,2-DCE to carbon dioxide, in the absence of an apparent alternative substrate,
has also been demonstrated (Bradley and Chapelle, 2000).

0, + DCE > Cl'+CO,
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It has also been demonstrated that sulfate-reducing and iron-reducing microbial populations can dehalogenate
and mineralize chloroethenes, and that the dehalogenating populations may be distinct under different redox
conditions (e.g., sulfate-reducing, iron-reducing, or methanogenic [Chapelle, 2003]). Conditions that would be
marginal for biodegradation of highly concentrated chloroethenes may be suitable for reductive dechlorination of
lower-concentration contaminant plumes.

3.1.2 Evidence for Biodegradation

Biodegradation of chloroethenes in contaminated environments is complex and the exact mechanism occurring at
a given location within a site can be difficult to identify and may change over time. To evaluate if biodegradation is
taking place or is capable of occurring, the following lines of evidence are generally examined.

3.1.2.1 Direct Evidence of Biodegradation

Direct evidence of biodegradation is provided by changes in the composition and concentration of the suite of
contaminants at the site, and by observation of isotopic changes that cannot be produced by a known process
besides degradation.

Contaminant Concentrations

Chlorinated VOC (cVOC) concentrations are evaluated (Appendix D) to assess if degradation products are present
and if there has been changes in the concentration of the contaminants over time. Although PCE and TCE are the
primary or parent contaminants at most cVOC contaminated sites, DCE (cis-and trans isomers), VC, ethene, and
ethane (the degradation products) are not. A reduction in the concentration of the parent contaminant(s), in
conjunction with the appearance of the degradation products (including chloride), suggests that a biodegradation
process is actively dechlorinating the parent contaminant(s).

CSIA

CSIA is an assessment tool that can provide data demonstrating degradation of contaminants at the site. A
detailed explanation of CSIA and evaluation of site data is included in Appendix E and summarized in

Section 3.2.1.5. In summary, concentration and isotopic composition are independent characteristics of a
compound (e.g., color and mass of an apple). Physical reactions (evaporation, sorption, dispersion, and diffusion)
do not significantly affect carbon isotopes. Degradation reactions (biological or chemical oxidation-reduction
reactions, and hydrolysis) do affect carbon isotopes. The amount of change to the carbon isotopes depends on
completeness of the degradation and the degradation pathway, and so the isotope analysis may point to a
particular degradation process.

3.1.2.2 Indirect Evidence of Biodegradation

Demonstrating the potential for degradation provides an indirect line of evidence. This generally consists of
demonstrating favorable conditions for degradation through the evaluation of the predominant terminal electron-
accepting processes (TEAPs) and nutrient levels (Appendix F), and microbial ecology (Appendix G).

Predominant TEAPs

Geochemical conditions are evaluated to identify which TEAPs are acting on portions of the contaminant plume
(the electron acceptors). At least some combination of basic geochemical conditions is considered necessary for
biodegradation to proceed in an aquifer. Contiguous zones of the aquifer with similar predominant TEAPs (Redox
Zones) are named for the TEAP (Wiedemeier et al., 1998). A more-detailed discussion is provided in Appendix F
and results are summarized in Section 3.2.2.1.

Electron Donors

Geochemical conditions are evaluated to identify predominant electron donors, such as naturally occurring
organic carbon or anthropogenic hydrocarbons. As a result of its critical role, the lack of organic carbon in aquifers
is also typically the limiting nutrient preventing microbial degradation of contaminants. A more-detailed
discussion is provided in Appendix F and results are summarized in Section 3.2.2.2.
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Microbial Ecology

Microbial ecology is examined to determine if adequate populations of dechlorinating bacteria are present in the
aquifer. Various protein and DNA analyses are available to identify the diversity, concentration, and vitality of the
microbes present at the site. A more-detailed discussion is provided in Appendix G and results are summarized in
Section 3.2.2.3.

3.1.3 Abiotic Degradation of Chlorinated Ethenes

A variety of iron-bearing soil minerals such as mackinawite, pyrite, magnetite, green rust, and iron-bearing clays
have been shown to catalyze degradation of cVOCs (EPA, 2009b). Reactive iron minerals support complete
transformation of TCE through dichloro-elimination reactions that may avoid the production of potentially
harmful daughter products such as VC. In these reactions, the mineral surfaces act as electron donors and /or
reaction mediators to increase the rate of reductive dechlorination. Thermodynamically stable minerals such as
pyrite and magnetite support comparatively slower rates of TCE degradation than metastable phases such as
mackinawite.

3.1.3.1 Direct Evidence of Abiotic Degradation

The absence of VC in anaerobic systems may provide evidence that abiotic degradation is operative because the
daughter products of abiotic degradation may be glycolate, acetate, formate, and carbon dioxide (USEPA, 2009b).
Because anaerobic biodegradation follows hydrogenolysis exclusively, and produces TCE, DCE, and VC
sequentially, the presence of VC suggests that anaerobic biodegradation is operative.

Abiotic degradation fractionates stable carbon isotopes similarly to biodegradation. The Rayleigh fractionation
model applies to abiotic degradation (Rayleigh, 1896). Different abiotic mechanisms produce characteristic
patterns of fractionation, which may be identified in field data.

3.1.3.2 Indirect Evidence of Abiotic Degradation

The identification of reactive iron-bearing minerals in aquifer materials is suggestive that abiotic degradation may
be an operative mechanism for degradation.

Collection and analysis of aquifer solids may allow identification of reactive minerals. Analysis of aquifer solids is
difficult because such minerals may be unstable in the presence of atmospheric oxygen and may be present in
only very low concentrations. At the FAP site, sampling of aquifer solids was not done because such sampling
would have required drilling to depths of between 90 and 400 feet to collect representative samples.

In lieu of collecting aquifer solid samples, aqueous geochemical mineral speciation modeling was performed. This
method can be used to assess if reactive minerals that support abiotic degradation may be present in the aquifer.
Potentially reactive phases may be present in situations where solids cannot be collected and analyzed for mineral
content.

Higher magnetite concentrations may support increased abiotic degradation rates, and the bulk concentration of
magnetite can be estimated from the magnetic susceptibility of a soil sample.

3.2 Degradation of Contaminants at the Site

In this section, the evidence for degradation processes at the FAP site is summarized with detailed information
provided in the cited appendices.

Three types of site-specific information or “evidence” are typically used to evaluate degradation processes at a
site (EPA, 1999a):

1. Historical groundwater and/or soil chemistry data that demonstrate a clear and meaningful trend of
decreasing contaminant mass and/or concentration over time at appropriate monitoring or sampling points.
In the case of a groundwater plume, decreasing concentrations should not be solely the result of plume
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migration. In the case of inorganic contaminants, the primary attenuating mechanism should also be
understood (Section 3.2.1 addresses these Tier 1 criteria).

2. Hydrogeologic and geochemical data that can be used to demonstrate indirectly the type(s) of natural
attenuation processes active at the site, and the rate at which such processes will reduce contaminant
concentrations to required levels. For example, characterization data may be used to quantify or to
demonstrate and quantify the rates of biological degradation processes occurring at the site (Section 3.2.2).

3. Data from field or microcosm studies (conducted in or with actual contaminated site media) that directly
demonstrate the occurrence of a particular natural attenuation process at the site and its ability to degrade
the contaminants of concern (typically used to demonstrate biological degradation processes only).

Unless EPA or the implementing state agency determines that historical data (number 1 above) are of sufficient
quality and duration to support a decision to use MNA, EPA expects that data characterizing the nature and rates
of natural attenuation processes at the site (number 2 above) should be provided. Where the latter are also
inadequate or inconclusive, data from microcosm studies (number 3 above) may also be necessary. Tier 1 and
Tier 2 criteria for the FAP site are described in the following subsections.

3.2.1 Direct Evidence for Dechlorination of Chlorinated Volatile Organic
Compounds

The first tier of site-specific information used to evaluate degradation is historical data that demonstrate a clear
and meaningful trend of decreasing contaminant mass and/or concentration over time (EPA, 1999a). This
evaluation examines temporal changes in TCE concentrations in conjunction with CSIA data from the site, which
together provide a direct line of evidence that TCE degradation is occurring at varying degrees across the site.

3.2.1.1 Sitewide Contaminant Concentration Trends

Temporal variations in TCE concentrations are illustrated and discussed in Appendix D and summarized below.

A comparison of the 20 highest observed historical (pre year 2010) TCE concentrations to the 20 highest observed
recent (post year 2010) TCE concentrations indicates that sitewide TCE and cis-1,2-DCE concentrations have
decreased. The 20 highest observed historical TCE concentrations ranged from 99 pg/L to 18 pg/L. More recently,
the 20 highest observed TCE concentrations have ranged from 54 pg/L to 5.2 pg/L.

3.2.1.2 Mann-Kendall Evaluation

Nonparametric trend analyses (using the MK test) were conducted to assess the statistical significance of
temporal trends in TCE and cis-1,2-DCE concentrations in groundwater at the FAP site. The MK test is a
nonparametric statistical procedure designed for analyzing trends in environmental data over time (Gilbert, 1987).
Because the MK evaluation is a nonparametric method, the test does not require any assumptions as to the
statistical distribution of the data and can be used with data sets that include irregular sampling intervals and
missing data. The test is based on the idea that a lack of trend should correspond to a time series plot fluctuating
randomly about a constant mean level, with no visually apparent upward or downward pattern (EPA, 2009a). If an
increasing trend exists, the sample taken first from any randomly selected pair of measurements should, on
average, have a lower concentration than the measurement collected at a later point in time. Additional
information on the MK test is provided in Appendix D.

For this evaluation, MK was used to test for a significant trend in TCE and cis-1,2-DCE concentrations at a
confidence level greater than or equal to 95 percent (significance level of 0.05). Tests were performed using
current and historical groundwater analytical data collected at individual monitoring wells. Statistical validity of
the trend analysis requires constraints on the minimum data input. To ensure a meaningful comparison of TCE
and cis-1,2-DCE concentrations over time, trend evaluations were only performed for wells with at least six
independent sampling events and a TCE and/or cis-1,2-DCE detection frequency greater than 50 percent.

Where insufficient evidence for identifying a significant, non-zero trend at the 95 percent confidence level existed,
concentrations were deemed stable if the coefficient of variation (COV) was less than 1.0. The COV is a statistical
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SECTION 3: EVALUATION OF NATURAL ATTENUATION PROCESSES

measure of how the individual data points vary about the mean value and is defined as the standard deviation
divided by the sample mean. COV values less than or near 1.0 indicate that the data form a relatively close group
about the mean value while COV values larger than 1.0 indicate that the data show a greater degree of scatter
about the mean.

The temporal behavior of the TCE and cis-1,2-DCE data was also examined graphically in Appendix D to confirm
the results of the MK evaluation. Scatterplots of TCE and cis-1,2-DCE concentrations as a function of time were
generated for each monitoring well. Several monitoring wells clearly show a trend so a second chart and analysis
was completed for the more recent data. These locations are identified by “Recent Only” in the monitoring well ID.

The results of the MK evaluation are summarized in Table 3-1 and discussed further below. Across the FAP site,
decreasing TCE concentrations are found in 33 of 62 wells while stable TCE concentrations occur at 12 of 62 well
locations. Increasing TCE concentrations are found in 12 of 62 wells. Decreasing or stable TCE concentration
trends at 46 of the 62 monitoring well locations evaluated are indicative of an attenuating plume.

TABLE 3-1
Summary of Mann Kendall Analysis of Data from Individual Monitor Wells
Fruit Avenue Plume Superfund Site, Albuguerque NM

Number of Monitor Wells with

Total
Greater Number of
than 50% Wells Used
Decreasing  Increasing NoTrend- No Trend - Non- Fewerthan = for MK Trend
Plume Area Analyte Trend Trend Stable Not Stable Detect Six Samples Evaluation
Presumed Source TCE 20 > 1 2 3 6 38
Area (Western
Plume) DCE 11 5 14 1 6 10 31
Near the P&T TCE 8 1 2 1 3 7 12
System (Central
Plume) DCE 9 1 2 1 3 4 13
Downgradient of TCE 5 6 0 1 3 3 12
the P&T System
(Eastern Plume) DCE 3 4 2 0 1 0 9
TCE 33 of 62 12 of 62 13 of 62 4 of 62 9 of 62 16 of 62 62 of 87
Site wide Total
DCE 23 of 53 10 of 53 18 of 53 2 of 53 10 of 53 14 of 53 53 of 77

Gray shaded cells indicate the number of monitoring wells where the available data do not meet the usability criteria.

Presumed Source Area (Western Plume). Decreasing TCE concentrations trends occur at 20 of 38 monitor wells.
Stable concentrations are present at 11 of 38 monitor wells while increasing concentration trends occur at

5 locations. Decreasing cis-1,2-DCE concentration trends occur at 11 of 31 monitor well locations while stable
concentrations are present at 14 of 31 monitor wells. Increasing concentration trends occur at 5 locations. The
generally decreasing and low concentrati