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EXECUTIVE SUMMARY

This document represents the Corrective Action Plan for underground storage tank COST)233 l-U,

previously located at Building 9201-1, Oak Ridge Y-12 Plant, Oak Ridge, Tennessee. Tank

2331-U, a 560-gallon UST, was removed on December 14, 1988. This document presents a

comprehensive summary of all environmental assessment investigations conducted at the Building

9201-1 Site and the corrective action measures proposed for rcmediation of subsurface petroleum

product contamination identified at the site. This document is written in accordance with the

regulatory requirements of the Tennessee Department of Environment and Conservation (TDEC)

Rule 1200-1-15-.06(7).

Based on the determination that groundwater at the Building 9201-1 Site is classified as a non-

drinking water source, the applicable TDEC Closure Action Levels for remediation of petroleum

contaminated groundwater at the facility are 0.070 ppm for benzene and 1.0 ppm for total

petroleum hydrocarbons (TPH). Analytical results for groundwater samples collected during

investigations at the Building 9201-1 Site suggest that an area of groundwater contamination

exceeding applicable action levels, and measuring approximately 2,300 ft2, extends from the

Building 9201-1 former tank pit east/southeast toward Building 9105.

Based on the non-drinking water source classification for groundwater at the Building 9201-1 Site

and analysis of slug testing data, which indicates that soil pcrmeabilities at the facility range

between 10.4 to 10-6 cm/sec, the applicable TDEC Closure Action Levels for remediation of

petroleum contaminated soils at the facility are 250 ppm for total benzene, toluene, and xylenes

(BTX) and 500 ppm for TPH. Analytical results for soil samples collected during investigations at

the Building 9201-1 Site suggest that no soil samples collected outside the tank pit possess

contamination in excess of 250 ppm total BTX. Grab samples collected within the tank bay during

tank removal, however, do show contamination in excess of the applicable TDEC Closure Action

Level. At the time of the soil characterization effort, no TPH analysis was required by TDEC; as a

result, no delineation of TPH-contaminated soil is shown. TPH analysis will be performed as part

of confirmatory soil sampling for the corrective action. A volume of approximately 130 yd3 of soil

located around the underground storage tank bay at Building 9201-1 constitutes the contaminated
soil identified for removal and remediation.

A wide variety of corrective action responses and options were evaluated for possible remediation

of petroleum contaminated soils and groundwater at the Building 9201-1 Site. The recommended

corrective action approach for groundwater involves extraction of contaminated groundwater

93-194MS/092793 ES- 1



throughrecoverywells, treatmentat Y-12 wastewatertreatmentfacilities, and release of treated
groundwaterinto Y-12 surfacewatersat NPDES-permitteddischargepoints. Based onscreening

criteriaestablished for the evaluation process, a combination of corrective action options was
selected to accomplish soil remediation at the facility. The recommendedcorrective action

approachfor soils at the Building 9201-1 Site involves initial excavation and confirmatory

samplingof contaminatedsoils fromimpactedareas,onsite thermal desorption,andfinal disposal
of the treatedsoils in the subjectsiteexcavationorat apermittedY-12 landfillfacility.

Confirmatorysoil samples will becollectedfor laboratoryanalysis duringexcavationactivities in

orderto ensure that remediationof the Building 9201-1 Site is complete. Progress and post-

treatment soil and groundwatersamples will be collected from the site in orderto monitor the

effectivenessof treatmentandto ensurecompliancewithTDECregulatoryrequirements.

93-194MS/092793 ES-2
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7.0 CORRECTIVE ACTIONS CONSIDERED

This section describes the screening of remedial technologies and the development of the top three

corrective action options for the Building 9201-1 Site. The identification and screening of

technologies initially establishes a wide range of process options for consideration. Corrective

action objectives are established based on the preferred remediation actions. A screening process

on the basis of established criteria is conducted for the soil and groundwater. Process options that

are not applicable to petroleum contamination are eliminated. Using this method, the field of

potential process options can be narrowed down to the most feasible and reliable technologies.

The process options are assembled and developed into potential corrective action options. The

potential corrective action options are further evaluated on the basis of effectiveness,

implementability, and cost to arrive at the selection of the top three corrective action options for

consideration.

7.1 Identification of Potential Corrective Action Options

7.1.1 Corrective Action Objectivesw

According to the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) the

primary objectives should be:

• Select remedies that are protective of human health and the environment.

• Select remedies that maintain protection over time.
• Select remedies that minimize untreated wastes.

• Remedies that employ treatment must be given preference.

• Treatment must be appropriate for contaminants that comprise the principal threat at the

site.

• Engineering controls are only appropriate for low-level threats when treatment is

impractical.

• Institutional controls are to be used solely for mitigation of short-term impacts.

• Institutional controls can be used to supplement engineering controls for long-term

waste management.

• Innovative technologies are only to be considered when there is significant reason to

believe that they will work "as well" as other proven technologies.

• Groundwater should be returned to its beneficial use within a reasonable time frame.

93-194MS/092893 7-1



Another objective to consider is that offsite transportand disposal is a least favored option.

7.1.2 General P.espol)ff,.Agl_

GeneralResponseActions(GRAs)representtheuniverseoftechnologiesthathavethepotentialto

providefororcontributetocontaminantremediation.GRAs includenoaction/institutionalactions,

containmentactions,removal/extractionactions,collection/controlactions,treatmentactions,and

storage/disposal/dischargeactions.

7.1.2.I No Action/InstitutionalActions

This response involves no action being taken to implement remedial technologies to reduce the

hazard potential to human or ecological receptors. If no action is taken, the contaminants may

eventually flush to nearby creeks and streams. Natural biodegradation, dilution, or volatilization

could also take place. Because available data are limited, it is not possible to accurately predict

how long these natural processes would take; therefore, the potential impact on human health and

the environment cannot be assessed. Although insufficient data exist, over time the areaimpacted

by contamination will continue to increase, but the effective concentration of the contaminants will

be reduced through dilution. Since BTX is the main contaminant present, volatilization will have a

significant effect on contaminant reduction. Since this response does not meet the corrective action

objective, the no action option will not be considered further.

The use of institutional actions as a means to protect human health and the environment when

implemented with other remedial actions may also be considered. Institutional actions could

involve the use of access restrictions through deed restrictions, physical barriers, and security

personnel. Other actions may involve developing an alternate water supply at the remediation sites

that have contaminated groundwater. Institutional actions may also include environmental

monitoring of air, surface water, groundwater, soil, sediments, etc. to ensure that contaminants are

not migrating offsite where they could impact public health and environmental receptors.

7.1.2.2 Containment Actions

Containment actions may include capping areas containing contaminated soil, or using subsurface

barriers to minimize the movement of contaminated groundwater. Capping could be used to

minimize the transport of contaminated surface material to the atmosphere or the

infiltration/percolation of surface water/groundwater through the contaminated soil matrix.
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Subsurface barriers, either vertical or horizontal, can be used to minimize the transport of

contaminants through the groundwater, soil, or sediments by infiltration or percolation.

7.1.2.3 Removal/F.xtraction Actions

The removal/extraction of the source of contaminated materials is achieved through soil/sediment

excavation, bulk removal, injection/extraction techniques, demolition, or decontamination. Earth

moving equipment can be used to excavate and exhume contaminated materials. Equipment can

also be used to remove contaminated solid waste (drums and debris) from the grounds, structures,

or waste piles. Wrecking equipment can be used to demolish structures and buildings overlying

contaminated areas. Decontamination techniques can be used to decontaminate structuresand solid

surfaces. Extraction wells can be used to extract contaminated groundwater. Injection wells can

be used to enhance the groundwaterflow to extraction wells.

7.1.2.4 Collection/Control Actions

Collection/control can involve surface controls, collection and storage systems, emission control,

vapor collection, and sediment control. These remedial actions can reduce the mobility of the

contaminants and can be used to retain contaminated waste streams for subsequent treatment.

Collection/control technologies could also be used to collect and control the residuals from the
treatment of contaminated wastes.

7.1.2.5 Treatment Actions

Treatment involves the use of in situ or ex situ physical, chemical, biological, thermal, and

dewatering technologies to reduce or eliminate the toxicity, volume, or mobility of the

contaminants of concern.

Physical technologies can be generally used on wastes to reduce the volume of the contaminated

materials by physical separation techniques a'ad segregation. Stabilization and solidification

techniques can be used in situ or following removal. Soil washing, air stripping, soil flushing,

and adsorption/absorption are all physical processes.

Chemical technologies can be used to alter the chemical structure of the waste constituents to

produce a waste residue that is less hazardous than the original waste. Chemical processes can

also separate the contaminants from solid waste media through chemical extraction or leaching

93-194MS/092893 7"3



techniques to reduce the volume or mobility of the contaminants. Chemical solidification,

stabilization, and fixation techniques can be used to form a bond with the waste material, resulting

in solids or stable materials thatare resistant to the leaching of contaminants.

Biological technologies are used mainly for degradation of organically contaminated media.

Several well-developed biological technologies exist for the treatment of aqueous waste streams

contaminated at various levels with nonhalogenated organics and some halogenated organics.

Contaminated sludges and soils can be treated by solid-phase and slurry-phase processes. These

processes have been developed and used to treat a wide range of contaminants such as pesticides,

diesel fuel, gasoline, fuel oil, creosote, pentachlorophenol, and some halogenated volatile

organics.

Thermal treatmentis a term associated with the use of elevated temperatures as the principal means

of destroying, detoxifying, or physically stabilizing hazardous wastes. There are several thermal

processing options such as incineration, infrared heating, wet air oxidation, pyrolysis, thermal

desorption, and vitrification.

In Situ treatment involves various physical, chemical, biological, and thermal techniques to treat

source contamination in place.

Dewatering techniques are mainly used on aqueous waste streams as a means to separate non-

soluble contaminants.

7.1.2.6 Storage/Disposal/Discharge Actions

Temporary storage could reduce the mobility of the waste materials by isolating the contaminants

from further transportand minimizing the potential for short-term exposure of the population and

impacts to the environment. Temporary storage action would involve the use of an engineered

structure, existing or newly constructed, to contain the waste materials. This option is only

considered as an interim action until a permanent treatment and/or disposal methodology is

implemented.

Disposal involves the permanent and final placement of the waste materials in a manner that

protects human health and the environment. Untreated waste can be disposed of onsite in an

engineered facility, offsite in an approved and licensed disposal facility, or in a regulated landfill.
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Treatedwaste and concentratedwastes from treatmentprocesses can be disposed in a similar
manner.

Dischar&einvolves thepermanentand finalplacementof anaqueouswaste streamin a mannerthat

protects human health and the environment. Treatedliquid waste can be discharged onsite to

surface waters or injectedinto the ground. Offsite dischargecan involve deep well injection,
piping to a river/streamoffsite, or discharge to the local Publicly Owned TreatmentWorks
(POTW).

7.1.3 InltialScreenin2Criteriav

The purposeof the initial screeningprocessis to review and evaluate technologiesand eliminate

those inappropriatefor site contaminantsor site conditions at the Building 9201-1 Site. This
screeningprocessis designedtoeliminate actionsthatdo notprovidea permanentmeansto prevent

or minimizethe releaseof contaminants,orthat cannotbe implementedas a resultof conditionsat

the site. The technologies and options reviewedas partof the screeningprocess representthose

currentlybeingemployed on a regular andsuccessfulbasis at otherpetroleum-contaminatedsites.

Technologiesthatareuntestedor in theearly stagesof developmentarenot reviewed.

Thecriteriaused in theinitial screeningprocessareas follows:

• theapplicabilityof a generalresponseactionto the affectedmedia,

• thecor,_patibilityof a remedialtechnologywith thecontaminantof concern,

• the applicabilityof a remedialtechnologytothecontaminantfate,

• thelong-termdurabilityof a processoption,

• the volumeandcharacterof wastes generatedby a processoption,

• the managementof a processoptionin a reasonableperiodof time, and

• thecontrol of a processoptionoverpotentialunknownoroutside influences.

7.1.4 InitialScreeningof TechnologiesandProcessOptiops

7.1.4.1 Soil Remediation

The hierarchyof responses, technologies, and options for the initialscreeningof the contaminants

in soil is shown in Table 7-1. This table is formatted (as a flow chart)so that, for each general

responseaction,differentremedialtechnologytypes and variousprocessoptions arepresented. A
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Table 7-1. (continued)

Soil
General

Response Remedial Process
Action Technology Options Description ScreevJng Comments

Solidify soil matrixthrough pressure injection Not applicable: potential for cracking and- grouting, high groutpermeationcoefficients in
unconsolidated sediments.

l Uses a system of electrodes to heat soil and Not applicable: unproventechnology.

volatilizetrappedhydrocarbons so they may
escapefortreatment.

Fusing of soils and contaminants into a glass- Not applicable: inability to verify

j!_ like form. performance andpotential explosive danger.,_ Treatment -.--4 _ Not applicable for contaminants of concern.
(cont.) _ __'"O

Contaminants are washed from soils by Not applicable: generates large amountof
injection of water in areaof contamination contaminanted wastewater requiring

__ and removed by pumping, additional treatment.

Indicates the technologies processes
and eliminated from consideration.
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Table 7-1. (continued)

General

Response Remedial Process
Action Technology Options Description ScreeningComments

Addnutrientsandpossibly enzymesand Not applicable:toodifficultto measure

i microorganismsto enhancetheabilityof performanceof process.
naturallyoccunmgorganismsto degradethe
organiccontaminants.

chemicaloxidation,reduction,neutralization, constituentsrequiringmitigationunder
Treatment _-_ _ precipitation,chelation, soil aeration, solvent uncontrolledconditions.Alsocreates
(cont.) flushing,etc. Allprocessesinvolveaformof unmanageablewasteproducts.

chemicaladditiontomitigatethe

] contaminantsin thesoil.

I Stabilization/solidificationof soils containing Not applicable:possibilitythathighorganic
hazardoussubstancesthroughtheuseof contentmay preventwastesolidification.
chemicalswhichformorganicpolymerswith
thewastes.

Indicatesthetechnologies processes
and eliminatedfromconsideration.
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Table 7-1. (continued)

i

Soil
General

Response Remedial Process
Action Technology Options Description Screening Comments

Transport treated and/or untreated soils to onsite Potentially applicable if contaminants are
-4_ Controlled sanitarylandfill for disposal, within acceptance criteria.Landfill

[ Returntreated soil to site excavation for use as Potentially applicable depending on use of

Backfill in backfill material, onsite treatmentprocess.

Onsite __ Excavated
-- Disposal Areas

Onsite disposal of fully remediated or clean Potentially applicable.
Uncontrolled softs without restrictions.

-I_ Disposal

Disposal t
Transportuntreated soils to offsite controlled Potentially applicable if contaminants are
landfill for disposal, within acceptance criteria.

Controlled
Landfill/

-I_ Offsite Transport fully remediated or clean soils to an Potentially applicable.i

Disposal offsite location without restrictions.

Uncontrolled

Disposal

...._....... [ _ Involves transportation of contaminatedsoft to Not applicable: only applicable to hazardous"_ __ [ _ _ offsite RCRA/TSCA permittedTSD facility for waste generatedby onsite treatment.

treatment such as solidification, incineration,etc.

Indicates the technologies and processes
eliminated fromconsideration.

93-194MS/092393



brief description of each option is provided along with comments concerning elimination or

selection for subsequent evaluation. The screening of remedial technologies is based on the

characterization of contaminants identified at a given site. In the case of the Building 9201-1 Site,

remedial technologies were evaluated based on their abilities to remediate soil materials primarily

contaminated by BTX.

No Action/Institutional Actions

The remedial technologies screened for institutional actions included access restrictions and

monitoring. Access restrictions include site security and deed restrictions. The only process

option included within monitoring is soil sampling.

Site security involves the use of fences, berms, and signs surrounding the site to help prevent

unauthorized access to the site. Security personnel can be used for controlling authorized access to

the site. However, this process alone does not remedy the contaminant and, since site security is

already in place at this location of the Y-12 Plant, this process option is not applicable.

Deed restrictions can be applied for the properties in the area of influence to require permits for

digging, building, or any activity that can disturb the soils. However, this process alone does not

remedy the contaminant, and since the contamination is confined to DOE-owned property, this

process option is not applicable.

Monitoring of soils involves taking confirmatory samples in the area before and after remediation.

This process option is required by TDEC; therefore, it is applicable.

Containment Actions

The remedial technologies screened for containment actions included capping, vertical barriers, and

horizontal barriers. Capping includes clay, asphalt, concrete, geosynthetic, and multilayered

materials. Vertical barriers include slurry walls, grout curtains, sheet piles, and vibrating beams.

Horizontal barriers include grout injection, block displacement, liners, and ground freezing.

Various methods may be used to construct caps to minimize or prevent migration of contaminants

within the soil to the groundwater. However, the petroleum contaminant has already infiltrated

down to the water table, and capping does not reduce or eliminate the movement of previously

contaminated groundwater; therefore, these process options are not applicable.
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Various methods may be used to construct vertical and horizontal barriers to minimize or prevent

migration of contaminants from within the soil to the groundwater. However, the contaminant has

already reached the groundwater; therefore, these process options are not applicable.

Removal/Extraction Actions

The remedial technologies screened for removal/extraction actions included soil excavation and
enhanced removal.

Excavation of soil can be conducted using conventional earth moving equipment such as

bulldozers, backhoes, loaders, etc. to remove the soil for treatment and/or disposal. This process

option is a common practice and is potentially applicable if ex situ treatment/disposal or direct

disposal corrective actions are chosen.

The enhanced removal technique of vapor/vacuum extraction uses a series of injection/extraction

wells to remove soil vapors so that contaminants can be separated and treated. Since this process

extracts primarily VOCs in the soil vapors, this process is considered potentially applicable for the

contaminants of concern; however, due to the low permeability of the soils, which can hinder the

process effectiveness, this process is not applicable for the contaminant fate.

CollectionControl Actions

The remedial technologies screened for collection/control actions only included surface controls.

Surface controls involve diversion systems such as grading, dikes, and berms for controlling

surface water runon and runoff. Surface water is not a medium of interest; however, surface

control techniques would have to be implemented for soil excavation and certain site preparation

needs. Therefore, this process option is retained for further consideration in combination with
excavation.

Treatment Actions

The initial screening for treatment actions included biological, chemical, thermal, physical, and in

situ remedial technologies.
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Biological process options screened involved windrow composting, slurry-phase biodegradation,

and solid-phase biodegradation. These processes have been demonstrated effective for treating soil

contaminated with petroleum products.

Windrow composting involves adding highly biodegradable material, such as wood chips and

chopped hay, to the excavated soil and slicking the compost material into elongated piles. Open

windrows are aerated by turning and static windrows are aerated by injecting air through piping

placed in the piles. This process option was considered not applicable because the volume of

material at the soil treatment site would potentially be increased and become more difficult to

manage and control.
i

Slurry-phase bioremediation involves mixing the soil into an aqueous slurry inside a mobile

bioreactor where nutrients and biomass are added to degrade the contaminant. This process option

is considered technically feasible and potentially applicable; however, the process generates

additional volumes of waste and the process could involve extensive residual treatment.

Solid-phase bioremediation involves placing the contaminated soil in an aboveground, lined bed

where nutrients and microbial inocula are added to facilitate the biodegradation process. This

process option is considered technically feasible; therefore, it is potentially applicable.

Chemical process options can include a variety of processes such as chemical oxidation, reduction,

neutralization, precipitation, chelation, solvent flushing, and others. All processes involve the

addition of chemicals to mitigate the contaminants in the soil. All the chemical process options

were considered not applicable because of the variety of chemical constituent residuals requiring

further treatment under uncontrolled conditions and because these processes create addition',d waste

which makes them more difficult to manage.

Thermal process options screened included low-temperature thermal desorption and incineration.

These processes have been demonstrated effective for treating petroleum contaminated soils.

Low-temperature thermal desorption (LTI'D) is a process that uses moderate heat (200-600°F) to

vaporize organic contaminants in soil. LTI'D systems are physical separation processes and are

not designed to destroy the organic contaminants. This process option is considered technically

feasible; therefore, it is potentially applicable.
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High-temperature incineration (HTI) is a process that uses high temperatures (1,400-3,000°F) in

devices such as rotary kilns, multiple hearth furnaces, or fluidized beds to destroy all organic

contaminants in the soil. This process option is very energy intensive and can be cost intensive;

however, it is considered technically feasible; therefore, it is potentially applicable.

Physical process options screened included steam stripping/vacuum extraction, cement

solidification, surface micro-encapsulation, thermoplastic solidification, air sparging, land aeration,

soil washing, and soil screening.

Steam stripping/vacuum extraction involves steam stripping coupled with simultaneous vacuuming

and internal recycling to remove volatile gasoline products from soil. Volatile organic compounds

are the primary contaminant of concern in soils; however, this process is considered not applicable

due to the low permeability of the site soils, which hinders the process effectiveness.
I

Cement solidification, surface microencapsulation, and thermoplastic solidification involve the

solidification or sealing of excavated soil using various cements, resin, organic binders, asphalt,

and silicate-based mixtures as solidifying agents. The resulting solids are very resistant to

leaching. Since these processes involve an increase in the volume of waste and are possibly

influenced by the organic contents which may prevent complete solidification, these process

options are considered not applicable for the contaminants of concern; therefore, they are

considered not applicable.

Air sparging is a mass transfer process in which dissolved VOCs are transferred from soil to vapor

phase (gas) by physical means. Although VOCs are the primary contaminants of concern, the low

permeability of site soils hinders the process effectiveness; thus, this process is not applicable.

Land aeration involves the spreading of soil on land surface to facilitate natural volatilization of

VOCs. Since VOCs are the primary contaminants of concern, this process option is considered

potentially applicable.

Soil washing involves a highly aggressive series of solid waste washing phases to leach

contaminants. This process option is potentially applicable; however, the residual waste stream

may require additional treatment.

Soil screening involves processing soil through mechanical size separators to separate out or

concentrate contaminants associated with a particular particle size. There is no evidence that
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petroleum contamination adheres to any particularpanicle size, and the contaminated soils at the

Building 9201-1 Site are fairly uniformly distributed clay particles; therefore, this process option is

not considered applicable. However, mechanical screening may be used as a pretreatment step for

other processes.

In situ process options screened included grouting, radio frequency heating, vitrification, soil

flushing, biological processes, and chemical processes. All of these process options were

considered not applicable, primarily because of the contaminant of concern and the generation of
additional waste streams.

Disposal

Disposal techniques screened included onsite disposal, offsite disposal, and offsite

treatment/disposal. Onsite disposal process options screened included controlled landfill, backfill

in excavated areas, and uncontrolled disposal. Offsite disposal process options included controlled

landfill and uncontrolled disposal. The only offsite treatment/disposal option screened involved a

Resource Conservation and Recovery Act (RCRA)/Toxic Substances Control Act (TSCA)

permitted treatment, storage, or disposal (TSD) facility.

Onsite or offsite disposal at a controlled landfill involves transport to a regulated landfill site of

treated or untreated soils that meet the disposal acceptance criteria. Uncontrolled disposal at an

onsite or offsite location involves the disposal of uncontaminated or fully remediated soils without

restrictions. Each of these options is technically feasible, depending on the treatment process

selected, if any, and the level of contamination; however, since a current moratorium exists for

offsite transport of waste from the Y-12 Plant, the offsite controlled landfill is the least preferred

method.

The onsite disposal process option of backfill in excavated areas involves returning treated soil to

the site of excavation for use as backfill material. The time to treat the soil limits how fast the

excavated site can be backfilled with the treated material. Since the excavation site would require

immediate backfilling, this process option is dependent on the availability of an onsite treatment

option running concurrently with excavation.

The offsite treatment/disposal process option of using a RCRA/TSCA permitted TSD facility

involves transportation of contaminated soil to a permitted offsite TSD facility for treatment such as
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solidification, incineration, etc. This process option is considered not applicable since the

contaminants at the Building 9201.I Site are not currently considered hazardous waste.

7.1.4.2 Groundwater Remediation

The hierarchy of responses, technologies, and process options for the initial screening of

groundwatercontamination is shown in Table 7-2. This table is formatted (as a flow chart) so that,

for each general response action, different remedial technology types and various process options

are presented. A brief description of each option is provided along with comments concerning

elimination or selection for subsequent evaluation. The scrp_ning of remedial technologies is based

on the characterization of contaminants identified at the site and the applicability of the process to

groundwater remediation. In the case of the Building 9201-i Site, remedial technologies were

evaluated based on their abilities to remediate groundwatercontaminated primarilyby benzene.

No Action/Institutional Actions

The remedial technologies screened for institutional actions included access restrictions, alternate

water supply, and monitoring. Access restrictions included site security and deed restrictions;

alternate water supply included the use of river water and/or new well supply; monitoring included

only groundwater monitoring.

Site security involves the t;:* of fences, berms, and signs surrounding the site to help prevent

unauthorized access to the site. Security personnel can be used for controlling authorized access to

the site. However, this process alone does not remedy the groundwater contamination, and since

site security is already in place at this location of the Y-12 Plant, this process option is not

applicable.

Deed restrictions can be applied for the properties in the area of iLfluence to require permits for

digging wells or any activity that can disturb the aquifer in the area. The shallow aquifer at the

Y-12 Plant is not being used as a drinking water supply; therefore, alternate water supplies are not

required. However, these processes alone do not remedy the groundwater contamination, and

since the contamination is conf'med to DOE-owned property, this process option is not applicable.

Monitoring of groundwater involves taking confirmatory samples in the area before, during, and

after remediation. This process option is required by TDF£_; therefore, it is applicable.
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Table 7-2. Initial Screening of"Technologies and Process Optlmm for
Building 9201-1 Site _w='_zr Remedimtioa

Groundwater

Gene_ Response Remedial Process

Action Technology Options Description _ Commems

m _ VffiiouscffipamsmJctioa_ imtanedova Not_ cappingcouldmdmz or_
commninat_areas, the_ c__in thesm_to the

gmuuo'wm_._. uz gmmstm_Js
_ _ aadtim mnedW act.s
wouldnotneds_ m"_ themuigrmimo(
_ gsouno'wa_.

Intricates the technologies that are screened out.
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Table 7-2. (comtmned)

Groundwater

Action Technology Options _ :f_,emiq Commems
i

__ Vmous_maybewedm_amuct Nm_n_edi_mioaamldpmalis_
! _ barimto _orp_ p,zw_ of ,aJaz k mmim_ _ ot

_ orcc.,,-,,_-_ _mxtwaa. a_m_,ed pom/m,ec them. minksmt
_ paesa_ commnmd ZmmO,ma.

Indicates the technologies that ate u_-c_ned out.

93-194MS_3093



Table ?-2. (ct_lnued)



Table 7-2. (_)

imini

Grout_ater

GeaeratResponse Remedial Process

Actimedcatt,oap_m_ dqrat_eceJa Not_ _c__k,w.
an am_ envil_

1Bi°iogical* Not _aemmtlt_oo_gaaisasusatforc_nd_ in
Ira" Treatmem ---(ccefd) a_bed. __-

couectatg_ ismi_at_ _ q_cd_..
Ip,Slurry-Pha_ ] contaminat_soilmd fedimoa_ on

.._ Treatment inbothmedia.

t_o (cont'd) -- Chemical _ _ [o redm_ Nol _ _ _ _low/m_o - 4_ me_h_ ct thecommmmE ah_ _ pm_t.--ly _oroq_kz ml
polyalmaddedto_ fioccllatim lead.

, ofpm:q,_atatnocs__. pH adjuledforf-m'thertreatmentm"discharge. _Ly _ in_ withad_m_ uemmmt.

__ _._.me _ addedmeither _ nl_._ butisusuallya" Reduaion raiseor_wero"xadmionsme ofreztm_ _, _ mepprim'm_m"
. _ uumuem._ cmmum

" reagentaddiemuns_t_ inhighOh.Mmms.

" r_ ______

_ l_licatesthe that_e screened ouL
technologies
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Table 7-2. (continued)

Cm)undwater
_zer-z l_ponse Reme_an Process

Action Technology Options I_ _ Coam_au

Cheu_al ccmta__nantIxeakdown. for a comttmomunivatemoxygea _.
-- p. Trcatmem --

(com'd)
ii i

Chlorineusedasano"xtdimgagent Not tectmicaa?femibtesince ithm very
followedbyde_iormafiouby re_'Ikmwire limil_ _dk_ily md maym_be mil_le _
areducingagem. all themT,mtcspmma in thewmer.

,'_ Treatment Clam3efor sed_mmtationtm_ usedto pmmote Not necasmTif 1D_id__l_
--" _is notmed.(com'd) seulinlgandremovalof _ flocs.

--_-_mmion ] Granutarmediausedto freer_ _ _ _ m:emry to pmea myandco_. pmceses hum_ batdoesnottrim_

-- T_tme.m

A_ of oom,rni_ byactivatedc._ _ applk:ab_:however,pmdmc_a
by _ wa_ throughm activatedcmboa secondm3,wastegrem_

AmorpOon co]_n.

ii Comanmmuedwa_rispmsedttm_ugha Not_ forc_minams oC_
resinbedwhe_iotaareexctmngedbmween
resinandwater,_ve resim
canbeusedsometimeswheretheremoval
mechanismisoneofsorptionratherthan
ionexchange.

Indicatesthetechnologiesthatalescreenedout.
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Table 7-2. (continued)

Groundwater
General Response Remedial Process

Action Technology Options Description Screening Comments

- I_ Air Large volumes of air mixed with water in a Potentially applicable as a treatment
Stripping packed tower to promote partitioningof VOCs method for the VOCs in the groundwater.

to air.

Same removal process as airstrippingbut Potentially applicable. Steam strippingcosts
- 1_ Steam with steam as the removal medium, will be substantiallyhigher than most

Stripping Appropriate for the moresoluble volatile biological or other physical treatmentmethods
organic fraction in water, for dissolved organics.

i i

_ Physical _ ] Clfroundwater constituents seP a_'ated based On P°tentiallY applicfl[b|e; substarl tia[ly higher..a_ Treatment(_nt,d)! _ Treatment _ - Distillation volatility differences, costs over otherphysical treatmentmethods.

4_ ! i (cont,d)

Minute airbubbles introduced by Not applicable: technology not amenable to

4_ _#I .... pressurization/depressurizationmeans which characteristicsof the contaminatedmedia.!

II []roll rise to the surface carryinglow density solids
] | R_l/! (particles) forcollection.

I Floating oil in a settling tankis skimmed with Not applicable: ineffective with dissolved
- 4_ an oil skimmer. Acids may be added to break constituents.

oil/water emulsion and enhance process.

Water flows across a baffled tray; airbubbles Potentially applicable.I_-I_ TrayAeration areblown throughholes in the bottom of the
I tray to promote volatization of contaminants.I

Indicates the technologies that are screened out.
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Table 7-2. (continued)

Groundwater

General Response Remedial Process
Action Technology Options Description Screening Comment_

_ _'---" Highpressureused to force water through Not applicable: results in large volume of
--- _a___ a membrane leaving the contaminant waste water that requiresadditional treaunent.

• ,__ _ behind.

Similar membraneseparation process as Not applicable to the contaminants found in
- _ reverse osmosis, butcan separate organics groundwaterat the site (does not reduce

Treatment -- I_, Physical of a subcolloidal natureas well as colloidal toxicity).
(cont'd) Treatment --- andparticulatematter.

(cont'd) j Anothermembrane separation process, the Not applicable to the contaminants found in

"-_ _ groundwaterat the site (usually applicable tomembraneis used for selective ion transport

t_ _ with the principal driving force being an water containing dissolved salts).electricalpotential gradient.

Process in which certainsolutes crystallize Not applicable to the contaminants in the

"II_IR_ / out from a saturated solution when the groundwaterat thesite.solvent is cooled to freezing levels.

Indicates the technologies that are screened out.
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Table 7-2. (continued)

Groundwater

GeneralResponse Remedial Process
Action Technology Options Description Screening Comments

- 4P" Thin-film Volatile constituents vaporizedin a Potentially applicable; much higher costs
Evaporation multi-stage evaporator, than other physical treatmenttechnologies.

I

-- Physical ..-- __ Dissolution of contaminantshi a liquid Not applicable: chemical requirementsand
Treatment -I_ Treatment v solvent, generation of secondarywastes.
(confd) i (confd)

I
b

_ Dissolution of contaminants in an aerosol Not applicable: same comments as for liquid to

. or atomized solvent, liquid solvent extraction.

M Indicates the technologies that arescreened out.
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Table 7-2. (continued)

i

Groundwater
General Response Remedial Process

Action Technology Options Description Screening Comments

Indigenous System of injection and extraction wells Potentially applicable.
- _ Bacteria to introduce nutrientsto stimulate natnral

biodegradationof contamination.

._In Situ ! System of injection and extraction wells Potentially applicable.
- _ Treatment i, - _ Selective to introduce bacteria andnutrients to

__.l Bacteria i! degradecontamination.

- [ _ System of injection and extraction wells Not applicable:vari_ of chemical

-..I i - _ to inject chemical reagents to treat constituents;causes migration undert_ i contamination, uncontrolledconditions. Also creates
"_ ! unmanageable waste products.

!
i

Treatment ! [ I Trenches placed perpendicularto groundwater Not applicable: unproventechnology.(Confd) -- - _ flow to treatgroundwateras it passes by.mi

i

Basic purposeof all techniques is to reduce the Not applicable: Ash produced may be

"_l _ volume and/or toxicity of organics in the considered hazaxdousdue to metal content

- _ wastewaterby exposing it to high andproduces a secondary waste stream.
temperatures.

L

Y-12 Various Treatmentthroughone or more of Y-12's Potenti_y applicable.
_ _ Wastewater __ _ Treatment wastewater treatmenttrains,using various

Treatment Technologies physical, chemical, and biological treatment
LFacilities technologies.

R Indicates the technologies that are screened out.
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Table 7-2. (continued)

Groundwater
GeneralResponse Remedial Process

Action Technology Options Description Screening Comments

Y- 12 Treated waterdischargedfrom Y- 12 Plant Potentially applicable.
Treatment industrial wastewatertreatmentsystem through
Facility NPDES permittedouffall.

Extracted waterdischarged to deep well Not applicable:deep aquifer is not suitable for
injection, injection of contaminants.

4_ Onsite Extractedandtreated waterrecharged Potentially applicable; will require a TDEC" Discharge Reinjection back to the aquiferthrougha series of permiL
Wells reinjection wens.

Extracted and treatedgroundwaterinjected into Potentially applicable;will require a TDEC

•..a I Int'fltration [ shallow subsurface and distributed through permit.
t_ I Gallery I gravel-flUarea.I

Surface [ Extractedand treatedwaterdischarged Potentially applicable;will require an
Water ] to surfacewater in the vicinity of the sites. NPDES permit.

Disposal/ _
Discharge Extracted waterdischarged to local publicly Not applicable: extensive preueamlent

owned treatmentworks (POTW) for disposal, will be requiredpriorto discharge to POTW.
Offsite
Discharge

Streams Extractedand treatedwaterdischarged to Potentially applicable; will require an
Offsite streams offsite. NPDES permiL

Contaminated groundwateror hazardous Not applicable: petroleum contaminated
treatmentby-products transportedto an offsite groundwater is not considered a hazardous
RCRA TSD facility for treatment/disposal, waste.

R Indicates the that are screened out.
technologies
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Containment Actions

The remedial technologies screened for containment actions included capping, vertical barriers, and

horizontal barriers. Capping includes clay, asphalt, concrete, geosynthetic, and multilayered

materials. Vertical barriers include slurry walls, grout curtains, sheet piles, and vibrating beams.

Horizontal barriers include grout injection, block displacement, liners, and ground freezing.

V;a'ious methods may be used to construct caps to minimize or prevent migration of contaminants

witi:!, the soil to the groundwater. However, the petroleum contaminant has already infiltrated to

the water table, and capping does not reduce or eliminate the movement of groundwater; therefore,

these process options are not applicable.

Various methods may be used to construct vertical and horizontal barriers to minimize or prevent

migration of contaminants in the groundwater; however, they do not remediate the contaminants

presently in the groundwater; therefore, these process options are not applicable.

Removal/Extraction Actions

The only remedial technology screened for removal/extraction actions involved pumping, which

includes extraction wells and injection/extraction wells.

Extraction wells are placed in series and used to extract contaminated groundwater to the surface

for treatment and/or disposal. Pump rates and pump frequencies (continuous or pulse) can be

varied to obtain the desired results from the pumping system. Since any ex situ treatment process

will require the extraction of the contaminated groundwater to the surface for treatment, this

process option is potentially applicable.

In the extraction/injection process, a series of injection wells is used in conjunction with extraction

wells to inject uncontaminated or treated groundwater, which can aid in directing and controlling

the flow of contaminated groundwater towards the extraction wells. Since some treatment

processes can treat contaminated groundwater in situ, the extraction/injection process can be used

to introduce the reactants to the groundwater.
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CollectionControl Actions

The remedial technology screened for collection/control actions included subsurface drains in the

form of interceptor trenches for the collection and control of local hydraulic gradient to isolate

contaminated groundwater.

Interceptor trenches can be used effectively to intercept and collect contaminated groundwater.

Trenches are excavated below the water table where perforated pipes are placed in porous media

that is backfilied in the trench. This process option costs more than extraction wells and increases

exposure risks to workers; however, it is technically feasible and potentially applicable.

The spread or migration of the groundwater contaminant plume can be minimized by the

combination of passive containment methods and active pumping wells to control the hydraulic

gradient. All of the containment methods were determined to be not applicable; therefore,

hydrauE_ gradient control must be considered not applicable.

Treatment Actions

The initial screening for treatment actions inclu& '. biological, chemical, physical, in situ, and

thermal remedial technologies. Onsite treatmera at Y-12 wastewater treatment facilities is also
examined.

Biological process options screened involved activated sludge reactors, trickling filters, fixed film

systems (rotating biological contractors), aerated lagoons, enhanced treatment, and anaerobic

digestion. These process options are primarily used for the treatment of municipal and industrial

wastewater, which has high organic concentrations. The organic constituent of the petroleum

contaminant in the groundwater at the Building 9201-1 Site is too low for these processes to be

technically feasible; therefore, they are all screened as not applicable.

Fluidized bed reactors use microorganisms to degrade petroleum contaminated groundwater in a

fluidized bed. This technology is relatively new and unproven; therefore, it is considered not

applicable.

In the slurry-phase bioremediation process, collected groundwater is mixed with contaminated soil

and fed into an ex situ bioreactor that biologically degrades the contaminants in both media. This

process option is technically feasible, but can be very expensive.
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Chemical process options can include a variety of processes such as precipitation/coagulation/

flocculation, neutralization, oxidation/reduction, hydrolysis, ultraviolet (UV) oxidation, UV

ozonation, and de_hlorination. Precipitation/coagulation/flocculation and dechlorination are not

applicable for the contaminants of concern. Hydrolysis and UV oxidation/ozonation are

considered not applicable because of the generation of secondary wastes. Neutralization and

oxidation/reduction are considered potentially applicable, but only as a preliminary treatment

process in combination with furtherbiological, physical, or chemical treatment. •

Physical process options screened included sedimentation/clarification/gravity thickening,

filtration, carbon adsorption, ion exchange/sorptive resins, air/steam stripping, tray aeration,

distillation, dissolved air flotation, oil/water separation, reverse osmosis, ultrafiltration,

electrodialysis, and freeze crystallization.

Sedimentation/clarification/gravity thickening uses clarifiers or sedimentation tanks to promote

settling and removal of precipitated floes; however, this process option is considered not applicable

since precipitation/coagulation/flocculation was determined not applicable.

Filtration uses granular media to filter suspended solids and colloids. This process is necessary in

most treatment processes to prevent fouling; thus, it is considered potentially applicable, but the

process alone does not remove the contaminants of concern.

Carbon adsorption involves adsorption of contaminants by passing groundwater through an

activated carbon column. This process is technically feasible for removing benzene and TPH from

the groundwater media. The proces_ does produce a secondary waste stream; however, it is easily

managed. Thus, this process is potentially applicable.

Air stripping, steam stripping, distillation, and tray aeration are various methods of separating

VOCs from the groundwater and all are retained for furtherconsideration.

The dissolved air flotation process uses minute air bubbles to carry low density particles to the

water surface for collection. This process is not applicable due to the non-particulate characteristic

of the contaminated media (i.e., the contaminant is not in particle form); therefore, it is not

applicable.
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Oil/water separation and reverse osmosis processes were determined to be not applicable because

these processes produce large volumes of waste water that requireadditional treatment.

Ultraffltration, electrodialysis, and freeze crystallization were screened as not applicable for the

contaminants of concern.

The thin-film evaporation process vaporizes volatile constituents in a multi-stage evaporator. This

process is technically feasible andpotentially applicable; however, the costs are much higher than

for other physical processes.

The liquid-to-liquid and liquid-aerosol solvent extraction methods can dissolve petroleum

contam)nants. Both of these processes require the addition of chemicals, which generates a

secondary waste stream requiring further treatment; therefore, they were screened as not

applicable.

The in situ treatment technologies screened included indigenous and selective bacteria

bioremediation, chemical reaction, andpermeable treatment beds.

Indigenous bacteria in situ bioremediation uses a system of injection and extraction wells to

introduce nutrients and oxygen to the groundwater to stimulate natural biodegradation of the

petroleum contaminants. Selective bacteria in situ bioremediation is similar to the indigenous

process except special strains of bacteria are also introduced to the groundwater. Both processes

are technically feasible; therefore, they are potentially applicable.

A system of injection and extraction can also be used to inject chemical reagents into the

groundwater to treat petroleum contamination. This pro¢oss is similar to in situ biodegradation

except chemical reactions rather than biological reactions occur. However, this process is

considered not applicable because of creation of unmanageable waste products and potential

uncontrolled migration of the chemical constituents.

Permeable treatment beds are constructed by excavating trenchesperpendicular to the groundwater

flow to intercept and treat the groundwater as it passes by. This process is relatively new and

unproven; therefore, it is considered not applicable.

There are various thermal treatment processes that basically destroy or reduce the volume and/or

toxicity of organics in the groundwater by exposing them to high temperatures. All thermal
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treatment processes were screened as not applicable because of the potential for ash produced being

considered a hazardous waste due to the concentration of heavy metals.

Treatment at onsite wastewater treatmentfacUities within the Waste Management organization use a

combination of biological, chemical and physical treatment technologies. These multiple

technologies are proven effective in the treatment of wastewater containing numerous

contaminants.

Disposal/Discharge Actions

Disposal techniques screened included onsite discharge, offsite discharge, and offsite

treatment/disposal. Groundwater may either be directly discharged with no treatment or discharged

subsequently to one of the treatment actions previously discussed. Each of these techniques is
discussed below.

Onsite discharge process options involve discharging groundwater through the Y-12 treatment

facility, deep well injection, reinjection wells, infiltration galleries, or surface waters. Discharge

from one of Y- 12's wastewater treatment facilities is already permitted through the NPDES permit

program. Additional permitting or adjustments of current permits would not be anticipated if this

option is chosen. Onsite deep well injection was screened as not applicable because the deep

aquifer in the region is not suitable for injection of contaminants. Onsite reinjection wells,

infiltration galleries, and surface water discharge are potentially applicable, but will require an

NPDES and/or TDEC permit.

Offsite discharge process options involve discharge to local offsite publicly owned treatment works

(POTWs) or to streams offsite. Extracted water discharge to local POTWs was determined not

applicable since extensive pretreatment would be required prior to transport offsite and discharge to

POTWs. Extracted and treated water discharge to streams offsite is considered potentially

applicable; however, an NPDES permit will be required.

The only offsite treatmentdisposal process option screened was treatment/disposal at a RCRA or

TSCA permitted TSD facility. This process option is considered not applicable since the

groundwater contaminants at the Building 9201-1 Site are not currently considered hazardous
waste.
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7.1.5 Development of Corrective A_flon Options

7.1.5.1 Soil Remediation Corrective Action Options

This section describes the development of corrective action options from the process options that

passed the initial screening evaluation for soil remediation. The remaining technology options for

the soil general response actions are combined to form potential corrective action options for

evaluation in Section 7.2.1. The soil general response actions retained for further evaluation

include removal extraction, treatment,and disposal. Conventional excavation equipment would be

used to remove contaminated soil for treatment and/or disposal. The treatment options include:

thermal (incineration and thermal desorption), physical (steam stripping/vacuum extraction, air

sparging, land aeration, and soil washing), and biological (slurry-phase and solid-phase

bioremediation). Vapor/vacuum extraction techniques can be used to remove soil vapors where

contaminants can be separated and treated f:om in situ soils. Disposal includes onsite and offsite

options for treated soil and residuals from treatment. The remaining soil remediation technology

options are briefly discussed below.

i
Removal/Krtraction

These process options involve soil removal prior to treatment. The removal action for all potential

corrective action options would involve the elimination of the source of contamination through soil

excavation methods. Conventional e_cavation equipment would be used for the removal of the

contaminated soil at the site. The Building 9201-1 Site is an active loading dock area and includes

buildings and utilities in close proximity to the contaminated area. Smaller equipment or manual-

excavation techniques may be implemented when required for this option. Certain institutional

actions, such as soil monitoring and surface controls, are considered part of this technology

option. Implementation of this action is the same for all eight of the treatment options. In addition,

the asphalt pavement and gravel base will be excavated to obtain access to the contaminated soil

andwill require disposal at a suitable disposal facility.

Treatment (Thermal, Physical, and Biological)

The treatment options most applicable for corrective action are thermal desorption, incineration,

aeration, soil washing, slurry-phase bioremediation, and solid-phase bioremediation. Each of

these six process options requires that the contaminated soils be excavated from impacted areas

before treatment. The thermal desorption method volatilizes the petroleum contaminants by heating
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the excavated soils to temperatures between 200 ° and 600°F using a mobile unit. Incineration

involves the thermal decomposition of organic constituents by cracking and oxidation reactions at

very high temperatures, usually between 1,400° and 3,000°F. In land aeration the soil is spread

and filled to allow volatilization of the contamination through contact with the air. In the soil

washing method, the excavated soils are washed repeatedly with water to remove contaminants. In

the slurry-phase bioremediation process, the excavated soils are placed in a large mobile bioreactor

for treatment. The solid phase bioremediation treatment method consists of excavating

contaminated soils and transporting them to a prepared site for treatment with the introduction of

nutrientsand microorganisms. Although each of the active treatment methods (thermal desorption,

incineration, steam stripping/vacuum extraction, air sparging, slurry.phase bioremediation, and

soil washing) would remediate the contaminated soils, each would produce a waste product

requiring disposal or secondary treatment prior to disposal.

Disposal (Onsite or Offsite)

Disposal includes the onsite and offsite options of controlled and uncontrolled disposal. For

controlled disposal at a sanitary landfill, TDEC requires that the treated waste Toxicity

Characteristic Leaching Procedure (TCLP) extracts for benzene and TPH not exceed 0.5 ppm and

10.0 ppm, respectively (TDEC, 1990). Landfill capacity limitations and potential institutional

factors may limit the use of onsite disposal. The current moratorium against the offsite

transportationof low-level waste from the Oak Ridge Reservation (ORR) restricts the use of offsite

disposal. Due to the historical use of the Y-12 Plant, the potential for radiological contamination

must be considered.

Controlled disposal involves the disposal of treated or untreated soil meeting the acceptance criteria

at a sanitary landfill. The treated soil residuals from the incineration process (ash) are only

considered suitable for controlled disposal as monofill material. Treated soils from the thermal

dcsorption process are considered suitable for disposal at a sanitary landfill as cover material. After

additional treatment, the concentrated waste fraction of the soil washing process can be considered

for controlled disposal as cover material at a sanitary landfill.

Uncontrolled disposal involves using the treated material with suitable characteristics as clean fill or

for direct land application. Soil treated by thermal desorption is only considered suitable as clean

fill; however, if the soil is mixed with organics and/or fertilizers it can be made suitable for direct

land application. The uncontaminated fraction of the soil washing process can also be considered

93-194MS?092893 7-35



for uncontrolled disposal as fill material. Bioremediated and aerated soils are considered suitable

for direct land application.

There is no confirmation that contaminated soils at the Building 9201-1 Site meet the definition of a

RCRA hazardous waste. If some of the soils are determined to meet the definition of RCRA

hazardous waste, the disposal options will be revised to include the RCRA regulatory

requirements. _s a contingency measure, soils found to be classified as RCRA hazardous waste

will be segregated from non-hazardous soils and properly stored plior to final disposal (yet to be

determined).

Potential Corrective Action Options for Soil Remediation

Contaminated soil excavation with direct disposal of the excavated soil is not considered a viable

corrective action option and will not be considered further. However, excavation, treatment, and

disposal combine into potential corrective action options. The potential corrective action options
include:

• excavation, onsite thermal treatment (incineration or thermal desorption), and

onsite/offsite controlled/uncontrolled disposal;

• excavation, onsite active physical treatment (soil washing), and onsite/offsite controlled

landfill disposal;

• excavation, onsite passive physical treatment (land aeration), and onsite uncontrolled

disposal; and

• excavation, onsite biological treatment (slurry-phase or solid-phase), and onsite

uncontrolled disposal.

7.1.5.2 Groundwater Remediation Corrective Action Options

This section describes the development of corrective action options for groundwater remediation

from the remaining technology options that passed the initial screening evaluation. The remaining

technology options for the groundwater general remedial actions are combined to form potential

corrective action options for evaluation in Section 7.2.2.2.
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The groundwatergeneral remedial actions retained for furtherevaluation include institutional

(groundwatermonitoring),removal/extraction(pumping),collection/contrM(subsurfacedrains),

treatment, and disposal/discharge. Extraction using pumping methods includes the use of
conventional extraction wells and injection/extraction wells for removal of contaminated

groundwater.The institutionalactionof groundwatermonitoringandthecollection/controlaction
of subsurfacedrainswill be evaluatedas partof the removal/extraction actions. The treatment

options include:biological (slurry-phasebioremediation),chemical(neutralizationand oxidation/

reduction), physical (filtration,carbonadsorption,trayaeration, air stripping,steam stripping,

distillation, and thin-film evaporation), onsite wastewater treatment facilities, and in situ

(indigenousorselective bacteria). Disposal/dischargeincludesonsite andoffsite dischargeoptions

for treatedgroundwaterand residualsfrom groundwatertreatment. These technology optionsare
brieflydiscussedbelow.

Exzraction/Removal(Pumping)

The extraction/removalactionis requiredfor all potentialtreatmentoptionsandwould involve the

removal of the contaminatedgroundwaterby pumpingmethods. Conventionalextractionwells
would be used for the removal of the contaminatedgroundwaterat the Building 9201-1 Site.

Certaininstitutionalactions, such as groundwatermonitoringand collection/controlactions, such
as subsurface drains, are considered necessary for, or as an enhancementof, this technology

option. Implementationof thisactionis the same forall fourof the treatmenttechnologies.

Treatment (Biological,Chemical, Physical, Onsite WastewaterTreatment Fa,.Uities,and In Situ)

The treatment technologies most applicable for corrective action involve biological, chemical,

physical, onsite wastewater treatment facilities, and in situ process options. Each of these

treatment technology types requires that the contaminatedgroundwater be extracted from impacted

areas before treatment. The biological treatmentmethod of slurry-phase bioremediation consists of

extracting contaminated groundwater to the surface to be mixed with contaminated soil and placed

in a bioreactor where nutrients and bacteria can be added and complete biodegradation can take

place prior to disposal. The chemical methods of neutralization and oxidation/reduction are

primarily pretreatment steps to adjust the pH of the contamineted groundwater. The physical

treatmentmethodsof filtrationand carbonadsorptionare primarilyused aspretreatmentandpost-

treatmentsteps, respectively. The other physical processesof air/steamstripping,trayaeration,

distillation, and thin-film evaporationare methods used to separate the volatile fraction of the

contaminants from water. Onsite treatment facilities use biological, chemical and physical
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techniques for wastewater treatment, such as biological denitrification, biological oxidation, metals

precipitation, coagulation, flocculation, clarification, filtration, and carbon adsorption. The ia situ

treatment methods using indigenous or selective bacteria involve extracting the groundwater to the

surface to a bioreactor where nutrients and bacteria, if necessary, are added and then reintroduced

to the groundwater.

Disposal/Discharge (Onsite or Offsite)

Discharge options involve the release of treated and residual groundwater waste at an onsite or

offsite location. All processes will require NPDES and/or TDEC permits. Onsite discharge

involves the use of reinjection wells, surface waters, infiltration galleries, or discharge through an

onsite treatment facility. Offsite discharge involves piping treated groundwater to offsite streams

for release; however, this process option is least favored due to the moratorium at ORR on the

offsite transport of low-level contaminated waste.

Potential Corrective Action Options for Groundwater Remediation

Contaminated groundwater extraction with direct discharge is not considered a viable corrective

action option and will not be considered further. However, a combination of extraction, treatment,

and discharge are potential corrective actior_ options. In addition, the chemical processes of

neutralization and oxidation/reduction will only be considered in combination with biological and

physical treatment processes. Therefore, the potential groundwater corrective action options

include:

• extraction, onsite biological treatment, and onsite/offsite discharge;

• extraction, onsite physical treatment, and onsite/offsite discharge;

• extraction, onsite wastewater treatment facilities, and onsite discharge; and

• extraction/injection concurrent with in situ biological treatment.
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7.2 Selection of Corrective Actions

This section presents an evaluation of the potential corrective action options based on their

effectiveness, implementability, and cost. The options are evaluated in relation to the volumes of

waste material and site-specific constraints.

7.2.1 Evaluation Criteria
i

7.2.1.1 Effectiveness

The identified corrective action options are evaluated to e,mre that they effectively protect human

health and the environment and satisfy the corrective action objectives idvntified for the media of

interest. The ability and effectiveness of each technology option to reduce the contaminant

concentrations or exposure levels or to sufficiently recover contaminated media for subsequent

treatment are evaluated. The performance evaluation of a particular corrective action process

involves a technical evaluation of the ability of the option to achieve the corrective action

, objectives.

The performance evaluation also necessitates determining how effective and reliable the technology

option would be with respect to the contaminants and conditions at the site. Reliability is a major

consideration in determining effectiveness due to the operation and maintenance (O&M)

requirements of most technology options and the importance of protecting public health and the

environment during remediation activities. The long-term management of residual contamination

and/or untreated waste reduces the effectiveness of a technology; therefore, the duration of long-

term management is evaluated as part of the technology's effectiveness.

7.2.1.2 Implementability

The implementability evaluation criteria include both technical and administrative considerations.

Technical feasibility involves the availability and constructability of the technology option and the

construction and implementation time frame. Implementation time and the period for beneficial

results to be realized are critical to protecting public health and the environment.

The administrative considerations of implementability include: the ability to obtain the necessary

approvals from regulatory agencies, availability of TSD facilities and associated capacities, and

availability of necessary equipment and skilled workers to implement the technology.
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7.2.1.3 Cost

Relative capital costs and O & M costs are used rather than detailed estimates. The complexity of

the technology option will determine the detail required for the cost estimates. The cost analysis is

based on engineering judgment, available vendor quotes, and costs reported from similar corrective

actions implemented at other UST sites.

7.2.2 Evaluation of Corrective ActiQns

7.2.2.1 Soil Remediation Evaluation

The soil general response actions and remedial technologies evaluated in this section include:

removal/extraction, thermal treatment, physical treatment, biological treatment, and disposal. The

criteria described in section 7.2.1 were used to evaluate the remedial technologies within each of

the soil general response actions remaining after the initial screening. The purpose of this

evaluation is to identify the most effective, implementable, and cost-effective process options for

attaining the Building 9201-1 Site corrective action objectives for soil remediation. Table 7-3

provides a summary of the evaluation of the remaining process options for contaminated soil at the

Building 9201-1 Site.

RemovalExtraction

The removal action by soil excavation methods would effectively eliminate the source of

contamination from the site but would generate a significant volume of waste requiring treatment

and/or disposal. Short-term considerations of worker safety and environmental impacts due to

dust and potential surface runoff would be considered by developing and implementing a Health

and Safety Plan for the excavation activities (including dust control activities) and by including

surface water runon/runoff control in the corrective action design.

Conventional construction equipment would be used for excavating the contaminated soil at the site

and, therefore, this action is readily implementable. The Building 9201-1 Site is adjacent to an

active loading area in the exclusion zone of the Y-12 Plant and includes buildings and utilities in

close proximity to the contaminated area requiring excavation. The limited available space may
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Table 7-3. Evaluation of the Selec_Process Options for Soil Remediation
at the Building 9201-1 Site

Soil General Remedial Process

Response Action Technology Options Effectiveness Implementability Cost

Moderate to high; would remove source but Readily implementable. Moderate; no O&M.
I Soil Excavation would create large waste volume requiring

Removal --- -I_ Excavation m I_ Equipment _eatment/disposal.
| [ ,i

High; no O&M.

I_ Incineration Moderate to high; would destroy source but Implementable, but requires treatability
creates waste volume requiring disposal, study to define specific operatioual

Thermal requirements.

- 4P" Moderate to high;noTreatment J Moderate to high; would destroy source of Readily implementable, but requires O&M.Thermal

ii _' Desorptiou contaminant, treatability study to define specifkoperational requirements.

Implementable, but requires treatability Moderate; moderate
!"_ _ Low to moderate; would remove source but study to def'me specific operational O& M.

Treatment - II_! Soil Washing requiringmaygeneratedisposal.largequantifieSAdditionof°fsurfactantsWaStewaterrequirementsneeded,and chemical additions
Physical willberequired for removal of contaminants.

Readily implementable. Low; moderateO&M.
Moderate to high; volatiles are aerated into

I_- Land Aeration environment, eliminating source.
Implementable; requires treatability
studytodefmeoperational Moderate;low O&M.

i Moderate to high; would remove source by requirements, Le., addition of nutrients,
M Slurry-PhaseBioremediation complete degradation of hydrocarbon oxygen source, pH adjustment,

contaminants to CO 2 and H 20, but may microbes, etc.
require additional treatment ofresidual

Biological wastewater. Mostly implementable; requires
extensive treatability testing to Low; very low to

i1_ Solid Phase Moderate; biodegradation breaks down determine operational zequlxements, i.e, moderate O&M.
Bioremediation hydrocarbon contaminants to CO 2and addition of nutrients, oxygen source,

l H20, eliminating source, pH adjustment, microbes, etc.

l 93-194MS/083193



Table 7-3. inued)

Soil General Remedial Process

Response Action Technology Options Effectiveness lmplementability Cost

High; would be used for disposal of Readily implementable. Moderate to high.
Controlled untrrattedsoft and residuals from treatment;
landfill limited institutional factors.

High; would be used for disposal of Readily implementable. Low.

i1_ Onsite BackfiU in untreated soil and residuals from treatment;" disposal Excavated Areas limited institutional factors.
i

High; w_,,id be used for disposal of non- Readily implementable. Low to moderate.

-4_ Uncontrolled haz'.adous treatment residuals; limited

F institutional factors.

i Disposal _
,,

!L" .._] Controlled High; would be used for disposal of Readily implementable, if moratorium High.
landfill untreated soil and residuals from treatment; effect°noffsite shipments is no longer in

I significant institutional factors.

Offsite l
-.a "_ disposal -
_o ] High; would be used for disposal of non- Readily implementable. Moderate to high

Uncontrolled hazardous txeatment residuals; sigr,ificant
institutional factors.

i
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impact the use of larger conventional excavation equipment in some areas and, therefore, may slow

down the removal action. Excavation is required for all of the remaining treatment process options.
i

The capital costs for the excavation action are moderate with no O&M costs.

Thermal Treatment (Incineration)

Incineration involves the thermal destruction of organic constituents by cracking and oxidation

reactions at high temperature. The organic components of the contaminated soil are converted into

carbon dioxide and water. The inorganic constituents of the contaminated soil would not be

destroyed by incineration and would exit the incinerator as either bottom ash from the combustion

chamber or fly ash particulates from the baghouse or scrubber. The bottom ash waste is usually

stabilized with water, for workability, and landfill disposed. Air pollution control systems are

used to remove volatile organics and other hazardous air pollutants from the effluent gas stream.

The waste stream generated by the air pollution control system may require an additional treatment

operation prior to disposal.

A major consideration in evaluating the effectiveness of incineration is based on the thermal

conductivity and heating value of the waste. The inability of the contaminated soil to transfer heat

and maintain combustion requires the addition of an auxiliary fuel in order to obtain the necessary

performance standards for destruction of organics. High concentrations of water in the

contaminated soil would also detract from theoperational effectiveness of incineration.

The treated soil would be considered for disposal as monofill material at a landfill. This option

provides for the removal of the contaminant source and, therefore, provides for the overall

protection of human health and the environment. The performance of this particular corrective

action process has been proven successful at a number of similar sites and is considered to be

reliable overall.

The time frame for completion of this action is considered acceptable because of the limited volume

of contaminated soil to be removed and the proven performance of this treatment process.

Incineration has been proven effective and reliable at hazardous waste sites and similar UST sites.

Incineration of petroleum contaminated soils has not been previously implemented at ORR.

Administrative and regulatory considerations may impact the implementabilty of this opticn due to

potential permit requirements and/or environmental impact evaluations. There are numerous

vendors with the necessary equipment and skilled workers to implement this technology. There
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would be no long-term management of residual contamination and/or untreated waste due to the

complete removal of the contaminants. Capitalcosts would be high with negligible O&M.

Thermal Treatment (Thermal Desorption )

Thermal desorption involves the separation of organic contaminants by heating soils from 200 ° to

600°F. This option would physically separate the VOCs from the contaminated soil. In this

process, dust particles and VOCs exit the heating unit as exhaust gas. The dust particles are

collected in a baghouse or scrubber. The VOCs are incinerated in an afterburner or adsorbed by an

activated carbon filter. The soil would be considered as fill material or as cover material for

disposal at a landfill. This option provides for the removal of the contaminant source and,

therefore, provides for the overall protection of human health and the environment.

The time frame for completion of this action is considered acceptable because of the limited volume

of contaminated soil to be removed and the proven performance of this treatment process. Thermal

desorption has been proven effective and reliable at similar UST sites. This technology has not

been previously implemented at ORR.

Potential permit requirements and/or environmental impact evaluations must be considered in

implementation of this technology. There are numerous vendors available with the necessary

equipment and skilled workers to implement this technology. There would be no long-term

management of residual contamination and/or untreated waste due to the removal of the

contaminants and subsequent disposal. Capital costs would be moderate to high with negligible
O&M.

Active Physical Treatment (Soil Washing)

Soil washing involves the repeated washing of contaminated soils with water to remove the

contaminants of concern. Certain surfactants or chemical additions may be required to facilitate

adequate removal of the petroleum hydrocarbons. Large volumes of wastewater would be

generated and would require additional onsite equipment for treatment prior to disposal or

discharge.

The soil washing process would separate the contaminants and provide for a reduction in

contaminated soil volume. Additional treatment operations would be required to degrade or

stabilize the concentrated contaminated materials. In addition, soil washing is difficult to implement
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effectively in clayey soils, which are a major component of the soil matrix at the Building 9201-1

Site. This technology has not been previously implemented at ORR.

Administrative and regulatory considerations may impact the implementabilty of this option due to

potential permit requirements and/or environmental impact evaluations. There would be long-term

management of residual contamination from the treatment process. There are vendors available

with the necessary equipment and skilled workers to implement this technology. Soil washing has

been proven effective and reliable for separation of petroleum hydrocarbons at similar UST sites.

Capital costs would be moderate with moderate O&M.

Passive Physical Treatment (Land Aeration)

Physical treatment of the excavated contaminated soil could involve land aeration of the soil to

drive off volatile organics. This process is particularly cost effective for remediating sites

contaminated by gasoline. The contaminated soil is first mechanically screened to remove large

stones and debris and create voids in the material. The soil is then spread over a synthetic liner in a

treatment area in a layer as thin as 1 ft. Periodic tilling maintains air contact with the contaminated

soil and promotes volatilization of the BTX contamination. A synthetic cover is pulled into place

during precipitation events to limit water infiltration.

Land aeration allows the BTX contamination to escape the soil by the natural process of

volatilization until the contamination is within regulatory limits. This option would satisfy the

corrective action objectives identified for the soil. This technology has not previously been

implemented at ORR.

Administrative and regulatory considerations may impact the implementability of this option due to

potential air permit requirements. There would be no long term management of residual

contamination from the treatment process due to the volatilization of the contaminants of concern.

The technology would be performed by plant employees familiar with conventional farming

equipment. Volatilization will begin to occur as soon as the soil is excavated and is very effective

and reliable for removing BTX contamination. Capital cost would be low with moderate O & M.

Biological Treatment (Slurry-Phase Bioremediation)

Solid-phase bioremediation involves the treatment of contaminated soil in a large mobile bioreactor.

The first step of this system is to physically separate stones and rubble from the waste and mix the
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remainder with water to create a slurry. Contaminated groundwater may be used as a source for

the mix water. The slurry is mechanically agitated in a reactor vessel to keep the solids suspended.

Inorganic and organic nutrients, oxygen, and chemicals for pH control may be added to maintain

optimum environmental conditions. Microorganisms may be added initially to seed or

continuously to maintain the correct biomass. Once the biodegradation is complete, the treated

slurry is dewatered. The residual water may require further treatment. Biological treatment

removes the source of contamination by biological decomposition of the petroleum contaminants

below action levels. This option would satisfy the corrective action objectives identified for the

soil. This technology has not been previously implemented at ORR, but has been proven effective

at other petroleum contaminated sites.

Administrative and regulatory considerations may impact the implementabili .tyof this option due to

potential permit requirements and/or environmental impact evaluations. There would be no long-

term management of residual contamination from the treatment process due to the complete

decomposition of the contaminants of concern. There are vendors available with the necessary

equipment and skilled workers to implement this technology. Capital costs would be moderate

with low O&M.

Biological Treatment (Solid Phase Bioremediation )

Biological treatment of the excavated contaminated soil would involve the aerobic degradation by a

solid phase bioremediation process. A bioaugmentation (addition of microorganisms) biological

treatment process involves excavating the contaminated soil and transporting it to a designated

location for biological treatment. The soils would be treated in biological cells constructed for the

volume of soil excavated. Aeration and nutrient addition systems would supply nutrients, oxygen,

water, and microbes as needed during the operation of the process.

Biological treatment removes the source of contamination by biological decomposition of the

petroleum contaminants below action levels. This option would satisfy the corrective action

objectives identified for the soil. This technology has not been previously implemented at ORR.

Administrative and regulatory considerations may impact the implementabilty of this option due to

potential permit requirements and/or environmental impact evaluations. There would be no long-

term management of residual contamination from the treatment process due to the decomposition of

the contaminants of concern. There are vendors available with the necessary equipment and skilled

workers to implement this technology. Bioremediation has been proven effective and reliable for
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destruction of petroleum hydrocarbons at similar sites. Capital costs would be low with very low

to moderate O&M.

Disposal(OnsitelOffsite)

Disposal actions involve the preparationand transportof treated (treatment residual) and untreated

waste. For disposal at a controlled landfill, TDEC requires that the treated waste TCLP extract for

benzene and TPH not exceed 0.5 ppm and 10.0 ppm, respectively. Untreated waste is excavated

soil that will not be treated. Treated soils with suitable physical characteristics are considered for

uncontrolled disposal by direct land application or as fill material. These waste materials would not

meet the definition of a RCRA hazardous waste. If the treated or untreated wastes are determined

by the waste characterization study to lre classified as RCRA hazardous waste, the disposal options

will include disposal per RCRA reguatory requirements. The high effectiveness of all disposal

options ensures the protection of human health and the environment.

Options for disposal include onsite and offsite options for treated and untreated soils. Onsite

options for disposal are less costly than those for offsite due to lower transportation and disposal

costs. Onsite controlled landfill costs are moderate to high and onsite uncontrolled land disposal

costs are low to moderate. Disposal in the subject site excavation would provide the lowest cost

option. Landfill capacity limitations and potential institutional factors may limit the use of onsite

disposal. Currently, a ban exists prohibiting the offsite transport of wastes from ORR; therefore,

offsite disposal is not a preferred disposal option. Offsite controlled landfill costs are high and

offsite uncontrolled land disposal costs are moderate to high.

7.2.2.2 Groundwater Remediation Evaluation

The groundwater general response actions and remedial technologies evaluated in this section

include: removal/extraction, collection/control, biological treatment, chemical treatment, physical

treatment, treatment at onsite wastewater treatment facilities, in situ treatment, and

disposal/discharge. Groundwater monitoring does not achieve corrective action objectives by itself

but is considered an integral part of any groundwater remediation activity.

The criteria described in section 7.2.1 were used to evaluate the remedial technologies within each

of the groundwater general response actions remaining after the initial screening. The purpose of

this evaluation is to identify the most effective, implementable, and cost-effective process options

for attaining the Building 9201-1 Site corrective action objectives for groundwater remediation.
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Table 7-4 provides a summary of the evaluation of the remaining process options for contaminated

groundwater at the Building 9201-1 Site.

Removal/Extraction

The removal/extraction action of pumping methods using extraction wells or injection/extraction

wells would effectively eliminate groundwater contamination from the site, but would bring to the

surface a large volume of aqueous waste requiring treatment and/or disposal. Short-term

considerations of worker safety and environmental impacts due to drilling operations would be

considered by development and implementation of a Health and Safety Plan for the drilling

activities, the control of drilling spoils, and the inclusion of surface water runon/runoff control in

the corrective action design.

Conventional drilling and pumping equipment would be used for the development of wells and for

the extraction of the contaminated groundwater at the site and, therefore, this action is readily

implementable. The Building 9201-1 Site is adjacent to an active loading area within the exclusion

zone of the Y-12 Plant and includes buildings and utilities in close proximity to the contaminated

area. The site-specific constraints may impact the time-frame for implementation of extraction
actions.

The capital costs for the extraction actions are moderate with low O&M costs.

Collection/Control

The collection/control action of interceptor trenches used as subsurface drains is an effective

process for the interception of fracture flow downgradient of the contamination source. This

method may be used to enhance the extraction actions but is very difficult to implement because it

may require deep trenching through rock. This activity also involves an increased risk to worker

safety due to possible trench collapse and an increased risk to worker health due to increased

potential of contact with the contaminated groundwater.

Large trenching equipment is available for constructing interceptor trenches; the capital costs would

be high, although the O&M costs would be low.
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Table 7-4. Evaluation of Process Options for Groundwater Remediation
at the Building 9201-1 Site

Groundwater

Response Rcmc_lial Process
Action Technology Options Effectiveness Is_ Cost

. _ Extraction ! An effective and reliable xemoval/extractlon Easily implemeated. _ capital, low

! Wells methocL O&M.

Extraction/ An effective and rcliable removai/exCactlon Easily implemented. Pamit required Mcxlexate capital, low

-4_ Injection Wells methocL for _ well. O_.

Effective for downgradient fracture flow Very _ to knpkazat. May High _ low

'i Collection/ Subsm'face , _ Interceptor interception, require deep _adliag _ rock and O&M.
! Con_l _ Drains Trenches kJcrcasedexposmerisktowzdu_.
L J

, Effective and reliable conventional Readily implementable. _ capitnk

_ Biological Slurry-Phase technology.Treatment , Bioremediatim

I The process increases the effectivne_ of Easily im_ Low capitalTreatment __ other treatment procesg_ but does not fully O&M.

-I_ _ Ncutralizatim treat contaminams alone.

Chemical Effective as a geUea_ent step, but does Readily impkezated, but _ goderae
Trea_ent not fully treat contaminants alone. _t reagent additioa, high O&M.

Reduction

H|
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Table 7-4. (continued)

Cn'otmdwater

General R_ Remedial Process
Ac_on Technology Options Eff_iven¢_ Imptunca_

t'- _ Tray Aeration Efective and reliable fog nmm_ag vola6Je Easily _ Modenm cap/tal,
fraction, low O&M.

An effective and necessary _t Etsi_ mgplememecL Very low _ low
---4_ Filtration process, but does net treat the contaminm_ O&.M.

of concern.

1

, _ ' An effective and reliable treatment pmcen; Readily implemem_ Spent mbm Modmte _ low

_ however, it _ a secomtary wa_e. _ units nmst be dispmed. O&M. high dislmsaL

!_'----'--- An effective and reliable m:atmeat method V___ ___

! Air for removing VOCs, but VOCs are not the O&M-
_ strt_ms onlycemminamofcco:_.

. i Phy_

(_fd) "

.-_D.J -" "" " F_.ffectiv'eandrefi,nble.,. Difficult to _ High_to_

Most _ectlve for remomg w i N_ _ _. V_ _Thin-film _tnents, _ gasoline _ an_ high O&M.
Evalmratim not viscous.

_ Indigenous An effective and reliable natm_ m:atment Gener-.Hy easy to _ gquiges _ to nmden_
e_, ,,I L_. m=mbintystudy. Oa_U.':q'iud"n°d_

In Sire
Treatment An effective and reliable _ Geaerally easy to implemea_ _ Low to inodel/eSelective

"Ib' i Bacteria treambmty study, capital, nmdemU:O&M

Y-12 r Various A proven effective and reliabk: _. Cm-rently w_,fing _ wastewater. V__
"_ Wastewater ]{Treatment low O&M.

Treatment _
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Table 7-4. (continued)

i

C_"oundwater

OcnenaRcq,ousc Rcmediat Process
Actim Technology Opticm Effcctivugu ]_gmmtkiliT Cost

i

-I_ R©iujectkm Effcctivcandrefi_le. gcad__. Penuit _capi_k,m

Wells mluk_ _"
-.-I_. _

.... Surface
-"4_ Water Effectivcamd_ic. Rcad_imt_m,mm_.PemiJ Lom_,m'),iu, m

r - -I_ lnfiltrmm Effectiveandt_iiabic. Sligh_diffg=itto_ Megimmmt:qp/t_lo,m'
.i CmUcty Oa_

Disctmrge

Y-12WTO Effectiveamdrgiiable. Rgagli_impk_mmb_._ Lo,mcspimLv¢_ low
"'_ PumUted pmmimarcinptmm.

,5, . o_,m ..i

L _ Em=ti_mdn_ti,_. Not_ _mmm_ d,scm ni_ capimt,k,,,,Offsite "-- _ Offsitc i _cmcf/ai_dialm_o(k_ _-
-I_ Disctmrgc Ic'velmmme.Pem__
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Biological Treatment (Slurry-Phase Bioremediation)

Biological treatment of the extracted groundwater would involve aerobic degradation by a slurry-

phase bioremediation process. A bioaugmentation (addition of microorganisms) biological

treatment process involves the extraction of the contaminated groundwater and mixing of

contaminated soil to create a slurry. The slurry would be treated in a bioreactor where oxygen,

nutrients, and microbes can be added, as needed, during the operation of the process.

Biological treatment would remove the contaminated groundwater by extraction, and treatment

operations would destroy the petroleum contaminants completely. This option would satisfy the

corrective action objectives identified for the groundwater. This technology has not been

previously implemented at ORR, but has been used at other petroleum contaminated sites.

Administrative and regulatory considerations may impact the implementabilty of this option due to

potential permit requirements and/or environmental impact evaluations. There would be no long-

term management of residual contamination from the treatment process due to the complete

destruction of the contaminants of concern. There are vendors available with the necessary

equipment and skilled workers to implement this technology. Capital costs would be moderate
with moderate O&M.

Chemical Treatment

The chemical treatment processes evaluated included neutralization and oxidation/reduction

processes.

The neutralization process increases the effectiveness of other treatment processes, but does not

effectively treat or remediate the contaminants of concern. Common chemicals may be added

manually or automatically by a treatment process system to adjust the pH to proper levels;

therefore, the process is easily implemented. Capital costs of this process are low and O&M costs

are low in comparison with other treatment processes.

Oxidationreduction treatment processes are effective as pretreatment steps, but do not effectively

treat or remediate the contaminants of concern. Chemicals, such as hydrogen peroxide, are readily

available, but because they arc highly reactive, they require constant addition to bring about a

reduction/oxidation (REDOX) reaction. Because of the large volume of contaminated

groundwater, capital costs are considered moderate and O&M costs high.
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Physical Treatment

The physical treatment processes evaluated include tray aeration, filtration, carbon adsorption, air

stripping, steam stripping, distillation, andthin-film evaporation.

Tray aeration is an effective and reliable treatment process for the removal of VOCs from

groundwater. Transportable units are commercially available; therefore the process is easy to

implement. Capital costs are moderate and O&M costs are low.

Filtration is an effective and necessary pretreatment step in any treatment process, but does not in

itself treat the contaminants of concern. The process is easily implemented and filtration devices

are readily available. Capital costs are very low and O&M costs are low. This process option will

be considered in combination with other physical and biological treatment options.

Carbon adsorption is an effective and reliable treatment process for the removal of petroleum

contaminants from groundwater. It is most often used as a post-treatment or polishing step of

other treatment processes; however, the used carbon filter canisters become a secondary waste and

require proper disposal. Carbon f'dters are readily available for this application. The capital cost o_

this process option is moderate and the O&M is low; however, the disposal costs are high.

Air stripping is an effective and reliable treatment process for the removal of VOCs from the
"f_ _ o_) ')groundwater; however, VOCs are not the only contaminant of concern. _,on'm_ !.,,lalmobile units

are locaUy available; therefore, the process is very easy to implement. _aF.i:_ _._:_ "nd O&M
costs are low.

Steam stripping is a more effective and reliable treatment process for the ri_e_,',r,:_of less volatile

and more soluble contaminant fractions from groundwater than air st_it3i_ia,f _re_m stripping units

are energy intensive and sophisticated devices; therefore, the process _;__-_ -!_;_,mp!emented.

Capital costs are high and O&M costs are moderate.

Distillation is an effective and reliable treatment process for separation of contaminants based on

volatility differences. This process is very energy intensive and requires an extensive amount of

equipment to be brought onsite; therefore, it is difficult to implement. The capital costs are

considered high and O&M costs are moderate to high.
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Thin-film evaporation is effective for removing volatile constituents in solutions that are too

viscous to separate by other distillation/evaporation processes, but gasoline components are not

extremely viscous petroleum products. Although several companies manufacture the process

units, the process has limitations that require pretreatment and post-treatment steps; therefore, it is

not readily implementable. The capital costs are very high and O&M costs are high.

Onsite Treatment at Wastewater Treatment Facilities

This technique would involve sampling and characterization of extracted groundwater by Waste

Treatment Operations (WTOs). A determination will be made based on available capacities,

constituents, and concentrations as to whether the water will be treated at the West End Treatment

Facility (WETF), Groundwater Treatment Facility (GWTF), or the Central Pollution Control

Facility (CPCF). After treatment, the effluent will be released to East Fork Poplar Creek at

NPDES outfall #502 for WETF, NPDES outfaU #512 for GWTF, or NPDES outfall #501 for

CPCF.

This approach would result in the efficient removal of petroleum contaminants from groundwater,

equipment needs are minimal and readily available, no treatability study is required (other than

pre-treatment sampling), human health and environmental concerns associated with implementation

will be minimal, the approach will be very low-cost, and the technical requirements associated with

it will be manageable.

In Situ Treatment

In situ treatment processes evaluated included indigenous and selective bacteria processes. With

these processes, groundwater would be extracted to the surface where oxygen, nutrients, and

microbes would be added prior to reinjection. Both processes are similar except the indigenous

process uses naturally occurring bacteria and the selective bacteria process uses specially cultured

microorganisms to carry out the biodegradation process. Both processes are effective and reliable

treatment processes and have been used at similar petroleum contaminated sites. Either process

would require a treatability study to determine oxygen, nutrient, microbes, and other environmental

needs to effectively treat the contaminated groundwater at the Building 9201-1 Site, but either is

generally easy to implement. The capital costs of both processes are low to moderate and the O&M

costs are considered moderate.
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Disposal/Discharge (Onsite/Offsite)

Disposal/discharge actions involve the release of treated groundwater and groundwater treatment

residual waste either onsite or offsite. The waste materials are not currently considered to meet the

definition of a RCRA hazardous waste. If the treated or untreated waste materials do meet the

definition of RCRA hazardous waste, the disposal options will be amended to include the RCRA

regulatory requirements.

Onsite discharge options include reinjection wells, surface waters, infiltration galleries, and

discharge through Y-12 WTOs. All onsite discharge options are considered effective and reliable.

With the exception of infiltration galleries being slightly more difficult to implement, these

processes are considered readily implementable, but they require an NPDES and/or TDEC permit.

Reinjection wells and infiltration galleries have moderate capital costs and low O&M costs. The

surface water discharge process has low capital and very low O&M costs. Disposal through the

Y-12 WTOs was discussed previously.

The only 6ti_on for discharge offsite is the piping of treated groundwater to offsite streams for

release. Offsite options for discharge are least preferred due to the ORR moratorium on transport

of low-level waste offsite; therefore, offsite discharge is not currently readily implementable. In

addition, an NPDES permit is required. Capital costs for this option are considered high in relation

to other discharge options; however, O&M costs are considered low.

7.2.3 Summary Of Top Three Selected Corrective Action Orations

7.2.3.1 Corrective .Action Options for Soil Remediation

The three corrective action options considered to be best for the specific petroleum contaminants in

the soils at the Building 9201-1 Site involve a combination of removal, treatment, and disposal

general response actions. All of the corrective actions considered involve excavation of the

contaminated soil prior to treatment. The selected treatment technologies are thermal desorption,

land aeration, and solid-phase bioremediation.

Table 7-5 outlines specific requirements of the treatment technology associated with each of the

selected corrective action options. The thermal desorption treatment technique is expected to result

in a treated waste suitable for unrestricted disposed or disposal at the Y-12 Centralized Landfill
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Table 7-5. Technology Specific Requirements of Top Three Soil Corrective
Action Options for the Building 9201.1 Site

Land Solid-Phase
Requirement Thermal Desorption Aeration Bioremediation

Water 20-100 gpm None 0-20gpm

Power 480 V None 120V

Fuel Propane None None

Area (footprint) 150' x 130' or less 10,000 ft2 15,000 ft2

Area (laydown) Soil Pile None None

% Efficiency 99.9% 95% 99%

Personnel Needs 4- 5 0- 3 0- 3

Local Personnel 3 0 - 2 2

Equipment Needed Yes No No
Time of Treatment 2-3 months 4-10 months 3-8 months

Treatability Study Yes No Yes

Cost $/yd 3 $30-100 $20 $25-50

Secondary Waste
Stream No No No

This information was obtained by phone interview with technology vendors between March 17 and
March 20, 1992, and on April 30, 1992.
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facility. Land aeration bioremediation is expected to allow unrestricted disposal. Solid phase

bioremediation is expected to allow unrestricted disposal, preferably with the treated soil remaining
at the treatmentsite.

Advantages and Disadvantages

Since the excavation technique will be the same regardless of the chosen treatment technology, the

following discussion only addresses the advantages and disadvantages of the treatment technology

and the final disposal requirement. The descriptions below are summarized in Table 7-6.

NOTE: Vendorsoftheremainingoptionswerecontactedandquestionedusinga standardlistof

requirements.The advantagesand disadvantagesweredeterminedfrom theanswerstothese

questions.

Thermal Desorption. Thermal desorption involves the desmlction of all organic contaminants by

heating above 200°F. Thermal desorption physically separates volatile and some semivolatile

contaminants from the contaminated soil. The thermal desorption process heats the contaminated
o

media to between 200 ° and 600 F, driving off water and volatile contaminants. While there are

several different types of combustors used in the process by different vendors, the main concept

behind the technology is similar for them all. Soil is placed in the combustor where it is heated

long enough to drive hydrocarbons from it. Dust from the exhaust is collected in a baghouse or

scrubber and then joined with the treated waste stream. The hydrocarbons, in a vapor form, are

either incinerated in a separate afterburnerat a much higher temperature or are cooled to condense

and reduce their volume and are adsorbed by carbon filters. The carbon filter air pollution control

system generates a waste stream that requires additional treatment and/or disposal in a controlled

landfill. Soil is separated as a clean product, and since the soil is still very hot and dusty, most

systems water it for dust control, cooling, and to maintain soil workability. After confirmatory

sampling, the soil is ready for use as fill material or landfill cover. The treated soil may be

considered for uncontrolled disposal; however, the product from thermal desorption is considered

a sterile product. It can be mixed with organics to create a soil that can sustain vegetation. The soil

can also be disposed of and covered with topsoil to sustain plant life.

Mobile thermal desorption units capable of treating contaminated soil are commercially available for

rental or purchase. Permitting and environmental impact considerations of this process, as well as

site-specific considerations for mobilization, would have to be considered. An evaluation would

be conducted to define the operational parameters of this treatment option in relation to the
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Table 7-6. Advantages and Disadvantages of Top Three Soil Corrective
Action Options for the Building 9201-1 Site

Technology Advantages Disadvantages

Thermal Desorption • 1 month to complete • Equipment onsite
• No waste streamscreated • Variable cost ($30-100/yd 3)
• 150' x 130' area required • Sterile soil after
• Very predictable success treatment

• Requires power, water
and fuel

Land • No onsite equipment • 4-10 months to complete
Aeration • Low cost ($20/yd3) • 10,000 ft2 area required

• No utilities required • Not totally predictable
• Fertile soil after treatment
• No waste streams created

Solid Phase • No equipment onsite • 3-8 months to complete
Bioremediation • Low cost ($25-50/yd 3) • 15,000 ft2 area

• Low utility requirements required
• Fertile soil after • Results not predictable

treatment from treatability study
• No waste streams created
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contaminated soil. If the _eatment is not meeting target concentrations, higher heat or longer

exposure can be applied to complete the desorption. However, the cleanup efficiency of the

process is very predictable at 99.9%. The volume requiring treatment could be treated in less than

1 month. The only waste streams created are an air discharge that can be monitored and permitted

and carbon filter canisters that must be disposed of, if they are used.

Thermal desorption requires that treatment equipment be brought onsite. The 150" x 130" area

required for the equipment is the smallest area needed for any of the treatment options. This

equipment does not require a great deal of room but runs the risk of radiological contamination. A

concrete pad, or other suitable laydown area, is required to stockpile the soil before and after

treatment. Personnel needs are 4 to 5 operators; 2 or 3 operators can be from the local work force.

The equipment requires 480 volts at 600 amps of operating power, a substantial amount of propane

fuel, and 20-100 gpm of water to re-hydrate and cool the soil after desorption. Thermal desorption

costs vary from low to high at $30-$100/yd3.

Land Aeration

Passive treatment of the excavated contaminated soil would involve land aeration of the soil to

remove volatile organics. This process is particularly cost effective at remediation sites

contaminated with gasoline. The contaminated soil is first mechanically screened to remove large

stones and debris and create voids in the material. The soil is then spread over a synthetic liner in a

treatment area in a layer as thin as 1 ft. Periodic tilling maintains air contact with the contaminated

soil and promotes volatilization of the BTX contamination. After treatment the soil would be

usable for uncontrolled disposal as fill material or for direct land application.

Land aeration is a low technology treatment method and can be performed by the property owner

without vendor assistance. If the contamination is primarily VOCs, the soil is assumed to be a

candidate for the method and no treatment studies are performed. The contaminated soil is spread

out so the contamination can volatilize into the environment and be periodically tilled. The end

product is the soil with petroleum contamination removed.

A suitable disposal technique for the soil after land aeration would be disposal at the location of the

aeration bed. The soil could be covered with topsoil and seeded or used for f'tll material at another

location. Land aeration does not require that additional equipment be brought on site for the

treatment process. There would not be a risk of radiological contamination of vendor owned

equipment. There are no utility or fuel requirements for soil aeration. The soil requires no further
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treatment to sustain vegetation after the volatilization of the VOCs. There are no additional waste

streams created.

If the contamination is primarily VOCs and the site conditions are favorable, soil aeration is very

predictable in its ability to remove contamination. Warm, arid days will result in a faster treatment

time while cool, damp days will extend the time required for treaur.ent. A spring season startand

optimum conditions could allow a treatment time as short as 4 months. For comparison purposes a

treatment time of 4-10 months is assumed. The only costs for land aeration are the liner for the

treatment bed and the synthetic cover to limit rain infiltration into the treatment bed. This cost is

$20/yd3 for both liners. Personnel needs range from 3 during bed preparation to 1 during the

aeration process, with all of the personnel from the local workforce.

A level area of approximately 10,000 fie is required to place the liner and spread the soil in a layer

that may need to be as thin as 1 ft. No additional laydown area is required. There is, however, a

shortage of usable and available land space at the Y-12 facility. Because of the large land space

required and the possibility of environmental impact, an Environmental Assessment (EA), as

mandated by the National Environmental Policy Act (NEPA), would be required for siting of the

facility. The time frame for completion of the EA is estimated by the Y-12 NEPA group to be

approximately 2 years.

Solid Phase Bioremediation. Biological treatment of the excavated contaminated soil would

involve aerobic degradation by a solid phase bioremediation process. A bioaugmentation (addition

of microorganisms) biological treatment process includes excavating the contaminated soil and

transporting it to a designated location for biological treatment. The excavated soil is placed in a

lined treatment bed or biological cell at a uniform depth where the bacteria and nutrients are

applied. An aeration system to supply oxygen and an aqueous nutrient addition system would be

used. Aerobic biological degradation would provide for the complete destruction of the petroleum

hydrocarbon contaminants upon completion of the treatment action. The remaining soil would be

usable for uncontrolled disposal as fill material or for direct land application.

Aerobic bacteria are used to treatcontaminants in solid phase bioremediation. The end products of

the biodegradation process are carbon dioxide, water, and bacterial biomass. The technology uses

special strains of cultured bacteria and microorganisms occurring naturally in the soils and

groundwater to break down the hydrocarbons. Solid phase bioremediation is specifically tailored

to site conditions. Soil conditions and contaminant types as well as treatment goals must be
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considered in decisions about what type of bacteria and nutrients to use, as well as with regard to

the variables of pH, temperature, anddissolved oxygen.

A comprehensive treatability study would be conducted to define the operational parameters of this

treatment option in relation to the contaminated soil. The type of microbe, nutrient levels, oxygen

addition, and expected time frame would be clef'reed.

The entire volume of soil treated by bioremediation would be eligible for uncontrolled disposal.

The soil could be covered with topsoil and seeded at the treatment site as a means of disposal.

Solid phase bioremediation does not require capital equipment to be brought onto the Y-12 Plant,

eliminating potential risk of contamination. The process has a low utility requirement of 0 to 20

gpm of water and 120V electric power supply due to lack of large equipment needs. The areaused

for treatment will need to be periodically watered and tilled for aeration to create an ideal

environment for the bacteria to break down the contamination. After the bacteria have broken

down the contamination, they die; the soil is ready for uncontrolled disposal and may be fertile for

growth. The process does not create additional waste streams while remediating the original

contamination since any collected leachate can be re.appliedto the soil.

Solid phase bioremediation is not totally predictable. The cost, and more importantly, the time

requiredfor treatment is not accurately known. The performance of the microorganisms is widely

dependent on the soil conditions. Nutrients can be added to optimize their performance.

Bioremediation is the slowest of the treatment options, requiring up to one year; however, most

vendors indicate that the process _ould take as little as 2 months. For estimation purposes, the

bioremediation process is expected to last 3 to 8 months. Solid phase bioremediation is relatively

inexpensive at $25-$50/yd3. Personnel needs range from 3 during treatment bed preparation to

zero during the passive degradationprocess, with an average of 2 from the local work force.

A relatively large level area of 15,000 ft2 is required to construct the perimeter berms, place the

liner, and spread the soil in a layer that may need to be as thin as 1 ft. No laydown area is

required; however, other small areas will be needed for leachate collection, soil screening, and

nutrient addition storage/mixing. As mentioned previously, there is a shortage of usable and

available space at the Y-12 facility, and there would be a NEPA requirementfor an EA.
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Projected Remediation Periods

Estimates of treatment time required were obtained through telephone conversations with

technology vendors. It is estimated that approximately 100 yd3 of soil will be excavated.

Assuming a swell of 30% yields 130 yd3 of loose soil. Time frames were obtained based on

preliminary information; actual remediation time is expected to vary. All technologies have a

common excavation time period. Excavation should proceed faster than any of the remediation

options and will be able to run concurrently with soil decontamination. Excavation should take

less than one month for all corrective actions considered. Table 7-7 contains a summary of

projected remediation periods.

Thermal Desorption. The 130 yd3 of contaminated soil could be treated by thermal desorption in

less than 1 month. After treatment, it is expected to take approximately 1 additional month to

dispose of the treated soils. The total remediation period is expected to last less than 2 months.

Land Aeration. Land aeration should take 4-10 months to treat the contaminated soil. After

treatment, it is expected to take approximately 1 month to dispose of the treated soils. The

remediation period is expected to take 5-11 months.

Solid Phase Bioremediation. Depending on climatic conditions, solid phase bioremediation should

take between 3 and 8 months. After treatment, it is expected that the soil and liner could remain in

place; therefore, the disposal period is null. Alternatively, decommissioning of the treatment cell,

reapplication of the clean soil, and disposal of the liner should take less than 1 month. The total

remediation period is expected to last 4 to 9 months.

7.2.3.2 Corrective Action Optionsfor Groundwater Remediation

The three corrective action options considered to be best for the specific groundwater petroleum

contaminants at the Building 9201-1 Site involve a combination of extraction, treatment, and

discharge general response actions. All of the corrective actions considered involve extraction of

the contaminated groundwater prior to, or during, treatment (i.e., pump-and-treat). The treatment

technologies aretray aeration, air stripping, and onsite wastewater treatment facilities.
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Table %7. Projected Remediation Periods of Top Three Soil
Corrective Action Options for the Building 9201.1 Site

Disposal/
Treatment Technology Excavation Treatment Closure Total Period

Thermal Dcsorption 1 month <1 month 1 month <2 months

LandAeration 1 month 4-10 months 1 month 5-11 months

Solid Phase Bioremediation I month 3-8 months 1 month 4-9 months

Note: The 1 month of excavation can run concurrently with treatment. Disposal could also take
place concurrently with treatment; however, the total period is conservatively assume_las
cumulative of treatment anddisposal/closure time.
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The comparison of the top three potential corrective action options for groundwater remediation is

based on the following assumptions:

• The effective saturated soil porosity is 10%.

• Groundwater flow is essentially horizontal and the effective thickness of groundwater
to be extracted is 8 ft.

• Preliminary estimate of the areal extent of the contaminant plume is approximately

2,300 ft2.

• Assumed contaminated groundwater volume is approximately 13,760 gallons (basis:

10% x 8 ft x 2,300 ft2 x 7.48 gal/ft3). !
• Due to potential chemical partitioning, it is assumed that an equivalent of 10

contaminant volumes will be extracted for treatment, or 137,600 gallons.

Table 7-8 outlines specific requirements of the treatment technology for each of the selected

corrective action options. All three treatment technologies are expected to allow unrestricted

discharge of treated groundwater.

Advantages and Disadvantages

Since the extraction technique (i.e., pumping from recovery wells) will be the same regardless of

the chosen treatment technology, the following discussion only addresses the advantages and

disadvantages of the treatment technology and the final disposal requirement. The process rates

used for comparison only involve the limitation of the process treatment unit and not other system

imaitations, such as pump rate. The descriptions below are summarized in Table 7-9.

Tray Aeration. Volatile contaminants are driven from affected groundwater in an aeration unit by

forcing air through the water. As the water flows through a tray, air is pumped through holes in

the bottom of the tray.

A specific feature of tray aeration units is compact size. The self-contained unit requires a footprint

of 4" x 3" and is only 6 ft high, requiring no special mounting pads or laydown area. Electrical

requirements are 220V, single phase. Equipment to treat the Building 9201-1 Site groundwater

contamination could operate at a process flow rate of 10 gallons per minute (gpm). Aeration

systems operate at efficiencies up to 92% for single tray (ST) models and 99% for dual tray (DT)

models. Aeration efficiency would be greater in the summer months with higher ambient
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Table 7.8. Technology Specific Requirements of Top Three Groundwater

Corrective Action Options for the Building 9201-1 Site

Onsite
Tray WastewaterTreatment

Requirement Aeration AirStripping Operations(WTO)

Process(Treatmen0 I0gpm 5-I0gpm Dependentonother
Rate systemlimitations

Power 220V 220V *

Area(setup) 4'x 3' 6'x 12'orless *

Op. Temperature Ambient Ambient Ambient

%Efficiency 92% (ST) 99% (DT) 98%(VOC) 88% (SVC) 99%

Personnel Needs 0- 1 0- 1 *

Local Personnel 0 0 *

Equipment Needed Yes Yes *

Time of Treatment <1 month 1 - 3 months <1 month

TreatabilityStudy No No No

Cost $/100 gal. $2.00 - $2.50 $2.00 - $2.50 *

Secondary Waste No No No
Stream

* WTO includes three operating facilities. No additional equipment, power, area, or personnel will
be required.

This information was obtained by phone interview and correspondence with technology vendors
between April 30, 1992 and August 5, 1993, and review of EPA Engineering Bulletins.
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Table 7.9. Advantages and Disadvantages of Top Three Groundwater Corrective

Action Options for the Building 9201.1 Site

Technology Advantages Disadvantages

Tray Aeration • Less than 1 month to • Low efficiency (92%)

complete if single tray unit used

• Low cost at $2.00 - • Requires permit for

$2.50/100 gal. surface water discharge

• Predictable success

• Minimal equipment onsite

• Very small (4'x3') setup area
• Low maintenance

Air Stripping • 1-3 months to complete • LOw efficiency (88%) for

• LOw cost at $2.00 - $2.50/ semivolatile compounds

100 gal. • Requires permit for

• Predictable success surface water discharge

• Minimal equipment onsite

• Small 6'x 12' setup area

• Low maintenance

Onsite Wastewater • Less than 1 month to * Requires filtration,

TreatmentFacilities complete collection, and transport

• No additional equipment

• Requires no additional permit

for surface water discharge

• Treatability study not required
• No additional maintenance

• Negligible cost
• Predictable success

• No additional set-up area
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temperatures. Assuming one DT aeration unit and 137,600 gallons of groundwater to be treated,

the treatment would take less than one month. Operating costs for the units range from $2.00 to

$2.50/100 gallons treated.

Those units are low maintenance items and are not required to be manned at all times; however,

one skilled operator is needed for setup, monitoring, and adjusting. After treatment the most

inexpensive method of releasing the decontaminated water will be release to the storm sewer

system. Additional NPDES and TDEC permitting may be required for this discharge. Another

alternative is to allow the treated water to recharge the groundwater through an inf'dtrationgallery.

The unit does not generate any secondary waste stream requiting furthertreatment.

Air Stripping (EPA, 1991a & 1991b). Air stripping is a mass transfer process in which volatile

contaminants in groundwater are evaporated into the air. Important operation factors are

temperature, pressure, air to water ratio, and surface area available for mass transfer. Residuals of

the process are hydrocarbons and effluent water. This process is used to treat aqueous organic

waste with relatively high volatility and low water solubility, such as gasoline.

Air stripping equipment is available as self-contained mobile units with various capacities. These

units are most often cylindrical packed towers filled with plastic media of various shapes.

Typically, a small set-down area 6" x 12" per unit is all that is required. Electrical requirements are

220V, single phase, 40 amps (standard). Process rates are 5 to 10 gpm per unit and multiple units

can be applied. Efficiencies are greater than 98% for VOCs and 80% for semivolatile compounds.

Air st.ripping is typically performed at ambient temperature, but higher temperatures improve the

efficiency. These units are low maintenance items and are not required to be manned at all times,

but one skilled ope-ator is needed for monitoring and adjusting the unit. Assuming 1 mobile unit

operating continuously at 5 gpm and 137,600 gallons of water, the treatment period would be less

than 1 month. Assuming a three-month minimum rental rate, the operating costs fc7 a small

mobile unit would range from $2.00 to $2.50/100 gallons treated.

After treatment the most inexpensive method of releasing the decontaminated water will be release

to the storm sewer system. Additional NPDES and TDEC permitting may be required for this

discharge. Another alternative is to allow the treated water to recharge the gtvundwater through an

infiltration gallery. The unit does not generate any secondary waste stream requiring further
treatment.
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Onsite Wastewater Treatment Facilities. Treatment of contaminated groundwater at onsite

wastewater treatment facilities involves initial extraction of contaminated groundwater using a

conventional recovery system, transfer at the 9201-1 Site into a tanker truck, and transport of

groundwaterto the appropriatefacility for treatment.

The Y-12 WTO personnel have extensive experience in treating contaminated liquid waste streams

from the Oak Ridge Reservation (ORR). The nature of the groundwater will allow them to choose

the optimal treatment system for the known contaminants on a per tanker basis. The capability

exists at one or more of the treatment facilities to treat the groundwater for contaminants other than

the expected benzene/toluene/xylenes (BTX) and total petroleum hydrocarbon (TPH)

contaminants. The proposed treatment facilities are the WETF, the GWTF, and the CPCF.

The WETF, including the West Tank Farm (WTF), is designed to treat nitrate bearing aqueous

waste from Y-12 treatment operations. The waste streams treated at the WETF/WTF consist of

nitric acid waste, rinse waters, groundwaters, mixed acid wastes, waste coolants, mop waters, and

caustic waters. Treatment for nitrates is carried out by biological denitrification at the WTF. The

treatment operations used consist of biological denitrification, biological oxidation, metals

precipitation, coagulation, flocculation, clarification, filtration, and carbon adsorption. Effluent

from the WETF is discharged through an NPDES permit, Serial Number Discharge 502 into East

Fork Poplar Creek.

GWTF

The GWTF is designed to remove volatile and non-volatile organic compounds and iron from area

groundwaters. The GWTF uses precipitation/filtration to remove iron, an air stripping operation to

remove volatile organics, and carbon adsorption to remove non-volatile organics. The GWTF-

treated effluent is discharged through an NPDES permit, Serial Number Discharge 512 into East

Fork PoplarCreek. Treatment at the GWTF is limited due to the present load on the facility.

CPCF

The CPCF is designed to treat mop water and non-nitrate bearing waste streams. The waste waters

to be treated are categorized as dilute wastewater or mop waters, acidic wastes, caustic wastes, and

plating rinse waters. These general categories of wastes cover a broad range of chemical
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compositions and concentrations, and may inchde significant quantities of heavy metals, acids,

and bases. The CPCF process consists of several unit operations that are used in batch and semi-

batch operations. These unit operations include, but are not limited to, heavy metal precipitation,

flocculation, coagulation, clarification, carbon adsorption, and filtration. Effluent from the CPCF

is discharged through an NPDES permit, Serial Number Discharge 501 into East Fork Poplar
Creek.

Projected Remediation Periods

Estimates of treatment time required were obtained through telephone conversations with

technology vendors. It is estimated that approximately 137,600 gallons of contaminated

groundwater will be extracted for ex situ treatment. Time frames were obtained based on

preliminary information; actual remediation time is expected to vary. All technologies have a

common extraction well development time period. It is assumed that one month of

extraction/injection well development takes place before treatment begins. Table 7-10 contains a

summary of the projected remediation periods.

Tray Aeration. Tray aeration would take less than 1 month to treat the contaminated groundwater

at the Building 9201-1 Site. After the groundwater has been processed by the treatment unit it is

assumed that the effluent could be discharged to the local streams (assuming an NPDES/TDEC

permit is granted), and could be discharged directly from the unit concurrently with treatment.

Including 1 month to install the extraction wells and set up equipment, plus 1 month to close wells

and remove equipment, remediation using this technology would require a total of less than 3

months.

Air Stripping. This process would take about 1 to 3 months. After treatment, it is expected that

the groundwater could be discharged to local streams (assuming an NPDES/TDEC permit is

granted), which could take place concurrently with treatment. Including 1 month to install the

extraction wells and set up equipment, plus 1 month to close wells and remove equipment, this

remediation technology would require a total of 3 to 5 months.

Onsite Wastewater Treatment Facility. Installation of extraction wells is anticipated to take 1

month. Residence time in the appropriate treatment facility will be minimal. After the

contaminated groundwater is treated in one of the treatment facilities onsite, it is discharged to

surface waters at a designated NPDES discharge point. Well closure and equipment removal will

require approximately I month, resulting in a total remediation period of less than 3 months.
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Table 7.10. Projected Remediation Periods of Top Three Groundwater

Corrective Action Options for the Building 9201.1 Site

Well
TreatmentTechnology Development Treatment Closure TotalPeriod

TrayAeration I month <1 month 1month <3 months

I

Air Stripping 1 month 1-3months 1 month 3-5 months

OnsiteTreatmentFacilities 1month <1 month 1 month <3 months

Note: One month of well developmentand treatmentequipmentsetup is assumedconcurrent.
One month of equipmentdismantling and removal and well closure is assumed. Total
periodis the cumulativeof well development,treatment,andclosure.
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8.0 CORRECTIVE ACTIONS CHOSEN

8.1 Soil Corrective Action

8.1.1 GeneralDescriotionof Soil CorrectiveAction

Based on an evaluationof all criteriaassociated with the correctiveaction options discussed in

Section 7.2, a combination of process options is proposed for remediation of petroleum

contaminatedsofts at the Building 9201-1 Site. The proposed approachwould involve initial
excavationof contaminatedsofts fromthe impactedareasof the facility identifiedin Section 5.3,

on-site thermal desorption to physically separate volatile organic compounds (VOCs) from

contaminatedsoil, incinerationof VOCs in an afterburneror adsorptionby an activatedcarbon

fftter,and final dispositionof the treatedsoils by landffllingat a permittedY-12 facility or use as

f'fllmaterialin the subjectsite excavation. A graphicillustrationof theproposedcorrectiveaction

for soil is shownin Figure8-1.

The correctiveactionapproachfor soil remediationproposedfor the Building 9201-1 Site offers

several advantages over the other alternatives evaluated for the Corrective Action Plan. The

proposedapproachwill resultin the removal and ultimatedestructionof the BTX and TPH soil
contaminationsource at the facility; humanhealth and environmentalconcerns associated with

implementation will be minimal; and the technical requirementsassociated with it will be

manageable. The excavationand thermal desorptionapproachis also advantageousbecause the

cleanup efficiency of this process is very predictableat 99.9%. Thermal desorption has been

proveneffectiveand reliableatsimilar UST sites.

8.1.2 Soil RemediationSystemAnalysis

8.1.2.1 Removal

Excavation

All contaminatedsofts identifiedas in excess of the 250 ppmTDECClosure Action Level for BTX

and 500 ppm for TPH at the Building 9201-1 Site will be removed by excavation for treatment

and/or disposal. Delineation of the soil contamination at the site (Section 5.3) indicated the

contaminationwas limited to the former tank pit to the east of Building 9201-1 and directly to the
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southof the loading dockramp (Figure5-10). Excavationbeyond the delineatedcontamination
areas may be requiredif additional contaminated soils are encountered as indicated by soil

screeningand/orsamplingconductedduringthe excavationactivities. Soil excavationshouldnot

extendsignificantlybelow thelocal watertable since soils in this areawould be consideredpartof

the groundwaterremediation(see Section8.2).

Priorto excavationactivities, any surfacefeaturesin the areaof proposedexcavationwill need to
be removed. The dismantling,removal, or relocation of any fence, utility, or structurewill be

underthe directionof EnergySystems. Surfacecontrolmeasureswill have to be implementedto
controlsurfacewaterrunonand runoffduringexcavation. Excavationof the contaminatedsoils

will be accomplished using appropriateequipmentprovided by the Y-12 Plant Maintenance

Departmentor a designated subcontractor. The small amountof contaminated soil could be

excavatedusing a rubbertiredbackhoe. Withinthe congestedplantenvironmentit is possible that
unidentifiedutility lines pass throughthe excavation area. Impactedutility lines will be protected

duringconstruction.EnergySystems will provideguidanceregarding thedispositionof utilities in

this area and will define those areas to be manuallyexcavated. Figure2-3 shows the approximate
locationsof utilitiesdocumentednearthe areaof excavation.

Soil sampleswill be collectedduringthecourseof excavationactivities within thevariousareasfor

the purpose of head space field screening in orderto assist with monitoring the progress of

contaminatedsoil removal. Head space screening will be conductedin accordancewith Method

ESP-303-7, Soil Gas Sampling (MartinMariettaEnergy Systems, Inc., 1988a). Additionally,

visualand odor observationswill be made duringthe excavationprocess to aid in defining the
extentof contamination.

Zoneoflnfluence

Figure 8-2 shows the areal extent of the contaminated soils proposedto undergoremediation.

There is a single area of contaminationlocated in the previous tank pit. A buffer of 2.5 ft is

assumed to be overexcavated beyond the contaminated area. It is assumed that some
noncontaminated material will be excavated and treated with the contaminated soil, since

segregationandtestingforthe relativelysmallvolumeat thesite wouldnotbe cost effective.

Theexcavationis estimatedtoencompassan arealextentmeasuringapproximately20 ft in diameter

with an excavation depth of 6 ft. The excavation will continue along the path of the fuel supply
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lines to Building 9201-1. This excavation is assumed to be 10 to 15 ft wide with an average depth

of 6 ft.

The concrete ballast pad for the tank, located at a depth of approximately 6 ft, will be broken into

manageable pieces and disposed at the Y-12 landfill. Asphalt or concrete paving in the zone of

excavation will be disposed at the landfill a_ well.

Because of the seasonal variation in the local water table, the depth of excavation is assumed to

extend approximately 1 ft below the water table as noted on the cross sections presented in Figure

8-3. Excavation activities are expected to reach bedrock above the groundwater table in some

areas. The total excavated soil volume is calculated to be 100 yd3 in place, or 130 yd3 assuming a

30% swell factor. Table 8-1 contains the average end areacalculations used to estimate the volume

of excavation for the remediation. For estimation purposes the volume is assumed to be entirely

soil because the concrete ballast pad represents a volume of less than 1 yd3 of material. The extent

of contamination is based on field hydrogeologic information and sample analyses data generated

from the previous site investigations; the f'malsoil volume requiring excavation will be dictated by

subsurface conditions observed during the course of excavation activities.

Confirmatory Sampling

Upon completion of contaminated soil removal from the impacted areas of the Building 9201-1

Site, field screening and confirmatory soil samples will be collected from the excavation to ensure

that this phase of the overall facility remediation is complete. The actual number and locations of

the confirmatory samples to be collected will depend on the final areal extent and depth of the

excavation and thus will not be determined until all excavation activities are complete. Samples

for field screening will be collected at multiple depth intervals between the surface and water table,

with an average of one sample for every 100 ft2 of excavated surface and in any visibly

contaminated areas. These samples will be collected and placed into jars for field head-space

analysis using an organic vapor detector (OVD). If samples exceed 250 ppm during field

screening, excavation will continue until analyses are below this level. A minimum of 4

confirmatory samples will be collected from the perimeter of the excavation between the surface

and water table and sent for laboratory analysis. The actual number of confirmatory samples taken

will be sufficient to demonstrate that all soil contaminated above applicable TDEC Closure Action

Levels has been removed.
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Table 8-1. Volume Calculation for the Building 9201-1 Site Corrective

Action Plan Average End Area Method

X-Section Avg. End 30% Swell
Area Area Distance Volume Volume Volume

Station (ft2) (ft2) (It) (ft3) (yd3) (yd3)

0.0 0

60 5.0 300 11 14

5.0 120

138 5.0 688 25 33 i

10.0 155

138 5.0 688 25 33

15.0 120

98 5.0 488 18 23

20.0 75

75 5.0 375 14 18

25.0 75

38 5.0 188 7 9

30.0 0

Total Excavated Volume 2,727 100 130

93-194MS/092893 8-7



All confirmatory soil sampling will be conducted in accordance with Method ESP-303-1, Soil

Sampling with a Spade and Scoop (Martin Marietta Energy Systems, Inc., 1988a). Sample

containers and preservation methods used for all collected samples will follow guidelines presented

in Method ESP-701, Sample Preservation and Container Materials (Martin Marietta Energy

Systems, Inc., 1988a), and sampling equipment decontamination procedures will follow

guidelines presented in Method ESP-901, Equipment Decontamination (Martin Marietta Energy

Systems, Inc., 1988a). Each of the confirmatory soil samples collected will undergo field

screening for VOCs and laboratory analysis to determine BTX and TF'H-GRO in accordance with

the methodologies presented in Table 8-2.

In addition to the confirmatory soil samples, a complete set of QAJQC samples will be collected for

this phase of the Building 9201-1 Site remediation. The QA/QC samples to be taken will include

duplicate soil samples which are collected along with the confirmatory samples, equipment rinsate

samples to be collected on each day that sampling is conducted, and trip blank samples that will

accompany each sample cooler transported to the analytical laboratory. The set of duplicate soil

samples will represent no less than ten percent (10%) of the total number of confirmatory samples

collected. Each of the QA/QC samples will undergo the same laboratory analyses as the

confirmatory samples in accordance with the methodologies presented in Table 8-2. All QA/QC

activities and documentation will be performed in accordance with the current QAJQC program at
the Y- 12 Plant.

8.1.2.2 Soil Treatment

The thermal desorption process will provide an ex situ means to physically separate volatile and

some semivolatile contaminants from soil. The selected desorption unit will use either indirect or

direct heat exchange to vaporize organic contaminants from soil. The thermal desorption process

heats the contaminated media between 200 ° and 600 °F, driving off water and volatile

contaminants. Air, combustion gas, or inert gas will serve as the transfer medium for the

vaporized components. A baghouse or scrubber will collect the dust from the exhaust which is

subsequently joined with the treated waste stream or filtered. Soil will be separated as a clean

product and will be used as fill material in the subject site excavation or landfilled at a permitted

Y- 12 facility.
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Table 8-2. Analytical Methods Proposed for Analyses of Remediation Soll and

Groundwater Samples Collected at the Building 9201.I Site

Contaminant Analytical Method Method Number

Confirmatory:
Volatile Organic Compounds Gas Chromatography/ 82401
(BTX) Mass Spectroscopy

Total Petroleum
Hydrocarbons

TPH-GRO Gas Chromatography/ EPA 8015-
Mass Spectroscopy Modified2

Post-Treatment:

Volatile Organic Compounds Gas Chromatography/ 82401
(BTX) Mass Spectroscopy

Total Petroleum
Hydrocarbons

TPH-GRO Gas Chromatography/ EPA 8015-
Mass Spectroscopy Modified2

Volatile Organic Compounds Gas Chromatography/ 82401
(BTX) Mass Spectroscopy

Total Petroleum
Hydrocarbons

TPH-GRO Gas Chromatography/ EPA 8015-
Mass Spectroscopy Modified2

Waste Characterization: 4
Benzene Toxicity Characteristic 1311/418.13

Leaching Procedure-Fourier Transform
InfraredSpectrometry

Total Petroleum Toxicity Characteristic 1311/418.13
Hydrocarbons Leaching Procedure-Fourier Transform

InfraredSpectrometry

IEPA, November 1986
2TDEC, January 1992
3EPA, March 1983

4Waste characterization only to occur if sanitary landfill disposal of soil is required.
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Contaminated soil material is removed from the subject site via excavation (as previously

discussed) anddelivered to the treatmentunit. Typically, fill materialobjects (i.e., stones, brick

fragments,etc.) greaterthan 1.5inches in size areremoved from thecontaminatedsoil materialby

screeningpriorto treatmentanddisposedin a controlledlandfill. The soil materialis thendelivered

bygravityto thedesorberinlet,orconveyed by augerstoa feed hopper.

Thermaldesorptiontreatmentunitsvarygreatlyin the designof their dryercomponent.The dryer

may be an indirectly firedrotary kiln, a single (or set of) internally heated screw auger(s),or a
series of externallyheateddistillationchambers.The latterdesign uses annularaugersto move the
contaminatedsoil from one volatilizationzone to the next. The contaminatedsoil is placed into

contact with the heated dryersurface,and volatile components (including water) aredriven off.

Vaporized contaminants are removed from the dryer unit using either an inert gas (such as

nitrogen)which is injected in a countercurrentsweep stream,or by simply directingthe hot gas
streamfromthe dryer.

The primaryfactorsaffectingperformancein thermal desorptioninclude the actualbed temperature

andresidencetime. Controlof these parametersin the desorptionunitis providedthroughuseof a

seriesof increasingtemperaturezones, multiplepassesof the mediumthroughthe desorberwhere

the operatingtemperatureis sequentiallyincreased,separatecompartmentswhere the heattransfer
fluidtemperatureis higher,or sequentialprocessinginto highertemperaturezones.

Volatiles in the offgas are burnedin anafterburner,collected on activatedcarbon,or recoveredin

condensationequipment. The carbon filter air pollutioncontrolsystem generatesa waste stream

that requiresadditionaltreatmentand/ordisposal in a controlledlandfill. The selection of the gas

treatmentsystem will be basedon an evaluation of the concentrationsof contaminants,cleanup

standards,and the economicsof the offgastreatmentsystem(s)employed.

Regulatoryand administrativecontrols will be takenintoconsiderationwith the implementationof

this process. An evaluationof potential permitrequirementsand environmentalimpactswill be
necessary. There are numerous vendors available with the necessary equipment and skilled

workersto implementthis technology. A mobileunitwould be set up onsite. There would be no

long-termmanagementof residualcontaminationand/oruntreatedwaste dueto the removalof the

contaminants and subsequentdisposal. Operatingcosts will be moderateto high rangingfrom

$30-$100/yd3.
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The thermaldesorptionunitwill be stagedatanappropriatelocationwithintheY-12 Plantsite. A
minimumarea of 150" × 130" will be necessary to accommodate the equipment. A suitable

laydownareawill be requiredto stockpilesoil beforeandaftertreatment.The laydownareawill
be used to stockpile contaminatedsoil upon its excavation from the subject site. Four to five

operatorswill be required to operate the equipmentwhich requires480 volts at 600 amps of

operatingpower, a substantialamountof propanefuel, and 20 to 100 gpmof waterto re-hydrate

and cool soft afterdesorption.

Theexcavationequipmentmay be operatedsimultaneouslywith the thermal desorptiontreatment

unit,or excavationactivities may be conductedpriorto treatmentactivities if procurementof the

treatmentunit is not complete at the beginning of soil excavation. Operated simultaneously,an

excavation rateof approximately20 yd3/hrwould maximize the treatmentproductionrate. This

productionrate is commensuratewith the treatmentrateof typical thermal desorptionunits. If

excavation precedestreatment,soil material will be stockpiled during the course of excavation
activities. Stockpiled material would be placed on plastic sheeting and covered to ensure that

furthercontaminationof the Building 9201-1 Site does not occur. Stockpiling of soil material

would allow excavation activities to occurcontinuouslythroughcompletion. A frontend loader

wouldthenbe used to loadcontaminatedsoils intothe treatmentunit fromthe soil stockpiles.

Post-TreatmentSampling

Duringthe course of the thermal desorptionsoil treatment phase of the corrective action, post-

treatmentsoil samples will be collected for laboratoryanalysis. These samples will be used to
monitorthe effectiveness of petroleum contaminantremovalwithin the thermal desorptionunit.

Remediationof the soils will be consideredcompletewhen the concentrationsof benzeneand TPH

have been reducedto levels less thanorequal to 10.0ppmand 100.0ppm,respectively.

Samples will be collected from soil stockpiles createdas treatedsoil materialexits the thermal

desorptionunit. Initially, the total volume of each stockpile (in cubic yards)will be determined.

The totalvolumenumberwill then be dividedbyfifteenand the resultingnumberwill be mtdtiplied

by two. This calculatedvalue will representthe numberof soil samplesthat mustbe collected from

a given stockpilefor fieldscreeninganalysis. These samples will be collected frompointsthat are

evenly distributedthroughoutthe entire volume of the soil, and will be representative of the total
soil volume ratherthan the totalareaoccupiedby a given soil stockpile. The collectedsampleswill

undergofield head space screeningusing an OVD or field gas chromatograph. Based on the
resultsof the fieldscreening,a minimumof 2 of the collected samplesexhibitingthe highest field
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screeningreadingswill be submittedfor laboratoryanalyses. In the event that the volume of a

treatedsoil stockpileexceeds240 yd3, additionalsampleswill be submittedforlaboratoryanalyses
in accordancewith the requirementsof theTDECTechnicalGuidanceDocument- 005.

All post-treatmentsoil sampling will be conductedin accordancewith Method ESP-303-1, Soil

Samplin8 with a Spade and Scoop, or with a hand augerin accordancewithMethod ESP-303-2,

Soil Samplin&with an Auser. Samples collectedwill be handledandpreservedin accordancewith

Methods ESP-701, Sample Preservation and Container Materials and ESP-800, Packa&in&

EnvironmentalSamplesfor Transportation. All of the equipmentused forsamplecollectionwill be

decontaminatedin accordance with MethodESP-900, Cleanin8 and Decontaminatin8 Sample

Containers and Sampling Devices.

In additionto the post-treatmentsoil samples, a complete set of qualityassurance/qualitycontrol

(QA/QC) samples will also be collected forthe post-treatmentphaseof remediation.The QA/QC

sampleswill includeequipmentri__satesamplesto becollectedoneach daythatstockpilesampling

is conducted,and trip blanksamples that will accompany each samplecooler transportedto the

analyticallaboratory. A set of duplicatesoil sampleswill also be collected with the post-treatment

soil samples. Theset of duplicatesampleswill representno less than tenpercent(10%) of thetotal

numberof post-treatmentsamples collected. Each of the post-treatmentand QA/QC soil samples

collectedand submittedto the laboratorywillundergoanalysisto determinecontentof benzeneand

TPHin accordancewith the methodspresentedin Table 8-2.

8.1.2.3 Disposal of Soil

Uponreceiptof the analyticalresultsfor the treatedsoil stockpiles,thismaterialwill be transported
forfinal disposalbackinto the excavation area,at a Y-12 Plantlandfill,or anothersimilarfacility

providedthatthe materialmeetsapplicableTDECrequirementsforsuch disposal. In the event that

the analytical results for any given soil stockpile indicate that it containscontaminantlevels in

excess of TDEC requirementsfor uncontrolledlandfill disposal, the materialwill be re-introduced

into the thermaldesorptionunitand treatedfor a second time. Treatmentwill continue untilthe

contaminantlevels within the materialare reducedsuch thatthe desireddisposal optioncan occur
as documentedby soil stockpilesampling.

It is anticipatedthat near-surfacesoil and gravel overburdenat the Building 9201-1 Site will
contain contaminant levels well below TDEC Closure Action Levels. This material will be

stockpiled near the site excavations upon removal and sampled in the same manner as that
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described for the treated soil stockpiles in Section 8.1.2.2 or retained for controlled disposal.

Based on the analytical results for the overburden material, it will either be returned to the

excavation areas as backfill, disposed of at an appropriatelandfill, or sent to the thermal desorption

unit for treatment prior to disposal.

8.2 Groundwster Corrective Action

8.2. I General _9tion OfGroundwater Corrective Action

Based on an evaluation of all criteria associated with the corrective action options discussed in

Section 7.2, a combination of process options is proposed for remediation of petroleum-

contaminated groundwater at the Building 9201-1 Site. The proposed approach would involve

initial extraction of the contaminated groundwater using conventional recovery wells, treatment at

one of the Y-12 Plant wastewater treatment facilities, and final discharge in compliance with the

NPDES permit for the Y-12 Plant, as shown in Figure 8-4. The Y-12 NPDES permit allows for

the treatment of contaminated groundwater at the wastewater treatment facilities. The first step of

this process involves the extraction of the contaminated groundwater using two recovery wells to

be installed at the site. The groundwater will be pumped into a tanker truck and hauled to one of

the Y-12 wastewater treatmentfacilities within the Waste Management organization (see Figure 8-

5). After treatment,theeffluent will be released at an NPDES-permitted outfall.

ThecorrectiveactionapproachforgroundwaterremediationproposedfortheBuilding9201-ISite

offersseveraladvantagesovertheotheractionsevaluatedfortheoriginalCAP. The proposed

approachwillresultintheefficientremovalofthecontaminatedgroundwater,equipmentneedsarc

minimalandreadilyavailable,notreatabilitystudyisrequired,human healthandenvironmental

impactsassociatedwithimplementationwillbeminimal,theapproachwillbelow-cost,and the

technicalrequirementsassociatedwithitwillbemanageable.

8.2.2 GroundwaterRemediationSystemAnalysis- T --

8.2.2.1Removal

Groundwater Monitoring

The monitoringofthemigrationand cleanupprogressofthecontaminatedgroundwaterplumewill

bcconductedusingmonitoringwells.Inadditiontotheexistingmonitoringwells,aminimum of
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three additional webs should be placed downgradient of the suspected plume, as shown in Figure

8-6. In the event that any of these downgradient wells indicate groundwater contamination in

excess of TDEC Closure Action Levels, an evaluation will be conducted to redefine the

contaminant plume, and additional monitoring wells will be placed downgradient of the redef'med

plume. The installation of additional monitoring wells will be coordinated with the Y-12 Plant

groundwater protection program. Reiteration of this process should continue until any extension

of the contaminant plume is fully defined.

Extraction

All contaminated groundwater identified in excess of the 1.0 ppm TDEC Closure Action Level for

TPH and/or 0.070 ppm for benzene at the Building 9201-I Site will be extracted using recovery

wells prior to treatment and release to surface waters. The groundwater contaminant plume, as

depicted in Figure 8-6, begins east of Building 9201-1 and south of the loading dock and extends
south and east.

Two extraction wells will be placed within the areaof the contaminant plume, approximately 50 ft

apartas shown in Figure 8-6. The exact number and location of these wells will be determined in

the final design, and existing wells may be used in place of or along with the extraction webs for

groundwater recovery. It is recommended that the depth of the wells extend down to weathered

bedrock and be screened from the total depth to 1 ft above the seasonal high water table. The

recovery wells should be a minimum of 4 inches in diameter, sand packed at the screened interval,

and plugged with bentonite and cement.

Groundwater extracted from the recovery wells will be filtered to remove sediment and sludge

using a mobile filtration unit. All filtered particulates will be transported to a permitted Y-12

facility for disposal. The extracted groundwater will be pumped into a tanker truckonsite, and at

regular intervals, the groundwater will be hauled to the designated WTO treatment facility.

o/ln/tuen.

The areal distribution of the contaminated groundwater plume is shown in Figure 8-7 and vertical

extent is shown in Figure 8-8. The surface area of the plume is approximately 2,300 ft2.

Assuming 10% effective soil porosity and an 8-ft vertical extent of contamination below the water

table, the contaminated groundwater volume is estimated to be approximately 13360 gallons. This

93-194MS/092893 8-1 6



SB-1 •

Building
9201-1 Gw-7t

! 50'
i

SB-4• A G

KVA 5ub--'-st._-/on

Asphalt _ "C"

E 59 500 [ 59,6(,
IIII]1 I III III Ill . lill Illlll I III IIImlllllIll I IIIll I II Ill I I I I I

All !,",,cilion information presented in ths L{_{,(!} ]f,(ju,e is bosed upon MMESengineering :_ . [}(
dr,lwmgs, results of previous MMES

: ,nv_,',tiqcHion_,end/or field determinotions 0 5 I0 20 40 _ • ',It I (;oil !;(Hnplm(j []or(!h_
,H h,,}ture end sampling locutions No _._ _-- .......... -- ..... _. l(,_:(}li(,r-_:;
_el,,_.,;ent(]tionor werrenty, expressedor SCAI[: 1" 2()'

NIm_i.h,.,l, iS mode (is to the occurcI(:yof ;'- (,l,Jurldwql(.l (tnll(ll'n
Ii_. ,nh)|mution or stotements presented I_EVISION_ (7-]o-9_) .'() ()/pl)f_ l],'r_/_'_,

,,,,,_:,,,,hciwe. G'\e3021RI _ 431-6II I I I I I I IIIIIIIIIIII II II I



Cor_:_t_pod Building
9201-2

Grovel

Rood Building
9105

i0 [ 59,700
I IIII I II I I I I I IIII I IIIII I I I IIII I IIIlI III

• OrourldwoterM,<,nilc,,,,,,l Morliri M,jrietirJ [rier,t,. L,yf:tems, tnc,
<;W195 Well {.ocotic,ri'_ [nvircmmentcitM_]nu<j+'r,_<.r_l[)elrJCiltrr,ent

,_, FIGURE11-6
I FJloposed{ _t_,q<li_,_,

w,_,,,<_<,t_,,, Building 920 I- I Site
,-,,-,t_<>, _,,.,.,,,.,,_<,j,,,,:.,,,,,,,,,., Zone of Ground Water

>_.o,r,,,-,lr,,, A w,,,,,,.,c<,,,,,,,., Contamination of Benzene & TPH
i i iiili i i i ii i iiililiii i iiiilil iiII i i ii i



Buildin
9201 -

.... /+

g

Z

KVA Sub tion

E 59500 E 59,6_
I II

^, ,o_otiooin+o,,,,o'ionp,esentediothis I_ , _uLe"en"l
fiq_:_eis bosed upon MM[S engineering ..............
d_,_w:r,:_s,resulls of previous MMES

locotions No - -_ ........ ..... _ W_,II I c. qti_:_lst,+,jlule end sompling
_el+_,,';er, tO|IOP, or wcJrrenly,expressed or +3CArl 1" 2(I'
,.+.1,{.+t.+_,made es to lhe occurocy ot {+;rr)tJrldw(]t_f(: :,r tcJrn
ti+,. r;!.)vmclt;onol slotements presented _Vr_N _ (7-J0 93) ..'()0/I)pn, [jt, t_l+'tl+,-
,_,q', f!_ule G'\93021_I\DWGS\431POI I

II I I II I



I I

I
/

/
/

/

/

i

/

g
r"3

D'
z

-2.0'

Building
-1.o' 9201-2

Building
9105

0 E 59,700
II I III

Martin Marietta Enerqy _yslems, Inc.
Polentiomelric Surfo__ Environmental Manaq_:irmr_[Department

FIGURE8-7

.,,_,_,, Potentiometric Surface
_,or,_,._r,,_ at the Building 9201-1 Site



i I i

IA

- New Extraction Well No.

D "-_ (Q=0.2 gpm)935 _- _

T I I I_ oo ASPHALT
, ,I .-- I.... --.=.

_. %0-'-- InL__-I FormerTankI-_-- _ -- -- F'ILL.......

925-_--:---_-_,M?STOkT-_ - - - . .... :u")

':_ 920-

. LIMESTONEI_.v_v-, _.._.__-_.-,-...,,-..._..,,---,--,,.._g 915-o_

"' 910--

9O5

LEGEND

All location information presented in this _ (;roundwo
figure is based upon MMES engineering _ >0.07 pp
drawings, results of previous MMES
investigations, and/or field determinations 0 2 4 6 8 10 20
of feature and sampling locations. No .... - _- _ Inferred I'
representation or warranty, expressed or SCALE: 1" = 10' Former 1
implied, is mode as to the accuracy of .... Pit Bourn
the information or stoternents preserded
in this figure.

R£VlSlONI (8-2-93)
G:\93021Rl\DWCS\4318-8

i



Illlllllll IIIII Bill ilnll I I I IIIIII Illll L ii I . i

,50' _ I

-1

i _- / D'o
_-, r-- _ 935Pi t New Extraction Well No. 2
m o_ (Q=0.2 gpm)

- ___." --. - - - ._., 930_
• _-_- ......... '_ ........ 1 __ - " "" "" --" -',, -- -- _J

.................... --- 925 _,

- - ec,tive g
_ _<_ _ _ >_@_,,_ _ _IY i uepm -- 920 :_

--]
915

\ .......... -- I .N
o

910 ,_

9O5

Geologic
Contact MartinMariettaEnergySystems,Inc.

_r Contamination MeanWater EnvironmentalMonogernentDeporlmenl
1 Benzeneand >1.0 ppm TPH ,,_ _ Table

ater TableDuringDrowdown Inferred FIGURE 8-8
Geologic

nk Screened Contact Building9201-ISiteVertical
]ries Interval TotalBoring

" Depth ExtentofGroundwaterContamination
TotalDepth And 45-DayDrawdown

_' BelowVertical
Scale AlongCross-SectionD-D_

i i i

ii i iii i . _ i i,ii



provides a conservative estimate, as it assumes aquifer homogeneity and does not consider the

reduction in groundwater volume due to the probable presence of concrete or other low-

permeablity materials within the aquifer. It is anticipated that an equivalent of ten times this

volume, or 137,600 gallons, will be extracted in order to effectively flush the partitioned

contaminants from the saturated soils.

The potentiometric surface of the affected groundwater resulting from the proposed corrective

action was determined using the Jacob Straight-Line Method (Freeze and Cherry, 1979) and is

depicted in Figure 8-7. To determine the drawdown for an assumed pump rate over a period of

time at each of the proposed extraction wells, an effective hydraulic conductivity of

1.68 x 10-4 cm/sec (3.56 gpd/ft2) was calculated by averaging the hydraulic conductivities of

wells GW-707 and GW-193 (see Appendix H). Storativity is equivalent to specific yield in an

unconfined aquifer and a value of 0.03 for limestone was used (Freeze and Cherry, 1979). Due to

the relatively low conductivity, an optimal pump rate of 0.2 gpm per well was assumed and a cone

of depression was calculated. Figure 8-8 reflects this drawdown, which was conducted over a

45-day period. Assuming a 15-day period of no pumping in which the water table partially

recovers, 12,960 gallons can be extracted per month. At this withdrawal rate, the pump-and-haul

corrective action will require approximately 11 months to complete. It should be noted, however,

that past drilling experience in this unit indicates that appreciably higher withdrawal rates may be

encountered. In addition, a more effective pump rate may be obtained in the final design by

intermittent pumping between extraction wells. Determination of actual pump rates will be made
in the field.

Solution of the Jacob equation and the predicted area of influence of the remediation technique is

based on several assumptions including those mentioned above. The model assumes that the

aquifer conditions reflect an extensive, horizontal, homogeneous, unconfined, isotropic aquifer

with fully penetrating wells. Components of flow along fractures, interference of groundwater

flow patterns by man-made subsurface features, and other factors may affect the final zone of

influence. However, the model given above uses the most stringent conductivity values obtained

for the area, and therefore, gives the most conservative estimate of area of influence.
J

8.2.2.2 Groundwater Treatment and Disposal

Groundwater will be extracted from the recovery wells and will be filtered to remove sediment and

sludge using a mobile filtration unit. The groundwater will then be pumped into a tanker truck and
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hauled to the treatment facility. The tanker will haul the groundwater to the designated treatment

facility according to the route depicted in Figure 8-5.

The water will be sampled prior to treatment and, based on this analysis, the water will be

compared to the Waste Acceptance Guidelines for the three treatment facilities proposed for receipt

of the contaminated groundwater from the Building 9201-1 Site. The proposed treatment facilities

are the WETF, the GWTF, and the CPCF. Wastes treated at the WETF, GWTF, and CPCF

include nitrate bearing aqueous waste, volatile and non-volatile organic compounds and iron, and

mop water and non-nitrate bearing waste streams, respectively. After treatment, the effluent will

be released to East Fork Poplar Creek at NPDES ouffall #502 for WETF, NPDES outfall #512 for

GWTF, or NPDES outfall #501 for CPCF.

Progress/Post- Treatment Sampling

During the course of the pump-and-haul groundwater remediation phase of the Building 9201-1

Site corrective action, progress and post-treatment groundwater samples will be collected for

laboratory analysis. These samples will be used to monitor the progress of petroleum contaminant

reduction within the areaof affected groundwater and to determine the point at which treatment of

the contaminated media is complete. Remediation of the groundwater will be considered complete

when the concentrations of benzene and TPH have been reduced to levels less than or equal to 0.07

ppm and 1.0 ppm, respectively, for four consecutive quarters. In addition to the progress and

post-treatment samples and prior to initiation of groundwater remediation, baseline groundwater

samples will be collected in order to establish pre-remediation groundwater contamination levels.

All groundwater sampling will be conducted in accordance with Y-12 Plant Standard Operating

Procedure#8102.R4, Groundwater Sampling. Samples collected will be handled and preserved in

accordance with Methods ESP-701, Sample Preservation and Container Materials, and ESP-800,

Packaging Environmental Samples for Transportation. All of the equipment used for sample

collection will be decontaminated in accordance with Method ESP-9(X), Cleaning and

Decontaminating Sample Containers and Sampling Devices.

Sets of groundwater progress samples will be collected from each monitoring and recovery well on

a monthly basis for the first three months after implementation of groundwater remediation, and on

a quarterly basis thereafter. Upon receipt of three consecutive quarters of groundwater sample

results that indicate contaminant levels below required TDEC remediation levels, a final set of post-

treatment groundwater samples will be collected during the fourth quarter.
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In addition to the various types of groundwater samples, a complete set of QA/QC samples will

also be collected during groundwater rem_diation at the Building 9201-1 Site. The QA/QC

samples will include equipment rinsate samples to be collected for each groundwater sampling

event and trip blank samples that will accompany each sample cooler transported to the analytical

laboratory. Sets of duplicate groundwater samples will also be collected during the course of

groundwater remediation activities. These samples will represent no less than ten percent (10%) of

the total number of groundwater samples collected during remediation. Each of the groundwater

and QA/QC samples collected will undergo laboratory analysis to determine concentrations of

benzene and TPH in accordance with the methodologies presented in Table 8-2.

8.2.2.3 Discharge/Disposal of Oroundwater

Discharge of the treated groundwater from the Building 9201-1 Site will be by release to the

surface water system of the Y-12 Plant. All discharges from the Y-12 Plant are monitored by

existing NPDES monitoring stations. Additional NPDES and TDEC permitting is not anticipated

to be requiredfor this discharge.
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9.0 PROPOSED IMPLEMENTATION SCHEDULE

This section presents the schedule proposed for the activities and reporting associated with

implementation of the chosen corrective actions for the Building 9201-1 Site. Removal of affected

media is scheduled to begin within 60 days of TDEC approval of the site Corrective Action Plan.

The proposed schedule for corrective actions at the Building 9201-1 Site is as follows:

Activity Tarfet Date
v v

issue CAP July 1992

Issue Revised CAP Figures September 1993
and Sections

TDEC Approval of CAP .... pending ....

Complete Installationof Addi.tionalSite Within 45 days of CAP approval
Momtoring Wells, and Sampling &
Analyses of Site Monitoring Wells

issue Baseline Report Within 45 days of receipt of the analyses
results for monitoring well sampling

Begin Installation of Groundwater Within 30 days of Baseline Report issuance
Recovery System

Begin Operation of GroundwaterRecovery Within 60 days of Baseline Report issuance
System and Treatment of Contaminated
Groundwater

Begin Soil Excavation Within 60 days of CAP approval

Issue First Monthly Report on Progress Within 45 days of startof soil excavation
and Field Sample Analyses

Begin Thermal Desorption Treatment of Within 60 days of contract award
Contaminated Soils

Issue Second and Third Monthly Reports Within 30 days and 60 days, respectively,
on Progress and Field Sample Analyses of the first monthly report

Issue Quarterly Reports on Progress and Within 90 days o."the thirdmonthly report
Field/Treatment Sample Analyses and every 90 days for subsequent quarterly

reporting periods for as long as remediation
activities are in progress

Issue Final Corrective Action Report Within 90 days of the completion of all soil
and groundwater remediation activities, and
receipt of four consecutive quartersof
groundwater sampling results below TDEC
Closure Action Levels
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10.0 MONITORING AND REPORTING

After the corrective action system has become operational, monitoring will be conducted to

document effectiveness of the treatmentsystem.

10.1 Baseline Report

Prior to full system startup, a baseline report for corrective actions to be implemented at the

Building 9201-1 Site will be completed and sent to the appropriate TDEC offices, detailing

applicable information required by the Corrective Action Plan Guidelines (TDEC, 1992). This

reportwill contain, at a minimum, analytical results for groundwater samples collected to establish

pre-remediation contamination levels, any additional information concerning the design of the

groundwater recovery system generated from the results of the baseline groundwater sampling,

anda zone of influence potentiometric map.

10.2 Monthly and Quarterly Reports

Monthly progress reports for the first three (3) month period during which corrective actions are

implemented at the Building 9201-1 Site will be completed and sent to the appropriate TDEC

offices, detailing applicable information required by the Corrective Action Plan Guidelines. These

reports will be submitted by the fifteenth (15th) day of each subsequent month within the initial

three month reporting period.

Quarterly progress reports regarding corrective actions will be submitted after the initial three

month reporting period. These reports will be submitted within fifteen (15) days of the end of each

reporting quarter and will continue for the duration of the corrective action process. At a

minimum, the monthly andquarterly reports will contain the following information:

• General description of the progress or completion of corrective action activities to date.

• Analytical results for field screening and confirmatory soil samples collected during the

course of excavation activities.

• Analytical results for groundwater samples collected during the reporting period.
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• Analyticalresultsforpost-treatmentsoil samplescollectedduringthecourseof thermal

desorptiontreatmenL

• Genera]descriptionof anyproblemsencounteredwith thecorrectiveactionsystems

sincethe previousreportingperiodandthe actionsundertakento resolvethese

problems.

10.3 Corrective Action Report
I

A CorrectiveAction Report for the Building9201-1 Site will be prepazedupon completionof all

remediationactivities and receipt of fourconsecutive quartersof groundwatersampling results

belowTDECClosureActionLevels. This reportwill includethefollowing information:

• Descriptionof excavationactivitiesconductedat the siteandconfirmatorysoil sampling
performedwithinexcavationpits.

• Description of on the thermal desorptiontreatmentsystem used for remediationof
contaminatedsite soil.

• Description of the operational history of the groundwaterrecovery system used for
remediationat the site.

• Descriptionof alldisposalactionsregardingtreatedsoil andgroundwater.

• Analytical results reportedfor all types of soil and groundwatersamples collected

duringthe courseof remediation.

• Conclusionsconcerningthe effectiveness of allsoil andgroundwatercorrectiveactions

implementedat thesite.
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