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Summary

Areas of common technology interests between the Volatile Organic Compounds-Arid
Integrated Demonstration (VOC-Arid ID) and selected U.S. Department of Energy (DOE)
arid and semiarid sites were identified based on identification, evaluation, and integration
of the following information: 1) technologies currently being assessed in the VVOC-Avrid
ID program, 2) data on subsurface contamination at DOE arid and semiarid sites, and
3) assessments of perceived technology needs to support waste site remediation activities
at other DOE arid/semiarid sites.

Technologies under evaluation as part of DOE’s VOC-Arid ID program fall into seven
technical categories: 1) drilling and access technologies; 2) monitoring VOCs in situ
and ex situ; 3) characterization (i.e., sampling and analysis) of chemical, geologic, and
hydrologic properties; 4) enhanced extraction or containment of VOCs; 5) ex situ
treatment of VOCs and co-contaminants; 6) in situ treatment (i.e., destruction) of VOCs
and co-contaminants; and 7) data interpretation and design and evaluation of remediation
systems. Specific technologies are identified in each category and the rationale for their
need are described.

Subsurface contamination is described for 12 sites that were selected from a screening
of 8 DOE arid/semiarid sites, using the chemistry of the subsurface of the Hanford Site’s
200 West Area as a guideline. Sites selected contained known VOC contamination in the
vadose zone and/or groundwater and, in many cases, also contained co-contaminants.
The general nature of subsurface contamination ranged from complex mixtures in the
vadose zone and/or groundwater to contamination confined to a limited area of the vadose
zone and separated by hundreds of meters (hundreds to thousands of feet) from the
underlying uncontaminated aquifer.

Technology needs for the 12 selected sites were assessed based on information
gathered through discussions with technical professionals familiar with environmental
restoration activities at their sites and documents that address characterization and
environmental restoration activities. This information was used in combination with
VOC-Arid ID program technologies to identify areas of common interest between
Hanfurd’s VOC-Arid ID and other DOE arid/semiarid sites. Ex situ treatment and
monitoring technologies appeared to be areas of greatest common interest; however,
it is anticipated that interest in the broader spectrum of VOC-Arid ID technologies will
increase as characterization data become more available and remediation strategies are
identified and implemented at DOE sites.

Technology development, evaluation, and deployment at DOE sites is a dynamic
process. Readers of this report, therefore, are encouraged to provide constructive
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comments on improving the accuracy and completeness of site characterication
information and technology 2ctivities and how they were depicted in relation to VOC-Arid
ID for sites described herein. All feedback will be given serious consideration for inclusion
in future updates of this report. All comments should be addressed to VOC-Arid ID
Coordinator, Steve Stein, at Pacific Northwest Laboratory, Seattle Research Center,

4000 N.E. 41st Street, Seattle, WA 98105 or the VOC-Arid ID Pacific Northwest
Laboratory Program Manager, Tom Brouns, at Pacific Northwest Laboratory, P.O. Box 999,
MS K6-80, Richland, WA 99352.
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1.0 Introduction

The U.S. Department of Energy’s (DOE’s) Volatile Organic Compounds-Arid Integrated
Demonstration (VOC-Arid ID) program was initiated in March 1981 to evaluate technolo-
gies for all phases of remediation of VOCs in soils and groundwater at DOE arid/semiarid
sites. The primary site for field demonstrations under the VOC-Arid ID program is the
Hanford Site.

The purpose of this report is to describe 1) the bases for technologies currently under
evaluation in the VOC-Arid ID program; 2) the types of subsurface contamination at DOE
arid/semiarid sites; and 3) the areas of potential common technology interests based on
perceived technology needs at other DOE sites.

This report was compiled by Pacific Northwest Laboratory' in response to DOE’s
Office of Technology Development’s mission to carry out an aggressive program to
accelerate the development and implementation of new and existing technologies to meet
a 30-year goal set by DOE in June 1989 to clean up all of its sites and to bring all sites
into compliance with current and future environmental regulations. A key component of
this program is the development of technologies that are better, faster, safer, and cheaper
than those technologies currently avaiiable.

Included in this report are an evaluation of technologies currently (fiscal year 1993)
being pursued at the Hanford Site under the auspices of the VOC-Arid ID program (Sec-
tion 2.0), an assessment of subsurface contaminants at arid/semiarid sites (Section 3.0), a
summarization of technologies under consideration at other DOE sites (Section 4.0), a dis-
cussion of areas of potential common technology interests (Section 5.0), and the conclu-
sions (Section 6.0). Also included are Section 7.0 (references cited in the text of the
report); Appendix A, a summary of the extent of contamination at the DOE arid/semiarid
sites under consideration; and Appendix B, a bibliography of source documents from which
this report was prepared.

(a) Pacific Northwest Laboratory is operated for the U.S. Department of Energy by Battelle
Memorial Institute.



2.0 Arid Technology Evaluation

The bases for the technologies currently being evaluated in the VOC-Arid ID program
are summarized in Table 1. The technical areas, needs, and proposed technology soiutions
described are dynamic and subject to modification. The modifications would be based on
the relative success of technology development and demonstration at the Hanford Site and
augmented with the guidance/support that the program can obtain from other technical
assessments (e.g., Chem-Nuclear Geotech, Inc. 1991; Junk 1992), experiences, needs,
capabilities, information exchange, and collaboration with other DOE sites, universities,
and the private sector. University participation is promoted through the subcontract
process, and capabilities in the commercial sector are solicited through procurements or
establishment of Cooperative Research and Development Agreements.

Technology development and demonstration by the VOC-Arid ID program are currently
being driven by two factors:

* the need to provide the next generation of technology supporting the DOE’s
ongoing Environmental Restoration Program, such as the Expedited Response
Action in the Hanford Site’s 200 West Area; there, current technology is focused
on the vacuum extraction of large quantities (hundreds of metric tons) of carbon
tetrachloride (CCl,) from the vadose zone underlying three cribs

* the need to develop and demonstrate technologies that can be deployed to address
subsurface VOC contamination at all DOE’s arid sites (and measure remediation
effectiveness) especially where remediation may be significantly impacted by the
presence of co-contaminants (e.g., heavy metals, radionuclides, significant
quantities of other semivolatile and nonvolatile organics).

Example near-term technology needs include 1) sensors for real-time monitoring of
VOCs in vacuum-pumped gas streams, vadose zone, and groundwater and 2) cost-
effective ex situ treatment of VOCs and associated co-contaminants in gas and liquid
streams. In parallel, there is a need for more efficient and effective deployment and
application of advanced tools for characterization of the vadose zone and groundwater
underlying the site. Associated with some of these tools are devices that will allow their
effective deployment in the subsurface. Information from demonstration of such tools will
provide 1) insight on VOC depletion from the vadose zone; 2) data for planning the demon-
stration of the remediation of residual VOCs and associated co-contaminants, based on
developing in situ and ex situ treatment technologies; and 3) development of complex data
integration/interpretation capabilities and predictive tools to enhance statistical evaluation
and assessment and to design, monitor, and control technology deployment. Applied in
situ technologies emphasize biodegradation, chemical destruction, enhanced removal, or
techniques to remove (bulk or residual VOCs) or contain VOCs in the ground. In the case



of in situ technologies, better access to the vadose zone and/or groundwater is needed to
increase the potential for success of in situ treatment. This issue is being addressed
through the testing of directional drilling and penetration techniques and use of novel
multiscreened wells to enhance both physical and biological treatment.
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3.0 Subsurface Contaminant Assessment

Because the primary focus of the program is the VOCs in the vadose zone and/or
groundwater of arid/semiarid sites, with an emphasis on CCli, and associated co-con-
taminants (e.g., metals, anions, radionuclides, and other organics), sites at eight DOE
installations with similar subsurface environments (Hanford Site, idaho National
Engineering Laboratory, Lawrence Livermore National Laboratory, Los Alamos National
Laboratory, Nevada Test Site, Pantex Plant, Rocky Flats Plant, and Sandia National
Laboratories; Figure 1) were selected, based on a history of subsurface VOC contami-
nation, for assessment.

The general nature of the subsurface contamination at the selected sites is summarized
in Table 2. The contamination ranges from complex mixtures in the vadose zone and/or
groundwater (e.g., surface disposal of wastes or injection of wastes into deep waells) to
contamination confined to a limited area of the vadose zone and separated by hundreds of
meters (hundreds to thousands of feet) from the underlying uncontaminated aquifer. More
specific descriptions of the nature of subsurface contamination at selected sites can be
found in Appendix A. References used to obtain the information provided in Appendix A
are listed in Appendix B. Some general observations follow.

Significant concentrations (100 to 10,000 ug/L) of CCl, have been measured in ground-
water (or perched water) at three sites: Hanford’s 200 West Area, Idaho’s Radioactive
Waste Management Complex, and Rocky Flats’ East Trenches/903 Pad Operable Unit 2.
Like Hanford, the Idaho and Rocky Flats sites have a history of near-surface codisposal of
VOCs with significant quantities of me*- , anions, radionuclides, and other organics. The
injection well at Idaho’s Test Area North has been used to release VOCs, metals, and
radionuclides to the underlying Snake River Plain aquifer, while the surrounding vadose
zone has remairied virtually unimpacted.

The chemistry of contamination at Livermore’s Main Site differs from the more com-
plex sites, in that it consists mainly of VOCs, though there are isolated areas of fuel hydro-
carbon, tritium, and metals contamination. Contamination exists in both the vadose zone
and groundwater at the Livermore site.

The main VOC contamination at Livermore’s 834 Complex is trichloroethylene (TCE),
commingled with other oily organics. The organic mixture is contaminating the vadose
zone and a zone of perched water but not the underlying confined aquifer. Similarly,
Pantex’s Zone 12 contains a highly contaminated vadose zone (solvents, metals, pesti-
cides, polychlorinated biphenyls, fuel hydrocarbons, high explosives, uranium, etc.) and
an underlying zone of perched water is contaminated with measurable quantities of
chlorinated hydrocarbons, metals, and high explosives.
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Hanford = Hantford Site (558 mi? [1450 km?))
INEL = Idaho National Engineering Laboratory (894 mi2 [2316 km2])
LLNL = Lawrence Livermore National Laboratory (Main Site 1.3 mi2 [3.4 km2]; Site 300 10.2 mi® [26.4 km2])
LANL = Los Alamos National Laboratoty (43.5 mi® [112.7 kmal)
NTS = Nevada Test Site (965 mi? [2500 km?])
PNTX = Pantex Plant (15.9 mi? [41.2 km?))
RFP = Rocky Flats Plant (10.2 mi® [26.4 km?])
SNL = Sandia National Laboratories (11.6 mi2 [30.1 km2]) $9202090.1

Figure 1 Location and Size of Selected Arid/Semiarid Sites

The Los Alamos and Sandia waste sites contain VOCs codisposed with other chemical
contaminants. At these sites, contamination appears to be limited to the vadose zone,
though trace concentrations of TCE have been detected recently in the underlying ground-
water aquifer at Sandia’s Chemical Waste Landfill. Areas of perched water have not been
detected at these sites.



Table 2 Subsurface Contamination at Selected Arid/Semiarid Sites

Volatile
Organic Other
Location Compounds | Metals | Anions | Radionuclides | Organics
Hanford Site
200 West Area G,S (CCl,) P(G,S) P(G,S) | P(G,S) P(S)
ldaho National Engineering Laboratory
Radioactive Waste G.S (CCl,) P(S) P(S) P(S) P (S)
Management Complex
Test Area North G.S P(G) P(G)
Lawrence Livermore National Laboratory

Main Site G.S P(G) P(G,S) P(G.S)
Site 300 G.S P(G.S)

Los Alamos National Laboratory
Test Area 54 S P(S) P(S)

Nevada Test Site (no data)
Pantex Plant
Zone 12 G.S P(G,S) P(S) P(G.S)
Rocky Flats Plant
Operable Unit 1 G,S P(G,S) P(G) P(G,S)
Operable Unit 2 G (CCl,), S P(G) P(G) P(G)
Operable Unit 4 G.S P(S) P(G,S) | P(G,S)
Sandia National Laboratories

Chemical Waste G.S P(S) P(S) P(S)
Landfill
G = Measured in groundwater.
S = Measured in soil/sediment or soil gas.
P = Present based on historical record or measurement data.




4.0 Technology Considerations: Other DOE Sites

This section summarizes technology needs at DOE arid and semiarid sites other than
Hanford. Information resources for this section included 1) discussions with technical
professionals familiar with environmental restoration activities at the sites discussed in
Section 3.0 and 2) review of the technical information documents referenced in
Appendix B.

Idaho National Engineering Laboratory

Radioactive Wast~ Management Complex

Vacuum extraction of VOCs from the vadose zone is being considered as a possible
option, with subsequent ex situ treatment (catalytic destruction of VOC vapors).
Enhanced modeling capabilities are needed to predict vadose zone transport of VOCs in a
complex subsurface environment, consisting of fractured basaltic lava flows with layers of
sedimentary interbeds. From this perspective, interest has also been expressed in the
capabilities of the unsaturated flow apparatus (UFA™; Beckman Instruments, Inc.,
Palo Alto, California). Reliable sampling and analytical tools (e.g., renewable vapor-phase
sensor) are needed to measure vapor-phase VOCs and solid/liquid VOCs in fractured
basalts. Along these lines, interest has been expressed in the cone penetrometer and its
linkage to rugged integrated sensor systems.

As the designated site for the conduct of the Buried Waste Integrated Demonstration
(BWID) program, other areas of technology needs include 1) intrusive (e.g., locating critical
radiological and chemical risk assessment source terms) and nonintrusive site characteriza-
tion; 2) nondestructive assay; 3) waste retrieval, followed by ex situ treatment; 4) ex situ
treatment (pretreatment, primary and secondary [e.g., off-gas-treatment technology]) and
in situ treatment, followed by long-term monitoring or retrieval; 5) retrieval, followed by in
situ stabilization or retrieval; 6) contaminant/waste containment and stabilization; and
7) waste disposal/storage.

Test Area North

Remediation strategies for the Test Area North/Technical Support Facility injection well
are currently focused on removal (bailing of sludges and solids and removing a potentially
present VOC liquid layer) of contaminants and contaminated materials from source term
and treatment of groundwater. There does not appear to be a need for vadose zone
characterization/treatment because of the history of the nature of disposal. A Resource
Conservation and Recovery Act of 1976 (RCRA)-permitted water-treatment facility is to
be used at the injection well to pump and treat (carbon adsorption of VOCs, ion exchange

11



of metals and radionuclides) the groundwater. More cost-effective methods for ex situ
treatment of contaminated groundwater are of interest. Consideration is being given to
testing a German in situ air-stripping technology for removing VOCs from peripheral wells.
In situ bioremediation is a possible option for consideration at this site.

Lawrence Livermore National Laboratory
Main Site

At Livermore’s Main Site, a “smart” remediation strategy is being implemented that
involves pumping and treatment of groundwater, subsurface characterization (lithology and
contaminant distribution), and modeling. Subsurface characterization information and
modeling are used to direct pump-and-treat activities (e.g., rate and duration of pumping,
selection of wells to pump), including the evaluation of pump-and-treat performance and
the close monitoring of VOC distribution to prevent movement into less permeable zones
(making matters worse). Subsurface data (e.g., distribution coefficients, retardation
factors, and lithology) and advances in model development are needed to improve 1) pre-
dictive models where data obtained from additional well nlacement may be limited and
2) pump-and-treat strategy design and performance.

Vacuum-induced venting is currently being evaluated for application at selected vadose
zone source terms of VOC at the Main Site. Deployment of the “smart” remediation strat-
egy currently suggests a 30-year time frame for restoration of the groundwater. Improve-
ments in the overall strategy are anticipated to reduce restoration time.

Site 300
834 Complex

Soil-vapor extraction is currently being evaluated for the removal of VOCs (i.e., TCE)
from the vadose zone in low-permeability sediments. Generation of high vacuum in the
vadose zone has led to mounding of the shallow water table, resulting in the need
to simultaneously remove water to the surface for treatment. The presence of oily
co-contaminants in the extracted water led to emulsions that made simple aeration for
the removal of TCE difficult. Manifolding to a greater number of wells, coupled with
lower vacuum, has allowed for the separation of vapor extraction and liquid pumping.
Future treatment of the liquid includes skimming of the oily material prior to aeration.
Vapor-phase air-treatment activities include 1) in situ regeneration of adsorbant carbon by
steam distillation/co-condensation of TCE and steam with TCE recovery from a phase
separator, 2) pulsed high-energy ultraviolet light to photolyze the TCE in the vapor phase,
and 3) pilot-scale pyrolysis. Vapor-stream monitoring will be by computer-controlled,

12



low-cost, dual-detector gas chromatography. In situ microbial filters in the shallow
groundwater upgradient of the vacuum-induced venting system are being considered
as a polishing technology.

Landfill Pit 6

Because the primary source of VOCs in groundwater is Landfill Pit 6 and because of
the potential for offsite migration, remedial options under consideration include soil-vapor
and groundwater extraction, with treatment of removed chemical by such approaches as
volatilization to the atmosphere, thermal oxidation, ultraviolet/H,0,, carbon adsorption and
recovery, and land farming/biodegradation.

Los Alamos National Laboratory
Technical Area 54

Los Alamos is currently taking voluntary corrective action at this site because of its
desire to contain the VOC plume such that expansion of the adjacent radioactive waste
site toward the chemical waste site can be done without potentially creating an area of
mixed waste. Interest is focused on characterization of the surge beds. Along this line,
interest has been expressed in 1) the drilling of a new borehole for testing of the SEAMIST
device to obtain information on the vertical extent of VOC contamination and 2) the per-
manent finish of the port with the SEAMIST bed for continuous monitoring. There is also
interest in some form of in situ barrier technology (e.g., active biobarrier) that could be
placed at the intersection of the surge beds and boreholes to eliminate the vertical trans-
port of VOCs via open boreholes. Technology to cost effectively determine contaminant
distribution coefficients in unsaturated rock and other porous media would be valuable
in understanding contaminant sorption behavior as a function of the remediation strategy
applied.

Nevada Test Site

The technology needed at this site is unknown at this time.

Pantex Plant

Site characterization activities are in the early stages of development and are being
carried out under a RCRA permit. These activities have consisted of soil-gas surveys and
analyses of perched water and sediment samples from well-drilling activities. Evaluation of
results to date indicate a subsurface that consists of tight clay and caliche layers.
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Characterization work to date has not identified any significant groundwater (perched
water) plumes. Because of the highly impermeable nature of the subsurface underlying
Pantex, the focus is on the conduct of sufficient cost-effective subsurface characterization
to identify the best remediation strategies. Interest has been expressed in field-
transportable analytical technologies, including real-time measurement devices to further
characterize the site and reduce characterization costs.

Rocky Flats Plant
Operable Unit 2

Vacuum extraction of VOCs in the vadose zone is being considered a possible option
for treating the VOC source term. Horizontal characterization of subsurface contamination
is reasonably defined; however, the vertical distribution of contamination is not well-
defined. Real-time sensor capability for measuring VOCs (and other contaminants, such
as uranium) in vadose zone and groundwater would be valuable. In situ bioremediation is
considered a promising technology for application at this site.

Operable Unit 4

There is extreme interest in the potential application of directional drilling techniques at
this site. In addition, interest has been expressed in the VOC-Arid ID engineering simulator
as a technique to evaiuate bioremediation of nitrates.

Sandia National Laboratories

Chemical Waste and Mixed Waste Landfills

Areas of characterization technology needs include 1) in situ sensors and sampling
devices (must include radionuclides) that are deployable with directionally drilled boreholes
and membrane borehole liners, 2) sampling strategy and optimization for risk estimation
(with application to directionally drilled holes), 3) nonintrusive characterization methods
(for delineation of pit boundaries and estimating waste type and volumes), 4) field-
screening characterization technologies (for metals, VOCs, and low-level radioactivity),

5) vadose zone postclosure monitoring (for metals, VOCs, and radionuclides), and
6) subsurface access and sampling. Sandia has an interest in future development of
the cone penetrometer capabilities.
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Areas of remediation technology needs include 1) in situ extraction (e.g., active and
passive soil ventilation, soil washing, eletrokinetics), 2) transformation (e.g., reduce
toxicity and mobility of contaminants), 3) containment (aboveground and belowground),
and 4) stabilization (e.g., creating in situ waste forms by binding of waste to stabilization

agents).
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5.0 Areas of Potential Common Technology Interests

In this section, areas of potential common technology interests between the VOC-Arid
ID program and other DOE installations are briefly described. Resources used for this
assessment include Sections 2.0 and 4.0 and information gained from discussions with
technical professionals familiar with environmental restoration strategies under implemen-
tation or consideration at specific sites. Table 3 summarizes the areas of potential com-
mon technology interest, based on integration of the different information resources. In
integrating the information, the author, in some cases, took the liberty to infer possible
interest in Hanford technology at other sites. For example, Livermore indicated application
of soil-vapor extraction to selected vadose source terms. In application of this technology,
they might be interested in ex situ VOC-monitoring tools under evaluation at Hanford. A
blank in the table for selected technologies at specific sites does not imply lack of potential
applicability of the technology at a site; rather, the table reflects information available to
the author at the time of its preparation.

There appears to be a significant potential common interest in the areas of ex situ VOC
destruction, separation, and monitoring technology. Several of the sites (Idaho, Livermore,
Rocky Flats) are using or have plans to use vacuum-extraction technology for the removal
of VOCs from the vadose zone. Ex situ treatment of VOC off-gas streams is currently
being done with conventional technologies (e.g., carbon adsorption, aeration), with tech-
nology development at other sites focused on systems such as membrane separation and
catalytic destruction.

There is a possible opportunity for collaboration on the application of fiber-optic
sensors to off-gas streams containing CCl, between the VOC-Arid ID and Idaho’s
Radioactive Waste Management Complex or Rocky Flats’ Operable Unit 2.

Common interest has also been expressed in the areas of characterization and mon-
itoring technologies. For example, a few sites have expressed interest in advanced bore-
hole completion techniques for testing of devices (such as SEAMIST), while others have
expressed specific interest in in-situ sensors for measurement of VOCs (Rocky Flats) and
metals and anions (Rocky Flats and Sandia). In the latter case, technology transfer is
under way through Sandia’s Mixed Waste Landfill ID for onsite analysis of metals in
soils/sediments. The focus of Pantex is on the conduct of sufficient cost-effective sub-
surface characterization to justify the best possible remediation strategies; thus, the
interest is in vadose-zone- and groundwater-monitoring tools. Possible opportunities for
testing field-screening technologies for the measurement of organic co-contaminants
include Idaho’s Radioactive Waste Management Complex, Livermore’s Site 300, and
Rocky Flats’ Operable Units 1 and 2.
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Interest has been expressed in developments in drilling and access tachnology. Rocky
Flats is very interested in potential application of directional drilling tec'iniques to their
Operable Unit 4. Sandia and Idaho have expressed interest in application of the cone
penetrometer to their site problems.

Of the sites expressing interest in in-situ microbiological destruction of VOCs, Rocky
Flats’ Operable Unit 2 appears to have the greatest commonality (and greatest opportunity
for initial collaboration) with Hanford because of the presence of significant quantities of
CCl,. Other sites focused on possible application of in situ microbiological destruction of
TCE in groundwater (e.g., Idaho’s Test Area North and Livermore’s Site 300) may be able
to take advantage of knowledge gained from ongoing studies of bioremediation of CCl, in
Hanford groundwater and bioremediation of TCE at the VOC-Nonarid ID (Savannah River).

Three sites (ldaho’s Radioactive Waste Management Complex, Livermore’s Main Site,
and Los Alamos’ Technical Area 54) expressed strong interest in obtaining cost-effective
and reliable subsurface physicochemical and hydrologic data (e.g., diffusion coefficients,
hydraulic conductivity, distribution coefficients, and retardation factors). These data will
support characterization of their sites and will assist development and application of pre-
dictive tools to enhance performance assessment capabilities and to design, monitor, and
control remediation technology deployment. There appears to be strong opportunity for
future technology transfer of VOC-Arid ID UFA™ and remediation engineering simulator
technologies to other DOE arid/semiarid sites. In the case of the engineering simulator
technology, Rocky Flats has expressed interest in its potential application to bioremediation
of nitrates in groundwater at Operable Unit 4.
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6.0 Conclusions

The VOC-Arid ID program is evaluating a number of technologies that, through
technology transfer, would improve the cost effectiveness of environmental restoration
activities at DOE sites. Advanced technologies under investigation involve the areas of
1) drilling to obtain subsurface access; 2) VOC monitoring (in situ and ex situ); 3) charac-
terization for sampling and analysis of chemical, geologic, and hydrogeologic properties;

4) enhanced extraction or containment of VOCs; 5) ex citu treatment of VOCs and co-
contaminants; 6) in situ treatment (destruction) of VOCs and co-containments; and 7) data
interpretation and design and evaluation of remediation systems.

Subsurface chemistry at Hanford's 200 West Area was compared to other DOE
arid/semiarid sites that are contaminated by VOCs. Idaho’s Radioactive Waste Manage-
ment Complex and Rocky Flats’ Operable Unit 2 indicated a history of subsurface disposal
of CCl, and other co-contaminants comparable in complexity to Hanford. The nature of
subsurface contamination at other sites appeared less complex (e.g., Livermore’s Main
Site), though this perception is likely to change at some sites (e.g., Pantex) as additional
characterization data become available.

Information on technology under evaluation in the VOC-Arid ID program at Hanford
was compared to technology needs at the other DOE arid/semiarid sites as a basis for
identifying areas of potential common technology interests. Areas of potential common
interest appear to be many, with opportunities for increased interest as additional data
from contaminant characterization of DOE waste sites become available and remediation
strategies are identified and implemented.
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Appendix A

Site Subsurface Characterization Summaries

Hanford Site

Aqueous and organic wastes containing carbon tetrachloride (CCl;) from plutonium-
recovery processes at the Hanford Site’s Plutonium Finishing Plant (200 West Area) were
discharged primarily to three liquid waste disposal facilities: the 216-Z-1A tile field, the
216-2-9 trench, and the 216-Z-18 crib. An estimated 363,000 to 580,000 L* {96,000
to 153,000 gal)*® of Cfl, were disposed to the subsurface in the 200 West Area. Co-
contaminants and/or degradation products include chloroform; mono-, di-, and tributyl
phosnhatez; dibutyl butyl phosphonate; lard oil (a complex mixture of triglycerides);
cadmium; nitratss; hydroxides; fluorides; sulfates; and various radionuclides, primarily
plutonium and americium.

The CCl, plume (Figure A.1) covers at least 5 km? (1.9 mi?), virtually all of Hanford'’s
200 West Area north and east of the CCl, discharge area. The highest concentration
measured ir. the upper part of the aquifer (8700 ug/L) was found approximately 450 m
{1476 ft) downgradient from the liquid disposal facilities. Concentrations of CCl,, as high
as 72.7 ug/mL (soil gas), were detected in underlying soils at a depth of 1.2 m (4 ft)
(Figure A.2). Chloroform, trichloroethylene (TCE), and tetrachloroethylene were also
detected in the soil gas at maximum concentrations of 10 to 100 times lower than CCl,
(e.g., see chloroform plume map in Figure A.3). Other contaminants that partially intersect
the groundwacer plume include cyanide, fluoride, hexavalent chromium, TCE, nitrate,
tritium, **Tc, '?°1, and uranium.

Idaho National Engineering Laboratory
Radioactive Waste Mcnagement Complex

At ldaho’s Radioactive Waste Management Complex, several volatile organic
compou:id (VOC) plumes (Figure A.4) have peen identified in the vadose zone underiying
the Solid Waste Disposai Area as a result of the release, prior to 1970, of 334,620 L
{88,400 gal) of organic waste. This organic waste consisted of 90,847 L (24,000 gal) of

(a) The referenced material, fror which units cited in this report were taken, often used
only English or only metric; therefore, for ease of cross referencing, this report gives
both units of maasure.
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Figure A.2 Contour Map of Carbon Tetrachloride Concentrations in Soil Gas at Hanford’s
200 West Area - May 1992
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CCl,, 147,627 L (39,000 gal) of lubricating oil, and 94,633 L (25,000 gal) of other organic
compounds (trichloroethane, TCE, tetrachloroethylene, toluene, and berizene). The VOCs
in perched water at the Idaho site are shown in Figure A.5. Current data suagest that the
confined aquifer has not been contaminated.

Test Area North

The Test Area North/Technical Support Facility injection well received low-level radio-
active waste, process waste waters, and treated sanitary sewage. Suspected constituents
disposed include mercury, lead, chromium, chlorinated solvents (e.g., TCE), and radionu-
clides (e.g., *Sr, '**Cs, '¥’Cs). Concentrations of VOCs at the bottom of the injection well
have been measured at 35,000 pg/L.. Discharge has been into the Snake River Plain aqui-
fer, creating a TCE plume estimated to be 1.6 km (1 mile) wide and 3.2 km (2 miles) long.
TCE concentration at the plume front has been measured at 7.5 ug/L (Figure A.6).

Lawrence Livermore National Laboratory
Main Site

The VOC contamination in groundwater includes approximately 85% of Livermore’s
Main Site and covers a total of 3.4 km? (1.3 mi?) (involving areas of cffsite contamination).
A main source of the VOC contamination is believed to have been aircraft service opera-
tions conducted between 1942 and 1951 during Livermore Naval Air Station’s and its
successors’ occupancy of the site. Offsite areas of contamination include a plume that
extends 762 m (2500 ft) to the west onto private property and another plume 244 m
(800 ft) south of the southeastern portion of the site onto U.S. Department of Energy pro-
perty administered by Sandia National Laboratories (Figure A.7). The predominant VOC in
the groundwater is TCE, exceeding 1,000 ug/L in the eastern site, with significant concen-
trations of tetrachloroethylene also present. Smaller quantities of six other chlorinated
hydrocarbons (1,1-dichloroethylene, 1,2-dichioroethylene, 1,1-dichloroethane, 1,2-dichloro-
ethane, CCl,, and chloroform) have been identified in the groundwater. The concentra-
tions of VOCs in the vadose zone have been measured predominantly in the range of <5
to 500 ug/L, with levels exceeding 1000 ug/L in one area only. In some areas, VOC con-
tamination is accompanied by fuel hydrocarbon contamination of the vadose zone (up to
11,000 ug/mL total fuel hydrocarbons) and groundwater (0.001 to 100 ug/mL total fuel
hydrocarbons). Tritium (900 to 20,000 pCi/L), chromium, and lead have been identified in
groundwater in isolated areas of the site.
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Site 300
834 Complex

The 834 Complex has been the source of leakage of TCE and other oily organic
co-contaminants for a number of years into the surrounding ground. Vadose zone con-
tamination consists of an approximate 4.3-m (14-ft) interval, 7.6 m (25 ft) below the
surface, and approximately 91 m (300 ft) in diameter. The lower portion of soil contami-
nation lies in perched water. The perched water plume extends approximately 0.4 km
(0.25 mi) southwest of the 834 Complex, with VOC concentrations exceeding
100,000 ug/L at a distance of 122 m (400 ft) from the complex (Figure A.8). The perched
water zone is bounded underneath by a dense clay layer, and there is no evidence of TCE
migration through this clay layer to the underlying regional aquifer.

Landfill Pit 6

Landfill Pit 6 received organic, inorganic, and radioactive wastes for 9 years. Vadose
zone contamination included polychlorinated biphenyls (PCBs) and other organic chemicals,
beryllium, mercury, depleted uranium, and miscellaneous radioisotopes. Depth to the
water-bearing zone underlying the pit averages 9.1 m (30 ft), with an average zone thick-
ness of 6.1 m (20 ft). A TCE groundwater plume (183 m (600 ft] long by 76.2 m [250 ft]
wide), moving at a rate of 45 m/yr (148 ft/yr) emanates from the southeastern corner of
the pit (Figure A.9). The highest concentration of TCE measured in groundwater has been
250 ug/L. Other chlorinated hydrocarbons detected include tetrachloroethylene and
1,2-dichloroethylene. Significant concentrations of other organics (e.g., PCBs, explosives,
fuel hydrocarbons), uranium, other inorganic constituents, and radioisotopes have not been
detected in the groundwater. TCE has been detected in core samples as deep as 7.7 m
(25.4 ft), with highest concentrations (330 and 450 ug/kg) at 1.8 and 2.7 m (6 and 9 ft),
respectively. The distribution of TCE in the soil vapor (Figure A.10) closely resembles the
distribution found in the groundwater. The maximum concentration of TCE detected in the
soil gas was 160 yg/mL. The chlorinated hydrocarbons detected in the soil gas were
tetrachloroethylene, 3.4 ug/mL; 1,1,1-trichloroethane, 0.61 ug/mL; 1,2-dichloroethane,
0.042 ug/mL; 1,1-dichloroethylene, 8.93 ug/mL; and 1,2-dichloroethylene, 0.003 ug/mL.

Los Alamos National Laboratory

Technical Area 54 served as the Los Alamos principal chemical waste disposal area
from 1964 to 1985. Liquid wastes were disposed to a pit, and containerized wastes (with
and without adsorbents) were disposed in 34 shafts (0.9 to 2.4 m [3 to 8 ft] dia. and
18.3 m [60 ft] deep) and spaced 4.6 m (15 ft) apart. Waste disposal logs indicate that the
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amounts disposed to individual shafts ranged from 798 to 15,505 kg (1762 to 34,227 |b).
VOCs have been detected in rock core and pore gas samples (e.g., 171 ug/mL TCE) (Fig-
ure A.11). Aqueous transport of contaminants by unsaturated flow is not considered a
viable mechanism for contaminant migration at this site. Near-vertical fractures in the tuff
are often partially or completely filled with caliche, brown clay, or lemonitic material, thus
reducing the potential for fractures as the major vertical pathway for contaminant trans-
port. It is currently speculated that VOC vapor transport, from source term to intersecting
shafts via laterally permeable surge beds, with subsequent movement downward through
the open borehole, may be a major pathway of further movement of VOCs both horizon-
tally and vertically at this site.

Nevada Test Site

During the course of testing operations, wastes have been disposed in 18 sumps and
injection wells located in 7 areas on the Nevada Test Site and may be point sources of
groundwater contamination (Area 15 EPA Farm Complex, Area 4 BJY Race Sump, Area 3
UD-6 Disposal Holes, Area 3 Core Storage Yard, Area 3 Subdock Complex, Area 9 USY
Crater, and Area 8 U8d Crater). Contaminants disposed include tritium, plutonium, ces-
ium, strontium, radioactive iodine; heavy metals; solvents, containing VOCs; potential
PCBs; and semivolatiles. There are also eight abandoned or inactive leach fields (Area 6
CP2 and CP6; Area 23 Building 155; Area 25 R-MAD, E-MAD, Test Cells A, and C; Area
26 Building 401) that are known to have received radioactive wastes and are suspected to
have received mixed wastes. Known or suspected contaminants include radionuclides,
chemical solvents, and degreasing agents, including caustics and acids. Initiation of envi-
ronmental restoration activities for these areas is planned for the 1992-1994 time frame.

Pantex Plant

Zone 12 of the Pantex Plant, consisting of 200 acres located in the eastern portion of
the site, is the subject of a groundwater contamination assessment. Historical activities at
this site have led to spills and discharges of solvents, metals, pesticides, PCBs, petroleum
hydrocarbons, acids, inorganics, and high-explosive waste water. Total BTEX concentra-
tions in the soils have been reported in the range of 25,000 to 250,000 »g/kg. Analyses
of water from wells drilled into a zone of perched water underlying the area at a depth of
62.5 to 85.3 m (205 to 280 ft) indicate the presence of various metals, volatiles, and high
explosives. There is at this time no evidence of contamination in the Ogallala aquifer,
located at a depth of approximately 128 m (420 ft) below ground surface. TCE has been
measured in a concentration range of 10 to 17 ug/L in the perched water. The possible
source of this TCE contamination is a leaking underground waste oil storage tank.

A.14



Los Alamos Townsite Los Alamos
C_.__..l / a @ Santa Fe
. !

New Mexico

' X
/Laboratory Main <\
L Technical Area

.l\

-\‘\ >
£. \ o
~. N\
N ﬁ
\ o
\ S
\ J".
! Well Well
\ 6800

2
8

Elevation {ft above
mean sea level)

Storage
impoundment or pit

6@0 # Estimated TCA vapor
,bgtp concentration (ug/L)

$§9201060.8
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Rocky Flats Plant

Operable Unit 1

Rocky Flats’ Operable Unit 1 (881 Hillside) was an area used for barrel waste storage.
VOCs have contaminated the underlying shallow groundwater. TCE, tetrachloroethylene,
1,1,1-trichloroethane, and 1,1-dichloroethylene have been detected at levels up to 13,000,
5900, 12,000, and 13,000 ug/L, respectively. Concentrations of VOCs in groundwater
drop significantly (<5 ug/L) within 61 m (200 ft) of the original area of storage. Above-
background lavels of nickel, strontium, selenium, zinc, and uranium also have been
detected in the groundwater.

Operable Unit 2

Operable Unit 2, consisting of the 903 Pad, Mound Area, and East Trenches, was used
as a storage and disposal area. Waste materials stored in the area (903 Pad) included
radioactively and chemically contaminated (e.g., plutonium, uranium, and CCl,) machine
and cutting oils. The 903 Pad is probably one of several storage sites that has led to the
contamination of the underlying groundwater. The VOC plume in this area is best
described by the distribution of TCE contamination that extends approximately 183 m
(600 ft) southeast and 457 m (1500 ft) northeast of the 903 Pad (Figure A.12). Concen-
trations of VOCs measured in the shallow bedrock groundwater include 96,000 ug/L TCE,
45,000 ug/L perchlorethylene, and 1100 ug/L CCl,. Above-background levels of selected
inorganic (e.g., strontium, barium, copper, and nickel and, to a lesser extent, chromium,
manganese, selenium, lead, zinc, and molybdenum) and radioactive (predominantly %%V,
with lower concentrations of americium and plutonium) constituents are also present in the
groundwater. Current data suggest that the confined bedrock groundwater system has
not been impacted.

Operable Unit 4

Releases of contaminants to Operable Unit 4 (solar evaporatior »onds) include primarily
nitrate/nitrite, radionuclides, and VOCs. Nitrate concentrations as high as 12,100 mg/L
have been detected in wells on the northern side of the ponds. The highest concentrations
of uranium (428 pCi/L) and tritium (9000 pCi/L) have been detected on the eastern side of
the ponds. The VOCs have been detected in shallow wells southeast of the ponds (e.g.,
vinyl chloride, 950 ug/L). Low concentrations of VOCs (i.e., acetone, 110 ug/kg; chloro-
methane, 52 yg/kg; dichloromethane, 29 xg/kg) have been detected in pond sediments.
The ponds were historically used to store/evaporate various process aqueous wastes,
including those with low-level radioactivity, high nitrates, acids, and aluminum hydroxide.

A.16



Rocky Flats
Plant Boundary

- ——- — - - —

Boulder
Denver

@ Colorado
Springs

Colorado

East
Trenches

0 300 600ft
! ]

L L
0 150 m

7
§® o~ TCE Isoconcentration

/\/‘o@ Contours (ug/L)

$9201060.2

Figure A.12 Trichloroethylene Plume in Groundwater at Rocky Flats’ Operable Unit 2
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Sandia National Laboratories

The Mixed Waste Landfill Integrated Demonstration at Sandia is focused on integrat-
ing new and emerging technologies and conventional methods to characterize heavy
metal contaminant sources (source characterization and plume definition) and contami-
nant migration beneath landfills. The Sandia demonstration has targeted two sites
(approximately 0.8 hectare [2 acres] each) for technology demonstration: 1) the Chemical
Waste Landfill, in which the waste forms include acids, reactives, organics (e.g., TCE
and TCE mixes), and metals (chromium, beryllium, mercury, arsenic, lead, cadmium,
and antimony) and 2) the Mixed Waste Landfill, in which the wa e forms include approxi-
mately 2832 m?® (100,000 ft?) of transuranic, uranium/thorium, fission products, tritium-
containing and -induced activity wastes, and Resource Conservation and Recovery Act of
1976-regulated wastes (metals and acids). Previous characterization activities at the
Chemical Waste Landfill have revealed chromium to a depth of 23 m (75 ft) beneath one
disposal cell. TCE has been detscted in groundwater underlying the site at low levels
(20 pg/L). At the Mixed Waste Landfill, tritium has been detected in the underlying soil to
a depth of approximately 30 m (100 ft). Currently, no contamination of the groundwater
underlying the Mixed Waste Landfill has been detected.
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