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Summary

Areas of common technology interests between the Volatile Organic Compounds-Arid
Integrated Demonstration (VOC-Arid lD) 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 VOC-Arid

k lD program, 2) data on subsurfacecontamination at DOE arid and semiarid sites, and

3) assessmentsof perceived technology needs to support waste site remediation activities
at other DOE arid/semiaridsites.

Technologiesunder evaluation as part of DOE's VOC-Arid lD program fall into seven
technical categories: 1) drillingand access technologies; 2) monitoring VOCs in situ
and ex situ; 3) characterization (i.e., samplingand 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 technologiesare identified in each category and the rationale for their
need are described.

Subsurfacecontamination is describedfor 12 sites that were selected from a screening
of 8 DOE arid/semiarid sites, using the chemistry of the subsurface of tlheHanford 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 subsurfacecontamination 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 hundredsof meters (hundredsto thousands of feet) from the
underlying uncontaminated aquifer.

Technology needs for the 12 selected sites were assessedbased on information
gathered through discussionswith technical professionalsfamiliar with environmental
restoration activities at their sites and documentsthat address characterization and
environmental restoration activities. This information was used in combination with
VOC-Arid lD programtech_ologies to identify areas of common interest between
Hanfurd's VOC-Arid iD and other DOE arid/semiaridsites. Ex situ treatment and
monitoring technologies appearedto be areas of greatest common interest; however,=,

it is anticipated that interest in the broader spectrum of VOC-Arid lD technologies will
, increaseas characterization data become more availableand remediation strategies are
o 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

o,o
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comments on improving the accuracy and completeness of site characterization
information and technology __ctivities and how they were depicted in relation to VOC-Arid

lD for sites described herein. Ali feedback will be given serious consideration for inclusion
in future updates of this report. Ali comments should be addressed to VOC-Arid lD
Coordinator, Steve Stein, at Pacific Northwest Laboratory, Seattle Research Center,
4000 N.E, 41st Street, Seattle, WA 98105 or the VOC-Arid lD 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 lD) program was initiated in March 1991 to evaluate technolo-
gies for ali phases of remediation of VOCs in soils and groundwater at DOE arid/semiarid
sites. The primary site for field demonstrations under the VOC-Arid lD program is the

k Hanford Site.

The purpose of this report is to describe 1) the bases for technologies currently under
evaluation in the VOC-Arid lD 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 ali of its sites and to bring ali 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 available.

Included in this report are an evaluation of technologies currently (fiscal year 1 993)

being pursued at the Hanford Site under the auspices of the VOC-Arid lD 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.
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2.0 Arid Technology Evaluation

The bases for the technologies currently being evaluated in the VOC-Arid lD program
are summarized in Table 1. The technical areas, needs, and proposedtechnology solutions
described are dynamic and subject to modification. The modificationswould be based on
the relative success of technology development and demonstration at the Hanford Site and
augmented with the guidance/supportthat the programcan obtain from other technical

, assessments(e.g., Chem-NuclearGeotech, Inc. 1991; Junk 1992), experiences, needs,
capabilities, informationexchange, and collaboration with other DOE sites, universities,
and the private sector. University participation is promoted through the subcontract

t

process, and capabilities in the commercial sector are solicited through procurements or
establishment of Cooperative Researchand Development Agreements.

Technologydevelopment and demonstration by the VOC-Arid lD programare currently
being driven by two factors:

® the needto providethe next generation of technology supporting the DOE's
ongoing EnvironmentalRestorationProgram, 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 (hundredsof metric tons) of carbon
tetrachloride (CCI4)from the vadose zone underlyingthree cribs

• the need to develop and demonstrate technologiesthat can be deployed to address
subsurface VOC contamination at ali DOE's arid sites (and measure remediation
effectiveness) especiallywhere remediation may be significantly impacted by the
presence of co-contaminants (e.g., heavy metals, radionuclides,significant
quantities of other semivolatile and nonvolatileorganics).

Example near-term technology needs include 1) sensorsfor real-time monitoring of
VOCs in vacuum-pumpedgas streams, vadose zone, and groundwater and 2) cost-
effective ex situ treatment of VOCs and associatedco-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
underlyingthe 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

lm

provide 1) insight on VOC depletion from the vadose zone; 2) data for planningthe 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/interpretationcapabilities and predictivetools to enhance statistical evaluation
and assessment and to design, monitor, and control technolog_pdeployment. Applied in
situ technologies emphasize biodegradation,chemical destruction, enhanced removal, or
techniques to remove (bulk or residual VOCs) or contain VOCs bnthe 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/semiaridsites, with an emphasison CCi4and associated co-con-

" taminants (e.g., metals, anions, radionuclides,and other organics), sites at eight DOE
installationswith similar subsurfaceenvironments (Hanford Site, Idaho National
EngineeringLaboratory,Lawrence Livermore National Laboratory, LosAlamos 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 subsurfacecontamination 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 disposalof wastes or injection of wastes into deep wells) to
contamination confinedto a limited area of the vadose zone and separated by hundreds of
meters (hundredsto thousands of feet) from the underlying uncontaminated aquifer. More
specific descriptions of the nature of subsurfacecontamination at selected sites can be
found in Appendix A. Referencesused to obtain the information provided in Appendix A
are listed in Appendix B. Some general observations follow.

Significant concentrations (100 to 10,000/_g/L) of CCI4 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 codisposalof
VOCs with significant quantities of mo",' =, anions, radionuclides,and other organics. The
injection well at Idaho's Test Area North has been used to releaseVOCs, metals, and
radionuclidesto the underlying Snake River Plain aquifer, while the surroundingvadose
zone has remained virtually unimpacted.

The chemistry of contamination at Livermore's Main Site differs from the more com-
plex sites, in that it consistsmainly of VOCs, though there are isolated areas of fuel hydro-
carbon, tritium, and metals contamination. Contaminationexists in both the vadose zone
and groundwater at the Livermoresite.

The main VOC contamination at Livermore's 834 Complex is trichloroethylene (TCE),
" commingled with other oily organics. The organicmixture is contaminating the vadose

zone and a zone of perchedwater but not the underlyingconfined aquifer. Similarly,
, Pantex's Zone 12 contains a highly contaminated vadose zone (solvents, metals, pesti-

cides, polychlorinatedbiphenyls, fuel hydrocarbons,high explosives, uranium, etc.) and
• an underlyingzone of perched water is contaminated with measurable quantities of

chlorinated hydrocarbons, metals, and high explosives.
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SNL= SandiaNationalLaboratodes(11.6mi2 [30.1km2]) S9202o90.1

Rgure 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
detec_:edat these sites.



Table 2 Subsurface Contaminationat Selected Arid/Semiarid Sites

Volatile
Organic Other

Location Compounds Metals Anions Radionuclides Organics
• ,.

Hanford Site

• 200 West Area G,S (CCI4) P(G,S) P(G,S) P(G,S) P(S)

Idaho National EngineeringLaboratory
r,,i

• Radioactive Waste G,S (CCI4) P(S) P(S) P(S) P (S)
Management Complex

Test Area North G,S P(G) P(G)
ml i ii

Lawrence Livermore National Laboratory
i|m

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

Site 300 G,S _ P(G,S)

Los Alamos National Laboratory
=l

I

I S P(S) P(S)
Test Area 54

Nevada Test Site (no data)
i i

Pantex Plant

Zone 12 i G,S P(G,S) P(S) P(G,S)

m

i

Rocky Flats Plant
i

OperableUnit 1 G,S P(G,S) P(G) P(G,S)

Operable Unit 2 G (CCI4), S P(G) P(G) P(G)

Operable Unit 4 G,S P(S) P(G,S) P(G,S)
.....

Sandia National Laboratodes
i,=

.

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 resourcesfor this section included 1) discussionswith technical
professionalsfamiliar with environmental restorationactivities at the sites discussedin
Section 3.0 and 2) review of the technical information documents referenced in

. Appendix B.
,D

Idaho National EngineeringLaboratory
I

• Radioactive Wast ,_ Management Complex

Vacuum extraction of VOCs from the vadose zone is being consideredas a possible
option, with subsequentex situ treatment (catalytic destruction of VOC vapors).
Enhancedmodelingcapabilitiesare needed to predict vadose zone transport of VOCs in a
complex subsurface environment, consisting of fractured basaltic lava flows with layers of
sedimentary interbeds. Fromthis perspective, interest has also been expressed in the
capabilitiesof the unsaturated flow apparatus (UFA"; Beckman Instruments, Inc.,
Palo Alto, California). Reliablesampling 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 BuriedWaste Integrated Demonstration
(BWlD) program, other areas of technology needs include 1) intrusive (e.g., locating critical
radiologicaland chemical risk assessment sourceterms) and nonintrusivesite characteriza-
tion; 2) nondestructiveassay; 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 stabilizationor retrieval; 6) contaminant/waste containment and stabilization;and
7) waste disposal/storage.

• Test Area North

Remediation strategies for the Test Area North/Technical Support Facilityinjection well
are currently focused on removal (bailing of sludgesand solidsand removinga 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)-permittedwater-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. Considerationis being given to
testing a German in situ air-strippingtechnology for removingVOCs from peripheral wells.
In situ bioremediationis a possibleoption for considerationat 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, subsurfacecharacterization (lithologyand
contaminant distribution), and modeling. Subsurface characterization information and
modelingare used to direct pump-and-treatactivities (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., distributioncoefficients, retardation
factors, and lithology)and advances in model development are needed to improve 1) pre-
dictive modelswhere data obtained from additional well Dlacementmay be limited and
2) pump-and-treatstrategy design and performance.

Vacuum-induced venting is currently being evaluated for application at selected vadose
zone source terrns 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-vaporextraction 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 moundingof the shallow water table, resulting in the need
to simultaneouslyremove water to the surface for treatment. The presence of oily
co-contaminants in the extracted water led to emulsionsthat made simple aeration for
the removal of TCE difficult. Manifolding to a greater number of wells, coupled with
lower vacuum, has allowed for the separationof vapor extraction and liquid pumping.
Future treatment of the liquid includesskimming of the oily material prior to aeration.
Vapor-phaseair-treatment activities include 1) in situ regenerationof adsorbant carbon by
steam distillation/co-condensationof TCE and steam with TCE recovery from a phase
separator, 2) pulsed high-energyultraviolet 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 microbialfilters in the shallow
groundwater upgradientof the vacuum-induced venting system are being considered
as a polishingtechnology.

LandfillPit 6

Becausethe primary source of VOCs in groundwater is Landfill Pit 6 and because of
. the potential for offsite migration, remedial optionsunder consideration includesoil-vapor
• and groundwater extraction, with treatment of removed chemical by such approaches as

volatilization to the atmosphere, thermal oxidation, ultraviolet/H20=, carbon adsorptionand
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 drillingof 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 barriertechnology (e.g., active biobarrier)that could be
placed at the intersection of the surge beds and boreholesto eliminate the vertical trans-
port of VOCs via open boreholes. Technologyto cost effectively determine contaminant
distribution coefficients in unsaturated rock and other porous media would be valuable
in understandingcontaminant sorption behavioras 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-gassurveys and
analyses of perched water and sediment samples from well-drillingactivities. Evaluationof
results to date indicate a subsurface that consistsof tight clay and caliche layers.

13



Characterizationwork to date has not identified any significant groundwater (perched
water) plumes. Becauseof the highly impermeable nature of the subsurface underlying
Pantex, the focus is on the conduct of sufficient cost-effective subsurfacecharacterization
to identify the best remediation strategies. Interest has been expressed in field-
transportable analytical technologies, includingreal-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 considereda possibleoption
for treating the VOC source term. Horizontalcharacterization of subsurface contamination
is reasonably defined; however, the vertical distributionof contamination is not well-
defined. Real-time sensorcapability for measuringVOCs (and other contaminants, such
as uranium) in vadose zone and groundwater would be valuable. In situ bioremediationis
considereda promisingtechnology for application at this site.

Operable Unit 4

There is extreme interest in the potential application of directionaldrillingtechniques at
this site. In addition, interest has been expressed in the VOC-Arid lD engineeringsimulator
as a technique to evaluate bioremediationof nitrates.

Sandia National Laboratories

Chemical Waste and Mixed Waste Landfills

Areas of characterization technology needsinclude 1) in situ sensors and sampling
devices (must includeradionuclides)that are deployable with directionallydrilled boreholes
and membrane boreholeliners, 2) sampling strategy and optimization for risk estimation
(with application to directionallydrilled holes), 3) nonintrusivecharacterization methods
(for delineation of pit boundariesand estimating waste type and volumes), 4) field-
screeningcharacterization technologies (for metals, VOCs, and low-level radioactivity),
5) vadose zone postclosuremonitoring (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 bindingof waste to stabilization
agents).

15



5.0 Areas of Potential Common Technology Interests

In this section, areas of potential common technology interests between the VOC-Arid
lD programand other DOE installationsare briefly described. Resourcesused for this

• assessmentincludeSections 2.0 and 4.0 and informationgained from discussionswith
technical professionalsfamiliar with environmental restoration strategies under implemen-
tation or considerationat specific sites. Table 3 summarizesthe areas of potential com-

. mon technology interest, based on integration of the different information resources. In
integratingthe 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-vaporextraction 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 technologiesat specific sites does not imply lack of potentia_
applicabilityof 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 monitoringtechnology. Several of the sites (Idaho, Livermore,
Rocky Flats) are using or have plansto 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 separationand
catalytic destruction.

There is a possibleopportunity for collaborationon the application of fiber-optic
sensorsto off-gas streams containingCCl4 between the VOC-Arid lD and Idaho's
RadioactiveWaste 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 completiontechniques for testing of devices (such as SEAMIST), while others have

• expressed specific interest in in-situ sensorsfor measurementof 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 lD 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 possibleremediation strategies; thus, the
interest is in vadose-zone- and groundwater-monitoringtools. Possibleopportunities for

• testing field-screeningtechnologiesfor 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!miques 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
CCI4. 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 CCI4 in

Hanford groundwater and bioremediation of TCE at the VOC-Nonarid lD (Savannah River).

Three sites (Idaho'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 lD 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.

J
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6.0 Conclusions

The VOC-Arid lD program is evaluating a number of technologiesthat, through
technology transfer, would improve the cost effectiveness of environmental restoration
activities at DOE sites. Advancedtechnologies under investigationinvolve the areas of
1) drillingto obtain subsurface access; 2) VOC monitoring (in situ and ex situ); 3) charac-

• terization for sampling and analysis of chemical, geologic, and hydrogeologicproperties;
, 4) enhanced extraction or containment of VOCs; 5) ex situ 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 comparedto other DOE
arid/semiaridsites that are contaminated by VOCs. Idaho's Radioactive Waste Manage-
ment Complex and Rocky Flats' OperableUnit 2 indicated a history of subsurface disposal
of CCI4and other co-contaminants comparablein complexity to Hanford. The nature of
subsurfacecontamination 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.

Informationon technology under evaluation in the VOC-Arid lD programat Hanford
was comparedto technology needsat the other DOE arid/semiaridsites as a basis for
identifying areas of potential common technology interests. Areas of potential common
interest appear to be many, with opportunitiesfor 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 organicwastes containing carbontetrachloride (CCl4) from plutonium-
" recovery processesat the Hanford Site's Plutonium FinishingPlant (200 West Area) were

dischargedprimarily to three liquidwaste disposalfacilities: the 216-Z-lA tile field, the
216-Z-9 trench, and the 216-Z-18 crib. An estimated 363,000 to 580,000 L(-)(96,000

' to 153,000 gal)c')of CCI4were disposedto the subsurfacein the 200 West Area. Co-
. contaminants and/or degradation products includechloroform; mono-, di-, and tributyl

phosphates;dibutyl butyl phosphonate; lard oil (a complex mixture of triglycerides);
cad_nium;nitrates; hydroxides;fluorides; sulfates; and various radionuclides,primarily
plutoniumand americium.

The CC14plume (FigureA.1) covers at least 5 km= (1.9 mi=), virtually ali of Hanford's
200 West Area north and east of the CCi4dischargearea. The highest concentration
measuredlr. Zheupperpart of the aquifer (8700 pg/L) was found approximately 450 m
(]476 ft) downgradient from the liquid disposalfacilities. Concentrations of CCI4, as high
as 72.7 pglmL {soilgas), were detected in underlyingsoils at a depth of 1.2 m (4 ft)
(FigureA.2). Chloroform, trichloroethylene (TCE), and tetrachloroethylene were also
detected in the soil gas _t maximum concentrations of 10 to 100 times lower than CCI4
(e.g., see chloroform plume map in FigureA.3). Other contaminants that partially intersect
the groundwamr plume includecyanide, fluoride, hexavalent chromium, TCE, nitrate,
tritium, =")Tc,1=91,and uranium.

Idaho National EngineeringLaboratory

Radioactive Waste Management Complex

At Idaho's RadioactiveWaste Management Complex, severalvolatile organic
compou:_d("VOC)plumes(Figure A.4) have been identified in the vadose zone underlying
the Solid Waste DisposalArea as a result of the release, prior to 1970, of 334,620 L

• (88,400 gal) of organicwaste. This organic waste consisted of 90,847 L (24,000 gal) of

(a) The referenced material, from which units cited in this report were taken, often used
• only Englishor only metric; therefore, fo; ease of cross referencing, this report gives

both units of measure.
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CCI4, 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 behzene). The VOCs
in perched water at the Idaho site are shown in FigureA.5. Current data su3gest that the
confined aquifer has not been contaminated.

Test Area North

The Test Area North/Technical Support Facilityinjection well received low-level radio-
active waste, processwaste waters, and treated sanitary sewage. Suspected constituents
disposed includemercury, lead, chromium, chlorinated solvents (e.g., TCE), and radionu-
clides (e.g., 9°Sr, l_Cs, 137Cs). Concentrationsof VOCs at the bottom of the injection well
have been measured at 35,000 pg/L. Discharge has been into the Snake RiverPlain 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 pglL (FigureA.6).

Lawrence Livermore National Laboratory

Main Site

The VOC contamination in groundwater includesapproximately 85% of Livermore's
Main Site and covers a total of 3.4 km2 (1.3 mi2) (involvingareas of offsite contamination).
A main source of the VOC contamination is believedto have been aircraft service opera-
tions conducted between 1942 and 1951 during LivermoreNaval Air Station's and its
successors' occupancy of the site. Offsite areas of contamination includea 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 predominantVOC in
the groundwater is TCE, exceeding 1,000 pglL in the eastern site, with significant concen-
trations of tetrachloroethylene also present. Smaller quantities of six other chlorinated
hydrocarbons (1,1-dichloroethylene, 1,2-dichloroethylene, 1,1-dichloroethane, 1,2-dichloro-
ethane, CCI4, 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 pglL, with levelsexceeding 1000 pglL in one area only. In some areas, VOC con-
tamination is accompanied by fuel hydrocarboncontamination of the vadose zone (up to
11,000 pg/mL total fuel hydrocarbons)and groundwater (0.001 to 100 pg/mL total fuel
hydrocarbons). Tritium (900 to 20,000 pCi/L), chromium, and lead have been identified in
groundwater in isolatedareas 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 surroundingground. Vadose zone con-
tamination consistsof 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 #g/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 underlyingregionalaquifer.

LandfillPit 6

Landfill Pit 6 receivedorganic, inorganic, and radioactive wastes for 9 years. Vadose
zone contamination includedpolychlorinatedbiphenyls (PCBs)and other organicchemicals,
beryllium, mercury, depleted uranium, and miscellaneousradioisotopes. Depth to the
water-bearing zone underlyingthe 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 pg/L. Other chlorinatedhydrocarbonsdetected include tetrachloroethylene end
1,2-dichloroethylene. Significant concentrations of other organics(e.g., PCBs, explosives,
fuel hydrocarbons), uranium, other inorganicconstituents, and radioisotopeshave 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 _vg/kg)at 1.8 and 2.7 m (6 and 9 ft),
respectively. The distributionof TCE in the soil vapor (Figure A. 10) closely resemblesthe
distribution found in the groundwater. The maximum concentration of TCE detected in the

soil gas was 160 #g/mL. The chlorinated hydrocarbonsdetected in the soil gas were
tetrachloroethylene, 3.4 pg/mL; 1,1,1-trichloroethane, 0.61 pglmL; 1,2-dichloroethane,
0.042 pg/mL; 1,1-dichloroethylene, 8.93 #g/mL; and 1,2-dichloroethylene, 0.003 pg/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 disposedto a pit, and containerizedwastes (with °
and without adsorbents)were disposedin 34 shafts (0.9 to 2.4 m [3 to 8 ft] die. 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 individualshafts ranged from 798 to 15,505 kg (1762 to 34,227 Ib).
VOCs have been detected in rock core and pore gas samples (e.g., 171/Jg/mL TCE) (Fig-
ure A.11). Aqueous transport of contaminants by unsaturated flow is not considereda
viable mechanismfor 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
reducingthe potential for fractures as the major vertical pathway for contaminant trans-
port. lt is currently speculated that VOC vapor transport, from source term to intersecting
shafts via laterally permeablesurge 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 tile 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 DisposalHoles, Area 3 Core Storage Yard, Arua 3 Subdock Complex, Area 9 U9Y
Crater, and Area 8 U8d Crater). Contaminants disposedinclude tritium, plutonium, ces-
ium, strontium, radioactive iodine; heavy metals; solvents, containing VOCs; potential
PCBs; and semivolatiles. There are also eight abandonedor inactive leach fields (Area 6
CP2 and CP6; Area 23 Building155; Area 25 R-MAD, E-MAD, Test Cells A, and C; Area
26 Building401) 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 degreasingagents, includingcaustics and acids. Initiation of envi-
ronmental restoration activities for these areas is plannedfor 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-explosivewaste water. Total BTEX concentra-
tions in the soils have beenreported in the range of 25,000 to 250,000 pg/kg. Analyses
of water from wells drilled into a zone of perched water underlyingthe 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 groundsurface. TCE has been
measured in a concentration range of 10 to 17 pglL in the perched water. The possible
source of this TCE contamination is a leaking undergroundwaste oil storage tank.
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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.
_OCs have contaminated the underlyingshallow groundwater. TCE, tetrachloroethylene,
1,1,l-trichloroethane, and 1,1-dichloroethylene have been detected at levels up to 13,000,
5900, 19,000, and 13,000 pg/L, respectively. Concentrationsof VOCs in groundwater
drop significantly (<5 pg/L) within 61 m (200 ft) of the originalarea of storage. Above-
backgroundI_vels of nickel, strontium, selenium, zinc, and uranium also have been

detected ;,nthe groundwater.

Operable Unit 2

Operable Unit 2, consistingof the 903 Pad, Mound Area, and East Trenches, was used
as a storage and disposalarea. Waste materials stored in the area (903 Pad) included
radioactively and chemicallycontaminated (e.g., plutonium, uranium, and CCl4)machine
and cutting oils. The 903 Pad is probably one of several storage sites that has led to the
contamination of the underlyinggroundwater. The VOC plume in this area is best
describedby the distributionof 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 measuredin the shallow bedrockgroundwater include 96,000 pglL TCE,
45,000 pglL perchlorethylene,and 1100 pglL CCl4. Above-backgroundlevels of selected
inorganic (e.g., strontium, barium, copper, and nickel and, to a lesserextent, chromium,
manganese, selenium, lead, zinc, and molybdenum)and radioactive (predominantly=3eU,
with lower concentrationsof americiumand plutonium)constituents are also present in the
groundwater. Current data suggest that the confined bedrock groundwater system has
not been impacted.

Operable Unit 4

Releasesof contaminants to OperableUnit 4 (solar evaporatior,_onds) include primarily
nitrate/nitrite, radionuclides,and VOCs. Nitrate concentrationsas 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 pg/L). Low concentrationsof VOCs (i.e., acetone, 110 pg/kg; chloro-
methane, 52 pg/kg; dichloromethane, 29 pglkg) have been detected in pond sediments.
The ponds were historically used to storelevaporate various process aqueous wastes,
includingthose with low-level radioactivity, high nitrates, acids, and aluminum hydroxide.
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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 conventionalmethods to characterize heavy
metal contaminant sources (sourcecharacterization and plume definition) and contami-
nant migration beneath landfills. The Sandia demonstration has targeted two sites
(approximately0.8 hectare [2 acres] each) for technology demonstration: 1) the Chemical
Waste Landfill, in which the waste forms includeacids, 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 includeapproxi-
mately 2832 m3 (100,000 ft 3)of transuranic, uranium/thorium, fission products, tritium-
containingand -induced activity wastes, and ResourceConservation and RecoveryAct of
1976-regulated wastes (metals and acids). Previous characterization activities at the
Chemical Waste Landfill have revealedchromium to a depth of 23 m (75 ft) beneath one
disposalcell. TCE has been detected in groundwater underlyingthe site at low levels
(20 pg/L). At the Mixed Waste Landfill, tritium has beendetected in the underlying soil to
a depth of approximately 30 m (100 ft). Currently, no contamination of the groundwater
underlyingthe Mixed Waste Landfillhas been detected.
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