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Foreword

The U. S. Environmental Protection Agency (EPA) is charged by Congress with protecting the Nation's land, air, and water
resources. Under a mandate of national environmental laws, the Agency strives to formulate and implement actions leading to
a compatible balance between human activities and the ability of natural systems to nurture life. To meet this mandate, EPA's
research program is providing data and technical support for solving environmental problems today and building a science
knowledge base necessary to manage our ecological resources wisely, understand how pollutants affect our health, and prever
or reduce environmental risks in the future.

The National Risk Management Research Laboratory is the Agency's center for investigation of technological and manage-
ment approaches for reducing risks from threats to human health and the environment. The focus of the Laboratory's research
program is on methods for the prevention and control of pollution to air, land, water and subsurface resources; protection of
water quality in public water systems; remediation of contaminated sites and groundwater; and prevention and control of
indoor air pollution. The goal of this research effort is to catalyze development and implementation of innovative, cost-
effective environmental technologies; develop scientific and engineering information needed by EPA to support regulatory and
policy decisions; and provide technical support and information transfer to ensure effective implementation of environmental
regulations and strategies.

This publication has been produced as part of the Laboratory's strategic long-term research plan. It is published and made
available by EPA's Office of Research and Development to assist the user community and to link researchers with their clients.

E. Timothy Oppelt, Director

National Risk Management Research Laboratory



Abstract

This report summarizes the findings of an evaluation of the Unterdruck-Verdampfer-Brunnen (UVB) technology developed by
IEG Technologies Corporation (IEG) and demonstrated in association with Roy F. Weston, Inc. This evaluation was
conducted under the U.S. Environmental Protection Agency (EPA) Superfund Innovative Technology Evaluation (SITE)
program. The UVB treatment technology was demonstrated over a period of 12 months from April 1993 to May 1994 at March
Air Force Base (AFB) in Riverside, California.

This Innovative Technology Evaluation Report provides information from the SITE demonstration of the UVB technology that
is useful for remedial managers, environmental consultants, and other potential technology users in implementing the
technology at Superfund and Resource Conservation and Recovery Act (RCRA) hazardous waste sites.

The SITE demonstration for the UVB technology was designed with three primary and seven secondary objectives to provide
potential users of the technology with the information necessary to assess the applicability of the UVB system at other
contaminated sites. The demonstration program objectives were achieved through the collection of groundwater and soil gas
samples, as well as UVB system process air stream samples over a 12-month period. To meet the objectives, data were
collected in three phases: baseline sampling, long-term sampling, and dye trace sampling. Baseline and long-term sampling
included the collection of groundwater samples from eight monitoring wells, a soil gas sample from the soil vapor monitoring
well, and air samples from the three UVB process air streams both before UVB system startup and monthly thereafter. In
addition, a dye trace study was implemented to evaluate the system’s radius of circulation cell. This study included the
introduction of fluorescent dye into the groundwater and the subsequent monitoring of 13 groundwater wells for the presence
of dye three times a week over a 4-month period.

The technology was analyzed to identify its advantages, disadvantages, and limitations. The UVB technology was evaluated
based on the nine criteria used for decision making in the Superfund feasibility study process. The overall effectireness of t
system depends upon the time available for mass exchange between dissolved and vapor phase, the concentration gradient, tt
temperature of the operating system, the interface area of the bubble (bubble size), and the contaminant gas-liquigl partitionin
(mass transfer coefficient). The technology employs readily available equipment and materials. Material handling require-
ments and site support requirements are minimal. The technology as presented at the SITE demonstration is limited to
treatment of VOCs in the saturated zone and capillary fringe.
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Executive Summary

This report summarizes the findings of an evaluation of theombines air-lift pumping and air stripping to clean
Unterdruck-Verdampfer-Brunnen (UVB) technology aquifers contaminated with volatile organic compounds
developed by IEG Technologies Corporation (IEG) andVOC). A properly installed UVB system consists of a
demonstrated in association with Roy F. Weston, Inc. Thisingle well with two hydraulically separated screened
evaluation was conducted under the U.S. Environmentaitervals installed within a single permeable zone. The
Protection Agency (EPA) Superfund Innovativeair-lift pumping occurs in response to negative pressure
Technology Evaluation (SITE) program. The UVBintroduced at the wellhead by a blower. This blower
treatment technology was demonstrated over a period ofeates a vacuum that draws water into the well through the
12 months from April 1993 to May 1994 at March Air lower screened portion of the well. Simultaneously, air
Force Base (AFB) in Riverside, California. stripping occurs as ambient air (also flowing in response to
the vacuum) is introduced through a diffuser plate located
This Innovative Technology Evaluation Report provideswvithin the upper screened section of the well, causing air
information from the SITE demonstration of the UVBbubbles to form in the water pulled into the well. The
technology that is useful for remedial managerstising air bubbles provide the air-lift pump effect that
environmental consultants, and other potential technologyoves water toward the top of the well and draws water
users in implementing the technology at Superfund anidto the lower screened section of the well. This pumping
Resource Conservation and Recovery Act (RCRAgffectis supplemented by a submersible pump that ensures
hazardous waste sites. Section 1.0 presents an overvievilwdt water flows from bottom to top in the well. As the air
the SITE program, describes the UVB technology, andubbles rise through the water column, volatile
lists key contacts. Section 2.0 discusses informatiocompounds are transferred from the aqueous to the gas
relevant to the technology’s application, including armphase. The transfer of volatile compounds is further
assessment of the technology related to the nine feasibilignhanced by a stripping reactor located immediately
study evaluation criteria used for decision making in thabove the air diffuser. The stripping reactor consists of a
Superfund process, potential applicable environmentdlluted and channelized column that facilitates the transfer
regulations, and operability and limitations of theof volatile compounds to the gas phase by increasing the
technology. Section 3.0 summarizes the costs associateahtact time between the two phases and by minimizing
with implementing the technology. Section 4.0 presentihe coalescence of air bubbles. The rising air transports
the site characterization, demonstration approachplatile compounds to the top of the well casing where
demonstration procedures, and the results and conclusiahey are removed by the blower. The blower effluent is
of the demonstration. Section 5.0 summarizes th&eated before discharge using a carbon adsorption unit.
technology status, and Section 6.0 includes a list of
references. Appendices A and B present the Dye Tra€@nce the upward stream of water leaves the stripping
Study Report conducted during the SITE demonstratioreactor, the water falls back through the well casing and

and case studies provided by the developer. returns to the aquifer through the upper well screen. This
return flow to the aquifer, coupled with inflow at the well
The UVB Technology bottom, circulates groundwater around the UVB well. The

extent of the circulation pattern is known as the radius of
The UVB technology is a patented in situ groundwatecirculation cell, which determines the volume of water
remediation technology (developed in Germany) thaaffected by the UVB system.



Waste Applicability (S5) Document pre- and post-treatment off-gas
volatile organic contaminant levels

The UVB technology demonstrated at March AFB

removed trichloroethene (TCE) and 1,1-dichloroethene (S6) Document system operating parameters

(DCE) from groundwater. The developer claims that the

technology can also clean aquifers contaminated with

other organic compounds, including volatile and

ser_nivolatilg hydrocarbons. Additionally, the d_eveloper_l_he demonstration program objectives were achieved
claims that in some cases the UVB technology is capab rough the collection of groundwater and soil gas

of simultaneous recovery of soil gas from the vadose zone. :
samples, as well as UVB system process air stream

samples over a 12-month period. To meet the objectives,
data were collected in three phases: baseline sampling,

The SITE demonstration for the UVB technology wa long-term sampl_lng,_ and dye trace sam_pllng. Baseline and
‘T]ong-term sampling included the collection of groundwater

esigned with three primary and seven seconda : o .
designe ee P Y d se eco gamples from eight monitoring wells, a soil gas sample

objectives to provide potentia| users of the teChnOIO(‘Wrom the soil vapor monitoring well, and air samples from
with the information necessary to ass th licabili . '
€ no ° ce y 10 assess e applic e three UVB process air streams both before UVB

of the UVB system at other contaminated sites. ' Th stem startup and monthly thereafter. In addition, a dye
following primary and secondary objectives were selecte?y pan y ' ’ y,
) race study was implemented to evaluate the system’s
to evaluate the technology: : . : . )
radius of circulation cell. This study included the
introduction of fluorescent dye into the groundwater and
the subsequent monitoring of 13 groundwater wells for the

gPresence of dye three times a week over a 4-month period.

(S7) Evaluate the presence of aerobic biological
activity in the saturated and vadose zones

Demonstration Objectives and Approach

Primary Obijectives:

(P1) Determine the concentration to which the UV
technology reduces TCE and DCE in groundwatebemonstration Conclusions
discharged from the treatment system

(P2) Estimate the radius of circulation cell of theBased on the UVB SITE demonstration, the following
conclusions may be drawn about the applicability of the
UVB technology:

(P3) Determine whether TCE and DCE concentrations

have been reduced in groundwater (both vertically and Results of chemical analyses of samples from the
horizontally) within the radius of circulation cell of ~ UVB system wells indicate that the UVB treatment

groundwater treatment system

the UVB system over the course of the pilot study system removed TCE and DCE from the groundwater.
The UVB system reduced TCE in the groundwater
Secondary Objectives: discharged from the treatment system to below 5

micrograms per liter (ug/L) in nine out of the 10
monthly monitoring events and on average by greater
(S1) Assess homogenization of the groundwater than 94 percent during the period in which the system
within the zone of influence operated without apparent maintenance problems.
_ _ The mean TCE concentration in water discharged
(S2) Document selected aquifer geochemical from the system was approximately 3 pg/L; however,
characteristics that may be affected by oxygenation o upper confidence limit at the 95 percent
and recirculation of treated groundwater confidence level was calculated to be approximately 6
pg/L. The UVB system reduced DCE to less than 1
pg/L in groundwater discharged from the treatment
system; however, the system’s ability to remove DCE
could not be meaningfully estimated due to the low
(less than 4 pg/L) influent concentration of DCE.

(S3) Determine whether the treatment system induces
a vacuum in the vadose zone that suggests vapor
transport

(S4) Estimate the capital and operating costs of
constructing a single treatment unit to remediate
groundwater contaminated with TCE and DCE



The radius of circulation cell of the groundwater
treatment system was estimated by both direct and
indirect methods. The radius of circulation cell was
directly measured by conducting a dye trace study.
Based on the dye trace study, the radius of circulatiort
cell was measured to be at least 40 feet (12.2 meters
[m]) in the downgradient direction. The radius of
circulation cell was indirectly evaluated by (1)
modeling of the groundwater flow, and (2) analyzing
aquifer pump test data (step-test and constant rate).
Groundwater flow modeling results indicate a radius
of circulation cell of 83 feet (25.3 m). The drawdown
measured in the observation wells during the pump
tests provided information on the size and shape of the
cone of depression at various pumping rates. The size
and shape of the cone of depression observed during
the pump tests was used to estimate the radius of
circulation cell of the UVB system well operating at a
constant rate of 20 gallons per minute (75.7 liters per
minute). The observed drawdown data from the pump
tests indicated a radius of circulation cell of about 60
feet (18.3 m). The pump test data are not directly
applicable to determining the radius of circulation cell
of the UVB circulation cell. An attempt was made to
indirectly evaluate the radius of circulation cell using
variations of target compound concentrations and
fluctuations of dissolved oxygen in surrounding
groundwater monitoring wells. However, these
methods did not provide a reliable or conclusive
estimate of the radius of circulation cell.

TCE and DCE concentrations in samples from the
shallow and intermediate zone wells were reduced
both vertically and laterally except in the intermediate

outer cluster well, which showed an increase in

concentration. TCE concentrations were reduced
laterally by an average of approximately 52 percent in
the shallow and intermediate zones of the aquifer over
a 12 month period. No reduction of either TCE of

DCE was observed in the deep zone, which could be
due to limited duration of monitoring in this zone.

A convergence and stabilization of TCE and DCE *
concentrations was observed in samples from the
shallow and intermediate zones of the aquifer, which
suggest homogenization of the groundwater.

No clear trends in the field parameters, general
chemistry, and dissolved metals results were observed
that would indicate significant precipitation of

dissolved metals, changes in dissolved organic
carbon, or the presence of dissolved salts caused by the
increase in oxygen in the groundwater.

Although the developer claims that the UVB system
has applications to cleanups of both groundwater and
soil gas, the system installed at Site 31 was designed to
remove halogenated hydrocarbons from the
groundwater only. The VOC concentrations and
vacuum measurements in the vapor monitoring well
indicate that migration of contaminants in the vadose
zone was not significantly affected by operation of the
UVB system as designed. Changes in system design
and operating parameters may lead to significant
transport of contaminants in the vadose zone.

One-time capital costs for a single treatment unit were
estimated to be $180,000; variable annual operation
and maintenance costs for the first year were
estimated to be $72,000, and $42,000 for subsequent
years. Based on these estimates, the total cost for
operating a single UVB system for 1 year was
calculated to be $260,000. Since the time required to
remediate an aquifer is site-specific, costs have been
estimated for operation of a UVB system over a range
of time for comparison purposes. Therefore, the cost
to operate a single UVB system was calculated to be
$340,000 for 3 years, $440,000 for 5 years, and
$710,000 for 10 years. Additionally, the costs for
treatment per 1,000 gallons (3,785 liters [L]) of
groundwater were estimated to be $260 for 1 year,
$110 for 3 years, $88 for 5 years, and $71 for 10 years.
The costs for treatment per 1,000 liters (264.2 gallons)
of groundwater were estimated to be $69 for 1 year,
$29 for 3 years, $23 for 5 years, and $19 for 10 years.
The cost of treatment per 1,000 gallons (3,785 L)
refers to the amount of groundwater pumped through
the system. Potential users of the treatment
technology should be aware that typically 60 to 90
percent of the water pumped through the system is
recirculated water.

The results from air monitoring of the UVB treatment
system indicated that low concentrations of TCE are
being removed from the groundwater. TCE
concentrations reduced by the UVB system correlate
to trends observed in target compounds concentrations
in the inner cluster monitoring wells (that is,
increasing concentration from the baseline event to
the third monthly monitoring event with a subsequent
decrease in concentrations).



» The temperature of the internal monitoring ports
ranged from 18.5 to 44.7 degrees Celsius; the relative
humidity ranged from 27 to 100 percent; the vacuum
pressure ranged from 13.81 to 15.03 pounds per
square inch absolute (9,709.81 to 10,567.59 kilograms
per square meter); the air flow ranged from 100 to 898
standard cubic feet per minute (47.2 to 423.9 liters per
second); and the velocity ranged from 1,109 to 9,999
feet per minute (563.4 to 5,079.5 centimeters per
second).

» Bioactivity in the soil and groundwater was not
significantly enhanced by the UVB system operation.

Other Case Studies

According to the developer, the UVB technology has been
applied at about 80 sites in Europe, and 22 systems are
operating in the United States. In Appendix B, the
developer has provided two case studies from Germany
involving trichloroethene, 1,1,1-trichloroethane, and
dichloromethane; a case from North Carolina involving
benzene, toluene, ethylbenzene, and xylene; and the
developer's interpretation of the data collected during this
SITE demonstration.

Technology Applicability

The technology was analyzed to identify its advantages,
disadvantages, and limitations. The UVB technology was
evaluated based on the nine criteria used for decision
making in the Superfund feasibility study process.
Table ES-1 presents the evaluation. The overall
effectiveness of the system depends upon the time
available for mass exchange between dissolved and vapor
phase, the concentration gradient, the temperature of the
operating system, the interface area of the bubble (bubble
size), and the contaminant gas-liquid partitioning (mass
transfer coefficient). The technology employs readily
available equipment and materials. Material handling
requirements and site support requirements are minimal.
The technology as presented at the SITE demonstration is
limited to treatment of VOCs in the saturated zone and
capillary fringe.



CRITERION

Table ES-1. Feasibility Study Evaluation Criteria for the UVB Technology

UVB TECHNOLOGY ASSESSMENT

Overall Protection of Human
Health and the Environment

Compliance with Federal
Applicable or Relevant and
Appropriate Requirements
(ARARSs)

Long-Term Effectiveness
and Permanence

Reduction of Toxicity,
Mobility, or Volume Through
Treatment

Short-Term Effectiveness

Implementability

The technology eliminates contaminants in the groundwater and prevents further
migration of those contaminants with minimal exposure to on-site workers and the
community. Air emissions are reduced by using carbon adsorption units.

Compliance with chemical-, location-, and action-specific ARARs must be
determined on a site-specific basis. Compliance with chemical-specific ARARs is
dependent on (1) treatment efficiency of the UVB system, (2) influent contaminant
concentrations, and (3) the amount of treated groundwater recirculated within the
system.

Contaminants are permanently removed from the groundwater. Treatment
residuals (activated carbon) require proper off-site treatment and disposal.

Contaminant mobility is initially increased, which facilitates the long-term
remediation of the groundwater within the system's radius of circulation ceil. The
movement of contaminants toward the UVB system within the system's capture
zone prevents further migration of those contaminants and ultimately reduces the
volume of contaminated media.

During site preparation and installation of the treatment system, no adverse
impacts to the community, workers, or the environment are anticipated. Short-
term risks to workers, the community, and the environment are presented by
increased mobility of contaminants during the initial start-up phase of the system
and from the system's air stream. Adverse impacts from the air stream are
mitigated by passing the emissions through carbon adsorption units before
discharge to the ambient air. The time for treatment using the UVB system are
dependent on site conditions and may require several years.

The site must be accessible to large trucks. The entire system requires about
500 square feet (46.5 square meters). Services and supplies may include a drill
rig, carbon adsorption regeneration/disposal (or other off-gas treatment system),
laboratory analysis, and electrical utilities.




Table ES-1. Feasibility Study Evaluation Criteria for the UVB Technology (continued)

CRITERION UVB TECHNOLOGY ASSESSMENT
7 Cost Capital costs for installation are $180,000, and annual operation and
maintenance costs are $72,000.
8 Community Acceptance  The small risks presented to the community along with the permanent removal of
the contaminants make public acceptance of the technology likely.
9 State Acceptance State acceptance is anticipated because the UVB system uses well-documented

and widely accepted processes for the removal of VOCs from groundwater and
for treatment of the process air emissions. State regulatory agencies may require
permits to operate the treatment system, for air emissions, and to store
contaminated soil cuttings and purge water for greater than 90 days.




Section 1
Introduction

This report summarizes the findings of an evaluation of theemonstration results and quality assurance/quality
Unterdruck-Verdampfer-Brunnen (UVB) technology control (QA/QC) program used to ensure the quality and
developed by IEG Technologies Corporation (IEG) andisability of data. The document is intended to provide a
demonstrated in association with Roy F. Weston, Inc. Thigcord of all information generated during the UVB
evaluation was conducted under the U.S. Environmentdiemonstration and is intended for use during the QA/QC
Protection Agency (EPA) Superfund Innovativereview of the ITER.
Technology Evaluation (SITE) program. The UVB
treatment technology was demonstrated over a period ®his section provides background information about the
12 months from April 1993 to May 1994 at March Air EPA SITE program, discusses the purpose of this ITER,
Force Base (AFB) in Riverside, California. and describes the UVB technology. Additional
information about the SITE program, the UVB
This Innovative Technology Evaluation Report (ITER)technology, and the demonstration can be obtained by
provides information from the SITE demonstration of thecontacting the key individuals listed at the end of this
UVB technology that is useful for remedial managerssection.
environmental consultants, and other potential technology
users in implementing the technology at Superfund anil1 The SITE Program
Resource Conservation and Recovery Act (RCRA)
hazardous waste sites. Section 1.0 presents an overviewsdf e is a formal program established by EPA’s Office of
the SITE program, describes the UVB technology, anéolid Waste and Emergency Response (OSWER) and
lists key contacts. Section 2.0 discusses informatiOOfﬁce of Research and Deve|opment (ORD) in response
relevant to the technology’s application, including ang the Superfund Amendments and Reauthorization Act of
assessment of the technology related to the nine feasibilifpge (SARA). The SITE program’s primary purpose is to
study evaluation criteria, potential applicable environmentahaximize the use of alternatives in cleaning up hazardous
regulations, and operability and limitations of thewaste sites by encouraging the development, demonstration,
technology. Section 3.0 summarizes the costs associatgqd use of new or innovative treatment and monitoring
with implementing the technology. Section 4.0 presentgchnologies. It consists of four major elements:
the site characterization, demonstration approach,
demonstration procedures, and the results and conclusions |dentify and remove obstacles to the development and
of the demonstration. Section 5.0 summarizes the commercial use of alternate technologies_
technology status, and Section 6.0 includes a list of
references. Appendices A and B present the Dye Trace Structure a development program that nurtures
Study Report conducted during the SITE demonstration emerging technologies.
and case studies provided by the developer.
» Demonstrate promising innovative technologies to
An accompanying document to the ITER, the Draft UVB  establish reliable performance and cost information
Technology Evaluation Report (TER) (PRC 1995), has for site characterization and cleanup decision-making.
also been prepared. The TER includes a detailed .
presentation of the demonstration procedures used tb Develop procedures and policies that encourage the
collect and analyze samples, tabulated summaries of the selection of available alternative treatment remedies



at Superfund sites, as well as other waste sites amsgecific characteristics. It also discusses advantages,
commercial facilities. disadvantages, and limitations of the technology.

Technologies are selected for the SITE DemonstratioRach SITE demonstration evaluates the performance of a
Program through annual requests for proposals. ORD stafichnology in treating a specific material.  The
review the proposals to determine which technologiegharacteristics of other materials may differ from the
show the most promise for use at Superfund sitegharacteristics of the treated material.  Therefore,
Technologies chosen must be at the pilot- or full-scalguccessful field demonstration of a technology at one site
stage, must be innovative, and must have some advantagifes not necessarily ensure that it will be applicable at
over existing technologies. Mobile technologies are oOfther sites. Data from the field demonstration may require
particular interest. extrapolation for estimating the operating ranges in which
the technology will perform satisfactorily. Only limited
Once EPA has accepted a proposal, cooperativ@nclusions can be drawn from a single field
agreements between EPA and the developer establigmonstration.
responsibilities for conducting the demonstrations and
evaluating the technology. The developer is responsiblg 3 Technology Description
for demonstrating the technology at the selected site and is
expected to pay any costs for transport, operations, apghy F \weston, Inc. in association with IEG Technologies
removal of the equipment. EPA is responsible for projegtqmqration (IEG), conducted the pilot-scale demonstration
planning, sampling and analysis, quality assurance ang ihe UvB technology (Figure 1-1). The UVB system is
quality control, preparing reports, disseminating,, iy sity remediation technology for the cleanup of
information, and transporting and disposing of treated, jiters contaminated with volatile organic compounds
waste materials. (VOCs). The UVB system is a patented technology

developed in Germany that consists of a single well with

The results.ofthe demonstration are published in two basig, yqraulically separated screened intervals installed
documents: the SITE technology capsule and the ITERihin™ a single permeable zone. The UVB system

The SITE technology capsule provides information on thg, mpines ajr-lift pumping and air stripping to facilitate the
technology, emphasizing key features of the results of the oy of volatile compounds (Weston 1992).  Air-lift
SITE demonstration. Both the SITE technology Capsu'ﬁumping effects are enhanced by adding a submersible

and the ITER are intended for use by remedial managess my 1 transport water from the well bottom to the upper
making a detailed evaluation of the technology for g 45 jic section. Stripped volatile compounds are

specific site and waste. removed from the well head by a blower and are captured

_ in a carbon adsorption unit before releasing the stripped air

1.2 Innovative Technology to the atmosphere. Once stripped of volatile compounds,
Evaluation Report treated water reinfiltrates into the aquifer through the

upper screen of the UVB system. The movement of water
This ITER provides information on the UVB technologythrough the UVB system creates a hydraulic circulation
and includes a comprehensive description of theattern in the aquifer, which constitutes the UVB
demonstration and its results. The ITER is intended fasirculation cell.
use by EPA remedial project managers, EPA on-scene
coordinators, contractors, and other decision makers fdihe air-lift effect occurs in response to negative pressure
implementing specific remedial actions. The ITER igntroduced at the well head by a blower. This blower
designed to aid decision makers in evaluating specificreates a vacuum that draws water into the well through the
technologies for further consideration as an option in wer screened portion of the well. Simultaneously,
particular cleanup operation. ambient air (also flowing in as a response to the applied

vacuum) is introduced through a diffuser plate, causing
To encourage the general use of demonstratdalibbles to form in the water that is pulled into the well.
technologies, the ITER provides information regardingrhe rising air bubbles provide the air-lift pump effect that
the applicability of each technology to specific sites angnoves water toward the top of the well and causes a
wastes. The ITER includes information on cost and sitesuction effect at the well bottom. This pumping effect may
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be supplemented by a submersible pump that ensures thtz¢ UVB system have been designed with leveling ballast
water flows from bottom to top in the well. As the airthat allows the system to be free floating. This feature
bubbles rise through the water column, transfer of volatilallows the system to compensate for fluctuations in
compounds from the agueous to gas phase occurs. Ti@undwater elevation during operation and, thereby,
rising air transports volatile compounds to the top of thenaintain maximum volatilization.
well casing where they are removed by the blower. The
blower effluent is treated using a carbon adsorption unithe upward stream of water in the well is drawn up to a
before discharge to the ambient air. maximum height of about 3 feet (0.9 meters [m]) above the
groundwater table in response to the vacuum and air-lift
The upper portion of the well is hydraulically separategpumping. Once the hydrostatic head (height of the water
from the lower portion by a packer, as shown in Figure leolumn drawn up into the well casing) exceeds the sum of
1. However, a small (3-inch or 7.6 centimeter [cm]) watethe buoyancy (air-lift) force and pressure head (vacuum)
inlet pipe inserted through the packer connects the twlorce in the well, the water falls back through the well
sections of the well. Water from the bottom of the aquifecasing and returns through the upper well screen to the
flows into the well through a screened portion of the casingquifer. This return flow to the aquifer coupled with
in response to a pressure gradient, air-lift pump effect, andflow at the well bottom circulates groundwater around
a submersible pump. The pressure gradient from the uppgee UVB well. The extent of the circulation pattern is
well to the lower well results from the vacuum applied irknown as the radius of circulation cell and determines the
the upper well. These forces then draw water up througlolume of water affected by the UVB system when there is
the inlet pipe from the lower part of the well and into thenegligible natural groundwater flow.
upper part of the well, where it is introduced to the air
diffuser. The radius of circulation cell and shape of the circulation
pattern are directly related to the aquifer properties. The
Stripping is initiated by the air sieve pin hole plate thatirculation pattern is further modified by natural
disperses air bubbles within the water column to increaggoundwater flow that skews the pattern in the
transfer of volatile compounds from the aqueous to thdowngradient direction. Numerical simulation of the
gaseous phase. This process is further enhanced byJ¥B operation indicates that the radius of circulation cell
fluted and channelized column that facilitates the transfas largely controlled by anisotropy (horizontal [Kand
of volatile compounds to the gaseous phase by increasingrtical [K] hydraulic conductivity), aquifer thickness,
contact time between the two phases and by minimizingnd, to a lesser extent, well design (Small and Narasimhan
the coalescence of air bubbles. Volatilization is enhancetP93). In general, changes that favor horizontal flow over
by the concentration gradient between the aqueous and gastical flow such as a small ratio of screen length to
phases and the negative (reduced) pressure in the uppeuifer thickness, anisotropy, horizontal heterogeneities
hydraulic section of the UVB well. Volatilization dependssuch as low permeability layers, or increased aquifer
on the solubility, molecular weight, and vapor pressure dhickness will increase the radius of circulation cell (Small
the compounds treated and the nature of the air-watand Narasimhan 1993).
interface through which the compounds must pass. The
effectiveness of vapor stripping depends on the timAccording to the developer, the radius of circulation cell
available for mass exchange between dissolved and vapmn be estimated using numerical algorithms and
phases, the concentration gradient (between the twgyaphical solutions developed by Dr. Bruno Herrling of
phases), the operating temperature, the interface areatbé University of Karlsruhe, Germany. The Herrling
the bubble (bubble size), and the contaminant gas-liquithodel is based on theoretical assumptions that reldte K
partitioning (mass transfer coefficient). K., well discharge rate, Darcy velocity of the groundwater
flow, and aquifer thickness to the distance between the
The overall stripping zone of the UVB system extend®JVB well and the stagnation point (Herrling et al. 1991).
from the diffuser plate to the top of the water column. Td he distance from the UVB system to the stagnation point
maximize volatilization in the stripping zone, the diffuserdetermined by the Herrling model is essentially equivalent
plate and stripping reactor are positioned at a depth thtt the radius of circulation cell of the system. The model
optimizes the reach of the stripping zone and the volume @fas not thoroughly assessed as part of the evaluation of the
air flow into the system. The down-well components ofJVB technology; however, IEG believes the model is
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valid based on empirical data generated from operation dhe SITE Program
the UVB system at other sites in Germany and the United
States. As a general rule, IEG estimates that the systdRobert A. Olexsey
radius of circulation cell is approximately 2.5 times theDirector, Land Remediation and
distance between the upper and lower screen intervals.Pollution Control Division
U.S. Environmental Protection Agency
Groundwater within the radius of circulation cell includes26 West Martin Luther King Drive
both treated and untreated water. A portion of the treate€incinnati, OH 45268
water discharged to the upper screen is recaptured with{f13) 569-7861
the circulation cell. Treated water not captured by th€AX: (513) 569-7620
system leaves the circulation cell in the downgradient
direction. The percentage of treated water recycled withiichelle Simon
the UVB system (IEG estimates up to 90 percent) is relatdePA SITE Project Manager
to the radius of circulation cell and is a function of the ratid).S. Environmental Protection Agency
of K/K,. The larger the radius of circulation cell and the26 West Martin Luther King Drive
larger the Kto K, ratio values, the smaller the percentageCincinnati, OH 45268
of recycled water. The recycled treated water dilute€513) 569-7469
influent contaminant concentrations. FAX: (513) 569-7676

The developer presents the UVB technology as a highipformation on the SITE program is available through the
efficient in situ system requiring minimal maintenancefollowing on-line information clearinghouse: the Vendor

According to IEG, the UVB technology in some cases isnformation System for Innovative Treatment Technologies
also capable of simultaneous recovery of soil gas from tH®ISITT) (Hotline: 800-245-4505) database contains

vadose zone and treatment of contaminated groundwateformation on 154 technologies offered by 97 developers.
from the aquifer as a result of the in situ vacuum. For sail

gas recovery, a screened portion would extend from beloWechnical reports may be obtained by contacting U. S.
the water table to above the capillary zone in the welEPA/NSCEP, P. O. Box 42419, Cincinnati, Ohio 45242-
(Weston 1992). 2419, or by calling 800-490-9198.

1.4 Key Contacts

Additional information on the UVB technology and the
SITE program can be obtained from the following sources:

The UVB Technology

Jeff Bannon

Roy F. Weston, Inc.

14724 Ventura Boulevard, Suite 1000
Sherman Oaks, CA 91403

(818) 382-1808

FAX: (818) 382-1801

Dr. Eric Klingel

IEG Technologies

P. O. Box 6091
Mooresville, NC 28117
(704) 660-1673

FAX: (704) 660-1673
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Section 2
Technology Applications Analysis

This section evaluates the general applicability of th&he UVB system creates a capture zone in the aquifer that
UVB technology to contaminated waste sites. Informatiotimits the migration of contaminated groundwater.
presented in this section is intended to assist decisidfhowever, a portion of the groundwater can leave the
makers in screening specific technologies for a particularirculation cell in the downgradient direction. The
cleanup situation. This section presents the advantagescaping groundwater may present a concern if high
disadvantages, and limitations of the technology andoncentrations of dissolved contaminants are present.
discusses factors that have a major impact on thdore than one pass through the system may be required to
performance and cost of the technology. The analysis isach remediation goals for high concentrations of
based both on the demonstration results and on availaldessolved contaminants.
information from other applications of the technology.
2.1.2 Compliance with ARARs
2.1 Feasibility Study Evaluation
Criteria General and specific applicable or relevant and
appropriate requirements (ARARS) identified for the UVB

This section assesses the UVB technology against the nifgehnology are presented in Section 2.2. Compliance with
evaluation criteria used for conducting detailed analyseghemical-, location-, and action-specific ARARs should
of remedial alternatives in feasibility studies under thde determined on a site-specific basis; however, location-
Comprehensive Environmental Response, Compensatic#)d action-specific ARARs generally can be met.

and Liability Act (CERCLA) (EPA 1988a). Compliance with chemical-specific ARARs depends on
the efficiency of the UVB system to remove contaminants
2.1.1 Overall Protection of Human from the groundwater. To meet chemical-specific

ARARSs, contaminated groundwater may require multiple
passes through the treatment system. Contaminated
_ concentrations may increase during initial operation;
The UVB technology provides both short- and Iong'termf'|owever, as the UVB circulating cell is established, the

protec_t|on to hu_man h_ealth and the environment _anquent concentrations should be diluted to below levels
removing contaminants in groundwater and by prevem'”ﬁaquiring more than one pass

further migration of contaminants in the groundwater.
The UVB technology removes VOCs from groundwater. .

by stripping them f?gm the groundwater anolg transferring 1.3 Long-Term Effectiveness and

them to the gas phase for subsequent treatment. The  Fermanence

treated groundwater is discharged back into the aquifer

without bringing the water to the surface; thus,The UVB system permanently removes contaminants
contaminants are removed from the groundwater withfom the groundwater; however, treatment residuals
minimal exposure to on-site workers and the communityf@ctivated carbon) are not destroyed on-site and require
Exposure from air emissions is minimized through thé@roper off-site treatment and disposal. Treatment of
removal of contaminants in the system’s air procesdissolved phase VOCs in the groundwater and air

stream using carbon adsorption units before discharge nissions using air stripping and carbon adsorption units
the atmosphere. are permanent solutions for the removal of contaminants.

Health and the Environment
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Both of these techniques are well-demonstrated ardisposal or recycling. The reduction of contaminant
effectively remove volatile contaminants from groundwateconcentrations may also be caused by the dilution of
and air. The UVB system removes dissolved phase VOG@®ntaminated water with treated water. After being
by air stripping the groundwater in the wellbore followedtreated, the groundwater reinfiltrates into the aquifer,
by reinfiltration of the treated groundwater into thewhere it mixes with untreated groundwater in the radius of
aquifer. The reinfiltration of treated water creates airculation cell. The percentage of treated water recycled
recirculation pattern of groundwater in the surroundingvithin the UVB system (IEG estimates up to 90 percent) is
aquifer. The continuous flushing of the saturated zoneelated to the radius of circulation cell and is a function of
with recirculated treated water facilitates the partitioninghe aquifer anisotropy (KK ratio). The smaller the
of adsorbed, absorbed, and liquid contaminants to thadius of circulation cell and the smaller the rat;;dd(Kv,
dissolved phase through increased dissolution, diffusionhe larger the percentage of recycled water.

and desorption. Increased partitioning through these

processes is driven by increased groundwater flow ratds addition to reducing contaminant concentrations in the
within the system’s radius of circulation cell and anaquifer, the UVB system affects contaminant mobility.
increase in the concentration gradient established by tleitially, contaminant mobility within the UVB system’s
reinjection and recirculation of treated water in theradius of circulation cell is increased by the partitioning of
aquifer. These processes provide an effective long-teroontaminants into solution (dissolved phase) and by the
solution to aquifer remediation by affecting contaminantincreased groundwater flow velocity near the UVB
in the saturated zone. The magnitude of residual risk frosystem. The increased contaminant mobility facilitates
adsorbed, absorbed, or liquid contaminants can kbe long-term remediation of the groundwater within the
controlled by extending the length of time that the systeraystem’s radius of circulation cell. The developer claims
operates, thereby allowing groundwater to recirculatéhat the UVB system also limits contaminant mobility by

through the treatment system in multiple passes. capturing contaminated groundwater from the migrating
plume and recirculating treated water within the radius of
2.1.4 Reduction of Toxicity, Mobility, or circulation cell.

Volume Through Treatment )
2.1.5 Short-Term Effectiveness
Contaminant concentrations may increase during the _ _ .
initial operation of the UVB system due to increasedotential short-term risks presented during system
groundwater flow and partitioning of VOCs to the operation to workers, the community, and the environment
dissolved phase. This initial period of increasednclude increased contaminant concentrations in the

concentrations is followed by a subsequent decrease @oundwater during initial operation of the UVB and
concentration. According to the deve|oper’ this€Xposure to contaminants in the Systemls air stream. Since
contaminant concentration pattern is typical of the uvell treatment of groundwater occurs in situ, potential initial
operation and is the result of the system increasing tH@creases in contaminant concentration do not pose a
partitioning of contaminants to the dissolved phase. Thalgnificant risk to on-site workers or the community. In
partitioning of contaminants to the dissolved phase igddition, once the circulation cell has been established,
enhanced by the higher than natural groundwater flowoncentrations should decrease due to active removal of
rates within the system’s radius of circulation cell and bgontaminants by the treatment system and dilution caused
anincrease in the concentration gradient established by t¢  the reinfiltration and recirculation of treated

reinjection and recirculation of treated water within thegroundwater within the system'’s radius of circulation cell.
aquifer. Because the technology removes VOCs through air

stripping, abatement controls must be provided for these

The subsequent reduction of contaminant concentratio@énissions.  Adverse impacts from the air stream are
in the groundwater is due to the active removal ofnitigated by passing the emissions through carbon
contaminants via air stripping. The treatment procesadsorption units before discharge to the ambient air.
reduces the concentration of dissolved phase VOC

contaminants in the groundwater by transferring thémplementation of the UVB system involves (1) site
contaminants from the groundwater to a gas phase whepEeparation, (2) installation of the system well, internal air
they are concentrated in carbon adsorption units fdtripping well components, and carbon adsorption units,
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(3) installation of monitoring wells (if not already aquifer is site-specific, costs have been estimated for
present), and (4) operation, monitoring, and maintenanceperation of the UVB system over a range of time for
Well installation activities can be completed usingcomparison purposes. Therefore, the cost to operate a
conventional drilling techniques. Minimal adversesingle UVB system was calculated to be $340,000 for 3
impacts to the community, workers, or the environmenyears, $440,000 for 5 years, and $710,000 for 10 years.
are anticipated during site preparation or installation of thAdditionally, the costs for treatment per 1,000 gallons
treatment system or monitoring wells. Additionally, (3,785 liters [L]) of groundwater were estimated to be
exposure from air emissions during operation, monitoringb260 for 1 year, $110 for 3 years, $88 for 5 years, and $71
and maintenance are minimized through the removal dér 10 years. The cost of treatment per 1,000 gallons
contaminants in the system’s air process stream usirg,785 L) refers to the amount of groundwater pumped
carbon adsorption units before discharge to the ambietiirough the system. Potential users of the treatment

air. technology should be aware that IEG estimates typically
60 to 90 percent of the water pumped through the system is
2.1.6 Implementability recirculated water.

Site preparation and access requirements for thé.1.8 State Acceptance

technology are minimal. The site must be accessible to

large trucks. The space requirements for the above-groudiate acceptance is anticipated because the UVB system
components of the UVB system including the UVBuses well-documented and widely accepted processes to
system well, carbon adsorption units, blower, and pipingemove VOCs from groundwater and to treat the process
are approximately 100 to 700 square feet; 300 square fest emissions. Also, the UVB system is small and
(27.9 ) is typical. The equipment and materials thatelatively easy to transport, operate, and manage. If
constitute this remedial alternative are commerciallyemediation is conducted as part of Resource Conservation
available and are proven in conventional applications @nd Recovery Act (RCRA) corrective actions, state
sites with similar conditions. Installation and operation ofegulatory agencies may require that permits be obtained
the UVB system is anticipated to involve few before implementing the system, such as a permit to
administrative difficulties. Once the well has beenoperate the treatment system, an air emissions permit, and
completed, the treatment system can be operational withen permit to store contaminated soil cuttings and purge
1 day if all necessary equipment, utilities, and supplies aregater for greater than 90 days if these items are considered
available. Operation and monitoring can be performed blyazardous wastes.

a trained field technician and do not require a specialist.

However, the system should be maintained by personng 1.9 Community Acceptance

intimately familiar with operation of the UVB. Other

services and supplies required to implement the UVBhe system’s low profile, limited space requirements,
system could include a drill rig, carbon adsorptionminimal maintenance and monitoring, and low noise level
regeneration/disposal, laboratory analysis to monitogoupled with minimal short-term risks to the community

system performance, and electrical utilities. and the permanent removal of contaminants through in
situ processes make this technology likely to be accepted
2.1.7 Cost by the public.

The assumptions and calculations for the UVB syster@.? Technology Performance Versus
costs are presented in Section 3.0. Capital cost to install a ARARS

UVB system is $180,000. This cost includes site
preparation, permitting and regulatory requirement

equipment costs, startup, and demobilization. Annugl
operation, monitoring and maintenance costs for the firﬂ

year are estimated to be $72,000 and for subsequent ye Lerated during operation of the UVB system, and

isérgg(r)lg a'i‘?:;: S\?Btzsiﬁeni?‘grrnf;?;rwgst:oz:ﬂugotzj E%HaIyzes these regulations in lieu of the demonstration
. . . ; sults. The regulations that apply to a particular
be $260,000. Since the time required to remediate an g PRY P

his section discusses specific federal environmental
gulatory requirements pertinent to the transport,
eatment, storage, and disposal of treatment residuals
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remediation activity will depend on the type ofsites would be jeopardized. These waiver options apply
remediation site and the type of waste being treated. Talbaly to Superfund actions taken on site, and the waiver
2-1 provides a summary of regulations discussed in thisust be clearly justified. Off-site remediations are not
section. In addition to the federal requirements, state amdigible for ARAR waivers, and all substantive and
local regulatory requirements, which may be moreadministrative applicable requirements must be met.
stringent, also must be addressed by remedial managers.
The contamination addressed by the UVB demonstration
2.2.1 Comprehensive Environmental at March AFB was attributed to past disposal of spent
Response, Compensation, and solvents. The UVB system was des?gned to remove'VOCs
Liability Act from the groundwater by transferring the contaminants
from the aqueous phase to the gaseous phase and

. ubsequently treating the resulting air stream through
CERCLA as amended by SARA provides for f‘aderaiarbon adsorption units. Spent granular activated carbon

authority to respond to _releases or potential releases of 4 generated during treatment of air emissions. Other
hazardous substance into the environment, as well as dBurces of waste are soil and contaminated groundwater
_relee_lses of pollgta_n_ts or contaminants thaf[ may present gl ed from system installation and regular monitoring of
Imminent or 3|gn|f|cant danger to pUb“C hea_lth aNGhe aquifer. Given these wastes (typical of operation of a
welfare or the environment. Remedial alternatives th LvB system), the following additional statutes and
significantly reduce the volume, toxicity, or mobility of regulations pértinent to use of a UVB system were
hazardous materials and that provide long-term prOteCtquentified: (1) RCRA, (2) the Clean Water Act (CWA), (3)
are preferred. Selec_ted remedies must also be CARE safe Drinking Water Act (SDWA), (4) the Clean Air
effe_ctwe and protective of human health and the;ﬂ\Ct (CAA), and (5) Occupational Safety and Health
environment. Administration (OSHA) regulations. These five ARARs

: _ are discussed below. Specific ARARs that were
Contaminated water treatment using the UVB syste plicable to the UVB technology demonstration are
takes place on-site, while residual wastes generated durli_E sented in Table 2-1

the installation, operation, and monitoring of the syste
may require treatment or disposal either on-site or off-sit

On-site actions must meet all substantive state and fede 'I2'2 Resource Conservation and
ARARS. Recovery Act

Substantive requirements pertain directly to actions JRCRA, as amended by the Hazardous and Solid Waste
conditions in the environment (for example, groundwatefmendments (HSWA) of 1984, regulates management
effluent and air emission standards). Off-site actions mugnd disposal of municipal and industrial solid wastes. The
comply with legally applicable substantive andEPA and RCRA-authorized states (listed in 40 Code of
administrative requirements. Administrative requirementd;ederal Regulations [CFR] Part 272) implement and
such as permitting, facilitate the implementation ofenforce RCRA and state regulations.

substantive requirements. On-site remedial actions must

comply with federal and, if more stringent, state ARARsThe UVB system has been used to treat water
ARARs are determined on a site-by-site basis and may §@ntaminated with a variety of organic materials including
waived under six conditions: (1) the action is an interinfolvents and petroleum hydrocarbons. ~Contaminated
measure, and the ARAR will be met at completion; (2)vater treated by the UVB system will most likely be
compliance with the ARAR would pose a greater risk tdrazardous or sufficiently similar to hazardous waste so
health and the environment than noncompliance; (3) it #1at RCRA standards may be requirements. Generally,
technically impracticable to meet the ARAR; (4) theRCRA does not apply to in situ groundwater treatment
standard of performance of an ARAR can be met by apecause the contaminated groundwater may not be
equivalent method; (5) a state ARAR has not beefonsidered hazardous waste while it is in the aquifer; the
consistently applied elsewhere; and (6) fund balancingontaminated groundwater becomes regulated
where ARAR compliance would entail such cost in(‘generated”) once it leaves the aquifer. The applicability
relation to the added degree of protection or reduction &f RCRA requirements to the UVB treatment system
risk afforded by that ARAR that remedial action at othefequires a determination of whether or not the
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9T

Process Activity

ARAR

Table 2-1 Federal and State ARARSs for the UVB Groundwater Treatment

Description

Basis

Requirements

Remediate
contaminated
groundwater
(cleanup
standards)

Waste
characterization
(untreated waste)

Waste processing

Waste
characterization
(treated waste
and spent carbon)

Storage after
processing

On-site/off-site
disposal

SDWA 40 CFR Part
141 or state
equivalent

TCE -5 ng/L

DCE - 7 ng/L

(40 CFR 141.61)

RCRA 40 CFR Part
261 or state
equivalent

RCRA 40 CFR Parts
264 and 265 or state
equivalent

RCRA 40 CFR Part
261 or state
equivalent

RCRA 40 CFR Part
264 or state
equivalent

RCRA 40 CFR Part
264 or state
equivalent

RCRA 40 CFR Part
268 or state
equivalent

Establishes drinking water
quality standards for public
water supplies

Identifies whether the waste is
a listed or characteristic
hazardous waste

Identifies standards applicable
to the treatment of hazardous
waste at permitted and interim
status facilities

Identifies whether the waste is
a listed or characteristic
hazardous waste

Standards that apply to the
storage of hazardous waste in
tanks or containers

Standards that apply to
landfilling hazardous waste

Standards that restrict the
placement of certain
hazardous wastes in or on the
ground

The groundwater may be used as a
source of drinking water.

A requirement of RCRA prior to
managing and handling the waste.

Treatment of hazardous waste must
be conducted in a manner that meets
the operating and monitoring
requirements; the treatment process
occurs in the well and a tank.

A requirement of RCRA prior to
managing and handling the waste; it
must be determined if treated waste is
still a RCRA hazardous waste.

If spent carbon in the tanks is derived
from the treatment of a RCRA
hazardous waste, requirements for
storage of hazardous waste in tanks
and containers will apply.

Spent carbon may need to be
managed as a hazardous waste if it is
derived from treatment of hazardous
waste.

The hazardous waste may be subject
to land disposal restrictions (LDR).

Treatment must occur until cleanup
standards are met or further remediation
is technically impracticable.

Chemical and physical analyses must be
performed.

Equipment must be operated and
maintained daily. Well and tank integrity
must be monitored and maintained to
prevent leakage or failure; the tank must
be decontaminated when processing is
complete.

Chemical tests must be performed on
treated groundwater prior to reinjection.
The spent carbon is considered a
hazardous waste if it is derived from
treatment of hazardous waste.

The contaminated carbon must be stored
in tanks or containers that are well
maintained; container storage area, if
used, must be constructed to control
runon and runoff.

Wastes must be disposed of at a RCRA-
permitted hazardous waste facility, or
approval must be obtained from EPA to
dispose of wastes on site.

The waste must be characterized to
determine if the LDRs apply; treated
wastes must be tested and resuits
compared to LDR.
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contaminated groundwater leaves the aquifer fostored and disposed of properly. If the water treated is a
treatment in the UVB system well. Potential pertinentisted waste, treatment residues will be considered listed
RCRA requirements are discussed below. wastes (unless RCRA delisting requirements are met). If
the treatment residues are not listed wastes, they should be
The presence of RCRA-defined hazardous wasteested to determine if they are RCRA characteristic
determines whether RCRA regulations apply to the UVBiazardous wastes. If the residuals are not a RCRA
technology. If wastes generated while installinghazardous waste and do not contain free liquids, they can
monitoring, or operating the technology are determined tbe disposed of at a nonhazardous waste landfill. If the soil
be hazardous according to RCRA, all RCRA requirementsutting, purge/decontamination water, or spent carbon is
regarding the management and disposal of hazardobazardous, the following RCRA standards apply.
wastes must be addressed. RCRA regulations define
hazardous wastes and regulate their transport, treatmehitle 40 CFR Part 262 details standards for generators of
storage, and disposal. Wastes defined as hazardous undazardous waste. These requirements include obtaining
RCRA include characteristic and listed wastes. Criterian EPA identification number, meeting waste accumulation
for identifying characteristic hazardous wastes arstandards, labeling wastes, and keeping appropriate
included in 40 CFR Part 261 Subpart C. Listed wasta®cords. Part 262 allows generators to store wastes up to
from nonspecific and specific industrial sources, off-90 days without a permit and without having interim status
specification products, spill cleanups, and other industrials a treatment, storage, and disposal facility. If treatment
sources are itemized in 40 CFR Part 261 Subpart D.  residues are stored on-site for 90 days or more, 40 CFR
Part 265 requirements apply.
If contaminated groundwater is determined to be a
hazardous waste and is extracted (during systedny facility (on-site or off-site) designated for permanent
monitoring or is interpreted as extraction during systendisposal of hazardous wastes must be in compliance with
operation) for treatment, storage, or disposal, th&®CRA. Disposal facilities must fulfill permitting, storage,
requirements for a hazardous waste generator will applypaintenance, and closure requirements contained in 40
Requirements for hazardous waste generators a@FR Parts 264 through 270. In addition, any authorized-
specified in 40 CFR Part 262 and include obtaining astate RCRA requirements must be fulfilled. If treatment
EPA identification number. If hazardous wastes areesidues are disposed of off-site, 40 CFR Part 263
treated by the UVB treatment system, the owner/operattransportation standards apply.
of the treatment or disposal facility must obtain an EPA
identification number and a RCRA permit from EPA or aSoils classified as hazardous waste are subject to land
RCRA-authorized state. RCRA requirements for permitglisposal restrictions (LDR) under both RCRA and
are specified in 40 CFR Part 270. In addition to th€ ERCLA. Applicable RCRA requirements could include
permitting requirements, owners and operators ofl) a Uniform Hazardous Waste Manifest if the treated
facilities that treat hazardous waste must comply with 48oils are transported, (2) restrictions on placing soils in
CFR Part 264. land disposal units, (3) time limits on accumulating treated
soils, and (4) permits for storing treated soils.
Air emissions from operation of the UVB are subject to
RCRA regulations on air emissions from hazardous wastehe UVB system could also be used to treat contaminated
treatment, storage, or disposal operations and aveater at RCRA-regulated facilities. Requirements for
addressed in 40 CFR Part 264 and 265, Subparts AA andrrective action at RCRA-regulated facilities are
BB. The air emission standards apply to treatmenprovided in 40 CFR Part 264, Subpart F (promulgated) and
storage, or disposal units subject to the RCRA permittin§ubpart S (proposed). These subparts also apply to
requirements of 40 CFR part 270 or hazardous wastemediation at Superfund sites. Subparts F and S include
recycling units that are otherwise subject to the permittingequirements for initiating and conducting RCRA
requirements of 40 CFR Part 270. corrective actions, remediating groundwater, and ensuring
that corrective actions comply with other environmental
Spent granular activated carbon, soil, and purge anégulations. Subpart S also details conditions under which
decontamination water generated during installatiorparticular RCRA requirements may be waived for
operation, and monitoring of the treatment system must ilemporary treatment units operating at corrective action
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sites. Thus, RCRA mandates requirements similar towater supply. In some cases, such as when multiple
CERCLA, and as proposed, allows treatment units such asntaminants are present, alternative concentration limits
the UVB treatment system to operate without full permits(ACL) may be used. CERCLA and RCRA standards and
guidance should be used in establishing ACLs (EPA
Water quality standards included in RCRA (such ad4987a).
groundwater monitoring and protection standards), CWA,
and SDWA are appropriate cleanup standards and applyTo date, no UVB installation has been interpreted by
discharges of treated water or reinjection of treatefederal or state agencies as underground injection since
groundwater. The CWA and SDWA are discussed belovireated water is placed into the subsurface environment. If
this interpretation is applied, water discharged from the
2.2.3 Clean Water Act UVB system will be regulated by the underground
injection control program found in CFR 40 Parts 144 and
The CWA is designed to restore and maintain thd45. Injection wells are categorized in Class | through V,
chemical, physical, and biological quality of navigab|edepending on their construction and use. Reinjection of
surface waters by establishing federal, state, and locifated water involves Class IV (reinjection) or Class V
discharge standards. Since all treated water is reinjecté@charge) wells and should meet requirements for well
into the aquifer during operation of the UVB system, 0n|y:onstruction, operation, and closure. If the groundwater,
purge and decontamination water generated during Systeﬂﬁel’ treatment, still contains hazardous waste then its
monitoring may be regulated under the CWA if it isreinjection into the upper portion of the aquifer would be
discharged to surface water bodies or publicly ownegubject to 40 CFR Part 144.13, which prohibits Class IV
treatment works (POTW). On-site discharges to surfactells. ~ Technically, the UVB technology could be
water bodies must meet substantive National Pollutagonsidered a Class IV well because of the following
Discharge Elimination System (NPDES) requirementsdefinition in 40 CFR Part 144.6(d):
but do not require an NPDES permit. Off-site discharges
to a surface water body require an NPDES permit and mugfl) Class I\ (1) Wells used by generators of hazardous
meet NPDES permit limits. Discharges to a POTW ar#/aste or of radioactive waste, by owners or operators of
considered an off-site activity, even if an on-site sewer jgazardous waste management facilities, or by owners or
used. Therefore, compliance with substantive an@Perators of radioactive waste disposal sites to dispose of
administrative requirements of the national pretreatmertazardous waste or radioactive waste into a formation
program is required. General pretreatment regulations adich within one-quarter (%/2) mile of the well contains an
included in 40 CFR Part 403. Any local or stateunderground source of drinking water.
requirements, such as state antidegradation requirements,

must also be identified and satisfied. (2) Wells used by generators of hazardous waste or of
radioactive waste, by owners or operators of hazardous
2.2.4 Safe Drinking Water Act waste management facilities, or by owners or operators of

radioactive waste disposal sites to dispose of hazardous
The SDWA, as amended in 1986, requires EPA t aste or radioactive waste above a formation which within

establish regulations to protect human health frongne-quarter (¥2) mile of the well contains an underground

contaminants in drinking water. The IegislationSource of drinking water.
authorizes national drinking water standards and a joi
federal-state system for ensuring compliance with the
standards. The SDWA also regulates undergroun
injection of fluids and includes sole-source aquifer an
wellhead protection programs.

) Wells used by generators of hazardous waste or
ners or operators of hazardous waste management
cilities to dispose of hazardous waste, which cannot be
classified under paragraph (a)(1) or (d) (1) and (2) of this
section (e.g., wells used to dispose of hazardous waste into
r above a formation which contains an aquifer which has

The National Primary Drinking Water Standards are foun
y g geen exempted pursuant to §146.04).”

at 40 CFR Parts 141 through 149. SDWA primary o

health-based, and secondary or aesthetic maximu_ﬂ1 | i . q lhead
contaminant levels (MCL) will generally apply as cleanup e sole-source aquiter protection and wellhea

standards for water that is, or may be, used for drinkinBrOteCtlon programs are designed to protect specific
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drinking water supply sources. If such a source is to be

remediated using the UVB system, appropriate prograffhe ARARS pertaining to the CAA can be determined only
officials should be notified, and any potential regulatoryon a site-by-site basis. Remedial activities involving the
requirements should be identified. State groundwatddVVB technology may be subject to the requirements of
antidegradation requirements and water quality standar@®art C of the CAA for the prevention of significant

may also apply. deterioration (PSD) of air quality in attainment (or
unclassified) areas. The PSD requirements will be
2.2.5 Clean Air Act applicable when the remedial activities involve a major

source or modification as defined in 40 CFR Part 852.21.

The CAA and the 1990 amendments establish primary ariie PSD significant emission rate for VOCs is 40 tons per
secondary ambient air quality standards for protection ofear (36,288 kilograms per year). Activities subject to
public health as well as emission limitations for certairPSD review must ensure application of best available
hazardous air pollutants. Permitting requirements undéentrol technologies (BACT) and demonstrate that the
CAA are administered by each state as part of Stafctivity will not adversely impact ambient air quality.
Implementation Plans (SIP) developed to bring each state

into compliance with National Ambient Air Quality 2.2.6 Occupational Safety and Health

Standards (NAAQS). The ambient air quality standards Administration Requirements
for specific pollutants apply to the operation of the UVB

system because the technology ultimately results in aDERCLA remedial actions and RCRA corrective actions
emission from a point source to the ambient air. Allowabl@g st be carried out in accordance with OSHA
emission limits for operation of a UVB system will be requirements detailed in 20 CFR Parts 1900 through 1926,
established on a case-by-case basis depending on the t@a@ecially Part 1910.120, which provides for the health
of waste treated and whether the site is in an attainmegfd safety of workers at hazardous waste sites. On-site
area of the NAAQS. Allowable emission limits may be seonstruction activities at Superfund or RCRA corrective
for specific hazardous air pollutants, particulate mattefzctions sites must be performed in accordance with Part
hydrogen chloride, or other pollutants. If the site is in ang26 of RCRA, which provides safety and health
attainment area, the allowable emission limits may still bgagulations for constructions  sites. State OSHA
curtailed by the increments available under Prevention @gquirements, which may be significantly stricter than
Significant Deterioration (PSD) regulations. Typically,federal standards, must also be met.
an air pollution abatement device, such as a carbon
adsorption unit, will be required to remove VOCs from they|| technicians operating the UVB treatment system are
UVB system’s process air stream before discharge to thgquired to have completed an OSHA training course and
ambient air. must be familiar with all OSHA requirements relevant to

_ hazardous waste sites. For most sites, minimum personal
EPA has developed a guidance document for control gfrotective equipment (PPE) for technicians will include
emissions from air stripper operations at CERCLA siteggloves, hard hats, steel toe boots, and coveralls.
“Control of Air Emissions fr_om Superfund Air Strippers at pepending on contaminant types and concentrations,
Superfund Groundwater Sites” (EPA 1989). The local SIBdditional PPE may be required. Noise levels should be
may include specific standards to control air emissions ghonitored to ensure that workers are not exposed to noise

VOCs in ozone nonattainment areas. The EPA guidanggyels above a time-weighted average of 85 decibels over
suggests that the sources most in need of controls are th@geg-hour day.

with an actual emissions rate of total VOCs in excess of 3

pounds per hour (1.4 kilograms per hour), or 15 pounds per o 7 Technology Performance Versus
day (6.8 kilograms per day), or a potential (calculated) rate . .
of 10 tons per year (9,072 kilograms per year) (EPA 1989). ARARs During the Demonstration

Based on the average conditions measured during the first . : .
6 months of UVB system operation, the concentration 0§everal ARARs discussed in Table 2-1 did not apply to the

TCE in the pretreatment air emissions (before passin VB treatment technology during the demonstration at

through the carbon adsorption units) was 2.0%gdinds arch AFB. ARARs relevant to wastewater injection
per hour (9.1 x 1®kilograms per hour), 4.8 x @ounds were not applicable during the demonstration because the

per day (2.2 x 10kilograms per day), and 0.18 pounds peItechnology was not defined as underground injection by
year (0.08 kilograms per year).

20



the regulatory oversight agencies. This interpretation weeveral operating parameters influence the performance
based on site-specific conditions including the presence of the UVB treatment system. Its performance is most
a groundwater extraction system about one-half milaffected by its ability to strip volatile contaminants from
downgradient of the UVB system. If the technology isgroundwater, which depends on the solubility, molecular
interpreted as a wastewater injection system by theeight, and vapor pressure of the compounds treated and
regulatory agency, more stringent construction, operatinghe nature of the air-water interface through which the
and monitoring requirements may be imposed. compounds must pass. The UVB system effects the
volatilization of VOCs by optimizing the air-water
Site investigation and remediation activities at Marchnterface through the use of air-lift pumping and a
AFB are being performed by the base under CERCLAstripping reactor. These processes increase the
Since treatment of groundwater using the UVB systeraolatilization of dissolved contaminants to the vapor
took place on site, administrative requirements for thphase by increasing the contact time for mass exchange
technology demonstration, such as permitting were ndietween the dissolved and vapor phases and by
required. For the demonstration, groundwater wamiinimizing coalescence of air bubbles. In order to achieve
characterized as a RCRA hazardous waste becausethié most efficient operation of the treatment system,
resulted from the disposal of spent solvent (TCE andeveral factors must be balanced. The vacuum in the upper
DCE). RCRA requirements outlined in Table 2-1 for theportion of the system well and the supplemental pump
characterization, storage, transport, and disposal of wastesist be balanced to a flow rate compatible with the
generated by the system were followed. hydraulic conductivity of the aquifer. In addition, the
diffuser plate and stripping reactor must be positioned to
The chemical-specific ARAR for cleanup of TCE in provide the maximum stripping zone without overcoming
groundwater (5 pg/L) was generally met. The UVBthe vacuum induced in the upper well. Routine
system reduced TCE in the groundwater discharged fromaintenance checks must be performed to ensure the
the treatment system to below 5 pg/L in nine out of the 1Pproper position and balance are sustained for the system to
monthly sampling events and on average by greater thaperate at maximum efficiency.
94 percent in events where the system operated without
maintenance problems. The mean concentration of TCBver the year-long demonstration of the UVB system, four
in water discharged from the system was approximately Scheduled maintenance events were performed on the
pg/L  with a 95 percent upper confidence Ilimitsystem. Maintenance generally consisted of removing the
concentration of approximately 6 pug/L. Based on thénternal well components for inspection. Additionally, the
system’s removal efficiency documented during thesystem was balanced such that the stripping reactor
demonstration, influent concentrations greater than 83 pugperated at optimal depth in relation to the vacuum
L will require more than one treatment cycle through thénduced in the upper portion of the well. The leveling
system to meet the chemical-specific ARAR for TCE (%allasts are designed so the internal components

Mg/L). automatically adjust to fluctuations in the groundwater
levels (and thus the induced vacuum). However, one of the
2.3  Operability of the Technology buoyancy tanks was found to be leaking, which is

suspected to have caused the system to be periodically out

Where app|icab|e’ the UVB techn0|ogy provides arpf balance during a 4-month interval. EXCGpt for the
effective long-term solution to aquifer remediation byleaking ballast, the system proved to be relatively stable
removing contaminants from the saturated zone. |And required a minimum of attention over the course of the
general, the UVB technology is applicable for thedemonstration. In instances where the system was out of
treatment of dissolved phase volatile compounds iRalance or required maintenance, it would be desirable to
groundwater. In addition, the system dynamicdncorporate some means of on-line monitoring to assure
established by the recirculation of treated water make thtgat inefficient or out of compliance effluent conditions do
technology suited for remediation of contaminant sourc0t persist. If such means of monitoring are not available,
areas. The technology employs readily availabld would be prudent to check the system at regular
equipment and materials and once the UVB treatmetiitervals.

system is installed and balanced, it requires minimal

support from on-site personnel.
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2.4  Applicable Wastes occurs without extraction of groundwater, lowering of the
groundwater table, or generating wastewater typical of

The UVB technology, demonstrated at March AFBUMp and treat. Also, groundwater in a UVB well can be

California, was designed to remove dissolved phase VO@3!mped in part by air lift, which facilitates the partitioning

from the groundwater, in particular TCE and DCE. Thef contaminants in solution to the gas phase.

developer claims that the technology can also clean up

aquifers contaminated with other VOCs and semivolatild he recirculation of treated water within the system’s

organic compounds (SVOC). Additionally, the deve|0pefadius of circulation cell also distinguishes the system

claims that the in situ stripping of volatile contaminantgrom other conventional pump and treat systems. The
may be combined with added nutrients and electrofiontinuous flushing of the saturated zone with recirculated

acceptors for in situ biodegradation_ treated water facilitates the partitioning of adsorbed,

absorbed, and liquid contaminants to the dissolved phase
According to the developer, the UVB technology may, irfhrough increased dissolution, diffusion, and desorption.
some cases, be capable of simultaneous recovery of stifreased partitioning through these processes is driven by
gas from the vadose zone and treatment of contaminatéi$reased groundwater flow rates within the system’s
groundwater from the aquifer as a result of the in SitLrjadiUS of circulation cell and increased concentration
vacuum. For soil gas recovery, the upper screened portigﬁadient established by the reinjection and recirculation of
of the UVB well is completed from below the water tabletreated water in the aquifer. This process provides an
to above the capillary zone. Although the developegffective long-term solution to aquifer remediation by
claims that the UVB technology reduces VOCs from soifemoving contaminants from multi loci in the saturated
gas in the vadose zone, the technology was evaluated o#§N€.
for its effects in the saturated zone.

2.6  Availability and Transportability of

2.5 Key Features of the UVB Equipment

Treatment Technology

The UVB technology employs conventional, commercially
The UVB technology is an in situ groundwateravailable equipment and materials that are easily
remediation technology for the cleanup of aquifergransported on flat-bed trailers. Once the installation of
contaminated with VOCs, which is an alternative methodhe well is complete, the treatment system can be in
to pump-and-treat remediation of groundwater. The uvpperation within a day if all necessary facilities, utilities,
technology is designed to remove VOCs fromand supplies are available. On-site assembly and
groundwater by transferring the contaminants from th&1aintenance requirements are minimal. Demobilization
aqueous phase to the gaseous phase and subsequéﬁﬂyddes decontaminating on-site equipment, disconnecting
treating the resulting air stream through carbon adsorptid#ilities, disassembling equipment, transporting equipment
units. Key features of the UVB treatment system include2ff site, and plugging and abandoning of the UVB system
a dual screen well, packer, submersible pump, air diffuséell. The system well is plugged and abandoned by
plate, stripping reactor, blower, and carbon adsorptioﬂverdrilling the well and pressure grouting the well bore to
units. Several unique features of the UVB systenthe surface. Plugging and abandonment of the monitoring
distinguish it from most air stripping or pump and treatvells is considered a separate activity since wells may be
technologies. According to the developer, air stripping if€ft in place for long-term monitoring.
a UVB system occurs in situ, eliminating the need for
conditioning the exhaust air due to high humidity.2.7 Materials Handling Requirements
Additionally, since air stripping occurs under a vacuum,
the amount of air required for the stripping process is muchhe materials handling requirements for the UVB system
less than for traditional techniques. include managing drilling wastes, purge water, and

decontamination wastes. The drilling wastes are produced
The unique dual screen construction of a UVB well irduring installation of the system well. The UVB system
conjunction with in situ air stripping allows the immediaterequires a 24-inch (61.0 cm) diameter bore, which
reinfiltration of groundwater once it has passed th@roduces about 3.14 cubic feef)(ft0.1 n¥) of drilling
stripping reactor. As a result, remediation of the aquifewaste per foot of bore. At the March AFB demonstration,
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the 24-inch (61.0 cm) bore was extended approximately 8.8  Site Support Requirements
feet (24.4 m) and produced more than 257/l n?) of
drilling waste. The drilling waste can be managed either ifthe site support requirements needed for the UVB system
55-gallon (208.2 L) drums or in roll-off type debris boxes.gre space to set up the carbon adsorption units and
Disposal options for this waste depend on locaglectricity. The system requires standard 120/240 volts
requirements and on the presence or absence @fo0amperes). An electrical pole, a 480-volt transformer,
contaminants.  The options may range from on-sitgn electrical hookup between the supply lines, a pole, and
disposal to disposal in a hazardous waste or commercigle UVB treatment system are necessary to supply power.
waste landfill. Based on IEG’s eXperience, installation Oﬂ'he space requirements for the above_ground Components
the UVB system does not require development of thgf the UVB system including the UVB system well,
system well; therefore, development water is notarhon adsorption units, blower, and piping used during
produced. the SITE demonstration are approximately 500 square feet
(46.5 n%). A concrete pad was provided for the unit, but is
This analysis assumes that the monitoring wells argot absolutely necessary. A security fence was also
already installed; however, management of this drillingsrovided for the unit during the SITE demonstration, but is
waste would be similar. Purge water is generated duringcommended only if site security is not already provided.
development and sampling of the groundwater monitoringther requirements for installation and routine monitoring
wells. Well purging usually continues until general watepf the system include decontamination fluids for drilling

quality parameters stabilize. Typically, this requiresand sampling. These fluids can be transported to the site in
removal of three to five well volumes from eachportable tanks and containers.

monitoring well. Purge water can be managed in 55-

gallon (208.2 L) drums. Disposal options againdependop g | imitations of the Technology
local restrictions and on the presence or absence of

cr?ntar?]inants. OSptionfs “ranggz_ fromlsrl:rfaci disc(:glargﬁhe limitations of the UVB technology are that it requires
through an NPDES outfall, to disposal through a POTW, \pinim m depth to groundwater of 5 feet and a minimum

to treatment and disposal at a permitted hazardous Wa%;[&uifer thickness of 10 feet. In such areas, it may be
facility. : :

difficult to establish a stripping zone of adequate size to
N L .remove contaminants from the aqueous phase. The
Decontamln_atlon Wfdsft.es are generated during 'nSta”af['qgchnology has further limitations in very thin aquifers;
?‘“d sa_mpllng activities. V".aSt?S generated du”nﬂwe saturated zone must be of sufficient thickness to
installation include decontamination water and ma rovide space for the upper and lower portions of the
include rt_asidue and comp_one_nts of adec?’”tami”a“.on Pd0stem. In addition, the thickness of the saturated zone
folr the ((jj”” r:jg. IDet(_:on;]amtlpatllciln pads typically CI%r‘S'St Ofaffects the radius of circulation cell; the smaller the aquifer
plywood and piastic Sneeting, NOWEVer, a gravel base Mg nesses, the smaller the radius of circulation cell.

be needed. The amount of water needed to decontaminate

a drill rig typically ranges from 100 to 300 gallons (378.?:1

to 1,135.5 L). Decontamination fluid is also generate e lower screen section is treated water reinfiltrated from

duri_ng sampling activitieg from cleaning of'the sa_mpling[he upper section. This recirculation of cleaned water
equment. The sampling o!econtamlnatlon fluid may; nificantly decreases the contaminant levels in the water
consist of water and an organic solvent such as hexane,pl_.q 4 by the system. As the UVB system continues to
|sopr:opanoll._ The amount of flwa ne5ede(|j| at eaig ‘gel_” fo perate, the circulation cell moves outward, which further
each sampling event may require 5 gallons (18.9 L) ecreases the contaminant levels in the water treated by

\(;vater and_ 10.0 to 200 m|II|I|t§rs of 50"’3?“- Thlf ?fc’“dthe system. Although the recirculation of water facilitates
econtamination wastes can be managed in a roll-oft ty e long-term remediation of contaminants in the aquifer,

debris boxes, and the liquid wastes can be managed in (cessive recirculation will cause a significant decrease of

?hallonf(ZOdSZﬁ' L) druTs. Dldsposal optltons are similar tQuf,ent concentrations and increase the time required to
ose for drilling wastes and purge water. remediate the aquifer.

e majority of water being drawn from the aquifer into
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High concentrations of volatile compounds may require
more than one pass through the system to achieve
remediation goals. This may initially be a problem since a
portion of the treated water is not captured by the system
and leaves the circulation cell in the downgradient
direction. However, as the UVB circulation cell is
established, the influent concentrations should be diluted
to below levels requiring more than one pass, thereby
limiting the potential migration of contaminants above
target concentrations from the system.

SITE did not evaluate the applicability of this technology
for inorganic and semivolatile compounds.
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Section 3
Economic Analysis

This section presents cost estimates for using the UVB. 1.1 Operation, Maintenance, and
technology to treat groundwater. Cost estimates presented Monitoring Factors

in this section are based primarily on data compiled during

the SITE demonstration and aplditional costs provided b?‘he costs associated with using the UVB technology are
Wes_ton. Costs h_ave been aSS|gr?e'd' to one of 12 categories ienced by operation, maintenance, and monitoring

apphcab[e to typical cleanup activities at'Superfu_nd aNfhctors. The maintenance and monitoring costs depend in
RCRA sites (Evans 1990). This section provides I%ﬁlrt on the duration of operation of the system because

discussion of each category including the general a creased time for remediation requires more maintenance

specific impacts on the overall cost and the assumptio%% more monitoring. The duration of operation for the
used in calculating the cost estimate. Costs are presen ediation of a site using the UVB treatment system
in October 1994 dollars and are considered to be order- epends on a number of factors including: (1) the mass

magnitude estimates, with an accuracy of plus 50 perceRhq physical characteristics of contaminants present, (2)

and minus 30 percent. efficiency of the UVB treatment system in removing
) ) ) specific contaminants, and (3) the aquifer hydraulic
3.1 Basis of Economic Analysis conductivity. As discussed in Section 1.3, the aquifer
hydraulic conductivity affects the aerial extent of
This section describes the factors that affect the cosgpntamination that can be treated by defining the radius of
associated with the UVB treatment system and establishggculation cell of the UVB system.  Similarly, the
the assumptions used in this economic analysis. A numbgydraulic conductivity affects the amount of treated water
of factors affect the estimated costs of treatinghat is recycled through the system (recirculated water),

groundwater with the UVB treatment system. The factorghich determines the quantity of untreated water pulled
affecting capital equipment costs are related to both siiato the circulation cell.

conditions and system design and are generally fixed.

Annual operations and maintenance (O&M) costs arg¢he mass and characteristics of contaminants in the
highly variable due to the time-dependent nature of UVByquifer to be remediated affect the operation time by
operation. Typical contaminated groundwater sites maj\fluencing the exchange of contaminants from the
require 1 to 10 years of system operation to be remediatgfsolved to vapor phase. Groundwater with high
by the UVB treatment system operation. The timgoncentrations of contaminants and contaminants in
required for remediation is dependent on several factoghases other than the dissolved phase may require multiple
discussed in detail in Section 3.1.1. Due to the variablgssses of recirculated water through the treatment system
nature of the time required to remediate a site, annug meet the target concentrations. The increased time
O&M costs have been presented for operating the UVBeeded for multiple passes through the treatment system

treatment system for 1, 3, 5, and 10 years. These COg#l increase the total cost of the operation, maintenance,
represent average quotes from vendors providing thgnd monitoring factors.

necessary services.
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The treatment efficiency of each UVB treatment wellMost sites will require monitoring of the treated and

system is dependent on adjustments to design factors (suaftreated groundwater, the system'’s effluent air stream,

as screen lengths and vacuum pressure gradient). Systeans the groundwater in surrounding monitoring wells.

that are not properly adjusted will not achieve maximun®ection 3.3 provides additional information regarding

efficiency in removing contaminants. Low removaloperation, maintenance, and monitoring factors.

efficiencies will also require multiple passes of

recirculated water through the treatment system to me&his economic analysis assumes the aquifer conditions,

target concentrations. Again, the increased time needsgistem well design, system maintenance schedule, and

for multiple passes through the treatment system wilnonitoring frequency used during the SITE demonstration.

increase the total cost of the operation, maintenance, aiitie conditions observed and assumptions made during the

monitoring factors. SITE demonstration and for this economic analysis are
discussed in the following section.

The aquifer conductivity affects the operation time by

controlling (1) the radius of circulation cell of the 3.1.2 Site Conditions and System

treatment system, (2) the volume of water that can be Design Factors

pumped through the treatment system per unit time, and

(3) the amount of recirculated water passing through th?he number of UVB treatment systems employed at the

system. The  radius , of C|rculat|or_1 cell “is d'regtlysite will affect the duration and costs of a groundwater
proportional to the ratio of the horizontal to Vert'calremediation project. The need to use more than one
conductivity of the aquifer. Amsotroplccond|t|onSW|th|ntreatmem system is determined based on the site

the daqg'ffr W'(Ijl resultd mt dlffflerencii 'rf[h hydra.L;hc conditions. This analysis assumes that only one UVB
conductivity and groundwater flow within the aquifer. ... ont system will be operated.

High ratios of K/K  indicate a large radius of circulation
cell, and low ratios of KK indicate a small radius of
circulation cell. Aquifers with low horizontal hydraulic
conductivity may require the UVB treatment system t
operate at a reduced rate. Furthermore, lQi Kratios

indicate a high degree of recirculation through the system

ar_ldha;r;:?ll an?ouf‘tg.f untrea}ed v(\;aterente}nng _the lsy.StegS'/stem design costs typical for Superfund sites include
Igh K,/K, ratios indicate a low degree of recirculation ;. preparation (such as removal of debris), construction

throu_ghth(; system and a_rlﬁrgedam?unt of untreated V\_’aiétivities (such as access roads), and installation of
entering the system. e developer reports typic onitoring wells. These costs are not included in this

recwculaﬂon amountg of 60 tp 90 percent. Smgll radi O«gnalysis because they are assumed to have been incurred
influence may require multiple treatment units to b%hile characterizing the extent of groundwater

installed if the aerial extent of contamination exceeds th@ontamination Added costs will be incurred if additional
radius of circulation cell, and small treatment volumes (zﬁ-b '

: . ; . _preparation, construction, or monitoring well installation
high degrees of recirculation may increase the operati tivities are necessary
time required to remediate an aquifer. Extra treatment ’
units and extended treatment time will increase th_e t‘_)t%!ssumptions for site conditions and system design include
cost of the operation, maintenance, and monitoring, following:
factors. '

The UVB treatment system can treat groundwater
containing VOCs. This analysis assumes that the UVB
0[echnology will treat groundwater contaminated with

. : . » The site is a Superfund site
Routine maintenance of the UVB system is recommended P

at least four times per year (once per quarter). Systend The aquifer has been characterized during previous
maintenance may be increased during the initial startup jnyestigations
phase of operation to ensure the system is working
properly. After the initial startup period, however, there « Suitable site access roads exist
are no daily requirements for operation and maintenance.
 Ultility supply lines, such as electricity and telephone
Requirements for monitoring the system’s performance lines, exist on site
and contaminant concentrations will vary between sites.
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* A single UVB treatment system will be used forUVB treatment system. The construction costs are

treatment discussed in Section 3.3.1, Site Preparation Costs, and the
_ UVB system purchase costs are discussed in Section 3.3.3,
* The treatment system operates automatically Capital Equipment Costs. System design costs include

designing the treatment system to determine optimal

* Contaminated groundwater is located in a shallowjrfiow, These costs are included in the cost of purchasing
aquifer no more than 40 feet (12.2 m) below grounghe B treatment system.

surface

'\/Iobilization involves transporting all equipment to the
dite and assembling it. IEG includes mobilization in the
cost of purchasing the UVB treatment system.
Nobilization of the equipment necessary for installing a
16-inch (40.6 cm) system well is assumed to be included in
the cost of constructing the well. Any additional support

« The unit operates 95 percent of the time with only quipment needed at the remediation site is assumed to be

percent downtime for maintenance and repairs ~ Supplied by the customer or by independent vendors. The
cost for this additional support equipment is included with

« One technician will be required to collect all requiredsite preparation costs.
samples and perform minor equipment repairs at the
same frequency used for monitoring 3.3 Cost Categories

* The saturated zone has a depth of approximate
40 feet (12.2 m)

» The flow rate through the UVB system is 20 gpm (75.
liters per minute)

* One treated and one untreated groundwater sampié,st data associated with the UVB technology have been
will be collected from the UVB well once a month to assigned to the following 12 categories: (1) site
monitor system performance for the first year antyreparation; (2) permitting and regulatory requirements;
quarterly thereafter (3) capital equipment; (4) startup; (5) labor; (6)

consumables and supplies; (7) utilities; (8) effluent

eatment and disposal; (9) residuals and waste shipping
nd handling; (10) analytical services; (11) maintenance

nd modifications; and (12) demobilization (Evans 1990).

Costs associated with each of these categories are

(ﬂiscussed below.

» Three groundwater samples will be collected fro
surrounding wells once a month for the first year an
quarterly thereafter to monitor the system'’s effect on,
the aquifer

» Labor costs associated with major repairs are n

included ) .
3.3.1 Site Preparation Costs

» Because of the nature of the UVB technology, no site
cleanup or restoration activities will be requiredSite preparation costs include administrative costs,
during demobilization except for well plugging andelectrical hookup, and 16-inch (40.6 cm) system well
dismantling the carbon adsorption unit. installation. For this analysis, administrative costs, such
as developing a work plan and other site planning
activities, are estimated to be $10,000.
3.2 Costs Included in the Price of
Purchasing the UVB Treatment This analysis assumes that electric lines exist at the site.
System One pole, one 480-volt transformer, and an electrical
hookup between the lines, pole, and the UVB treatment

According to IEG, several costs usually associated wit ystem are necessary. Based on costs incurred at the SITE

L ) : . . demonstration, electrical hookup costs are estimated to be
groundwater remediation projects are included in the pric

of purchasing the UVB treatment system. COI‘IS’[I’UCtiOFIlebOUt $5,000.

costs for installing the UVB treatment system areincurreg‘Ccoroling to Weston. the cost incurred at the SITE

only with the |_nstallgt|on of a 16-inch (40.6 cm) SyStemdemonstration for installing an 80-foot (24.4 m), 16-inch
well and then installing the downhole components of th

?40.6 cm) system well was about $450 per foot ($1,475 per
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meter). This analysis also assumes an 80-foot (24.4 nstainless steel screens and casing, well pack materials, and
16-inch (40.6 cm) system well (24-inch [61.0 cm] bore)a wellhead seal. According to Weston, the capital
will be installed for a total cost of $36,000. The totalequipment costs of the UVB treatment system will be
drilling cost does not include disposal of the drill cuttingsabout $100,000.
(see Section 3.3.9)
Construction costs for installing the UVB treatment
Total site preparation costs are estimated to be $51,00Gystem are incurred only with the installation of a 16-inch
(40.6 cm) system well and then installing the downhole
Mobilization costs are typically incurred as a sitecomponents of the UVB treatment system. The well
preparation cost. Mobilization involves transporting allinstallation costs are discussed in Section 3.3.1, Site
equipment to the site and assembling it. IEG includes sudtreparation Costs, and costs for installation of the
costs in the price of purchasing the UVB treatment systerdownhole components are included previously with the
Mobilization of system well installation equipment price of purchasing the UVB treatment system.
described above is assumed to be included in the cost of
constructing the well. Any additional support equipmeniThe off-gas air treatment system includes two activated
needed at the remediation site is assumed to be supplieddarbon units, ancillary piping connecting the carbon units
the customer or by independent vendors. These costs @anethe UVB blower, and carbon. According to IEG, the

included with the above drilling costs. cost for this equipment will be about $8,100. Monthly
carbon adsorption unit rental costs are discussed in Section
3.3.2 Permitting and Regulatory 3.3.6, Consumables and Supplies Costs. The costs of
Requirements Costs disposing of or recharging the carbon are discussed in

Section 3.3.8, Effluent Treatment and Disposal Costs.

Permitting and regulatory costs will vary, depending o otal capital equipment costs will be about $110,000,

whether treatment occurs at a Superfund or a rcrWhich includes carbon adsorption units and the UVB
corrective action site, on state and local requirements, aﬁéfStem'

on how treated effluent and any solid wastes generated

(such drill cuttings and spent activated carbon) aré-3-4 Startup Costs

disposed. Superfund sites require remedial actions to be

consistent with ARARSs including federal, state, and locaPtartup costs are incurred during all activities to operate
standards and criteria. In general, ARARs must bthe UVB treatment system and include operator training,
determined on a site-specific basis. RCRA correctivéptimization, and shakedown costs. Optimization and

action sites will require additional permitting, monitoring, Shakedown activities include initial startup, trial runs,
and records. final equipment inspection, and the associated labor for

conducting these activities. These costs are included in the

Permitting and regulatory costs are assumed to be abouP¥ce of purchasing the UVB treatment system (Section
percent of the total capital equipment costs for a treatmeft3.3, Capital Equipment Costs) and are not presented as a
operation that is part of a Superfund remedial actiofeparate cost item in this analysis.

(Evans 1990). For this analysis, permitting and regulatory

costs are estimated to be $5,400. Costs at a RCRAperator training costs are assumed to include providing a
corrective action site are estimated to be an additional 4P-hour health and safety training course and developing a
percent higher. The permitting and regulatory cost§ealth and safety program for the Superfund site. This

include preparation of required regulatory documents. analysis assumes that one operator must be trained. These
startup training costs are estimated to be about $10,000.

3.3.3 Capital Equipment Costs

3.3.5 Labor Costs
Capital equipment costs include the UVB treatment
system and an off-gas air treatment system. The UvBabor costs include the total staff needed for operation and
treatment system includes: a vacuum pump, piping, @aintenance of the UVB treatment system and an annual
downhole submersible pump, air diffuser plate, strippingiealth and safety refresher course with medical
reactor, buoyancy tanks, 16-inch (40.6 cm) double-caséBonitoring. An annual health and safety refresher course

28



will cost about $2,000 per person. The labor wage ratéhis analysis assumes that electricity costs about $0.07 per

provided in this analysis include overhead and fring&ilowatt-hour, inclusive of usage and demand charges.

benefits. Total annual electricity costs are estimated to be about
$2,000.

These costs assume that one technician collects monthly

samples and inspects the off-gas treatment system. TBéectrical costs can vary by as much as 50 percent

technician will collect samples of untreated and treatedepending on the geographical location and local utility

groundwater and three groundwater samples fromates. This analysis assumes that no alternative sources of

surrounding monitoring wells for a total of five electrical power, such as a diesel-powered generator, will

groundwater samples. The samples will be collectede used as backup.

monthly for the first year and quarterly thereafter. This

analysis assumes a relatively fast recharging rate in tt® 3.8 Effluent Treatment and Disposal

monitoring wells and minimal purge volumes Costs

(approximately 50 gallons [189.3 L] per well). This

analysis also assumes that sampling activities will b?he UVB treatment system off gas is treated by two

conductedd n Le\{el Db PPE:Z hSampllng act|\1_|t|es ar%:anulated activated carbon units. The costs of purchasing
estimated to require about ours per sampling evelfLq initial fill of carbon are discussed in Section 3.3.3,

The_: fully loaded hourly labor rate for the technician 'SCapitaI Equipment Costs, and the costs of renting this
estimated to be about $31.50 for a total annual cost %fquipment are covered in Section 3.3.6, Consumables and

about $4,500. Supplies Costs. The cost of replacing the carbon is

discussed in this section because of its close association

Total annual labor costs for the first year are estimated With treating the off gas effluent stream. No other effluent
be $6,500 for operation inspections and health and safe wastes are generated by the operation of the UVB
requirements. For each additional year thereafter, totgl, i ant system

annual labor costs are estimated to be $3,500 for operation

inspections and health and safety requirements. This analysis assumes the activated carbon units will be

i replaced every 6 months. Based on vendor quotes, the cost
3.3.6 Consumables and Supplies Costs for reactivating carbon is about $500 for each unit. This
cost includes transportation, reactivation, and a change-

Consumables and supply costs only include rentingyt unit. Total annual carbon replacements costs will be
activated carbon units. Costs for PPE are included with thgyout $2,000.

labor costs (Section 3.3.5) presented above, and the costs

fqrsampling eguipment are assumed to be incurred during 3 9 Residuals and Waste Shipping and
site characterization studies. The monthly rental costs for Handlina Costs

activated carbon units will be about $570 per unit. The off- g
gas treatment units used for this demonstration were two _ :
1,800-pound (816.5 kilograms [kg]) vapor phase activate o residuals or wastes are generated from the operation of

carbon units. This analysis assumes two activated carb UVB treatment system. .D”” cuttings, however, will
units will be used per year for a total annual cost of abo generated during installation and removal of the system

$14.000. well, and purge water will be generated from periodic
' sampling activities. Disposal of wastes generated during
removal of the system well are addressed in Section
3.3.12, Demobilization Costs. Disposal of drilling wastes
cuttings) from installation activities are assumed to occur

3.3.7 Ultilities Costs

Total u?'“ty costs are based on the power used to OPerafe o “firgt year after installation. This cost estimate
the entire UVB treatment system. This includes pumpsg

d th Electrical he SIT sumes that the cuttings are not characteristically
and the vacuum pump. ectrical usage at the Frazardous but that the cuttings are disposed of at a licensed

de_monstratl_on was 3.67 kilowaits per hour of Operat'omazardous waste disposal facility. The cost for disposal of
This analysis assumes the treatmerlt system_wnl operalrr(?e cuttings is estimated to be $2,600 and includes

X . . ﬁ]ans ortation, treatment, and disposal as a bulk solid in a
annual electrical usage will be about 30,542 k'lowattslandfi?l P
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For the purge water, this analysis assumes contaminahie same costs outlined above, the total annual analytical
concentration will be below RCRA regulatory levels thatservices costs will be about $12,000 for each year after the
require storage and treatment as a hazardous waste. Tinist year.

purge water will be collected in 55-gallon (208.2 L)

carbon-steel drums and disposed of at an off-site industrig 3.11 Maintenance and Modifications
wastewater treatment and disposal facility. This analysis Costs

assumes that about 150 gallons (567.8 L) of purge water

will b_e gene_rlated dulrlngf eggg sarlrllpllng 5\/2'5‘7”; gnﬁ storng provides maintenance for a cost of $2,000 per quarter.
on S|te|unt(|j a tot_a' 0 12 559a I:)ns (208 2 -L ) greThis analysis assumes the site owner or operator will
accumulated, requiring -gallon (208.2 L) carbo rocure the IEG maintenance agreement. Total annual

s_teel drums. Each drum costs about $_30’ for a total ONfHaintenance and modification costs are estimated to be
time cost of $360. After accumulating 600 gallon 8.000

(2,271.0 L) of purge water, a licensed waste hauler will
transfer the wastes from the drums into a tanker truc
This analysis assumes that the purge water will b

transported about 100 miles (161 kilometers [km]) to the . e .
P ( [km) %lte demobilization includes shutdown, disassembly, well

nearest industrial wastewater treatment facility.I . d aband d . q
Transportation costs (including pumping and labor cost 'ugging - and - aban onment, and transportation an

are estimated to be $700 per trip, and disposal costs !ec,posal of gquipment to a quensed hazardous waste
estimated to be $0.25 per gallon ($0.07 per L). isposal facility. Well plugging and abandonment
procedures consist of overdrilling the well and pressure

Total annual residuals and waste shipping costs in the firg{ﬁu“ng the botr]mg to;hefgrr?und surfice. Demoblg;at_lon
year of operation are estimated to be $6,200. Total anngyf!! oceur at the end of the groundwater remediation

costs for the subsequent years are estimated to be $85 roject and is estimated to take about 5 days to complete.
his analysis assumes the UVB technology will have no

salvage value at the end of the project. The majority of
demobilization costs apply to waste disposal, which is
estimated to be about $4,400. This estimate assumes that

Analyt!cal costs mplude Igboratory analysc_es, dat e waste is not characteristically hazardous. The wastes
reduction and tabulation, quality assurance/quality contrq quiring disposal include the casing and filter pack from

(QA/Q.C)’ and repqrting. This analysis assumes _th verdrilling, the UVB system itself, and ancillary piping
following samples will be collected each month of the firs nd equipment associated with the carbon adsorption
year .to be analyzed for VOCs by EPA SW-846 Metho nits. The total volume of waste is assumed to be 20 cubic
8260: one sample of untreated groundwater, one sam Srds (15.3 7). The cost for waste disposal includes

of treated groundwater, three samples from outlyin ansportation and labor. Labor costs associated with all

9“°“F‘d?’vater mqnitoring wglls, and QA/QC SamIOIeSactivities other than well plugging and abandonment
consisting of a trip blank, a field and equipment blank, %uring demobilization will include two technicians

field_ duplicate, and matrix spike and matrix Spikeworking five 8-hour days and are estimated to be about
duplicate (MS/MSD) samples. Monthly laboratory

.3.12 Demobilization Costs

3.3.10 Analytical Services Costs

$750 per month. Total annual analytical services costs% 900 in current 1994 dollars

Because groundwater
the first year are estimated to be about $36,000. g

remediation projects can take many years to complete,

mobilization costs will have to be adjusted to future

For each successive year after the first year, samples Wﬁillars, once the term of the project can be estimated, to
be collected quarterly. One untreated groundwatedfe,[ermine actual demobilization costs
sample, one treated groundwater sample, three outlying '

groundwater monitoring well samples, and QA/QC 4
samples consisting of a trip blank, a field and equipmen:%'

blank, a field duplicate, and MS/MSD samples will be
collected during each quarterly sampling event. Assumin

Estimated Cost of the UVB System

his section presents the estimated costs in October 1994
ollars for using the UVB system under the conditions
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described in the previous sections. Table 3-1 presents a
breakdown of costs for the 12 categories previously
identified. The table presents fixed costs and annual
variable costs, and compares the costs for groundwater
treatment projects lasting 1, 3, 5, and 10 years. The cost of
treatment per 1,000 gallons (3,785 L) refers to the amount
of groundwater pumped through the system (not to the
volume of contaminated water in the aquifer). Potential
users of the treatment technology should be aware that
typically 60 to 90 percent of the water pumped through the
system is recirculated water. The cost estimate for each
category was rounded to two significant figures. The total
costs were also rounded to two significant figures. One-
time capital costs for a single treatment unit were
estimated to be $180,000; variable annual operation and
maintenance costs were estimated to be $75,000. Based
on these estimates, the total cost for operating a single
UVB system for 1 year was calculated to be $260,000.
Since the time required to remediate an aquifer is site-
specific, costs have been estimated for operation of a UVB
system over a range of time for comparison purposes.
Therefore, the cost to operate a single UVB system was
calculated to be $340,000 for 3 years, $440,000 for 5 years,
and $710,000 for 10 years. Additionally, the costs for
treatment per 1,000 gallons (3,785 L) of groundwater were
estimated to be $260 for 1 year, $110 for 3 years, $88 for
5years, and $71 for 10 years. (The costs for treatment per
1,000 L of groundwater were estimated to be $69 for 1
year, $29 for 3 years, $23 for 5 years, and $19 for 10 years.)
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Table 3-1. Costs Associated with the UVB Technology

Cost Categories

Costs in 1994 $°

Site Preparation ° $51,000
Permitting and Regulatory Requirements b 5,400
Capital Equipment 110,000
Startup ° 10,000
Labor ¢ 6,500
(3,500)
Consumables and Supplies ° 14,000
Utilities ° 2,000
Effluent Treatment and Disposal 2,000
Residual and Waste Shipping and Handling ©° 6,200
(850)
Analytical Services °f 36,000
(12,000)
Maintenance and Modifications ° 8,000
Demobilization ° 6,900
Total One-Time Costs 180,000
First Year Operation and Maintenance Costs 75,000
Subsequent Years Operation and Maintenance Base 42,000
Costs
Total Cost of Project Lasting 1 Year 9 260,000
Total Cost of Project Lasting 3 Years ¢ 340,000
Total Cost of Project Lasting 5 Years 9 440,000
Total Cost of Project Lasting 10 Years ° 710,000
Costs per 1,000 Gallons (3,785 L) Treated (1 Year) h 260
Costs per 1,000 Gallons (3,785 L) Treated (3 Years) n 110
Costs per 1,000 Gallons (3,785 L) Treated (5 Years) h 88
Costs per 1,000 Gallons (3,785 L) Treated (10 Years) h 71
Notes: 2 Costs have been rounded to two significant figures
Z gr?r?l-;tglnvea?i%%tle operation and maintenance cost

Figure presents annual cost of the first year of operation. Annual cost for successive
o éears is estimated to be $3,500.

igure presents annual cost of the first year of operation. Annual cost for successive
. }éears is estimated to be $850.

igure presents annual cost of the first year of operation. Annual cost for successive
years is estimated to be $12,000.
Estimated annual inflation rate is 4 percent
Annually treats about 1,000,000 gallons (3,785,000 L) (assuming 5 percent downtime)

= (a]
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Section 4
Treatment Effectiveness

This section documents the background, field andfthe oldest bases in the western United States. The base
analytical procedures, results, and conclusions used kas since steadily grown and has been home to West Coast
assesses the ability of the UVB technology to removbombing and gunnery training, the Strategic Air
VOCs from contaminated groundwater. This assessme@ommand, and Air Mobility Command. In 1993, March
is based on the UVB SITE demonstration at March AFBAFB was designated by Congress under the Base Closure
and on case studies supplied by the technology developand Realignment Act to realign its forces from active duty
Because the results of the SITE demonstration are pkrsonnel to Air Force Reserve and National Guard Force
known quality, conclusions are drawn mainly from theunits.  Realignment activities are scheduled to be
demonstration results. completed in 1996 and the base will be redesignated

“March Air Reserve Base” at that time.
4.1 Background

March AFB has long been engaged in a wide variety of
EPA conducted a SITE demonstration of the UVB systerfPerations that involve the use, storage, and disposal of
at Site 31 on March AFB, which is located near Riverside)azardous materials. Base operations such as aircraft
California (Figure 4-1). The U.S. Air Force contractedmaintenance, fuel storage operations, and fire-training
with Weston and IEG to demonstrate the UVB technolog§Xercises have generated a variety of hazardous wastes
atMarch AFB. The U.S. Army Corps of Engineers Omah¥hich, combined with past waste disposal practices, have
District initiated installation of the technology throughresulted in contamination of soil and groundwater at
Black & Veatch Waste Science. The Air Force invited théeveral areas on base.
SITE program to evaluate the demonstration project. The
environmental Setting at March AFB and Site 31 arén 1983, March AFB initiated Installation Restoration
described in Sections 4.1.1 and 4.1.2. An overview of therogram (IRP) activities to locate, investigate, and
demonstration objectives and approach is presented fifmediate hazardous waste sites. The IRP provides a

Section 4.1.3 procedural framework for developing, implementing, and
monitoring response actions at March AFB in accordance
4.1.1 March AFB with pertinent federal regulations and applicable state

laws. To more effectively manage the IRP program, three
In April 1993, Site 31 at March AFB was selected for th eparate operable units were created based on geographic

SITE demonstration of the UVB technology. March AFB ocation and similarity of the sites. The three operable

is located on approximately 7,000 acres (2,832.9 hectarelé'?its consist of 42 sites that are undergoing comprehensive
in the northern end of the Perris Valley, east of the city ite investigation and characterization activities. March

Riverside, in Riverside County, California. The base i FB has taken a leadership role in implementing and

approximately 60 miles (96.5 km) east of Los Angeles an?xpeﬁiting ISRP aptivities and iﬁ_one ?fthe rlnc()jdel IRP_balses
90 miles (144.8 km) north of San Diego. or the U.S. Air Force. This role includes actively

assessing mechanisms for accelerating the remedial

March AFB was officially commissioned on March 1 investigation/feasibility study (RI/FS) process in an effort

1918 as a World War | aviation training facility and is onef[o move more quickly to a record of decision, and to

Implement the selected remedial actions.

33



LOS ANGELES
60 MILES

E . POORMAN

7] . _RESERVOIR
4 (3 a
; g
3 >
: g
T —@— :

60

o1}
RIVERSIDE SUNNYMEAD jg

p—

ALESSANDRO  BLVD.

MORENO
VALLEY

VAN BUREN

‘OA18  Siid3d

MARCH
AIR FORCE BASE

/‘l

< LAKE

: PERRIS
\

=\ RAMONA EXPWY. e

N

MARKHAN

SAN DIEGO
90 MILES

MARCH AFB

California

Figure 4-1. March AFB location map.

34



March AFB has committed to the pilot-scale application oMarch AFB lies within the northern portion of the
various innovative remedial technologies to accelerate tHeeninsular Range geomorphic province, as defined by the
selection, design, and installation of full-scale alternativ€alifornia Division of Mines and Geology. The base lies
remedial technologies and implementation of remedidbetween two major fault zones: the Elsinore-Chino fault
activities. Within this framework, the UVB technology zone to the southwest and the San Jacinto fault zone to the
was selected as an interim remedial action to treatortheast. These northwest trending fault zones have been
contaminated groundwater at Site 31. active recently and can act as barriers to groundwater
movement (TETC 1994).
Site 31 is managed within Operable Unit 1 (OU1), which
consists of a total of 14 sites. Site 31 (an unconfirme@he region around March AFB is characterized by rugged
solvent disposal area) is located off Graeber Street on theountain ranges composed of igneous and metamorphic
east side of Building 1211 (Figure 4-2). The practice ofocks, broad erosional plains composed of deeply eroded
discharging solvents on the ground reportedly occurresedimentary and crystalline basement rocks, and a broad,
from about the mid-1950s to the mid-1970s at the site. litat valley composed of younger alluvial material. The
addition, floor drains from maintenance shops may haveain base lies in the Perris Valley where alluvium is found
leaked solvents to the subsurface. Site investigativat the surface (TETC 1994).
activities confirm the presence of elevated levels of VOCs,
specifically TCE and DCE, in the groundwater and soiBites 31 is located within the northern portion of Perris

gas. Valley at an elevation of approximately 1,505 feet (458.7
m) above mean sea level. Perris Valley is an alluvial filled
4.1.2 Site 31 valley that slopes gently at approximately 20 feet per mile

(3.8 meters/kilometers [m/km]) to the south-southeast

Characterization of the geology, hydrology, and(TETC 1994).  The alluvium consists of poorly
contaminants at Site 31 is based on the observations a¢ffsolidated deposits of clay, silt, sand, and cobble-sized
results from the UVB SITE demonstration, investigatiorParticles derived from the surrounding crystalline
results from Site 31 documented in the report by The Earffgsement rock. Lithologic logs from the site suggest that
Techn0|ogy Corporation (TETC),“|nsta||ation Restorationthe alluvium overlies weathered granitic bedrock. The
Program, Draft Final Remedial Investigation/Feasibilitycontact between the alluvium and weathered bedrock is
Study Report For Operab|e Unit 1, March Air Force Basé.,lndmating and varies in depth from 95 to 100 feet (290 to
California (TETC 1994), and data generated on the UVB0.5 m) below ground surface (bgs) in the northern and
System by Weston and documented in its report’ “Piicﬁastern portions of the Site 31 to 150 to 165 feet (457 to

Study for Innovative Technology UVB-Vacuum 50.3 m)bgsin the southern and western portion of the site.
Vaporization Well, Site 31 March Air Force Base, The thickness of the weathered bedrock at the site is highly

California” (Weston 1994). Based on the sitevariable andis estimated to be approximately 50 feet (15.2
characterization data, the UVB system was installef) in the vicinity of the UVB system based on the results
approximately 100 feet (30.5 m) south of Building 1211 irPf @ seismic reflection survey conducted at Site 31 (Tetra
an area containing high (>400 pg/L) concentrations ofech 1993a).

TCE in the groundwater.
The stratigraphy at Site 31 consists of alternating layers of

4.1.2.1 Geology clay, silt, silty sand, and sand. Lithologic descriptions of
the individual borings advanced during demonstration
The geologic interpretation of Site 31 is based on fiel@ctivities are shown on logs presented in the UVB
observations while installing groundwater monitoringT€chnology Evaluation Report (TER) (PRC 1995). In
wells during SITE demonstration activites and ondeneral, correlation of boring logs across the site is poor,
previous investigative results provided by March AFB. AWhICh is indicative of the nature of the Underlying alluvial
detailed description of the site and regional geology ig§eposits. The upper 40 feet (12.2 m) of the alluvial

presented in the draft final RI/FS report for OU1 (TETcJeposits consisted predominantly of interbedded silt and
1994). silty sand. From 40 to 50 feet (12.2 to 15.2 m) bgs, a

relatively clean (trace to little silt- and clay-sized particles)
sand was encountered. The sand interval appears to
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correlate with adjacent borehole logs, which suggests thistarch AFB support the presence of the interpreted fault
itis laterally continuous in the vicinity of the UVB system. through the base (IT Corporation 1994). Preliminary data
This sand interval is underlain by silty sand extendingrom this investigation appear to correlate with the
from approximately 50 to 65 feet (15.2 to 19.8 m) bggeophysical investigation conducted at Site 31 (Tetra Tech
which in turn overlies a second relatively clean sand layek993a). This correlation suggests that a well-developed
extending from approximately 65 to 75 feet (19.8 to 22.%racture zone parallel to Graeber Street (southeast
m) bgs. The second clean sand interval is interpreted to trending) may be present. If present, this fracture zone
lenticular, pinching out to the north and south toward theould provide a preferential conduit for groundwater flow
UVB well and outer cluster wells. The discontinuousat the site.
nature of the layer is also suggested by the poor correlation
with adjacent boring logs. The lithology below this4.1.2.2 Hydrogeologic Conditions
interval consists of interbedded silts and sands, and minor
clays. Prominent within this zone is a clay encountered &ata collected during UVB SITE demonstration indicate
120 feet (36.6 m) bgs, which has been interpreted to act timat hydrogeologic conditions at Site 31 exert a controlling
a confining layer beneath the site (TETC 1994). A crosmfluence over the movement of groundwater and likely
section showing the generalized stratigraphy at the sitee subsequent distribution of contaminants during the
from the system well to the outer cluster wells is presentedemonstration.  The primary hydrogeologic factors
on Figure 4-3. affecting the demonstration results are groundwater flow
direction and anisotropy and heterogeneity of the aquifer.
Based on geological reconnaissance of the base and
surrounding area during IRP activities, two major sets dflydrogeology
near-vertical fractures were identified (Tetra Tech 1993b).
A primary and moderately subordinate fracture seGroundwater beneath Site 31 occurs in two distinct zones:
trending north-northwest and north-northeast weran upper unconfined water table zone and a lower
interpreted and appear to be closely related to the fractusemiconfined zone (TETC 1994). Depth to groundwater
systems that permeate the bedrock surrounding the bdseneath Site 31 in the upper unconfined zone is
(Tetra-Tech 1993b). The physical characteristics of thapproximately 40 feet (12.2 m) bgs. A prominent sand
fault and fracture traces, such as width of the specifianit occurs at a depth between 40 to 50 feet (12.2t0 15.2 m)
fracture traces, presence or absence of fault gouge, aings. This unit ranges from 5 to 10 feet (1.5 to 3.0 m) thick
degree of filling of fracture channels have been roughlgnd appears to be a highly conductive water-bearing unit.
approximated in the field. These measurements suggdddrehole data suggest that a clayey sand and sandy clay
that the width of these zones may vary between 10 feet layer occurs at about 120 feet (36.6 m) bgs that acts as a
200 feet (3.0 to 61.0 m) and that near-surface fracture®nfining layer beneath Site 31. This clay layer appears to
may have openings of an eighth of an inch (3.2e a barrier to the vertical flow of groundwater at Site 31.
millimeters) or more. In some instances, the fractures mdyepth to water in the lower semiconfined zone is
be filled with varying amounts of clay minerals or calicheapproximately 45 feet (13.7 m) bgs. The lower
(Tetra Tech 1993b). semiconfined zone consists of saturated alluvial deposits
and the underlying weathered bedrock. Comparison of
Based on a seismic reflection survey conducted at Site 3dtatic groundwater levels in well screens in the upper
a northwest/southeast trending fault approximatelyinconfined zone and lower semiconfined zone suggests
parallel to Graeber Street has been interpreted (Tetra Tetttat the two zones are hydraulically separated.
1993a). The seismic reflection data from Site 31 indicatEurthermore, a step-drawdown test and long-term
an offset of approximately 9 feet (2.7 m) in a prominentonstant rate pump test conducted in the upper confined
clay layer at 115 feet (35.1) bgs and in unweatherezbne showed no effects on the lower semiconfined zone
bedrock at 170 feet (51.8 m) bgs. A cross section showi{@ETC 1994).
the interpreted seismic profile is presented on Figure 4-4.
The fault has been interpreted to have a surface projectidwuifer characteristics of the upper unconfined zone as
located immediately south of well AMW14, approximatelycalculated from the pump tests indicate that: (1) average
40 feet (12.2 m) northeast of the UVB system. In additiorsite hydraulic conductivity is 90.5 gallons per day per foot
recent unpublished geophysical investigative results fromquared (gpdA} (4.26 x 1& cm/s); (2) effective porosity
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is 27.2 percent; and, (3) transport velocity is 0.62 feet pexcross the groundwater table were installed in the
day (ft/day) (2.19 x 26cm/s) (TETC 1994). Groundwater immediate vicinity of the treatment system. These

gradient and direction calculated from the wells screeneadditional wells allowed the accurate measurement of the
in the upper unconfined zone suggest that groundwatgroundwater gradient after the UVB system was shut
flows to the southeast at a gradient of approximately 0.0ldbwn on December 4, 1994. Figure 4-5 presents the
(Figure 4-5). Results from a dye trace study conducted asterpreted potentiometric surface map of the groundwater
part of the SITE demonstration also suggest flow in thelevation data collected from Site 31 wells on December 9,
south-southeast direction at a maximum velocity of 0.75 th994. The map indicates that groundwater flow is toward
0.77 ft/day (2.65 x 10to 2.72 x 1@ cm/s) (Appendix A). the southeast.

After the UVB was shut down, the natural gradient was

measured in January 1995 to be 0.07. Modeling of groundwater flow at March AFB suggests
that the site is located on a groundwater trough (Tetra-
Groundwater Flow Direction Tech 1994). The convergence of groundwater flow

directions in the trough appears to have caused a saddling
The downgradient direction of groundwater flow waseffect onthe groundwater gradient. Several interpretations
originally determined to be to the southeast based onfar the change in gradient direction at the site have been
preliminary contour map of the November 1992proposed, including shallow bedrock and structural
groundwater elevations at Site 31 (TETC 1994). This flowdiscontinuity (Tetra Tech 1994). However, since
direction corresponds to the general groundwater gradieimterpretation of boring log data from the site suggests that
over the majority of the base, gently sloping to theébedrock is at least 110 to 120 feet (33.5 to 36.6 m) bgs, it
southeast. After heavy rains during the winter of 1992-93s unlikely that bedrock has significantly affected the
an apparent change in groundwater flow direction wagroundwater gradient at the site. In addition, the
observed at the site (TETC 1994). This change wasemiconfining layer between the measured unconfined
interpreted to be in response to recharge along theater table elevation and the bedrock should effectively
Heacock Storm Drain, located along the eastern boundanyask the influence of the bedrock. Changes in gradient
of the base. Recharge from the storm drain appears to hasauld be caused by changes in the topographic elevation of
caused localized groundwater mounding, which in turthe semiconfining or changes in permeability of the
locally affects the direction of groundwater flow. Thesemiconfining bed.
mounding of groundwater in response to the recharge
appears to have temporarily redirected the groundwatémisotropy and Heterogeneity
flow toward the west-southwest along the eastern portion
of the base, which includes Site 31. However, wells wedh addition to the natural groundwater gradient direction,
of Site 31 did not appear to have been affected btghe anisotropy and heterogeneity of the aquifer play a
groundwater recharge from Heacock Storm Drain, andignificant role in controling the movement of
data from these wells continue to indicate a groundwatgroundwater and subsequent distribution of contaminants.
flow direction to the southeast. These factors are magnified especially when an induced

flow, such as the UVB circulation cell, is placed on the
Groundwater level elevations were collected beforeaquifer. Induced groundwater flow resulting from
during, and after the UVB demonstration. Based owperation of the UVB system will be influenced by the
contouring of the groundwater elevations, theanisotropy and heterogeneity of the aquifer and locally
potentiometric surface appears relatively flat withmay not flow in the undisturbed downgradient
generally less than 1 foot (0.3 m) change of gradient acrogsoundwater flow direction.
Site 31. Due to the relatively flat gradient and the linear
distribution of groundwater monitoring wells at the site,Since the aquifer consists of alluvial deposits, anisotropic
the localized groundwater flow direction could not beconditions are likely present. The vertical hydraulic
precisely determined during the demonstration. Howeveconductivity at the site is assumed to be an order of
groundwater levels measured during operation of the UVBhagnitude less than horizontal hydraulic conductivity. In
system suggest that wells PW1 through PW6 araddition to anisotropic conditions in the alluvial deposits,
downgradient (southeast) of the treatment system. Aftatructural controls, such as fractures and faults, may
startup of the UVB system, additional wells screenedignificantly affect groundwater flow in the aquifer.
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Pump test data from the base appear to indicate a secarttl 9.1 m) bgs. Soil gas concentrations of up to 342 ug/L
prominent anisotropic property that may be related td CE and 200 ug/L DCE along with minor concentrations
faulting at the base. The data appear to indicate tted tetrachloroethene, chloroform, and 1,1,1-TCE were
existence of vertical-oriented hydraulic-flow discontinuitiesdetected, predominantly along the southern and eastern
(Tetra Tech 1993b). The presence of faulting at the bas&les of Building 1211. The highest concentrations of
has led to a hypothesis of a double-porosity, fracturedCE in the soil gas appeared to be concentrated at the 20-
aquifer system that is characterized by a system of findeot (6.1 m) sample interval and coincide with the elevated
pore matrix lithology and higher-permeability secondarngroundwater concentrations south of Building 1211.
fracture porosity. An interpreted zone of higher

conductivity is currently being used for a base-wideGroundwater

groundwater model and appears to provide the best match

for the observed groundwater data collected at the ba3eventy-two groundwater monitoring wells are present at

(Tetra Tech 1994). Site 31 (Figure 4-7). Chemical analysis of groundwater
samples from these wells indicates that elevated
4.1.2.3 Site Contamination concentrations of chlorinated hydrocarbons are present, in

particular TCE and DCE. Before the UVB was installed,
Contaminant characterization activities conducted at Siteoncentrations of up to 2,000 pug/L TCE and 210 pg/L of
31 have included soil gas surveys, advancement of s@ICE have been detected in groundwater samples at Site
borings and collection of soil samples for chemical an@1. Table 4-1 presents a compilation of TCE
geotechnical analyses, and placement of groundwateoncentrations in groundwater from Site 31. Based on the
monitoring wells and sample collection for chemicaltabulated results, the highest concentrations of TCE
analyses. The investigative findings from these activitieappear to be located in samples collected immediately
indicate that subsurface conditions at Site 31 are fairlgouth of Building 1211. An interpretation of TCE
complex and that soil, soil gas, and groundwater contaitoncentrations from in situ groundwater sampling

elevated levels of VOCs, in particular, TCE. collected during remedial investigation activities is
presented as Figure 4-8. This interpretation indicates the
Sall presence of a second area of elevated TCE concentrations

located northeast of the UVB system.
More than 100 surface and subsurface soil samples have
been collected at Site 31 during investigations. Chemic#rior to system startup, the distribution of TCE vertically
data from the samples indicate that few organievithin the aquifer at Site 31 appeared somewhat stratified,
compounds have been detected. Based on the analytieath the highest concentrations detected in shallow and
data, it appears that VOCs in the soil are limited to onmtermediate screened wells (approximately 40 to 80 feet
location immediately south to southeast of Building 1211[12.2 to 24.4 m] bgs) and the lowest concentrations
Samples from borings in these location show detectabtietected in deep screened wells (approximately 90 to 105
concentrations of TCE ranging from 0.0066 milligramsfeet [27.4 to 32.0 m] bgs). Due to the long (40 feet [12.2
per kilogram (mg/kg) to 0.046 mg/kg, and DCE at am]) screen intervals of many of the monitoring wells,
concentration of 0.0075 mg/kg. A review of the soilcontaminant stratification cannot be assessed in more
samples results and the site’s history suggests that thegetail.  Well-specific screen intervals, depths, and
areas are suspected source areas for VOC contaminatioanations for all Site 31 monitoring wells are presented in
the groundwater (TETC 1994). The location of the sourc&able 4-2.
area relative to the UVB system is presented in Figure 4-6.

4.1.3 Demonstration Objectives and

To further characterize and locate potential contaminaqthe SITE demonstration was designed to address primary
source areas, two soil gas investigations were conductedﬂ

. . d secondary objectives selected for evaluation of the
Site 31 during January, 1992 and September, 1993 (TET, B technology. These objectives were selected to
1994). During the investigations, soil gas samples Werfr

ovide potential users of the UVB technology with the
collected from depths of 5, 10, 20, and 30 feet (1.5, 3.0, 6. ecessary technical information to assess the applicability
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Table 4-1. Historical Site 31 Groundwater TCE Concentrations

TCE Concentration wa/t.

Well
Location  gumroe  Aug92 Fallgz  Sept92  Deco2  Wntrg3 Feb93  Sprg93  May93 Jun 93 Sumre3  Jul9d  Aug93 Fall 93 Sept 93 Oct93 Nov 93 Feb 94 Wntr 94 Mar 94 Sprg 94 Jun 94 Aug 94 Sume Oct 94
t e t e e t e t w w t w w t w w w w t w t w w 94 w
1

w1 NI NI NI NI NI NI NI NI 33 180 NA 83 300 NA 100 41 19 27 NA 18 NA 6.5 53 NA 29
w2 NI NI NI NI NI NI NI NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
w3 NI NI NI NI NI NI NI NI 59 12 NA ND 12 NA 1.0 11 1.7 7.1 NA ND NA 11 15 NA 0.89
PW1 NI NI NI NI NI NI NI NI 400 1500 820 700 1200 500 960 910 310 540 93 NA 69 110 110 71 89
w2 NI NI NI NI NI NI NI Ni NA NA 1400 NA NA 1200 NA NA NA NA NA NA 200 NA NA 110 NA
PW3 N NI NI NI NI NI NI NI NA NA 300 NA NA 270 NA NA NA NA 240 NA 194 NA NA 100 Na
PW4 NI NI NI NI NI NI NI NI 480 810 1300 750 1200 500 740 1600 610 760 190 NA 160 250 270 170 210
PWs NI NI NI NI NI NI NI Nt NA NA 320 NA NA 540 NA NA NA NA 150 NA 91 NA NA 87 NA
PWE NI NI NI NI NI NI NI NI NA NA 190 NA NA 160 NA NA NA NA 120 NA 100 NA NA 100 NA
PWT7 NI NI NI NI NI NI NI NI NI NI NI Ni NI NI NI NI NI NA 85 86 130 95 120 NA 110

PwWE NI NI NI NI NI NI NI NI NI NI NI NI NI NI NI NI NI NA 170 81 110 92 7% NA 98
3IMWE NI NI NI NI 17 NA NA <3 34 26 23 21 22 20 34 24 17 NA 15 NA NA NA NA NA NA
3IMW2 NI <1 NI NI NI <5 NA <3 NA NA <3 NA NA <3 NA NA NA NA 5 NA NA NA NA NA NA
3IMW3 NI 1.3 Ni NI NI <5 NA <3 NA NA <3 NA NA <3 NA NA NA NA 4 NA NA NA NA NA NA
3IMW4 NI NI NI 360 NI NA NA 410 170 610 260 220 270 240 150 230 220 110 150 320 14¢ 210 180 100 160
IIMWS NI NI NI NI <1 NA NA <3 NA NA <3 NA NA <3 NA NA NA NA <3 NA NA NA NA NA NA
3IMW6 NI NI NI NI 24 NA NA 17 NA NA 14 NA NA 23 NA NA NA NA 26 NA 18 NA NA 35 NA
3IMW7 NI NI NI NI <1 NA NA 4 NA NA <3 NA NA <3 NA NA NA NA 6 NA NA NA NA NA NA
3IMwe NI NI NI NI NI NA <1 23 NA NA 24 NA NA 16 NA NA NA NA 11 NA 15 NA NA 9.7 NA
310W1 NI NI NI NI NI NA NA 1100 940 830 630 650 1000 640 910 870 485 450 84 250 100 580 340 140 250

3IPWL NI NI NI NI NI NA NA 1200 NA NA 1400 NA NA 260 NA NA NA 140 160 160 47 110 77 16 48
AMW7 NA NA 59.6 NA NA 81 NA 85 NA NA 47 NA NA 61 NA NA NA NA 55 NA 35 NA NA 15 NA
AMWI2 NA NA <1 NA NA 3 NA <3 NA NA <3 NA NA <3 NA NA NA NA <3 NA NA NA NA NA NA
aMW14 656 NA 520 NA NA 250 NA 180 160 580 110 1200 1500 350 1700 1500 1700 1700 100 110 140 180 170 130 130
28MW3 NA NA 10.3 NA NA 8 NA 6 NA NA 6 NA NA 9 NA NA NA NA 6 NA 6.3 NA NA NA NA

t ~ Tetra-Tech, Inc.

w - Roy F. Weston, Inc
e - The Earth Technologics Corporation
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Figure 4-8 Site 31 TCE plume from in situ data.
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Table 4-2. Groundwater Monitoring Well Completion and Location Data

Well ID Date Screen Length Screen Interval Sand Pack Interval Well Depth Well Elevation Northing Easting
Installed (feet)* (feet bgs)* (feet bgs) (feet bgs)* (feet AMSL) Coordinate Coordinate
w1 4/25/93 10 70-80 67 - 84 85 1508.07 2269282.10 6258393.30
w2 4/25/93 15 40-55 36 - 58 56 1506.70 2269280.80 6258391.50
w3 4/25/93 15 40-55 36 - 58 56 1506.91 2269282.10 6258393.30
PW1 4/14/93 20 38-58 33-58 58 1505.60 2269255.34 6258415.73
PW2 4/16/93 10 65-75 58-77 75 1505.70 2269251.32 6258418.84
PW3 4/8/93 15 90-105 86-109 105 1505.52 2269247.08 6258421.02
PW4 4/13/93 20 38 -58 33-59 58 1504.91 2269217.58 6258447.58
PW5 4/15/93 10 68 -78 57-78 78 1505.03 2269213.23 6258451.05
PW6 4/7/93 15 91-106 85-106 106 1505.16 2269209.51 6258454.15
PW7 12/29/93 20 35-55 32 -55 55 1505.47 2269234.65 6258386.16
PW8 12/28/93 20 35-55 32-55 55 1505.69 2269286.43 6258356.53
31MW1 1/12/93 10 143 - 153 146 - 161 153 1507.57 2269318.88 62658379.03
31MW2 8/5/92 20 42 - 62 36 - 62.5 62 1508.36 2269657.31 6258208.81
31MW3 8/5/92 10 97 - 107 91-109 107 1508.39 2269655.28 6258564.30
31MwW4 7/28/92 20 78 - 98 70-100 98 1507.61 2269454.64 6258564.30
31MW5 11/16/92 20 47 - 67 42 - 67 67 1051.76 2268225.10 6259623.88
31MWE 12/1/92 20 41 -61 36 - 60 61 1503.38 2268690.80 6258605.54
31MW7 11/30/92 10 98 - 108 91-110 108 1503.34 2268701.78 6258595.67
31MW8 11/19/92 20 57-77 49-79 77 1505.51 2269461.42 6258087.69
310W1 1/19/92 20 61 - 81 54 -82 81 1507.62 2269286.36 6258433.92
31PW1 1/19/92 40 52 - 92 39-92 92 1507.25 2267463.66 6258430.49
4MW14 6/5/89 40 35-75 24-77 75 1507.71 2269331.38 6258388.92

Notes:

*Approximate measurements

1 foot = 0.3048 meter




of the treatment system to other contaminated sites. F4r2  Demonstration Procedures
the SITE demonstration of the UVB technology, three

primary and seven secondary objectives were selected anfis section describes the methods and procedures used to

are summarized below: collect and analyze samples for the SITE demonstration of
. o the UVB technology. The field and analytical methods
Primary Objectives: used to collect and analyze samples were conducted in

accordance with the procedures outlined in Sections 4.2.2
(P1) Determine the concentration to which the UVBand 4.2.3. The activities associated with the UVB SITE
technology reduces TCE and DCE in groundwategemonstration included (1) demonstration preparation, (2)
discharged from the treatment system demonstration design, (3) groundwater and soil gas

. . ) i sample collection and analysis, and (4) field and
(P2) Estimate the radius of circulation cell of thelaboratory QA/QC.

groundwater treatment system

(P3) Determine whether TCE and DCE concentrationél'z'l Demonstration Preparation

have been reduced in groundwater (both vertically and ) o . )
horizontally) within the radius of circulation cell of Predemonstration activities included drilling seven soll

the UVB system over the course of the pilot study borings and the subsequent installation and completion of
six groundwater monitoring wells and one soil gas well to
Secondary Obijectives: evaluate the UVB system. The groundwater monitoring
wells were placed in two clusters, with each cluster
(S1) Assess homogenization of the groundwategontaining three wells: a shallow, intermediate, and deep
within the zone of influence screen well (Figure 4-9). The well clusters were placed
such that the outer cluster served as a control set for
(S2) Document selected aquifer geochemicatomparison with inner cluster results. Based on the
characteristics that may be affected by oxygenatiopreliminary estimate of the UVB system’s radius of
and recirculation of treated groundwater circulation cell of approximately 50 feet (15.2 m), the
monitoring well clusters were placed at approximately 40
(S3) Determine whether the treatment system induceghd 90 feet (12.2 to 27.4 m) from the UVB system well.
a vacuum in the vadose zone that suggests vapghe soil gas well was located approximately 65 feet (19.8
transport m) from the UVB system well.

(S4) Estimate the capital and operating costs Oh gecond phase of site preparation activities was
constructing a single treatment unit to remediateongucted before the dye trace study began. Field
groundwater contaminated with TCE and DCE activities associated with the dye trace study included the
(S5) Document pre- and post-treatment off-gaénsffl”atlon hof two ad;jltl(;_n?itl ?roundwat?r monlltor_lngf
volatile organic contaminant levels wells and the setup of a field laboratory for analysis o

fluorescent dyes. The two wells were located
approximately 40 feet (12.2 m) from the UVB system well

and were completed as shallow screen monitoring wells.

(S7) Evaluate the presence of aerobic biological _ )
activity in the saturated and vadose zones 4.2.2 Demonstration Design

(S6) Document system operating parameters

The demonstration program objectives were achieved bphis section describes the sampling and analysis program
collecting monthly samples from the groundwater, soihnd sample collection frequency and locations. The
gas, and the UVB system process air stream over a 1garpose of the demonstration design was to collect and
month period. To meet the demonstration objectives, da@lalyze samples of known and acceptable quality to

were collected and analyzed using the methods angthieve the objectives stated in Section 4.1.3.
procedures summarized in Section 4.2.
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Figure 4-9. Sampling locations conceptual diagram.




4.2.2.1 Sampling and Analysis Program analysis of fluorescence. Table 4-5 provides an overview
of the frequency performed for the dye trace sampling. A
To meet the demonstration objectives, the sampling andore detailed description of the dye trace study project
analysis program was divided into three phases: (Background, dye study design, field procedures, analytical
baseline sampling, (2) long-term sampling, and (3) dyenethods, quality assurance/quality control, data
trace sampling. interpretation, results, and conclusions is presented in the
Dye Trace Study Report presented in Appendix A.
Baseline sampling included the collection of groundwater
samples from eight monitoring wells and one soil gag.2.2.2 Sampling and Measurement Locations
sample from the soil vapor monitoring well before system
start-up. This sampling provided documentation ofSampling locations were selected based on the
baseline conditions at the site and was used in achievimgnfiguration of the treatment system and project
the demonstration objectives. Groundwater samples weobjectives; analytical parameters were selected based on
analyzed for VOCs, dissolved metals, and generdahe contaminant to be treated and project objectives. The
chemistry parameters. The air sample was analyzed ftwcations at which samples were collected and field
VOCs and fixed gases oxygen JOnitrogen (N), and measurements taken during the demonstration are shown
carbon dioxide (C(). An overview of the sampling and on Figures 4-7 and 4-9. Tetra Tech collected groundwater
analysis conducted for baseline sampling is shown isamples at eight locations and vapor samples at one
Tables 4-3 and 4-4. location for the baseline sampling events. Groundwater
was collected from eight locations and vapor samples from
Long-term sampling included monthly collection of fourlocations for long-term sampling events. Groundwater
groundwater samples from eight monitoring wells, a soifamples were collected from 13 locations for the dye trace
gas sample from the soil vapor monitoring well, and aistudy. The eight baseline and long-term groundwater
samples from the three UVB process air streams. Theggonitoring locations are identified on Figures 4-7 and 4-9
samples were collected for 6 consecutive months afters wells W1, W2, and PW1 through PW6.
system start-up. Groundwater samples were analyzed for
VOCs, dissolved metals, and general chemistry parameteiidie 13 dye trace study groundwater monitoring locations
All air samples from system air sampling ports weraare also identified on Figure 4-7 as W1, W2, PW1 through
analyzed for VOCs. The air samples from the vadose zofdV/8, 4AMW14, 31PW1, and 310W1. Wells PW1 through
were analyzed for VOCs and fixed gases. The fixed gd3W6 were installed in clusters of three, at three different
determinations were performed to evaluate the potentidepths in the aquifer and at two separate radii from the in
for increasing microbiological activity in the vadose zonesitu stripping well. One cluster is within the originally
Samples from the ambient air and contaminated air befoestimated radius of circulation cell of the UVB system, and
treatment were also analyzed for fixed gases. Atthe endtbie other cluster is outside the originally estimated radius
the 6-month period, sampling of the soil gas and systewf circulation cell. Thus, the rationale for placement of the
process air stream was terminated and an additionalvéells was to install one cluster within the expected radius
months of modified monthly groundwater sampling waf circulation cell of the UVB system well, while the other
performed. The modified sampling events consisted of theduster acted as a control set. The well depths were placed
collection and analysis of groundwater samples fromto monitor (1) the upper portion of the aquifer in the
shallow and intermediate depth monitoring wells fordischarge zone of the UVB system well, (2) in the middle
VOCs only. Tables 4-3 and 4-4 provide an overview of thef the aquifer in the intake zone of the UVB system well,
sampling and analysis performed for long-term air andnd (3) in the lower portion of the aquifer below the UVB
groundwater sampling. system well.

Dye trace sampling was conducted to further evaluate dhe four air monitoring locations are identified on Figure
the system’s radius of circulation cell. After fluorescen#-9 as Al through A3 and V1. These locations measured
dyes were injected into the UVB-generated groundwatesystem air as follows: Al is ambient air, A2 is
circulation cell, groundwater samples were collected froncontaminated air prior to treatment, A3 is post-treatment
13 wells three times a week for a 4-month period. Samplesdr, and V1 is soil vapor from the vadose zone.

were collected for both qualitative and quantitative
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Table 4-3. Groundwater Sampling and Analysis Overview

Location Parameters Frequency Classification Type Method Purpose
Monitoring wells within vOC Baseline and Critical Analytical 8260 P1, P3, S1
borehole annulus (W1, monthly (SW-846)

W2), monitoring well thereafter for 12
cluster within the radius months for wells " . .
of circulation cell (PW1, Water Level W1, W2, PW1, Critical In ;‘le_ld | Manuf.a.ctwjerss P1, P2, P3
PW2, PW3), and PW2, PW4, and analytical Specifications
monitoring well cluster PW5
outside of the radius of Dissolved Oxygen Noncritical In field 360.1 (MCAWW) S1, 82, 57
circulation cell analytical
(PW4, PW5, PW6)
Oxidation/Reduction Baseline and Noncritical In field 2580B 82
Potential monthly thereafter analytical (APHA)
for 6 months for
pH wells PW3 and Noncritical In field 150.1 (MCAWW) S2
PWe& analytical
Specific Conductance Noncritical In field 120.1 S2
analytical (MCAWW)
Temperature Noncritical In field 170.1 (MCAWW) S1,87
analytical
Dissolved Organic Baseline and Noncritical Analytical 415.1 (MCAWW) S2, S7
Carbon monthly
n thereafter for 6 . .
Alkalinity months for all wells Noncritical Analytical 310.1 (MCAWW) S2
Total Dissolved Noncritical Analytical 160.1 (MCAWW) 82
Solids
Dissolved Metals® Noncritical Analytical 3010/6010, 3020/7421, 82
7740, 7060, 7470 (SW-846)
Notes:
2 Dissolved metals analyte list includes: Al, Sb, Ba, Be, B, Cd, Ca, Cr, Co, Cu, Fe, Mg, Mn, Mo, Ni, K, Si, Ag, Na, Ti, V, Zn

P1-3  This identifier indicates that parameters are compatible with primary objective numbers 1, 2, 3

S1-7 These identifiers indicate that parameters are compatible with one or more secondary objectives, numbers 1 through 7

SW-846 (EPA 1987b)
MCAWW (EPA 1983)
APHA (APHA 1992)
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Table 4-5. Dye Tracer Study Sampling Overview

Location Parameters Frequency Classification Type Method Purpose
PW1, PW2, Rhodamine Day One: sample every hour Critical Analytical Fluorescence® P2
PW7, PW8, and WT and for 8 hours; sample every 2
310W1 Fluorescein hours for 8 hour; sample

every 4 hours for 8 hours.

Day Two: sample once every
8 hours for 24 hours

Days Three, Four, and Five:
once every 24 hours

W1, W2, PW1, Rhodamine Sample 3 times per week on Critical Analytical Fluorescence® P2
PW2, PW3?, WT and nonconsecutive days
PW4, PW5, Fluorescein
PW6® PW7,
PW8, 310W1,
31PW1°,
4AMW14°
Notes:
P2 This identifier indicates that parameters are compatible with primary objective number 2
@ Wells were added to sampling program during the dye tracer study
b Samples were collected from the top and bottom of the well's screened interval
¢ Qualitatively and quantitatively analyzed for fluorescence using methods and procedures outlined in the dye trace study report

{(Appendix A)




4.2.3 Sampling Methods dissolved metals analysis were filtered in the field through
a 0.45 micron filter using a peristaltic pump.

This section describes the sampling or measurement

procedures at each Samp”ng location. During the dye trace StUdy, groundwater grab Samples and
passive dye receptors, known as carbon bugs, were
4.2.3.1 Groundwater Samples collected for qualitative and quantitative analysis of

fluorescence. The methods and procedures used to collect

Groundwater samples were collected from monitoringind analyze the both the grab and carbon bug samples are
wells at the locations identified in Section 4.2.2.2 andliscussed in the dye trace study report presented in
depicted on Figures 4-7 and 4-9. Monitoring wellsAPpendix A.

sampled during baseline and long-term sampling events

were purged prior to sampling using a submersible pumfh2.3.2 Gas Samples

or bailer. Before purging, the static water level was

measured using an electric sounder and recorded on th@s samples were periodically collected at locations
well purging and sampling form. After the static level wagshown on Figure 4-9 to monitor changes and relative
measured, a stainless steel Grundfos Redi-Flo2 submersiBifferences between ambient air, treated and untreated air,
pump was lowered down the well and set at the mid poignd soil gas. Gas samples were collected in 6-liter
of the water column in the well casing. Monitoring wellsSUMMA canisters. The canisters were attached to the
were purged of at least three well volumes and untBpecified sampling locations via disposable Teflon tubing.
groundwater parameters stabilized (that is, pH, specifithe tubing was purged with the air stream to be sampled
conductance, and temperature were within 10 percent Bgfore it was attached to the SUMMA canister. The
previous readings)_ Purge water Samp|es were C0||ect§é.nisters were allowed to fill for 7 to 15 seconds. Gas
and analyzed in the field for pH, specific conductivity,Samples were analyzed for VOCs or fixed gases.
temperature, and reduction/oxidation potential after each

well volume. Dissolved oxygen was measured duringf.2.4 Quality Assurance and Quality

sampling. These parameters were recorded on the Control Program

summary sheet for water sampling.

Quality control checks and procedures were an integral
Groundwater samples were collected immediately aftqjart of the UVB SITE demonstration to ensure that the QA
the well was purged. Samples were collected from thghjectives were met. These checks and procedures
mid-screen interval of the well using a disposal acryligocused on the collection of representative samples absent
bailer lowered into place by a nylon rope. New bailergf external contamination and on the generation of
were used at each sample location to eliminate th@omparable data. The QC checks and procedures
potential for cross contamination. Groundwater wagonducted during the demonstration were of two kinds: (1)
immediately dispensed from the bailer directly intochecks controlling field activities, such as sample
precleaned sample containers (provided by a commercigbllection and shipping, and (2) checks controlling
supplier). The samples collected for laboratory analysigboratory activities, such as extraction and analysis. The
were preserved appropriately for the tests to be performegbsults of the field quality control checks are summarized

in the TER (PRC 1995).
When samples for determination of organic compounds

were collected, the sample was introduced into the vialg 2 4.1 Field Quality Control Checks
gently to reduce agitation that might drive off volatile

compounds. The samples were collected directly into thgs a check on the quality of field activities including
vial without introducing any air bubbles. Each vial wassample collection, shipment, and handling, three types of
filled until a meniscus appeared over the top. The screweld QC checks (field blanks, trip blanks, and equipment
top lid with the septum (Teflon side toward the samplepjanks) were collected. In general, these QC checks
was then tightened onto the vial. After tightening the lidgssessed the representativeness of the samples, and
the vial was inverted and tapped to check for air bUbeeénsured that the degree to which the ana|ytica| data
If any air bubbles were present, the sample was recollecteghresent actual site conditions was known and
by filling a new, preserved vial. Samples collected fogocumented. Any QC results that fail acceptance criteria
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and could not readily be corrected in the laboratory wersupplemented by information provided by the vendor on
reported to the project manager or QA manager as soon@ber sites undergoing remediation using the UVB
possible to effect corrective action. If a field QC checkreatment system.

sample exceeded the established criteria for any analytical

parameter, analytical results of that parameter for alf 3 1 Operating Conditions
associated samples having the analyte concentration

above the quantitation limit were flagged during postThis section summarizes the configuration of the UVB

laboratory validation. system, operating parameters, and system maintenance
performed on the UVB during the 12-month demonstration.
4.2.4.2 Laboratory QC Checks During the SITE demonstration, the UVB treatment

system was operated at conditions determined by the
Laboratory QC checks were designed to determingeveloper. To document the UVB system’s operating
precision and accuracy of the analyses, to demonstrate f§nditions, groundwater influent and effluent and system
absence of interferences and contamination frOfBrocess air stream were periodically monitored and
glassware and reagents, and to ensure the comparabilitysgfmpled. The system operated continually, 24 hours a day,
data. Laboratory-based QC checks consisted of methqddays a week over the demonstration period with the
blanks, matrix spikes/matrix spike duplicates, samplesdxception of periodic maintenance checks. The UVB
sample duplicates, surrogate spikes, blank spikes/blafgchnology was presented by the developer as a highly
spike duplicates, and other checks specified in thgfficient in situ system requiring minimal maintenance for
analytical methods. The laboratory also performed initighhe remediation of volatile organic compounds in the
calibrations and continuing calibration checks accordin@roundwater, unsaturated zone, and the capillary fringe.
to the specified analytical methods. The results of thehe UVB system installed at Site 31 was designed to
laboratory internal QC checks for critical parameters argsmove chlorinated hydrocarbons from the groundwater
summarized on a method-specific basis in the TER (PRgnd did not address removal of other contaminants from
1995). either the unsaturated zone or capillary fringe.

Routine QC was performed for the noncritical generaf 3.1.1 UVB Treatment System Configuration

chemistry parameters. At least one laboratory duplicate

and check standard was run for every batch (minimum afhe UVB well installed at Site 31 consisted of a 16-inch
one per 20 samples) for alkalinity and total dissolved40.6 cm) diameter dual screen well installed in a 26-inch
solids (TDS). Laboratory blanks were also run for thesgse.0 cm) diameter bore hole and was completed to a depth
parameters. Duplicate samples were run for all othejf 83.7 feet (25.5 m) bgs. The two screen sections of the
noncritical analyses at a frequency of 10 percent or at leagk|| were separated by 14.7 feet (4.5 m) of steel casing.
one per batch. The relative percentage difference (RPBhe lower (influent) screen section was 12 feet (3.7 m)
acceptance criteria for duplicate analyses was 20 percer&qg and was Composed of steel bridge_s|ot Casing_ The
Additionally, check standards and laboratory blank pper (effluent) screen section extended 13.8 feet (4.2 m)
samples were run for metals analyses. The results of tRad was constructed with 4 feet (1.2 m) of bridge-slot
laboratory internal QC checks for noncritical analyses argasing and 9.8 feet (3.0 m) of double-cased stainless steel

also presented in the TER (PRC 1995). screen filled with 3/8-inch (1.0 cm) Teflon beads. Final
completion of the well included the placement of a gravel
4.3 Demonstration Results and pack and a bentonite and cement slurry. The well was
Conclusions completed at the surface with a concrete pad and bolted

well head. The as-built configuration of the UVB

This section presents the operating conditions, results afi@atment well showing the depth of screen intervals and
discussion, data quality, and conclusions of the s|Trvell construction materials is provided as Figure 4-10.

demonstration of the UVB treatment system. The SITE . o
demonstration provides the most extensive UVBThe upper and lower screen sections were separated within

performance data to date and serves as the foundation 8¢ Well by an inflatable packer installed at 66.7 feet (20.3
conclusions on the system’s effectiveness and applicabilifft) bgs. The packer was pierced by an intake pipe that
to other cleanups. The demonstration results have beBfpvided flow from the lower screen section to the
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groundwater stripping unit located in the upper section afiear, pinhole plate for iron buildup and biofilm, vacuum
the well. The internal stripping unit components consistedauge readings, binding or clogging in the fresh air pipe,
of a Grundfos Model KP 300 MI submersible pump, &uoyancy of the UVB system, and air to water ratio (air
pinhole (diffuser) plate, a double-wall stripper reactorflow rate and water flow rate). The internal stripping
internal centralizers and leveling ballast, and an air intakeomponents were removed by hand and required at least
pipe. A diagram showing the as-builtinternal componentsvo technicians. In addition to routine maintenance, the
of the UVB system well is presented as Figure 4-11. Thgystem was inspected and operating parameters monitored
discharge throat of the pump was equipped with a 1%uring regular scheduled sampling activities to provide an
millimeter orifice flow restrictor that provided a constantindication of system performance. A summary of
upward flow rate of approximately 22 gallons per minutemaintenance activities performed by Weston is provided
(83.3 liters per minute) (Weston 1994). To minimizein Table 4-6. In general, maintenance conducted on the
downhole corrosion, the stripping unit components wer&VB system during the demonstration consisted of
constructed with high density polyethylene or aluminumadjustments to optimize stripping condition within the

The downhole components of the system well were freavell.  Air stripping of VOCs was optimized by
floating and were self-adjusting to fluctuations inmaximizing both the length of the stripping column and
groundwater elevation. the volume of air introduced to the well through the

diffuser plate. These functions are controlled by changing
The above-ground components of the UVB treatmerthe depth of the stripping unit and the vacuum at the well
system included a blower, moisture separator, process &iead.
stream piping, electrical supply, and two 1,800-pound
(816.5 kg) vapor phase carbon adsorption units. Th®8ystem maintenance and inspection was conducted by the
configuration of the above-ground UVB systemdeveloper throughout the demonstration with the

components is shown in Figure 4-12. exception of the period from December 7, 1993 to
February 3, 1994. From May 4 to December 7, 1993, the
4.3.1.2 Operating Parameters system operated with few problems, requiring only

scheduled maintenance.
The UVB system was sampled and monitored by Weston
on a regular basis to evaluate the system’s performancihe only problem identified during this period was the
System operating parameters monitored by the developdisplacement of the inflatable packer identified on
included relative humidity, air temperature, linear flowNovember 4, 1993. Displacement of the well packer may
velocity, pressure in the system'’s air streams, and VOBave allowed the recirculation of water within the UVB
removal in the groundwater discharged from the systemvell casing, possibly causing a greater dilution effect on
These parameters were collected from the UVB treatmettie influent contaminant concentrations. However, the
well’s fresh air intake pipe and the four sampling ports, VEixth monthly sampling event conducted on October 25,
through V4, installed in the air stream piping by thel993 did not exhibit anomalously low influent
developer (Figure 4-12). A summary of the operatingoncentrations. From December 7, 1993 to February 3,
parameter results measured during the demonstration1894, no maintenance was conducted due to developer
presented in Section 4.3.2.2.6. contractual renegotiations with the March AFB.

4.3.1.3 System Maintenance After maintenance and inspection resumed in February
1994, several additional problems potentially affecting
Routine maintenance and inspection of the UVB systersystem performance were documented. From February 3
were performed by the developer four times during the 12e May 17, 1994 the system was documented four different
month demonstration period. The system was shut dowimes as having low intake air flow rate and operating at a
during routine maintenance and inspection for 1.5 to depth 2 to 3 feet (0.6 to 0.9 m) lower than preferred by the
hours. Items inspected during routine maintenancedeveloper. Because of the increased depth of the stripping
included: the direction of rotation of the blower fan, fanunit, the vacuum applied during this period may have been
belt wear, bearings of the blower motor for wear, wateunable to overcome the additional pressure head from the
content in the moisture knockout pot, cables holding thimcreased water column. Subsequently, little or no air may
packer in place, air pressure in the packer, air hose fbave been introduced to the diffuser plate (as documented
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Table 4-6 Maintenance Summary

Date Weston Maintenance Log
May 4, 1993  System turned on.
July 20, 1993  System components pulled to perform routine maintenance. Total down-

Sept 14, 1993

Nov 4, 1993

Dec 7, 1993

Dec 7, 1993
through
Feb 3, 1994

Jan 10, 1994

Jan 11, 1994

Feb 3, 1994

Feb 18, 1994

Feb 24, 1994

Mar 18, 1994

May 11, 1994

time of system: 2 hours, 15 minutes.

System components pulled to perform routine maintenance. Total down-
time of system: approximately 4 hours.

System operating at a lower than desired depth. Discovered that inflatable
packer appears to have raised inside of UVB well casing 2-3 feet (0.6-0.9
m). Deflate packer, push down to desired depth, and reinflate. Packer
motion within the well may indicate short-circuiting across the packer within
the well.

System components pulled to perform routine maintenance. Total down-
time of system: approximately 4 hours.

System was not monitored during this period due to contract renegotiation.

Pull system components to perform maintenance in preparation for up-
coming dye study. Also change original 15 mm flow restrictor for 20 mm
flow restrictor. Total down-time of system: 3 hours, 20 minutes.

Pull system components to fine-tune previous maintenance. Replace
newly installed 20 mm flow restrictor with original 15 mm flow restrictor.
Total down-time: 1 hour, 25 minutes.

Very low intake air flow recorded. May indicate insufficient air-stripping
capabilities within the well.

No intake air flow recorded. Stripping components appear to be operating
at a depth approximately 2 feet (0.6 m) lower than preferred. May indicate
insufficient air-stripping capabilities within the well. Raise system and
secure in place at desired intake air flow rate.

Base personnel report that discharge pipe from system had "fallen off."
Base personnel shut system blower off, but did not shut off submersible
pump. Weston personnel arrive at site on February 25, 1994, reinstall
discharge pipe, and turn on blower. Total down-time of blower only: 20
hours, 50 minutes. After restarting system, notice that riser pipe is riding
unusually low. Raise pipe and secure at optimal air intake flow rate.

Very low intake air flow recorded. May indicate insufficient air-stripping
capabilities within the well. Raise system and secure in place at desired
intake air flow rate.

During biweekly sampling of wells W1 and W3, notice that riser is only
approximately 3 feet (0.9 m) above flange, as opposed to normal height of
approximately 6 feet (1.8 m) above flange. Unable to secure pipe after
raising up. Leave as is.
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Table 4-6 Maintenance Summary (continued)

Date

Weston Maintenance Log

May 17, 1994

Aug 26, 1994

Oct 26, 1994

Dec 2, 1994

Pull system components for routine maintenance. During removal of
components, notice that the third (lowest) buoyancy tank has a hole. This
hole has allowed buoyancy tank to fill with water. This filling with water
caused components to operated at a lower than optimal depth (as noted
several times since February 3, 1994). Replace buoyancy tank. System
appears to be operating at preferred elevation and intake air flow. Total
down-time of system: 2 hours.

Riser pipe is riding higher than normal. Adjust to preferred level. System
appears to respond favorably to adjustment.

System shut off completely by Tetra Tech in order to safely perform
additional drilling near the UVB. System restarted on November 3, 1994.
Total down-time of system : 135 hours, 30 minutes.

System shut off and pilot program completed at 0815. Components left in
place pending decision by March AFB on final disposition of system.
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in the maintenance records), causing a decrease in ar.3.2.1 Primary Objectives
stripping efficiency of the system. The developer
attempted to alleviate this problem by securing the systeRrimary objectives were considered critical for the
in place at the desired depth and air intake flow rate. Thavaluation of the Weston/IEG UVB treatment system.
solution appeared to have had mixed success and requifBaree primary objectives were selected for the SITE
additional adjustments to the depth of the stripping unilemonstration of the UVB technology. The results for
until the system was removed for maintenance on May 1@ach primary objective are discussed in the following
1994. During this maintenance, the leveling ballassubsections.
reportedly had filled with water, causing the stripping unit
to operated at a depth lower than preferred by thBrimary Objective P1
developer. After fixing the leveling ballast, no additional
problems were encountered with the depth of the strippingetermine the concentration to which the UVB technology
unit. Since the system maintenance problems wemeduces TCE and DCE in groundwater discharged from
encountered immediately after monitoring and inspectiothe treatment system.
resumed, it is possible that problems may have also been
present while the system was not being monitoredlhis objective was achieved by collecting 12 monthly
However, with the exception of the effluent samplesamples at the influent (W1) and effluent (W2) sampling
collected in the eighth monthly monitoring event, nolocations and analyzing the samples for TCE and DCE.
anomalous data were apparent during this period fdhe analytical results for TCE and DCE in the system
suggest significant reduction in system performance. influent and effluent wells are summarized in Table 4-7.
These results indicate that the UVB treatment system
The level of system performance from December 7, 1998ffectively removed target compounds from the
to May 17, 1994 appears to have affected the effluemroundwater. DCE was reduced to below 1 pg/L (the
results of at least two monthly monitoring events. Revievanalytical method detection limit) in all sampling events in
of TCE concentrations in the samples collected from ththe groundwater discharged from the treatment system.
system effluent in the eighth (December 27, 1993) andowever, the UVB system’s ability to remove DCE could
twelfth (April 27, 1994) monthly monitoring events not be meaningfully estimated due to the low (less than 4
indicates that stripping efficiencies were significantlypg/L) influent concentration of DCE. Additionally, TCE
reduced. Since collection of this anomalous datavas reduced by greater than 93 percentin all events except
correlates with documented and inferred maintenandbe fifth, eighth, and twelfth monthly monitoring events.
problems, effluent concentrations during these events may
not be indicative of optimal operation of the UVB systeml CE concentrations in the system’s effluent for the eighth
and will not be used to evaluate of the stripping efficiencynonthly monitoring event showed no indication of
of the system. No other correlations between increasedntaminant reduction. This lack of TCE reduction
effluent concentration and reduced system performan@ppears to be a direct result of operating conditions, as

due to maintenance problems were apparent. discussed in Section 4.3.1.3. Additionally, maintenance
performed on the system after samples were collected
4.3.2 Results and Discussion during the twelfth monthly monitoring event indicated

that the system required adjustments to the depth of the

This section presents the results of the SITE demonstrati§fipping reactor. During this event, TCE showed a
of the UVB technology at Site 31, March AFB, California.reduction of only 37 percent, significantly less than
The results are presented by project objective and ha@evious events. This decrease in contaminant reduction
been interpreted in relation to each objective. The specif@PPears to be related to the UVB system operating at a
primary and secondary objectives are shown at the top fwer depth than preferred by the developer. The results
each section in italics followed by a discussion of thdrom the fifth monthly monitoring event may also reflect
objective-specific results. Data quality and conclusionglightly diminished operating performance of the UVB;

based on these results are presented in Sections 4.3.3 BAwever, no maintenance problems were identified
4.3.4. immediately before or after the event. During the

demonstration, TCE concentrations in samples from the
influent well ranged from 14 ug/L to 220 ug/L with an
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arithmetic mean of approximately 56 pg/L. Influent TCEFor the calculation of the mean and standard deviation,

concentrations were significantly lower than TCEsample concentrations below the method detection limit

concentrations detected in samples from the surroundivgere assigned the concentration value of the detection

groundwater monitoring wells located both up-gradientimit (1 pg/L). Given the parameters above, the UCL for

and downgradient of the system. The persistently loWwCE in the treated effluent at the 95 percent confidence

influent concentrations of target compounds observekbvel was calculated to be approximately 6 ug/L.

during the demonstration are most likely due to

groundwater recirculation caused by the UVB systemlTCE concentrations in the treated water appeared

According to the developer, up to 90 percent of the effluemtormally distributed and were usable to calculate the UCL.

water is recaptured by the UVB system, dilutingHowever, the UCL for DCE at the 95 percent confidence

contaminant levels in the influent groundwater. internal was not calculated because of the lack of
significant DCE concentrations in the system influent

Not including the eighth and twelfth monthly monitoring (mean concentration of 1.6 pg/L) and subsequent

events, TCE was reduced on average by greater than ®datment of DCE in all sampling events to below the

percent in the groundwater discharged from the UVBnethod detection limit (1 pg/L).

treatment system. The mean concentration of TCE in

samples of the discharged groundwater was approximateBrimary Objective P2

3 pg/L with only one event (third month) above 5 ug/L.

During the third monthly monitoring event, TCE wasEstimate the radius of circulation cell of the groundwater

reduced by 93 percent, which is approximately the meaneatment system.

reduction efficiency observed during the demonstration.

This reduction suggests the system was operating @he radius of circulation cell of the UVB system was

normal conditions and that the elevated (16 pg/L) effluergstimated using both direct and indirect methods. Because

concentration of TCE may be due to the high influenbf the heterogeneous and anisotropic conditions and

concentration of TCE (220 pg/L) noted during the eventpotential structural control of groundwater flow at Site 31,
use of both methods was necessary to provide an accurate

The upper confidence limit (UCL) for TCE in samples ofestimate of the radius of circulation cell. The radius of

the treated groundwater (excluding the eighth and twelftbirculation cell was estimated directly by conducting a dye

monthly monitoring events) was determined at the 9%race study, which consisted of injecting fluorescent dyes

percent confidence level using a one-tailed Student’s into the groundwater and subsequently monitoring the

testt The UCL was calculated using the followingsurrounding wells to document dye movement or lack

equation: thereof. The radius of circulation cell was further
UCL, = x + (ts/square root of) evaluated indirectly by (1) modeling the groundwater flow
Where: of the UVB system, (2) analyzing aquifer pump test data,
and (3) assessing changes in target compound
X = Sample arithmetic mean contaminant concentrations and the fluctuation of dissolved oxygen
concentration measured in samples from the surrounding groundwater

—*
1

Student’s t-test statistic value for a one- monitoring wells. The results of both the direct and

tail test at the 95 percent confidence leveindirect methods used to estimate the UVB system’s

Sample standard deviation radius of circulation cell are discussed below. A summary

Sample size (number of measurements)of the results used to estimate the radius of circulation cell
is provided at the end of the section.

The following parameters were calculated from the TCE

concentration data presented in Table 4-7 to determind2irect measurement of the radius of circulation celt

S
n

the UCL. Dye Trace Study
TCE x=3.06 The UVB system’s radius of circulation cell was estimated
t=1.833 by conducting a dye trace study that included the analysis
s =4.65 of groundwater grab samples and passive receptors for
n=10 fluorescein and rhodamine WT dyes in wells W1, W2,
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Table 4-7. Treatment Sytem TCE and DCE Removal Summary

Trichloroethene (ua/l)

Well  Descripon  1st 2nd  3rd  4th 5t 6th  7th gth  oth 10th  11th  12th
5/93 6/93 7/93 8/93 9/93 10/93 11/93 12/93 1/94 2/94 3/94 4/94
W-1 Intermediate 57 60 220 35 31 30 22 34 31 142 26 110
System Well
W-2 Shallow <1 <1 16 2.4 4 <1 <1 38 2 18 1.2 69
System Well
Percent Reduction” >98 >98 93 93 87 >97 >95 -12 94 93 95 37
1.1-Dichloroethene (.g/L)
Well  Description 1t 2nd  3rd  4th  5th  6th  7th gth  oth 10th  11th  12th
5/93 6/93 7/93  8/93 9/93 10/93 11/93 12/93 1/94 2/94 3/94 4/94
W-1 Intermediate 4 3 3 1.2 <1 <1 <1 <1 <1 <12 <1 <1
System Weli
W-2 Shallow <1 <1 <1 <1 <1 <1 <1 <1 <1 <1? <1 <1
System Well
Percent Reduction” >75 >67 >67 >17 NC NC NC NC NC NC NC NC

Notes:

(1)

NC

*

Percent reduction = [[Cy.y, - Cw.9l / Cw.1)] X 100; where C, ., = deep well concentration and

Cw.z = shallow well concentration.
Temperature of samples at time of delivery was 9 °C

Not calculated

Concentration potentially affected by system maintenance problems




PW1 through PW8, 310W1, 31PW1, and 4MW14. Theadius of circulation cell since the circulation cell of
results of the dye study provided both qualitative andertical wells will be significantly smaller than those
guantitative information on the system’s circulation cellassociated with traditional capture wells of equivalent
The qualitative results demonstrate the interconnectiotgischarge (Ross et al. 1992).
between the UVB system and wells PW1, PW2, and PW3.
The quantitative results provide information forThe radius of circulation cell of the UVB system at Site 31
calculation of aquifer characteristics, groundwatehas been estimated by the developer using the equations
velocities, and radius of circulation cell of the UVB and graphical solutions developed by Dr. Bruno Herrling
system. A discussion of the qualitative and quantitativéHerrling et al. 1991). These equations and graphical
results is provided below. A detailed presentation of theolutions have been developed over several years and are
results and conclusions of the dye trace study is providdzhsed on theoretical and empirical data generated during
in the dye trace study report, Appendix A. operation of the system at other sites. A detailed
description of this model is presented in Appendix B. The
The results from the dye trace study show that a circulaticmssumptions and calculations for the estimation of the
cell developed between wells W1 and PW2 over a distancadius of circulation cell at Site 31 using the Herrling
of about 40 feet (12.2 m). Hydraulic interconnection wasnodel were prepared by Weston and are documented in
demonstrated between wells W2 and PW3 over a distantiee draft treatment selection report for the UVB treatment
of about 45 feet (13.7 m); however, the results do natystem (Weston 1994). Based on the Herrling model, the
indicate whether this interconnection is primarily due tdJVB system circulation cell at Site 31 has a radial distance
UVB system circulation or to natural groundwater flow inof approximately 83 feet (25.3 m) (Weston 1994). This
the downgradient direction. The absence of dye in welldistance, according to the developer, approximates the
other than those installed in the downgradient directiowidest part of a roughly elliptical circulation cell.
(southeast) shows that the circulation cell developed less
than 40 feet (12.2 m) in all other directions. Thus, th&he Herrling model indicates that the shape of the
radius of circulation cell of the UVB circulation cell was circulation cell depends on the anisotropy (horizontgl (K
shown to be at least 40 feet (12.2 m) in the downgradieower vertical (K) conductivity: K/K ) and the distance
(southeast) direction and less than 40 feet (12.2 m) in dketween injection and extraction intervals. These
other directions. The interpreted extent of the radius gfarameters also influence the amount of water recirculated
circulation cell is depicted in Figure 4-13. by the treatment system. The magnitude of the ratig of K
and K is directly proportional to the effective radius of the
Indirect measurement of the radius of circulation celt  treatment system. Therefore, smaller ratio values result in
Modeling a larger percentage of recycled water and, consequently, a
smaller effective radius. Increasing the distance between
Groundwater modeling is commonly applied to evaluatéhe system influent and effluent will also increase the
and design groundwater treatment systems. Most modetsdius of circulation cell by reducing the amount of
are based on multiple assumptions of the hydrogeologrecirculation of flow between the extraction and injection
conditions at the site. However, these assumptions mapnes. The radius of circulation cell depends on the
not accurately depict subsurface conditions, especially atlistance between the upper and lower screens. The
complex anisotropic and heterogeneous sites such as Siigtance between the upper and lower screens is restricted
31. Although limited in accuracy, groundwater modelingoy the thickness of the aquifer. Natural groundwater flow
of the UVB system may provide valuable information omalso influences the circulation pattern by skewing the cell
the extent of the system’s radius of circulation cell. in the direction of groundwater flow. According to the
developer, the Herrling model has been validated based on
Since the UVB system creates a three-dimensional floe@mpirical data gathered during implementation of the
pattern with both vertical and horizontal flow componentsUVB system at other sites. The SITE demonstration did
the developer claims that standard numerical capture zonet assess other models nor did it evaluate the validity the
models do not apply to the UVB circulation cell. AlthoughHerrling model.
standard numerical models may not accurately describe
the circulation zone of the UVB system, they will provideBased on data generated during operation of the UVB
a conservative estimate of the maximum extent of theystem at other sites, the developer claims that wells
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within the system’s radius of circulation cell will exhibit nor the outer cluster of wells is in the radius of circulation
an increase in contaminant concentration followed by eell of the UVB system and that the radius of circulation
decrease. The increase in dissolved contaminaoell is limited (less than 40 feet [12.2 m]) since
concentrations reportedly is related to the dynamics of tr@ntaminant transport may be controlled by groundwater
UVB system, which facilitates the partitioning of flow in the downgradient direction. The data further
contaminants through dissolution, diffusion, andsupport this conclusion, as indicated by the convergence
desorption. The increased partitioning of contaminants tand stabilization of target compound concentrations
the dissolved phase through these processes is drivendhyown in Figures 4-14 and 4-15. Samples from wells
increased groundwater flow rates within the system’svithin the radius of circulation cell should continue to
radius of circulation cell and by the increasedshow decreasing concentrations of target compounds
concentration gradient established by the reinjection arttiroughout the remediation process. A clear trend in the
recirculation of treated water within the aquifer.convergence and stabilization of contaminant concentration
According to the developer, the subsequent decrease data has been documented; however, it is possible that
contaminant concentration is due to the removal ofontaminantconcentrations withinthe radius of circulation
contaminants by the UVB system. During the SITEcell may continue to decrease over time and that the
demonstration, contaminant levels in both inner and outaystem was not monitored over a long enough period to
well clusters showed an increase, followed by a decreasghow the full effects of the UVB system on contaminant
in target compound concentrations. This may suggest, asncentration.
interpreted by the developer’s claims, that both well
clusters are within the system'’s circulation cell and that thAn additional interpretation of the data is that the observed
radius of circulation cell of the UVB system extends to atontaminant concentration peaks correspond to the
least 90 feet (27.4 m). growth of the UVB system’s circulation cell. According to
the developer, the three-dimensional circulation cell
An alternate interpretation of these data suggests thptogressively builds on itself like an onion skin. The
peaks in target compound concentrations are the resultabserved data could be interpreted to reflect the
the downgradient migration of a high concentratioradvancement of the circulation cell as it builds outward.
contaminant plume originating from the vicinity of the As the circulation cell front moves past a monitoring well,
UVB well. As discussed above, this increase im subsequent increase and decrease of dissolved
contaminant concentration may be caused by theontaminant concentration would be observed due to the
dynamics of the UVB system. As the sources of increasatynamics of the UVB system as discussed above. This
contamination (adsorbed, absorbed, or liquid contaminantsjterpretation of the data would suggest that both inner and
are depleted as a result of increased diffusion anouter well clusters are within the UVB system’s radius of
advection, contaminants are no longer readily availableirculation cell. This interpretation appears to be a
for partitioning to the dissolved phase. This will result inpossible explanation of the observed data, assuming that
decreased contaminant levels in the groundwater as thtee circulation cell grows in the downgradient direction at
slug migrates downgradient. the rate of groundwater flow. However, the developer
claims the full circulation cell requires approximately 1
The results of the SITE demonstration indicate anonthto become established for most sites, which is much
correlation between contaminant peaks in the inner arfdster than the observed results would indicate. It is
outer well clusters and groundwater flow velocity andoossible that hydrogeologic conditions at Site 31 have
direction. Given the calculated maximum groundwateslowed establishment of the circulation cell; however, it
velocity from the dye trace study, the occurrence of peakppears unlikely that it would slow to coincide with
concentrations matches the travel time for groundwater groundwater flow velocity and direction.
move downgradient from the UVB system well to the
inner and outer cluster of wells. Since the movement dhdirect measurement of the radius of circulation celt
contaminants may be controlled by ambient groundwatedissolved Oxygen Distribution
flow, the data may support the alternate interpretation and
suggest that a slug of contamination originating at th&he developer claims that samples from monitoring wells
UVB system is moving toward the inner and outer clustewithin the system radius of circulation cell will show an
of wells. This interpretation suggests that neither the innéncrease in dissolved oxygen concentrations. The field
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measurement results for dissolved oxygen are presentedlihis objective was achieved by collecting and analyzing
Figure 4-16. The dissolved oxygen data are considereploundwater samples for TCE and DCE from wells W1,
suspect due to low and erratic readings of the instrumerw2, and PW1 through PW6 prior to treatment system
In addition, several dissolved oxygen meters were usesfartup and at approximately 1-month intervals throughout
during the demonstration, which may attribute to thehe duration of the pilot study (12 months). Due to the lack
variability of the data. Although the data are of suspeaif apparent target compound concentration trends
quality and should be used with qualification, a consisterattributable to operation of the UVB system in the deep
trend in the dissolved oxygen concentrations in wells Wivells, monitoring of wells PW3 and PW6 was
and W2 was observed that is considered meaningful sindéscontinued after the first 6 months of the demonstration.
it occurred throughout the demonstration, regardless GiCE and DCE results from the demonstration are
instrumentation. This trend indicates that the systerpresented in Tables 4-8 and 4-9 and are plotted as a
influent dissolved oxygen concentrations were continualljunction of time in Figure 4-14 and Figure 4-15.

higher than effluent dissolved oxygen levels. This trend

appears to indicate that the UVB system is removin@ased on the data used to estimate the radius of circulation
dissolved oxygen from the groundwater and appears t®ll at Site 31, the inner well cluster is likely to be within
contradict the developer’s claim of increased oxygenatiothe estimated radius of circulation cell of the UVB system,
within the UVB system’s circulation cell. Due to the while the outer well cluster was determined to likely lie
suspect quality of dissolved oxygen data and the lack @futside the estimated radius of circulation cell. However,
observable trends in dissolved oxygen in the surroundingince the outer well cluster was installed downgradient of
monitoring wells, however, the UVB system’s radius ofthe UVB system, it is possible that the data collected from
circulation cell could not be meaningfully estimated basethese wells may be representative of target compound

on variations in dissolved oxygen concentrations. concentrations in the outer portion of the radius of
circulation cell. Review of the analytical results from the
Estimation of the radius of circulation cell inner and outer well clusters revealed several trends in

target compound concentrations.
Based on the dye tracer study, the radius of circulation cell
was measured to be at least 40 feet (12.2 m) in tHeamples from shallow and intermediate inner cluster wells
downgradient direction. Modeling of the radius of(PW1 and PW2) showed a sharp increase in TCE
circulation cell by the developer further suggests that itoncentrations in the second monthly monitoring event.
may extend to a distance of approximately 83 feet (25.BCE concentrations peaked in samples from these wells in
m). However, site-specific data from the pump testhe third monthly monitoring event followed by a gradual
indicate that it is more likely less than 60 feet (18.3 m)decrease in concentrations from the fourth to the ninth
The results of the dye tracer study appear to further suggesonthly monitoring events. After the ninth monthly
that the shape of the circulation cell is narrow andnonitoring event, TCE concentrations in samples from the
elongated in a downgradient direction (southeast). Targatner cluster shallow and intermediate wells appeared to
compound distribution suggests that the radius ofonverge and stabilize to below baseline levels for the
circulation cell of the UVB system may be less than 40 feegemainder of the demonstration at an average concentration
(12.2 m) or greater than 90 feet (27.4 m) depending on tled approximately 293 pg/L. The intermediate zone well
interpretation of the data. Due to the number of variablesamples showed the greatest change, exhibiting a
independent of effects of the UVB system on the aquifereduction in TCE concentration of approximately 64
that may influence target compound concentrations arercent from the baseline concentration of 750 pg/L while
dissolved oxygen measurements, these methods did reamples from the shallow zone well exhibited a reduction
provide a reliable or conclusive estimate of the radius aff 39 percent from baseline concentrations of 530 pg/L.

circulation cell of the UVB system. During the demonstration, the magnitude of reduction of
TCE appeared to correlate with the baseline concentrations;
Primary Objective P3 the higher the baseline concentration, the larger the

increase and subsequent decrease in concentration
Determine whether TCE and DCE concentrations are@bserved.
reduced in groundwater (both vertically and horizontally)
within the radius of circulation cell of the UVB system oveiTarget compound concentrations in the shallow and
the course of the pilot study. intermediate outer cluster wells (PW4 and PW5) showed a
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Figure 4-14 TCE concentration versus time.
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Figure 4-14 TCE concentration versus time (continued).
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Figure 4-15. DCE concentration versus time.
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DCE concentration versus time (continued).
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similar trend to that observed in the inner well clusterwells, the reduction of target compound concentrations in
increasing concentrations from baseline levels followethis zone could not be definitively assessed.
by a subsequent decrease in concentrations. TCE
concentrations in the shallow and intermediate outefhe system influent well (W1) also showed a similar trend
cluster wells showed a gradual increase in concentratiots that observed in the inner well cluster: increasing
in the fourth monthly monitoring event and peaked in theoncentrations from the baseline levels, peaking in the
seventh monthly monitoring event. After peaking, TCEhird monthly monitoring event, followed by a subsequent
concentrations decreased sharply until the tenth monthtjecrease in concentrations. After peaking, concentrations
monitoring event and appeared to converge and stabilizeait target compounds decreased and stabilized with the
a concentration of approximately 263 pg/L for theexception of the twelfth monthly monitoring event, which
remainder of the demonstration. Although concentrationsxhibited a sharp increase in concentration. Over the
in outer cluster shallow well samples were reduced toourse of the demonstration, the average TCE
below baseline levels, the intermediate well samplesoncentration in samples from well W1 was 56 pug/L. This
continued to exhibit elevated target compoundoncentration is significantly less than the average
concentrations above baseline levels. The shallow wetloncentration measured in samples from well PW2, the
samples exhibited a reduction in TCE concentrations of 58osest well screened at a similar depth, of 950 pg/L.
percent from the baseline concentration of 650 pg/L, whilenfluent concentrations are controlled by the amount of
the intermediate well samples showed an increase of 48ixing and the contaminant concentration of treated and
percent from the baseline concentration of 120 pg/Luntreated groundwater. The relatively low influent target
These changes suggest that TCE concentrations artempound concentrations as compared to contaminant
homogenizing vertically in the outer cluster shallow andevels in surrounding wells suggest that influent
intermediate zone wells. concentrations were strongly controlled by recirculation
of the system effluent. Comparison of TCE concentrations
DCE concentrations in samples from the shallow andh wells W1 and PW2 samples suggest that on average as
intermediate inner and outer cluster wells exhibited awuch as 94 percent dilution in the system influent has
similar trend to TCE concentrations except that DCE, fooccurred (assuming that concentrations in PW2 are
the most part, was not detected above the method detecti@presentative of TCE concentrations in the intermediate
limit in the inner and outer cluster shallow well sampleszone of the aquifer).
DCE concentrations in the inner cluster intermediate zone
well samples appeared to converge and stabilize at &ased on the results presented in Tables 4-8 and 4-9, target
average concentration of approximately 19 pg/L, &ompound concentrations in the shallow and intermediate
reduction of about 86 percent from the baselingone wells were reduced both vertically and horizontally
concentration of 140 pg/L. DCE concentrations in thexcept in the intermediate outer cluster well, which
outer cluster intermediate well samples appeared t&howed an increase in concentrations. Concentrations of
converge and stabilize at a concentration of 15 pg/L, aarget compounds in these zones appeared to homogenize
increase 88 percent from the baseline concentration ofés indicated by the convergence and stabilization of target
ug/L. compound concentrations. Variations in target compound
concentrations were noted in the deep aquifer zone;
TCE and DCE concentrations in the deep inner and outbowever, there was no evidence of reduction or
cluster wells (PW3 and PW6) were not monitored for thdédvomogenization of the concentrations. This may be due to
full duration of the demonstration. Based on the TCE anthe limited duration of monitoring of these wells.
DCE results in samples from these wells, no trends in the
target compound data were observed in samples from wdll3.2.2 Secondary Objectives
PW6; however, well PW3 indicated a peaking of target
compound concentrations in the third monthly monitorindgsecondary objectives provided additional information that
event. This trend appears similar to other wells in the innés useful, but not critical, for the evaluation of the UVB
cluster, except that target compound concentratiorsystem. Seven secondary objectives were selected for the
remained above background levels. Target compourBITE demonstration of the UVB system. The results of
concentrations in samples from well PW6 also remainedach secondary objective are discussed in the following
above baseline levels at the termination of monitoringsubsections.
Due to the limited duration of monitoring of the deep
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Table 4-8. Aquifer TCE Concentration Summary

Trichloroethene Concentration L
Well Description Baseline 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th  11th  12th
4/93 5/93 6/93 7/93 8/93 9/93 10/93  11/93  12/93 1/94 2/94  3/94  4/94
W1 Intermediate 22 57 60 220 35 31 30 22 34 31 14° 26 110
System Well
w2 Shallow System 1 <1 <1 16 2.4 4 <1 <1 38 2 1€ 1.2 69
Well
PW1 Shallow Inner 530? 500 440 620 608 530 540%° 600 600 530 300° 330 340°
Cluster Well
PW2 Intermediate Inner 750 1,000 1,900 2,000 1,100 1,200 910 800 620 340 280° 240 270
Cluster Well
PW3 Deep Inner 100 130 180 310 230 200 250 NA NA NA NA® NA NA
Cluster Well
PW4 Shallow Outer 650 760 760 680 818 980 1,100 1,600 1,400 970 300° 340 290°
Cluster Well
PW5 Intermediate Outer 120 270 310 390 330 350 450 640 360 310 230° 210 210
Cluster Well
PW6 Deep Outer 110 130 110 130 92 140 150 NA NA NA NA® NA NA
Cluster Well
Notes:

® o o T o

Relative percent difference is outside specified QC limits

Matrix spike recovery is outside specified QC limits

Matrix spike duplicate sample exceeded holding time
Dilution and matrix spike/matrix spike duplicate samples exceeded holding time
Temperature of samples at time of delivery was 9 °C
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Table 4-9. Aquifer DCE Concentration Summary

1.1-Dichloroethene Concentration (u.g/L)

Well Description Baseline  1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th  12th
4/93 5/93 6/93 7/93  8/93 9/93 10/93  11/93 12/93 1/94 2/94 3/94  4/94
W1 Intermediate <1 4 3 3 1.2 <1 <1 <1 <1 <1 <19 <1 <1
System Well
W2 Shallow System <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1¢ <1 <1
Well
PW1 Shallow Inner <4 <4 <1 <4 <4 <4 <4 <4°° <4 <4 <2¢ <2 <2
Cluster Well
PW2 Intermediate Inner 140 130 330 360 170 210 150 180 93 44 23¢ 16 18
Cluster Well
PW3 Deep Inner 6 5 10 20 14 15 17 NA NA NA NA® NA NA
Cluster Well
PW4 Shallow Quter 20 7 16 <4 <4 <5 <10? <10 <10 <10 <2bd <2 <2
Cluster Well
PW5 Intermediate Outer 8 14 19 23 17 20 39 97 36 34 12¢ 15 17
Cluster Well
PW6 Deep Outer 12 12 10 12 7.9 13 15 NA NA NA NA® NA NA
Cluster Well
Notes:
@ Relative percent difference is outside QC criteria
b Matrix spike recovery is outside QC criteria
¢ Reanalysis exceeded holding time
d

Temperature of samples at time of delivery was 9 °C




Secondary Objective S1 Groundwater conductivity values measured in the field
appeared to decrease with depth and appeared correlate
Assess homogenization of the groundwater within the zométh the analytical results for TDS. Additionally, pH
of influence. measurements showed a trend of increasing with depth.
These observed trends do not appear related to UVB
Aquifer homogenization was assessed by examining thgystem operation. Total dissolved solid results exhibited a
levels and relative distribution of TCE and DCE within thegeneral increasing trend from the baseline monitoring
zone of influence as quantified from baseline and monthlgvent, which may indicate a steady increase in
sampling and analysis activities. The results of baselingroundwater flow in the aquifer because of UVB system
sampling indicated that TCE and DCE stratification wa®peration. No clear trends were apparent from the
present in the shallow and intermediate zones of thalkalinity or dissolved organic carbon results. The
aquifer.  Following the peaks in target compoundemperature data is relatively consistent and apparently
concentration in the third and seventh monthly monitoringiot affected by the UVB system. No clear trends were
events, a converging and stabilizing trend was observed apparent from the field measurements of dissolved
both the inner and outer cluster of wells in the shallow andxygen, temperature, or redox potential. However, the
intermediate zones as depicted on Figures 15 and 16. Tinesence of an iron-orange colloidal/precipitant substance
stabilization of target compound concentration in the innesbserved in well W2 after the second monitoring event
and outer cluster wells (approximately 293 ug/L in thesuggests changes in conditions favorable to precipitation
inner cluster and 263 pg/L in the outer cluster) suggestd metals. This condition appeared to be localized
that aquifer homogenization has occurred. The targetdjacent to the UVB system. Iron-orange precipitant
compound concentrations were not homogenized in thguggests that iron is precipitating out of solution due to
deep wells during the monitoring period. The TCEeither and increase in pH or increase in redox potential.
concentration in the inner deep well ranged from 130 to
310 ug/L, and the TCE concentration in the outer deeBroundwater analytical results for dissolved metals
well ranged from 92 to 150 pug/L. The variable range in thexhibited no clear trends in the data to indicate the
inner deep well suggests that concentrations were effectpdecipitation of dissolved metals. The data are variable for
in a similar manner as the intermediate and shallow innéarium, chromium, cobalt, iron, nickel, potassium,
wells. The TCE concentration in the outer deep well waselenium, vanadium, and zinc. Fluctuations in some of
more stable throughout the monitoring period, whiclthese metal concentrations may be related to well
suggests that the UVB system effects were minimal foronstruction activities or other sources of contamination.

that well. The data for boron, calcium, magnesium, manganese,
molybdenum, silicon, and sodium were relatively constant
Secondary Objective S2 and do not indicate effects from the UVB system. The data

for aluminum, antimony, arsenic, beryllium, cadmium,
Document selected aquifer geochemical characteristiosopper, lead, mercury, silver, tin, and thallium contained
that may be affected by oxygenation and recirculation abo many results below the method detection limit to allow
treated groundwater. a meaningful evaluation of the data.

This objective was achieved by analyzing groundwateSecondary Objective S3

from monitoring wells W1, W2, and PW1 through PW6

for dissolved oxygen, dissolved organic carbon, specifibetermine whether the treatment system induces a
conductance, alkalinity, oxidation/reduction potentialvacuum in the vadose zone that suggests vapor transport.
pH, total dissolved solids, and dissolved metals. The

results documenting the selected geochemicdlhis objective was achieved by periodically reading the
characteristics are presented in the TER (PRC 1995)acuum gauge and collecting soil gas samples for analysis
These results were used to assess the potential oxidatiorodOCs in the vapor monitoring well, V1. Readings were
mineral surfaces and precipitation of dissolved metalsaken before treatment system startup and at monthly
changes in dissolved organic carbon; and the presenceinfervals for 6 months. The results of the vacuum
dissolved salts caused by increased oxygen in thmeasurements and soil gas samples are presented in Table
groundwater. 4-10.
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Table 4-10. Soil/Vapor Well Summary

Soil/Vapor Well V-1

Description Units Baseline 1st 2nd 3rd 4th 5th 6th
5/93 6/93 7/93 8/93 9/93 10/93
Volatile Organic Compounds
Trichloroethene ppb,, 32,500 40,900 27,600 33,600 50,400 51,800 48,900
1,1-Dichloroethene ppb,,, <50.0 <50.0 <50.0 <50.0 <100 <100 <100
Tetrachloroethene ppb,,, 984 1,340 954 1,130 1,225 1,212 1,170
1,1,1- ppb,, <50.0 <50.0 <50.0 394 107 <100 <100
Trichloroethane
Chloroform ppb,,, 66 91 73.0 92.0 <100 <100 <100
Benzene ppb,,, <50.0 <50.0 <50.0 58.0 <100 <100 <100
Fixed Gases
Carbon Dioxide Youn 4.60 5.72 5.58 5.88 6.68 6.87 6.67
Oxygen Your 14.1 13.5 13.9 14.4 13.4 13.3 14.2
Nitrogen Your 78.6 78.4 87.3 82.2 81.0 84.2 77.6
Vacuum in Hg <1 <1 <1 <1 <1 <1 <1
Notes:

ppb,, Parts per billion on a volume to volume basis

Youn Percent on a volume to volume basis




No indications of the presence of a vacuum in the vapgrears. Based on these estimates, the total cost for
monitoring well were observed during the demonstratioroperating a single UVB system for 1 year was calculated to
Results from vapor monitoring well V1 indicate thatbe $260,000. Since the time required to remediate an
VOCs were present in the vadose zone. TCE was presaguifer is site-specific, costs have been estimated for
in the soil vapor in all monitoring events, while DCE wasoperation of a UVB system over a range of time for
not detected in any monitoring event. The concentratiocomparison purposes. Therefore, the cost to operate a
of TCE was consistently high with TCE concentrationssingle UVB system was calculated to be $340,000 for 3
averaging 40,800 parts per billion on a volume to volumgears, $440,000 for 5 years, and $710,000 for 10 years.
basis. The consistent and high concentration of TCE in thdditionally, the costs for treatment per 1,000 gallons
vadose zone suggests that significant volatilization of TCE3,785 L) of groundwater were estimated to be $260 for 1
has occurred in the subsurface. The constant VOgear, $110 for 3 years, $88 for 5 years, and $71 for 10
concentrations and the lack of observed indications of years. The costs for treatment per 1,000 liters (264.2
vacuum suggest that the UVB system has little or no effegallons) of groundwater were estimated to be $69 for 1
on volatile organic compounds in the vadose zone in thgear, $29 for 3 years, $23 for 5 years, and $19 for 10 years.
vicinity of well V1. The cost of treatment per 1,000 gallons (3,785 L) refers to
the amount of groundwater pumped through the system.
Although the developer claims that the UVB system haBotential users of the treatment technology should be
applications to cleanups of both groundwater and soil gaaware that typically 60 to 90 percent of the water pumped
the system installed at Site 31 was designed to remotierough the system is recirculated water.
VOCs from the groundwater only. The critical design
feature that allows the cleanup of both the groundwate3econdary Objective S5
and soil gas in the vadose zone is the placement of the
upper effluent screen. The top of the upper screen of tfi®cument pre- and post-treatment off-gas volatile
UVB well installed at Site 31 was located immediatelyorganic contaminant levels.
above the groundwater table, thus inhibiting the removal
of a significant volume of soil gas from the vadose zoneThis objective was achieved by periodically collecting
Given the design features of the UVB well installed at Sit@rocess air samples from locations A1, A2, and A3 (Figure
31, the UVB well did not significantly affect transport of 4-9) and chemically analyzing the samples for VOCs.
contaminants in the vadose zone as indicated by the resuUiample point Al is the ambient air sampling port, A2 is the

from the SITE demonstration. groundwater stripped sampling port, and A3 is the post air-
treated sampling port. The results of the air analysis is
Secondary Objective S4 presented in Table 4-11.

Estimate the capital and operating costs of constructing &he results from air monitoring of the UVB treatment
single treatment unit to remediate groundwatersystem indicated thatlow concentrations of TCE are being
contaminated with TCE and DCE. removed from the groundwater. TCE concentrations
detected in the pre-air treatment samples correlate to
This objective was achieved by using capital costrends observed in target compounds concentrations in the
information provided by the developer, measuringnner cluster monitoring wells: increasing concentration
electricity consumption, and estimating labor requirement$tom the baseline event to the third monthly monitoring
A detailed estimate of the capital and operating costs @vent with a subsequent decrease in concentrations. The
constructing a single treatment unit to remediat@ost-air treatment samples from the fifth and sixth
groundwater contaminated with TCE and DCE ismonitoring events exhibited higher concentrations than
presented in Section 3.0. Cost have been assigned to alie pre-air treatment samples. This apparent contradiction
of 12 categories applicable to typical cleanup activities ahay be attributed to analytical variability when the sample
Superfund and RCRA sites and include fixed and annuabncentration is at or near the method detection limit.
variable costs. One-time capital costs for a single
treatment unit were estimated to be $180,000; variab®econdary Objective S6
annual operation and maintenance costs for the first year
were estimated to be $72,000, and $42,000 for subsequ@&tcument system operating parameters.
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Table 4-11 UVB Process Air TCE Removal Summary

Trichloroethene ppb,,

5/93 6/93 7/93 8/93 9/93 10/93

A-1 Ambient Air <1.00 1.08 1.40 1.56 2.92 2.02

A-2 Pre-Air 4,32 3.26 6.76 6.02 1.82 <1.00
Treatment

A-3 Post-Air <1.00 <1.00 2.16 1.80 2.08 2.60
Treatment

Percent Reduction‘" 76.9 69.3 68.0 70.1 -14 -160

Notes:

m Percent reduction = [[Cy, - Cia]/ Ciapl X 100; where C, ,, = pre-air treatment and
Cia3 = post-air treatment

"Hg Inches of mercury

ppb,, Parts per billion on a volume to volume basis

The following process data were provided by Weston: Secondary Objective S7

» Relative humidity measured at the fresh air welEvaluate the presence of aerobic biological activity in the
intake, before the blower, after the blower, betweesaturated and vadose zone.
primary and secondary carbon canisters, and from the
carbon adsorption unit exhaust stack This objective was achieved by periodically collecting and
analyzing air samples from the vadose zone well (V1) and
+ Temperature measured at the fresh air well intakgyrocess air stream locations Al and A2, and by collecting
before the blower, after the blower, between primargnd analyzing groundwater samples from wells W1 and
and secondary carbon canisters, and from the carb@g2 and PW1 through PW6. Air samples were analyzed
adsorption unit exhaust stack for fixed gas: nitrogen, oxygen, and carbon dioxide, and
groundwater samples were analyzed for dissolved oxygen,

* Linear flow velocity measured at the fresh air welligmperature, and dissolved organic carbon. The fixed gas
intake, before the blower, after the blower, betweep,g its are summarized Table 4-13.

primary and secondary carbon canisters, and from the

carbon adsorption unit exhaust stack Based on discussions with EPA staff who have extensive
experience in assessing the presence of subsurface

* Pressure measured a.t the fresh air well intake, afterﬂl‘gieoactivity, it was deemed acceptable to assume that the
blower, between primary and secondary carbo

canisters, and from the carbon adsorption unit exhau purce of mgreased _C;@vels, combmgd with a reo!ucno_n.
stack ' % 0, Ievel;, in the soil gas was due to increased blogct_lvny
in the soil, groundwater, or both. Carbon dioxide
qgncentrations measured in the vapor monitoring well,
V1, indicate that carbon dioxide has increased by more
than 2 percent since baseline monitoring. Several
fluctuations in Qlevel were observed; however, there was

A summary of the system operating parameters results
shown in Table 4-12.
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Table 4-12. System Operating Parameters

Sample Temperature Relative Humidity Vacuum Air Flow Velocity
Location {°C) (%) (psia}) (scfm) (fpm)
Mean Range Mean Range Mean Range Mean Range Mean Range
Air Intake 18.4 5.5-37.1 75 19-100 1415  13.70-14.57 157 13 -568 2905 220 - 9999
V1 20.4 10.9-27.2 84 44 -100 13.96  13.70-14.12 199 64 - 279 2301 752 - 3217
V2 28.4 17.4-47.0 66 20-100 1496  14.46-15.03 235 76 - 847 2639 877 - 9287
V3 25.7 13.5-40.2 72 31-100 14.81 14.71-14.84 225 63-782 2522 691 - 8519
V4 23.4 10.8-35.0 70 38-100 14.71 14.70 - 14.72 253 74 - 898 2833 802 - 9999
Notes:
psia Pounds per square inch absolute = 703.1 kilograms per square meter
scfm Standard cubic feet per minute
fpm Feet per minute = 0.5080 centimeters per second

no evidence of a downward trend of these concentrationdemonstration was conducted to ensure that all laboratory
The minor changes in C@nd Q measured suggest that data generated and processed are scientifically valid,
bioactivity in the soil and groundwater was notdefensible, and comparable. Data were validated using
significantly enhanced by operation of the UVB system.both field QC samples and laboratory QC analyses. The

field samples included equipment blanks, field blanks, and
Additionally, CQ, concentrations measured at the UVBtrip blanks. Laboratory samples included method blanks,
system’s intake and after the blower reveal minosurrogate recoveries, initial and continuing calibration,
fluctuations of relative CQconcentration. These results matrix spike/matrix spike duplicate, and samples/sample
also suggest that bioactivity due to increased dissolvatliplicate. Results from these samples were used to
oxygen levels in the groundwater was not significantlycalculate the precision, accuracy, representativeness,
enhanced due to operation of the UVB system. comparability, and completeness of the data.

4.3.3 Data Quality Summaries of analytical quality control data are provided
inthe TER (PRC 1995) to facilitate validation and analysis

This section summarizes the data quality for groundwaté¥ the data. In general, all data quality indicators met the
and air samples collected and analyzed during the UVRA objectives, specified in the Quality Assurance Project
SITE demonstration. This data quality assessment w&dan (QAPP) (PRC 1993) for the UVB SITE
conducted to incorporate the analytical data validatiofemonstration, indicating that general data quality was
results and the field data quality QC results, evaluate tH#00d and that the sample data are usable as reported. All
impact of all QC measures on the overall data quality, arfépta quality indicators associated with the baseline and
remove all unusable values from the investigation data sdist, seventh, eighth, ninth, eleventh, and twelfth monthly
The results of this assessment were used to produce §&mpling events met all acceptance criteria specified in the

known, defensible information employed to define thQAPP (PRC 1993). Data quality outliers from the other
investigation ﬁndings and draw conclusions. Sampling events are identified and discussed in Table 4-

14. None of the outliers discussed in Table 4-14 were

A validation review of the analytical data for groundwateidetermined to inhibit the usefulness of the demonstration
and air samples collected during the UVB SiTEdata in evaluating the demonstration project objectives.
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Table 4-13. System Operating Parameters

Sample Analysis Percent (volume/volume)
Baseline 1st 2nd 3rd 4th 5th 6th
5/93 6/93 7/93 8/93 9/93 10/93
Al Oxygen NA 19.0 21.7 20.0 20.6 21.1 20.6
Nitrogen NA 78.4 86.8 80.4 79.8 75.1 75.7
Carbon NA 0.048 0.056 0.056 0.050 0.041 0.048
Dioxide
A2 Oxygen NA 19.6 19.4 19.5 21.1 22.1 20.0
Nitrogen NA 77.0 86.3 78.8 78.9 82.0 771
Carbon NA 0.049 0.047 0.063 0.068 0.042 0.040
Dioxide
Oxygen NA 18.2 19.1 20.2 21.7 20.5 20.3
A3 Nitrogen NA 77.0 86.0 79.6 80.9 76.0 75.6
Carbon NA 0.063 0.049 0.054 0.060 0.041 0.042
Dioxide
Oxygen 14.1 13.5 13.9 14.4 13.4 13.3 14.2
Vi Nitrogen 78.6 78.4 87.3 82.2 81.0 84.2 77.6
Carbon 4.60 5.72 5.58 5.88 6.68 6.87 6.67

Dioxide
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Table 4-14. Data Quality Outliers

SAMPLING
EVENT

DATA QUALITY OUTLIER

IMPACT ON DATA QUALITY

Critical Parameters

2

10

The matrix spike recoveries for TCE in the PW4 sample were
outside the acceptance limits because of inappropriately low
spike levels.

The matrix spike sample from PW1 had a slightly high TCE
recovery (140 percent).

Because of a shipping error, samples were delivered to the
laboratory 2 days after sampling and the temperature of the
cooler was 9 degrees °C.

Matrix spike recoveries for DCE were reported as 132
percent; slightly higher than the acceptable range of 70 to
130 percent.

Non-Critical Parameters

2

RPDs for analysis of selenium, iron, and cobalt in W2; boron
in PW1; and chromium and molybdenum in PW4 are outside
QC criteria; however, this is not unusual when contaminants
are present at or near detection limits. The poor duplicate
precision for boron in sample PW1 was probably the result of
random boron contamination due to digestion in borosilicate
glassware.

Data are considered usable as reported because the blank
spike and blank spike duplicate results were acceptable
along with all other TCE quality control (QC) indicators

The reported TCE concentration in sample PW1 may be
biased slightly high, and should be considered a maximum
value. The result has been flagged as usable with
qualification.

Although the analytical method requires that samples be
shipped at 4 °C (+ 2 °C), the slightly higher than specified
temperature probably did not significantly affect the reported
sample concentrations. The affected data have been
appropriately flagged.

The reported DCE concentrations may be biased slightly
high. The affected data have been appropriately flagged.

The data associated with these RPDs have been flagged |
and are usable with qualification.
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Table 4-14. Data Quality Outliers (continued)

SAMPLING
EVENT

DATA QUALITY OUTLIER

IMPACT ON DATA QUALITY

Non-Critical Parameters

2

Low concentrations of benzene were detected in samples
from the system deep well and in the daily field blank and trip
blank, which suggests that benzene may be a field
contaminant.

RPD for analysis of several metals in samples PW1-SD and
PW4-SD are outside quality control criteria; however, this is
not unusual when contaminants are present at or near
detection limits.

Silicon was detected in the preparation blank and is believed
to be a laboratory contaminant from the borosilicate
glassware used for digestion.

RPD of several metals in samples W2 and PW4 are outside
quality control criteria; however, this is not unusual when
contaminants are present at or near detection limits.

Spike sample recovery results for several metals in samples
PW1 and W2 are also outside quality control criteria. Spike
recoveries for these elements were within 1 percent of the
lower acceptance level and do not indicate a significant
impact on data quality.

RPDs of several metals in samples W2, PW1, and PW4 are
outside quality control criteria; however, this is not unusual
when contaminants are present at or near detection limits.

Iron and zinc in sample PW4 exhibited high RPDs not
associated with near-detection limit concentrations.

No impact; benzene is not a contaminant of interest.

The data associated with these RPDs have been flagge
and are usable with qualification.

The impact to most of the silicon results is minimal beca
silicon concentrations are significantly higher than that fi
in the preparation blank; therefore, the data should be
considered usable as reported.

The data associated with these samples have been flag
and are usable with qualification.

The data associated with the low spiked recoveries have
been flagged and are usable with qualification.

The data associated with these samples have been flag
and are usable with qualification.

The results have been flagged and are usable as
conservative high concentration limits.
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Table 4-14. Data Quality Outliers (continued)

SAMPLING DATA QUALITY OUTLIER IMPACT ON DATA QUALITY
EVENT
General chemistry analysis for TDS exceeded the specified The TDS results have been flagged as exceeding holding
holding time by 6 days. times and are usable with qualification.
6 Matrix spike recoveries for metals were within the acceptance  Noncompliant recoveries were less than 10 percent outside

criteria, with the exception of calcium and silicon in sample
PW4 and calcium in sample W2.

Relative percent differences of several metals in sample PW1
are outside QC criteria; however, this is not unusual when
contaminants are present at or near detection limits.

TDS and dissolved organic carbon (DOC) analyses
exceeded holding times by 1 and 5 days, respectively.

DOC matrix spike recovery in sample W2 and RPD in sample
PW1 were outside the acceptance limit.

the acceptance limit, so there is believed to be minimal
impact to the data.

The data associated with these samples have been flagged
and are usable for qualification.

The TDS and DOC results have been flagged as exceeding
holding times and are usable with qualification.

Results from these samples have been flagged and are
usable with qualification.




Additionally, QC control charts of precision and accuracyndicate that the radius of circulation cell is at least 40 feet
for VOCs, as determined by MS recoveries and MS/MS[P12.2 m) in the downgradient direction and may extend as
RPDs, were prepared to assess potential trends far as 90 feet (27.4 m) depending on the interpretation of
analytical system bias. These charts did not revealata.

noticeable trends in system bias, suggesting that trends

noted from demonstration data are due to contaminaBased on the dye tracer study, the radius of circulation cell
concentration changes in the environmental mediwas measured to be at least 40 feet (12.2 m) in the

sampled. downgradient direction. Modeling of the radius of
circulation cell by the developer further suggests that it
4.3.4 Conclusions may extend to a distance of approximately 83 feet (25.3

m). The results of the dye tracer study appear to further

This section presents the conclusions of the UVB SITEUggest that the shape of the circulation cell is narrow and
demonstration at March AFB, California. The conclusiorflongated in a downgradient direction (southeast). An
are presented in relation to each objective. For the SIT&quifer test performed on well 310W1 indicated that a
demonstration of the UVB technology, three primary andumping well’s radius of circulation cell is 60 feet.

seven secondary objectives were selected. The

conclusions for each objective are summarized below: Target compound distribution suggests that the radius of
circulation cell of the UVB system may be less than 40 feet

Primary Obijectives: (12.2 m) or greater than 90 feet (27.4 m) depending on the
interpretation of the data. Due to the number of variables

P1 Determine the concentration to which the UvBindependent of effects of the UVB system on the aquifer

technology reduces TCE and DCE in groundwatefhat may influence target compound concentrations and
discharged from the treatment system. dissolved oxygen measurements, these methods did not

provide a reliable or conclusive estimate of the radius of

The UVB effectively removed target compounds from theirculation cell of the UVB system.
groundwater. The UVB system reduced TCE in the
groundwater discharged from the treatment system @3  Determine whether TCE and DCE concentrations
below 5 pg/L in nine out of the 10 monthly monitoring have been reduced in groundwater (both vertically and
events and on average by greater than 94 percent durihgrizontally) within the radius of circulation cell of the
events in which the system operated without apparetVB system over the course of the 12-month pilot study.
maintenance problems. The mean concentration of TCE
in the water discharged from the system wadased on the demonstration results, target compound
approximately 3 pg/L; however, the upper confidencé&oncentrations in the shallow and intermediate zone wells
limit for TCE in the treated groundwater at the 95 percenere reduced both vertically and horizontally except in the
confidence level was calculated to approximately 6 ug/Li_ntermediate outer cluster well, where samples showed an
increase in concentrations. TCE concentrations in
The UVB system reduced DCE to less than 1 pg/l igamples from these wells were reduced by an average of
groundwater discharged from the treatment systen@Pproximately 52 percent. ~Concentrations of target
however, the system’s ability to remove DCE cannot b€ompounds in these zones appeared to homogenize, as

meaningfully estimated due to the low (less than 4 pg/indicated by the convergence and stabilization of target
influent concentration of DCE. compound concentrations. Variations in target compound

concentrations were noted in the deep aquifer zone;
P2  Estimate the radius of circulation cell of the however, there was no evidence of reduction or
groundwater treatment system. homogenization of the concentrations. This may be due to
the limited duration of monitoring of these wells.
The radius of circulation cell was evaluated directly and o o
indirectly by conducting a dye tracer study, modeling 081 ~ Assess homogenization of the groundwater within
groundwater flow, analyzing site-specific aquifer pumpthe zone of influence.
data and assessing changes in target compound
concentrations and dissolved oxygen levels. The results
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A convergence and stabilization of TCE and DCHor 1 year, $29 for 3 years, $23 for 5 years, and $19 for 10

concentrations was observed in the shallow anglears. The cost of treatment per 1,000 gallons (3,785 L)

intermediate zones of the aquifer, which suggestsefers to the amount of groundwater pumped through the

homogenization of contaminant concentrations in theystem. Potential users of the treatment technology should

groundwater. be aware that typically 60 to 90 percent of the water
pumped through the system is recirculated water.

S2 Document selected aquifer geochemical

characteristics that may be affected by oxygenation an85 Document pre- and post-treatment off-gas

recirculation of treated groundwater. volatile organic contaminant levels.

No clear trends were observed to indicate significanthe results from air monitoring of the UVB treatment

precipitation of dissolved metals, changes in dissolvedystem indicated that low concentrations of TCE were

organic carbon, or the presence of dissolved salts causesmoved from the groundwater. TCE concentrations

by the increase in oxygen in groundwater. reduced by the UVB system correlate to trends observed in
target compound concentrations in the inner cluster

S3 Determine whether the treatment system induce®onitoring wells (that is, increasing concentrations from

avacuum in the vadose zone that suggests vapor transpdte baseline event to the third monthly monitoring event
with a subsequent decrease in concentrations).

Although the developer claims that the UVB system has

applications to cleanup of both groundwater and soil ga&6 Document system operating parameters.

the system installed at Site 31 was designed to remove

halogenated hydrocarbons from groundwater only. Th&he temperature of the internal monitoring ports ranged

VOC concentrations and vacuum measurements in thieom 18.5 to 44.7C; the relative humidity ranged from 27

vapor monitoring well indicate that transport ofto 100 percent; the vacuum ranged from 13.81 to 15.03

contaminants was not significantly affected by operatiopounds per square inch absolute (9,709.8 to 10,567.6

of the UVB system as currently designed. Changes ikilograms per square meter); the air flow ranged from 100

system design and operating parameters may, howevés,898 standard cubic feet per minute (47.2 to 423.9 liters

lead to significant transport of contaminants in the vadosger second); and the velocity ranged from 1,109 to 9,999

Zone. feet per minute (563.4 to 5,079.5 cm/s). According to the
developer, the water flow rate was maintained at 22 gpm (5

S4 Estimate the capital and operating costs ofcubic meters per hour or 83.3 liters per minute).

constructing a single treatment unit to remediate

groundwater contaminated with TCE and DCE. S7 Evaluate the presence of aerobic biological
activity in the saturated and vadose zones.

One-time capital costs for a single treatment unit were

estimated to be $180,000; variable annual operation amloactivity in the soil and groundwater did not appear to be

maintenance costs for the first year were estimated to ls@nificantly enhanced by UVB system operation.

$72,000, and $42,000 for subsequent years. Based on

these estimates, the total cost for operating a single UVB

system for 1 year was calculated to be $260,000. Since the

time required to remediate an aquifer is site-specific, costs

have been estimated for operation of a UVB system over a

range of time for comparison purposes. Therefore, the

cost to operate a single UVB system was calculated to be

$340,000 for 3 years, $440,000 for 5 years, and $710,000

for 10 years. Additionally, the costs for treatment per

1,000 gallons (3,785 L) of groundwater were estimated to

be $260 for 1 year, $110 for 3 years, $88 for 5 years, and

$71 for 10 years. The costs for treatment per 1,000 liters

(264.2 gallons) of groundwater were estimated to be $69
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Section 5
UVB Technology Status

The UVB technology is a process patented by IEG mbH,
D-72770, Reutlingen, Germany. The UVB is an in situ
system for remediation of contaminated aquifers,
especially those contaminated with volatile and semivolatile
organic compounds (SVOCs) or heavy metals (Weston
1992). According to the developer, the UVB technology
combines chemical, physical, and biological processes for
the treatment of adsorbed, dissolved, and free phase VOC
and SVOCs. Since its inception in 1986, the UVB
technology has been applied at some 80 sites in Europe.
Additionally, the developer claims that the technology has
achieved regulatory acceptance in the U.S. at both the state
and federal levels. A UVB system was first installed at a
U.S. site in September 1992; currently, 22 UVB systems
are operating in eight states.

The developer has provided four select case studies that
document operation of the UVB system at sites in the U.S.
and Germany. The case studies provided by the developer
are present in Appendix B. Two of the cases are from sites
in Germany and involve the remediation of chlorinated
hydrocarbons (TCE, 1,1,1-trichloroethane, and
dichloromethane) in groundwater. The two cases from the
U.S. document the remediation of groundwater
contaminated with benzene, toluene, ethylbenzene, and
xylene at an underground storage tank site in Troutman,
North Carolina, and Weston'’s interpretation of the data
collected at March AFB, California independent of the
SITE demonstration from May 4, 1993 to December 2,
1994.
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