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i LOINTRODUCTION, . . . 5o oy e

The purpose of this Technical Memorandum is to document the process by which
remedial action alternatives were developed and screened for the 881 Hillside Area (Operable
Unit 1 [OU-1]) of the Department of Energy’s (DOE) Rocky Flats Plant (RFP).. The
memorandum is written in accordance with the Rocky Flats Interagency Agreement (IAG) dated
January 1991 (IAG 1991). The IAG requires that a summary éf the assembled remedial action
alternatives and their related action-specific applicable or relevant and appropriate requirements
(ARARs) be included in a technical memorandum for submittal to the Environmental Protection
Agency (EPA) and/or the Colorado Department of Health (CDH) for review. To support the
development of remedial action alternatives, this technical memorandum includes a summary of
the technology and process option identification, screening, and evaluation process, that was
employed prior to assembling alternatives. Technologies and process options for remediation
of radionuclide, polynuclear aromatic hydrocarbon (PAH), and polychlorinated biphenyl (PCB)
contaminants in soils are also included with this report as Attachment I. Surface soil
contaminants will be addressed administratively under Operable Unit 2 (OU-2); however, this
‘information is summarized in the attachment to present information obtained during the course

of the OU-1 Corrective Measures Study/Feasibility Study (CMS/FS).

Alternatives have been assembled that address the remedial action objectives (RAOs)
presented in Technical Memorandum #10 - Development of Remedial Action Objectives (DOE
1994). This previous technical memorandum describes in detail the identification of appropriate
RAOs and preliminary remediation goals (PRGs) for the 881 Hillside Area. In‘additiclm, details
concerning the site history and characterization can be found in the Phase III Resource
Conservation and Recovery Act (RCRA) Facility Investigation/Remedial Investigation (RFI/RI).
report for OU-1 (DOE 1993). Information contained in both of these documents has been
summarized where necessary throughout this report. However, in order to avoid duplication of
effort, this information has been kept to a minimum. The final OU-1 CMS/FS report will

include both technical memorandums and will be made available as an accompanying document

to the RFI/RI report.
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SRR Because thxs technical memorandum ds. meant . only to. summanze ,altematwe

developmcnt techmcal details concermng each altemat:ve haveJ been mcluded only to the extent
necessary to conduct the initial screening of alternatives and to identify potential action-specific
ARARs. Alternatives that survived the screening process will be analyzed in much greater detail
during the detailed analysis of alternatives, which will be presented in the final OU-1 CMS/FS
report.
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- 2 0 IDENTIFICATION AND SELECTION OF TECHNOLOGIES AND

REPRESENTATIVE PROCESS OP’I’IONS L

This section discusses the method by which technologies and process options were

identified, screened, and evaluated for the development of remedial action alternatives.
According to the Guidénce for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA (EPA 1988a), this method consists of the following steps (where CERCLA refers to
the Comprehensive Environmental Response, Compensation, and Liability Act):

°

Develop media-specific RAOs

Develop media-specific general response actions (GRAs)

Identify volumes and/or areas of the media which require GRAs

Identify and screen technologies and process optiéns applicable to each GRA

Evaluate process options within each technology type to select a
representative option for the development of remedial action alternatives

These steps are described in greater detail in the following subsections, with the

exception of the development of RAOs. RAOs and associated PRGs are presented in Technical
Memorandum #10. Briefly the RAOs for OU-1 are:

1)

2)

Prevent the inhalation of, ingestion of, and/or dermal contact with volatile
organic compounds (VOCs) (from chlorinated solvents) and inorganic
contaminants in groundwater that would result in a total excess -ancer risk
greater than 10 to 10 for carcinogens and/or a hazard index greater than
or equal to one for non-carcinogens.

Prevent the inhalation of, ingestion of, and/or dermal contact with
carcinogenic PAHs, PCBs, and radionuclides in surface soil hot spots that
would result in a total excess cancer risk greater than 10 to 10, or in an
excessive short-term risk to a human receptor.

These RAOs were used to identify GRAs for OU-1 and to guide the development of

remedial action alternatives. As previously mentioned, surface soil contaminants will be dealt
with administratively under OU-2; therefore, the second RAO above will be applied only to
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locahzed sqrface soxl hotspots whrch wxll be addressed as part of all groundwater altematrves

2.1 Qgr)gral_ Response Ag;ig ns

GRAs are general waste management strategies that are designed to satisfy remedial

action objectives. Examples of GRAs include treatment, containment, excavation, extraction,

_and a variety of similar actions used singly or in combination. GRAs are medium-specific and

therefore require that a list of GRAs be developed for each medium of concern. In the case of
OU-1, only the medium of groundwater required GRAs, due to the limited areal extent of the

surface soil hot spots (i.e., only a few cubic feet of soil are involved).

2.1.1 Medium-Specific General Response Actions

The GRAs identified for the OU-1 groundwater medium are no action, institutional
controls, containment, removal, in situ treatment of chlorinated solvents, ex situ treatment of
chlorinated solvents, in situ treatment of inorganics, and ex situ treatment of inorganics. These
GRAs target the contaminant groups discussed in the RAOs. A brief description of each of the
GRAs is provided below: '

° No action - Required by CERCLA as a benchmark for comparison against
other remedial action alternatives. Implies that no direct action will be taken
to alter the existing situation, other than short- and long-term monitoring of
site conditions.

° Institutional controls - Refers to controls based on legal and/or management
policies which minimize the public’s exposure to potential contaminants.
Examples include controlling site access, restricting land use, and restrxctmg
access to groundwater.

. Containment - For groundwater, containment would consist of actions which
minimize the flux of vapor-phase VOCs to the surface, and/or minimize the
migration of groundwater contaminants across site boundaries.

. Removal - For OU-1, removal implies extraction of contaminated
groundwater for treatment in the existing ultraviolet (UV)/peroxxde system.
The excavation of soils to locate and extract groundwatcr is also included
under this GRA.
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boundanes . In.order to_approximate the areal extent of contammat:on ;he data was used o

delineate boundanes outside of whxch no PAHs were detected The boundanes seleCted to deﬁne
this area resulted in a rectangular "plot" which e_xtended from the northeast corner of Building
881 down to the South Interceptor Ditch (SID), then followed the SID east to a point just outside
of surface sampling points RA025 and RA024. These sampling points mark the eastern edge
of the defined "plot" with Building 881 defining the north and west edges, and sampling point
RAOQ14 defining the south edge. These sampling locations. can be seen on Figure 4-16 (DOE
1993) of the RFI/RI report. The area calculated for this "plot" was approximately 1,107,270 ft
(123,030 yd?) or 25.4 acres. (Note that this area does not take into account the disturbance
caused by installation of the French drain.) Since only the top two inches of soil were sampled
during the surface soil sampling effort, this leyer was assumed to be the amount of material that
would have to be removed during any excavation option to ensure that all surface contaminants
were collected. This corresponds to a total surface soil volume of 1,107,270 ft* times 0.167 ft
(2 inches), or 184,545 ft* (6,835 yd). N

The OU-2 CMS/FS will examine this volume in greater detail when this medium is
addressed, and will verify whether the assumption that surface soil contamination does not
appear below two inches is accurate, and to determine the effect the French drain installation
had on the surrounding contaminant levels. This estimate is also applicable to the wide-spread
plutonium contamination in OU-1, however, the calculation was based on PAH sampling
locations since the plutonium contaminant "plume"” originates in OU-2 and therefore extends
beyond OU-1 surface soil sampling boundaries. |

Based on the results of the OU-1 RFI/RI report, and the Baseline Risk Assessment
(BRA) in particular, contaminated groundwater in OU-1 was found to contribute a significantly
higher risk to those receptors exposed to groundwater found beneath a specific portion of
Individual Hazardous Substance Site (IHSS) 119.1, than to receptors exposed to groundwater
from other locations in OU-1. THSS 119.1 was designated a source location in the Public Health
Evaluation (PHE) for this reason (see Figure 2-1). Other areas of the operable unit contain

groundwater contaminant concentrations above PRGs, however, the concentrations are greatest

at this JHSS.
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s, The quantxty of. groundwater requiring remedral acnon in the IHSS 119 J source area "

was calculated using computer codes which evaluated a three-dimensional model of the geology-

encompassing the source wells. The wells which were used to identify and delineate this
location are 0487, 0974, 1074, 4387, 32591, and 37991. Figure 3-31 of the RFI/RI report
depicts the first quarter (1992) saturated thickness map for OU-1 (DOE 1993). This data was
used to determine the amount of soil which contained contaminated groundwater in the source
location. This value was then multiplied by the average porosity at the location to estimate the
pore volume of contaminated groundwater to be addressed by remedial actions which target the

source, although more than one pore volume would likely have to be removed to achieve RAO:s.

The areal extent of saturated soils in the source Was calculated to be 20,000 ft2. At
THSS 119.1, this corresponds to a volume of soil of approximately 80,000 ft*. The average
porosity at the source was found to be 0.10 (DOE 1993). Therefore the estimated volume of
groundwater in the source is 8,000 ft* or 60,000 gallons. The volume, it should be noted, varies
gireatlg, and will be larger if the saturated areas just below (south of) the source are included.
In addition, the Phase III RFI/RI report estimated the amount of available groundwater in all of
OU-1 to be between 5 and 5.8 acre-feet, or 1.6 to 1.9 million gallons Both sets of values are
used to estimate remediation requirements; although, it should be noted that groundwater

elevations in OU-1 are highly dependent on seasonal variations in precipitation.

2.2 Identification and Screening of Technologies and Process Options

The objective of this subsection is to document the identification and screening of
technologies and process options that resulted in the selection of representative process options
for the development of alternatives. - ‘It should be noted here that the terms rechnology or
technology rype refer to general technological categories applicable under a given GRA, while
process options refer to specific remedial actions that are available for consideration within a
particular technology type. Also, a process option that is chosen for development of an
alternative is considered a representative process option only. It does not necessarily mean that

the alternative will be implemented using that specific process option. On the contrary, the
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The prbcess of identifying, screening, and evaluating technologies and process

options is based on CERCLA guidance and generally consists of the following steps:

* -. A review of the RAOs, specifying the contaminants and media of concern,
‘ exposure pathways, and preliminary remediation goals that permit
development of treatment and containment alternatives for remediation. The
preliminary remediation goals are developed on the basis of chemical-specific
ARARs, when available, other pertinent information (e.g., RfDs), and site-
specific, risk-related factors.

—r- s

o

} .. A review of the general response actions for each medium of interest
defining institutional actions, containment, removal, treatment, disposal, or
other actions, singly or in combination, that could be used to satisfy the
remedial action objectives for the site.

j . An evaluation of what technologies to include, based on available site
information and the identification of volumes or areas of media to which
general response actions might be applied, taking into account the
requirements of the remedial action objecnves and the chemical and physxca]
characteristics of the site.

o

i . The identification and screening of technologies and process options
applicable to each general response action and the elimination of those that
; could not be technically implemented at the site.

| An evaluation of each process option considering its effectiveness,
implementability, and cost relative to other process options of the same
technnology type and GRA. This evaluation results in the selection of
representative process options for development into remedial action
alternatives.

o

Several references were used to 1dentxfy potenual technologies and process options
for inclusion in the CMS/FS. EPA guidance documents technical publications, and proceedings
were used, as well as DOE guidances, independent technical texts, and recent technical
publications from a variety of journals. Engineering experience was also used to prepare a list
of potential remedial technologies based on the established contaminants of concern (COCs) and

corresponding media.

} March 7, 1994 2-7 DRAFT
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Once a hst of potential technologies was prepared the next step in the 1dennﬁcanon
and screening process was to reduce the number of potentxal technologies and process options
to a smaller and more representanve number that would be appropnate for the preparation of
remedial alternatives. This step was accomplished by screening technologies and process options
on the basis of technical implementability. The implementability of a technology Or a process
option was determined according to the existing site conditions, the current COCs, and the
nature of the technology (i.e. was there enough information available on the technology to
evaluate its applicability). In accordance with CERCLA, process'optioné and entire technology
types were eliminated from further consideration during this screening. ‘

2.2.2 Initial Screening of Technologies and Process Options

The initial screening of technologies and process options is presented in Figure 2-2.
The figure shows the GRAs that were identified for the groundwater medium, the technologies
chosen to satisfy each GRA, and the process options identified that could represent each
technology. Each process option is also accompanied by a summary description of the option

and a comment which documents the reason for eliminating or maintaining that process option.

2.3 Evaluation and Selection of Representative Process Options

Technologies and process options that were determined to be both implen;entable and
applicable for remediation of OU-1 were subjected to a more detailed evaluation in order to
determine which process options would be used in the development of alternatives. The
evaluation was based on a comparison of how each process option satisfied the given criteria

relative to other process options under the same technology type and GRA.

2.3.1 Evaluation Criteria

The criteria used to evaluate process options were effectiveness, implementability,

March 7, 1994 : 2-8 o * DRAFT
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QENERAL RESPONSE REMEDIAL “ =
ACTION TECHNOLOQY PROCESS OPTION DESCRIPTION SCREENING COMMENT t‘?.‘
No Action None Not applicable Required for consideration by the National Oil and Hazardous Potentially appficable as a baseline againat which omeg;‘
Substances Contingency Plan GRAs/allernatives can be compared dunng detaited analysis
. . rEd
tong-term groundwater Monitoring of groundwater in operable unit after Potentially appticable tor monitoring aitoa.‘;ecihc . ”;::
monitoring remediation, or 88 part of an institutiona! control groundwater conditions tLE S5
Monitoring period associated with the no action altemative ’ Iy ‘_f
Short-term groundwater Monitaring of groundwater in operable unit during Potentially applicable for monitoring iltospeclhc %
monitoring remodiation activites groundwater conditions FS "25? .
Insttutional Lo =
Controls - 2
Legal restnctons on Restrictions on present and future access to fand Potentally appticable lor controlling accei_s.lo .
access prevent unauthorized access to groundwater source groundwater sources and/or exposure loCOCs
Access Fencing or other physical Fencing, security posts, limited roads, and other various Potentially applicable tor contralling _gccea'i o’
Restrictions barriers physical restrictions limit access to groundwater sources groundwater sources and/or exposurd to COCs

Legal restrictions on
land use

Restrictions on present and future use and/or purchase
of land; includes actions such as’ zoning and deed restrictions

Double lines surrounding a process option or technology denote options that were screened out
from further consideration on the basis of technical simplementability, applicabitity, or feasibility

Figure 2-2. Inltial Screening of Technologles and Process Options '

- .‘-

Potentally appticable for convdlmg,use d la.nd aff

by contaminated groundwater xcna‘ .
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action activities; utilizes additional off-gas treatment

Double lines surrounding a process option or technology denote options that were screened out
from further consideration on the basis of technical implementability, appicability, or feasibiity

-

Figure 2-2. Initial Screening of Technologles and Process Optlons (Cont.)

- PR - P —_— . - o ‘_._._i“ % —
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QENERAL RESPONSE REMEDIAL : _ ;
ACTION TECHNOLOQGY PROCESS OPTION DESCRIPTION SCREENING COMMENI’ .
LY
. Fo ®
: ‘|Subsurtace Drains Gravity driven cdlection system which is used to redirect Potentially applicable; includes pmsibﬂiiy of r;\bdi'ying '@
., groundwater flow and/or collect it for reatment onsrmq hmch drain syslem for use dumg urned-ahm ‘;‘_,
L ) 3 .;)_-v
[CS
out Curlains ‘Grout "columns® are injected verticafly into the soll in Would not contribute additional cm!mnm‘enl becaum I
close proximity of each other to form an impermeable wall of existing fow hydraulic conductinty b 1;};
Vertical Subsurface urry s A soltfbentonite or cement grout wall lormed by backfilling a Not mplementable because of hillside sﬁbﬂiti.cmcwns
Flow Contrdl \ trenched area; has a lower permeability than native soils trenching may lead to slumping of native so-is )
heet Pilings Steel forms which are driven into the ground end joined Very difficult to imptement due to pronmity o! bedvock
to form a barrier which is impermeable to groundwater not widely used or accepted in claanups
’ . .
ogenic Barmer A section of ground Is frozen to reduce its permeability Only applicable as a short-term mrasure t6 control the =
thus limiting the mobility of contaminants through the evea migration of contaminants through an area- <. * .
- Containment -
out injecbon Grout is injected in a horizontal pattem beneath surface Not applicable for remediation of VOC: in Qvamdwnuv .
Honzonlal Subsurface soils to limit verticel migration of YOCs from groundwater in fractured bedrock - :
Flow Contrdl o :"
ock Displacement tnnovative use of grout forms perimeter barvier around Not applicabla for contral of VOCs that mst'fl! from
waste while displacing waste upwards to bfock pathway volatiization of groundwater conmmmanls nor for
use in frectured bedrock .
: RIS
Surface Cap Compacted soit and bentonite cap used to reduce water Potentially apphcnble for reducing vapar phau transport
Vapor Containment Infiltration o subsurface, and to contain YOC emissions to surface structures .
Environmental Isolation One of several types of temporary structures used to Potentially applicable for scenarios whichy would 5E
Enclosure contain/cdlect fugitive vapors and dust during remedial invdve excavating soils 1o reach groundwater &
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QGENERAL RESPONSE REMEDI!AL . p
ACTION TECHNOLOQY PROCESS OPTION DESCRIPTION SCREENING COMMENT*
Passive Removal Subsurface Drains Gravity driven collection system which Is used to redirect Potentially applicable; includes possibllity umod-rymg
groundwater low and/or collect R for treatment existing french drain system lor usa during renfediation
Removal Active Removal Horizontal and/or Vertical

n-Situ Treatment
of Chiorinated
Solvents

Extraction Wells or Sumps

Excavation

Loader/Excavator/Dozer

Bidlogical

Bioremediation

Chemical

dymenzabon

hemical Oxidabion

Hot Air/Steam Stripping
with Mechanical Mixing

Air Sparging

Vepor Extraction

Physical ‘

n Situ Adsorphon wiWells
roprietary process)

Eumeaﬁie irenl-?ﬁen! Ei’

RAF/Ohmic Heating

Systuv;s consisting of wells, instalied sither vertically or
horizontally, that are used 1o collectrecharge groundwater

Tractorfwheel mounted vehicles commonty used to
excavate or move large amounts of soll; cen operate at
various depths

Destroy organics through microblal degradation;
methanotroplc process is specific to chionnated solvents

Catalyst injected into groundwater causes polymerization
of organic monomers, forming a gel-like, non-mobile mass
t
Breakdown of organics using chemicels which are typically
introduced into the subsurtace via injection wells or by
drilling directly inlo the edge or within a contaminant plume

Hot alr or steam Is Injected Into the groundwater to promote
the volatlization of VOCs which have low vapor pressures

Pressurized air is injected below or within a contaminated
groundwater plume to cause in situ stripping of VOCs

Induced negative pressure above saturated 2one collects
volatilized contaminants for reatment

"A fixed bed containing treatment resins is placed down- -

gradient of a groundwater plume o treat water in situ

Adsorption of organic contaminants in groundwater through
the use of proprietary resin beads placed in existing wells

Contaminants volatilized snd/cr destroyed by energy absorbed
from radio frequency or nhmic sources

Double lines surrounding a process option or technology denote options that were screened out
from further consideration on the basis of technical implementability, applicatility, or feasibility

Figure 2-2. Initlal Screening of Technologlea and Process Optlons (Cont.)

* Potentially applicable for in situ lraatment o! ovgnmc

Potentially applicable for removing contaminated water lcr.'
teatment, for diverting groundwater flow, br for, -
lowering focalized water table .

Potentially applicable for removal of subsuﬂuce soils
to locate groundwater hotspots e

»

5

Potentially applicable for in situ reaiment of- organic b0

compounds in groundwater; howavee, daqradnu:n producu'
may be more harmiut than onginal cm!nmmanls
o aé»
Contact between reagent and groundwater is'cventgully- 55
overly hindered by the tormetion of the gel-like mass 4
Difficult to apply because of concams over injecting Z
additional chemicals into the subsurface ;mich'may'
result in the formation of hazardous oxidation ;.nodu:ts

Potentially applicable to remove VOCs which al'élesa
likaly to be vaatiized through convrntional menns

Potentially applicable for in situ !rmlmenl of VOCa in
groundwater

.~'

Potentially applicable for removal of VOC! lrom gro.mdwalq
or for suppomng other lechndogms (e g. air spargmg) oo

Po(w\hally applicable for in situ lvmlrnenl'd nvgnmc

. compounds in groundwaler (incturing VOCi n‘l vadose wne)
* however, limited by site hydrogedogy

compounds in groundwater (Including VOCs in vadose roné).
but not implementable due to low hydrautic ca_!dm;hvuly

Nxo

!

Potentialty appliceble for in sty hmtmm;o’ ugnmc
compounds, ellectiveness not depandent m condu;l-vny
presence of groundwater .
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i
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QENERAL RESPONSE REMEDIAL _ s g
ACTION TECHNOLOQY PROCESS OPTION DESCRIPTION SCREENING COMMENT =
- . ) * ::;.;
Bidogicel Bioremediation Destroy organics through microbial degradation; Potentally agplicable for ex situ treatrnant of qrqmﬁc -
methanotropic process is specific to chiorinated salvents compounds in groundwater; howsver, degradaton products
may be more harmhA than original conlaminanu o
dvent Exlrachon Removal of organics by mass transter 1o an organic solvent Not teasible for groundwnlar with low VOCs emcmvulnm1.
Chemical which is mutually insoluble with the original solvent (water) sclvent would etilf require uea!mm!/dmposal- v
Ex-Situ Treatrnent Ultraviolet Photolysis UV radiation is applied to assist in oxidizing organic compounds Potentially applicable for destroying orgdnic 'canp.punds
of Chiorinated with Chemical Oxidation using various cxidizing agents, thereby destroying them in extracted groundwater; may include modnﬁcahq\ of
Solvents onsung UV/peroxide treatment system "~ )
ok "
mma Irradiation Innovative technology which decamposes organic compounds  Not widdy documented as toits use in the veatmont of *
by destroying their chemical bonds using gamma irradiation organic wastes; also not foasible for low conlnmlnanl Ievell
. W J
Activated Carbon or Extracted groundwater Is passed through activated carbon Potentally applicable for removing organic canpounds fra-n
Carbonaceous Adsorbents which adsorba mr.ost of the organic contammnants extracted groundwater, carbon could be dl;posogfpl or vegonaruled
Nr Stripping Water is sprayed thraugh a packed tower designed toincrease  Potentally applicebte for removing vdatjﬂo ovbmicn X
its surface area to air ratio, thersby promoting vd atiization compounds from extracted groundwates N =
- r
. ’ )_‘
embrane Processes Application of an *osmotic® pressure lorces cantaminants Not directly applicable for beatment of VOCs in ground-
to flow through semi-permeable membrane against diffusion water; more commonly used to remove particulates |
Physical Simiar to air stripping but uses hot air or steem to remove Potentally applicable for ramoving volatile ovganu:"

YOCs which have relatively low vapor pressures

Concentration method used 1o drive off sdlvent roman -+
agquecus waste stream using man-made and/cr natural means

Destruction of organics through combustion with oxygen
using a therma) and/or a catalybc process option

Method of removing dissolved organic species by eezing the
supparting matrix and crystallizing the solvent for separation

Pyrdysis of organics by high tempersture plasma induced
through electrical discharge to carrier gas

Double fines surounding a process option or technology dencte options that were screened out
from lurther consideration on the basis of technical implementabihty, applicability, o feasiyility

Figure 2-2. Initial Screening of Technologles and Process Options (Cont.)

’ .

'

. . u

compounds from extracted gvoundwalé_ . y

Not applicable as a stand-alone treatmaent lechnd.o'gy'_

mare cften used as a pre-treatment step for'a process %'
el ke .
Generally not applicable for liquids treatrnent at low ,?'{ ) .

contaminant concentration levels .

Y

2

Only feasible for aquecus waste s!raams_ma.ro organic

:0
contaminant concentrabons are above 3 - 7% by' ﬂaghl -

SN
SRt

At
R > o

Potenbally applicable for destruction of vefracldw ovugmci

in extracted groundwater f e . . :’ o5
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l < and! cost" In aécordarice With' ‘the EPARI/FS guxdance (EPA 1988a'), these criteria Were riot -+ ¢
! 70 weighed . equa,lly, " instead. .the . effectiveness cntena held more. 1mportance than “the -
implementability criteria, followed by the cost criteria. The_se criteria are described below in

1 more detail.

Process options that were identified in the initial screening of techhologies and
process options were evaluated for effectiveness based on several factors. The primary factor
; ’ was the extent to which an implemgnted process option would help achieve the RAOs for

remediation of the Operable Unit. However, other factors included the potential effectiveness
i of the process option in handling the estimated areas or volumes of rhedia; ihe potential impacts
to human health and the environmeht during the construction and implementation phase; and the

| reliability of the process option as it relates to the contaminants and conditions at the site.

The implementability evaluation considered both the technical and administrative

feasibility of implementing a given process option on site, relative to other process options in

c———d

the same technology type. In this evaluation, however, the administrative implementability (i.e.,
institutional aspects such as availability of skilled labor, permitting requirements, and capacity
and availability of treatment/storage/disposal facilities) weighed molrc' heavily since the process
_options have already been screened on the basis of technical implementability.

The cost evaluation was based on engineering judgement and readily available

) | information (i.e., EPA cost data and engineering analysis repor;s, Means data, engineering
| handbooks, recent symposiums, vendor supplied information, and EPA" computer databases
regarding Superfund Records of Decision [RODs] and cleanup acﬁons). ~-Costs were evaluated

relative to other process options in the same grouping and were categorized qualitatively rather.

than quantitatively. Capital costs were separated from O & M costs to provide more detail and

a High, Medium, Low ranking system was used for comparison. Options that were deemed
signiﬁcantly more expensive than others while providing similar levels of effectiveness were

_ eliminated from further consideration, as well as options that had similar costs but were

significantly less effective.

’ March 7, 1994 _ 2-14 DRAFT
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The evaluation of process options presented in Figure 2-3 resulted in the selection |
of representzitive process options that were then combined to form a range of alternatives for
remediation of OU-1 (see Section 3). Note that any of the process options that survived the
initial screening, and are presented in Figure 2-3, could be incorporated into an established ’

remedial action alternative in the future. However, in order to keep the number of alternatives

- limited and focused with regard to the RAOs and GRAs, representative process options were

selected based. on engineering judgement, balancing factors such as effectiveness,

implementability, and cost.

2.4 Existing IM/IRA Treatment System

The éxisting OU-1 Interim Measures/Interim Remedial Action (IM/IRA) water .
treatment system will provide a critical component for any proposed remedial action alternatives

that require aboveground water treatment. The system constitutes a comprehensive process

* treatment train for water contaminated with organic and inorganic (including radionuclide)

contaminants. It consists of a collection and pumping system to supply the treatment facility,
an influent storage and transfer system, separate treatment systems for organic and inorganics
contaminants, and an effluent storage and discharge system. The entire unit is designed for a -
30 gpm flow rate ceipacity, with equalization tanks to normalize treatment rates.

The IM/IRA collection and pumping system includes the recovery well pump located
in IHSS 119.1, two french drain sump pumps, and the Building 891 sump pumps (two). All of
these pumps are controlled by level switches in the well or sump that determine whether the
pumps operate. This collection system connects to 'the influent transfer system, which includes
two influent equalization tanks and two influent transfer pumps. The influent transfer pumps
supply water from the influent equalization tanks to an Ultraviolet/ Hydrogen Peroxide
(UV/H,0,) treatment unit at a constant rate. The UV/H,0, unit is designed to destroy organic
contaminants in the influent stream. Treatment efficiency depends on flow rate (residence time),
H,0, concentration, and UV wavelength intensity. -The system has a design capacity of 30 gpm
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GENERAL RESPONSE REMEDIAL , _ :
ACTION TECHNOLOGY PROCESS OPTION EFFECTIVENESS; IMPLEMENTABILITY
- - 4 i
No Action None Not applicable , May it achieve remedial action cbijsctives Ditficuit to implement it pub!ic"(:mcern
although required for consideration by NCP is high regarding site conditans
T : ¢
Long-term groundwater Effective in monitoring long-term site conditions, Reedily implementable depending %, Low Capitat ¥
Monitoring monitoring or with no action alternative as an inst. contral on remedial aiternatve solectod e lonOLM
] ) . . N . . o
Short-term groundwater -Effective In monitoring short-term site conditions Readily implamentable depending o Low Cépital
manitoring to protect worker and public health and safety on remedial altemative selected | VetyLowO&M
Institutional . KR L
v
Controls w e g
Legal restrictions on Effective for relatively short-term contrdl of Difficuity in abtaining necessary legal ‘s Low Capita) .
access present and futre access to groundwater restricions may reduce implemertability 2. Very I:‘o« oaM
Access Fencing or other physical Moderately uffective for ralatively short-term Readily implementable if area under ¢ Moderate qu:i’hl
Restrictions barmers contral of present end future access to area consideration is already site property . lowO&M .
G T e
Legal restrictions on Effective for contrd of presenit and future use Ditficulty in obtaining necessary legal " Low Capital 53
land use - of land which is affected by remedial actions restrictons may reduce implementability Very Low O & M
e 2
Vertical Subsurface Subsurtace Drains EHective In diverting flow of groundwater eround May be difficuit to implement upgradient Moderate Capihl
k4
Flow Contrdl targeted areas to limit the mobility of contaminants ~  of plume due to proximity of buildings . Low Gam v
Containment Fe e _"R
Surface Cap Effective In dispersing vapor plume and Readily implementable using common . High Cepita! =
Vapor Containment reducing localized atmospheric emissions construction equipment :M'od._-ale oM
: W :.?:‘i %
Environmentat Isclation EHective in preventing the inadvertent Readily implementable with many Mbdor_ele Glpilal
Enclosure release of YOCs and dusts during remediation vendors avalable as suppliers Low Qsasm :‘,;'
Py 5o
v
Passive Removal Subsurface Drains Effective in collecting ground water if the system Modification of existing french drain would ftodecate Capital
is designed appropriately for site conditons be readily implementable if required

Removal

Active Removal

Horizontal and/or Vertical

Excavation

Extraction Wells or Sumps

Loader/Excavator/Dozer

'Flgure 2-3. Evaluation of Process Optlons

Effective in diverting, cdllecting, or recharging
groundwater when gradiant is relatively flal

Tractor/whed mounted vehicies commonly
used to excavate or move large amounts of
80il; can operate at various depths

Readily imp!avﬁen!able based on existing
site conditons it few wells ere involved

Readily imptementable although may be
limited by bedrock formations

- L

Low Cepital "}-’:

Moderate O &M
- .
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QENERAL RESPONSE

EFFECTIVENESS

IMPLEMENT ABILITY

REMEDIAL
ACTION TECHNOLOGY PROCESS OPTION
In-Situ Treatment Pysical Etectrokinesis
of inorganics !
TRU Clear
(Proprietary Process)
] Physical Oxidation/Reduction
Femnts Process
Ex-Situ Treatment | |
of Inorganics
lon Exchange
|___|Membrane Processes
[ Chemical
Electrocoagutation
L_ Precipitation

Flgure 2-3. Evaluatlion of beéess Options (Cont.)

Effective in removing ionic Inorganic species from
groundwalter but unproven for most inorganics

Etfective in removal of inorganic species from

sxtracted groundwater to extremely fow levels

Effective In precipitating many Inorganics,
however, is difficult to contral for multiple species

" EMective in rernoval of metals and radionuclides

from extracted groundwater by precipitation

Effective in removing virtually all iInorganics from
water, howsver may require extensive pretreatment

Effective in removing many inorganics from water,
however may require extensive pretreatment

Efective in removing most inorganic ions from ’
water, however, it is 8 nanselective process

Effective in removing most iﬁorgank: lons from
water, however, it is a nonselective process

Requires extensive Yeatability studies to |
determinas applicability 10 site contasm:nants -

Use of proprietary chemical available kom
single vendor may limit implementability

Trestability studies required to determine 3
reagents roquired for site contaminants

Raadfy implementable using commonly
available equipment and chemicals

Treatment system already exists on site
end may be used w/o significant modification’;
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implementability may be limited by influent Moderate Capital |
water quality and low COC concentrations Mighosam®
Extensive treatability studies required due - ".”—o&evale Cafitnl
to innovatve status of technology ;, HighO & M "
Treatability studies required to determine .« * Moderate Capital °
chemicals which best address site conditions”
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‘throughpuf or, 14 400 gallons per day usmg an 8 hour operanng shift.. It uses 50 mg/l of H,0,, ~ -
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organics.

Once it leaves the UV/H,0, system, water enters the Ion Exohange System. This
system consists of the ion exchange surge tank, four columns contain'i_qg‘_- beds of ion exchange
resins, and a degassing tower. Water from the UV/H,0, system enters the jon exchange surge
tank, from which water is pumped at a constant rate into the first jon exchange column. This
column contains 28 cubic feet of Ionac A-440, a strong base anion re‘s'ih;._for removal of uranium.
From column 1, water goes directly to column 2, which contains 32 .eubic feet of Ionac CC, a
weak acid cation resin, for the removal of heavy metals. From thi; ,oolu'mn, water enters the
‘degassing tower to allow for the escape of carbon dioxide and otherj"'gase_s;' produced during the
UV/H,0, process. Excessive gas content in the ion exchange columns could cause short
icircuiting of the resins thereby reducing the efficiency of the system. After rufming through the

~ degassing tower, water is then pumped to the third ion exchange colooln, which contains 56
| cubic feet of Ionac C-240H, a strong acid resin for removing hardnes;s", and metals. From
| column 3 water goes to column 4, which contains 56 cubic feet of Ionac AFP-329 a weak base

anion resin, for the removal of anions. Following the final ion exchange column, treated water

is stored in one of three effluent storage tanks and discharged by gravxty.feed.

‘ A summary view of the described system is provided in FigUre 2-4. In terms of
' proposed remedial action alternatives, the system is capable of handling all of the COCs
- identified in OU-1 groundwater and has sufficient capacity to handle proposed treatment rates.
Additionally, treated effluent may be used to recharge OU-1 groundwatcr durmg remediation.
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This scction discusses the process by which alternatives were assembled for

remediating specific media or areas of OU-1. Included in this section is a summary of the
screening of alternatives which resulted in a smaﬂer, more manageable number of alternatives
being retained for detailed analysis. In preparation of this technical memorandum, detailed
" information regarding the technical design of an alternative is not necessary; however, enough
' infonnélion is provided in this section to allow for a relative comparison of each alternative's
effectiveness, implementability, and cost (i.e., screening of altemanves), and to provide the
framework for future detailed analysis of each alternative (to be included in the final CMS/FS
report). Where appropriate, figures have been included to clarify the alternative descriptions

or to present conceptual designs for specific components of an alternative.

3.1 Development of Remedial Action Alternatives

Remedial action alternatives were developed by combining process options which
were selected as being "representative” options based on the results of the evaluation of process
options and technologies (see‘ Section 2.0). Process options were combined in such a way as to
permit alternatives to be developed that would range from treatment alternatives that eliminate
or minimize the need for long-term management, to limited or no action alternatives. This mge
of alternatives includes containment options that involve little or no treatment, but achieve RAOs
by preventing exposures or by reducing the mobility of contaminants. The no action alternative
was ‘developed to provide a baseline alternative against which other alternatives could be
compared. In all cases the alternatives were developed with the goai of achieving the RAOs
presented in Section 2.0 by combining appropriate GRAs to form site-specific remediation

strategies. -

- -As in the case of GRAs and RAOs, alternatives were developed on a medium-specific
basis. Since the primary medium of concern being addressed by the OU-1 CMS/FS is
groundwater, and since the source area at IHSS 119.1 contributes the largest portion of the risk

at OU-1, altemnatives were assembled to address groundwater COCs both throughout OU-1, and

March 7, 1994 - 3-1 SUR DRAFT




stnct]y w1thm the vncuuty of IHSS 119
o et ‘7;

of ~OU~1 .are {he follov’vmg..‘ g

. Alternative 0: No Action
. Alternative 1: Institutional Controls-
. Allemative.2: Limited Action
e Alternative 3: Groundwater Removal by Pumpihg (OU-1)
. ‘Alternative 4: In Situ Treatment by RF/Ohmic-Heating with SVE

(THSS 119.1 only)

o Alternative 5: In Situ Treatment by Steam Injection with Mechanical Mixing
(THSS 119.1 only)

o Alternative 6: In Situ Treatment by RF/Ohmic Heating with SVE (OU-1)

J Alternative 7: In Situ Treatment by Steam Injection with Mechanical Mixing
(0U-1)

o Alternative 8: Groundwater Removal by Soil Excavation and Sump Pumps .

(IHSS 119.1 only)

. Alternative 9: Containment by Capping w/Institutional Controls
(THSS 119.1 only)

Table 3-1 depicts a summary of the development of alternatives. The table presents
‘the GRAs and process options that were combined to form the various alternatives. After
developing alternatives for remediation of OU-1, the alternatives were screened on the basis of
effectiveness, implementability, and cost. This screening is presented in the following
subsections, and includes summary descriptions of each alternative as:well as a final summary‘
of the screening results. Alternatives that were dropped from further consideration are also
indicated in Table 3-1 by shaded areas.

March 7, 1994 3-2 B DRAFT
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' PROPOSED REMEDIAL ACTION ALTERNATIVES
', , 0 1 2 3 4
[ GENERAL
RESPONSE P In Situ
. ACTION Treatment
' . Groundwater by RF/Ohmic
! No Institutional Limited Removal by Heating with-
- Action Controls Action Pumping SVE
a = o
! APPLICABLE AREA => N/A ou-1 OU-1 OU-1 l”.s:n;\f -1
No Action '{Not applicable 4
Long-term monitoring 7 v v 7 v
Institutional Legal restrictions on land use 4 "4
Controls { Legal restrictions on well
7/ 7/
placement : -
Subsurface drains (existing
French Drain) v v /
Containment Environmental isolation
N enclosure (optional)
. Surface cap
: ) - .| Subsurface drains (existing
’ ’ French Drain) v/ v/ v
' .
{ Coe i i
. {l Removal Honzo.nml and/or vertical v E L
] extraction wells or sumps
i L Loader/dozer/excavator
- RF/ohmic heating , o v
' In situ treatment of .
i chlorinated solvents | Hot air/steam stripping with
: A mechanical mixing
Ex situ treatment o L .
of chlorinated Ultraylolet ]:fhot.olysw with v y; s
chemical oxidation
solvents
! EX:SIN w atment Ion exchange v 4 7/
: of inorganics
8Shaded alternatives did not survive the screening process and are not subject to detailed analysis (see text). R
1
i
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e s o Table31(C0ntmued) e s

o Summary of Groundwater Remedla[ Actnon Alternatlye Devefbpmegt“ : o
PROPOSED REMEDIAL ACTION ALTERNATIVES
; ‘ 5 6 7 8 9
' GENERAL PROCESS In-Situ In Situ In Situ
RESPONSE i ‘
\ OPTION Treatment by Treatment | Treatment by |- Groundwater
ACTION . . . .
- Steam . by Steam 1 Removal by Contmninent
: Injection with | RF/Ohmic | Imjection with Sail by Cupping
Mechanical Heating Mecchanical | Excavation and | w/lnsttutonal
! Mixing with SVE Mixing Sump Pumps - Contrals
f , _ . .
: . . S 119,
APPLICABLE AREA => IHSS 119.1 OU-1 OU-1 THSS 119.1 JHSS 1191
o only ] only only
f =
No Action Not applicable l
. Long-term monitoring 4 / v/ v/ v/
I . A
‘ Legal restrictions on land
s e
2J| Institutional use - ~
Controls .
Legal restrictions on well v
placement
. Subsurface drains .
1
(' (existing French Drain) l s s v s s
Coﬁminmcnt Environmental isolation
. v
i enclosure (optional)
' Surface cap : " v/
i Subsurface drains
(existing French Drain) Jl A o / . v v
. Removal Hpnzo'mal and/or vertical v v v v
i = extraction wells or sumps ,
Loader/dozer/excavator s
) In situ treatment RF/ohmic heating /
of chlorinated | Hot air/steam stripping ’
N solvents . . .. v/ v
hb with mechanical mixing .
Ex situ treatment .
. . Ultraviolet photolysis
of chlorinated | (4 hemical oxidation f f / . v
solvents :
Ex‘suu trcfumem Jon exchange 7/ v/ v 7/ Ve
of inorganics .
8Shaded alternatives did not survive the screening process and are not subject to detailed analysis (see text).
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e  Size and conﬁoun.uon of on-site remov al and treatment systems .md
containment desxgns -

o Remediation time frames and treatment rates required to meet the RAOs

. Spatial requirements for constructing treatment or containment structures, or
support facilities such as staging arcas ‘

. Packaging and transportation requirements for on- or off-site disposal options

o Permit requirements for off-site actions and discharges

3.2 Séréening Criteria

' Screening Criterizi are bésed on the EPA RI/FS (i.e., CERCLA) guidance, which
states that alternatives should be screened prior to detailed analysis, by evaluating the short- and
long-term aspects of each alternative’s effectiveness, implementability, and cost. The primary

focus of this evaluation is to “...ensure that the alternatives are being compared on an equivalent

basis. "

The effectiveness evaluation of each alternative is based on the alternative’s ability
to protect human health and the environment and to reduce the toxicity, mebility, or volume of
the hazardous constituents prescnt This evaluation considers the short-term impacts assocxated

with the construction and implementation period of the alternative, as well as the long-term

effectiveness of the alternative after remedial action is completed.

The hﬁplcmentabﬂity evaluation of each alternative focuses on both the technical and
administrative feasibility of constructing, operating, and maintainihg the remedial action
alternative. In this case, the technical feasibility of an alternative refc_:‘fs to its ability to be
readily constructed and operated, to meet the required RAOs, and to meet any appropriate

governing regulations during operation. Maintenance, replacement, and monitoring of technical

components of the alternative are also considered in this evaluation. The administrative

feasibility of an alternative is evaluated by examining the alternative’s requirements for permits

" March 7, 1994 35 | . DRAFT
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o of the Nanonal 011 and Hazardous Substances Polluaon Contmgency Plan (NCP) (.»ectxon '

W N

. 300. 430(e)(g)) wluch state t.hat a No Act10n altematwe should be developed regardless of sxte--
specific conditions (EPA 1990). The alternative will provxde a baseline agaxnst which othcr

.altematwes can be compared during the detailed analysxs ‘of alternatives. “The No Action

‘altematwe uses the results of the BRA to define what the exposure levels would be to receptors

under this alternative.

This alternative includes long-term monitoring only to determine if any changes occur
in contaminant concentratxons or in contammant mxgratron patterns Long-term monitoring of
groundwater would begin 1mmed1ately as an extensxon of emstmg efforts, and would take place

for as long as institutional controls are active at the site, or until it is determined that momtonng

i is no longer required. The momtonng program required would' be similar to existing programs '

- and would not require installation of additional wells.

This alternative assumes that the site would eventually be abandoned, and that no-: e
* remedial actions ‘would be initiated to reduce the risk from groundwater contaminants. The'
~ alternative assumes that the treatment portlon of the existing french drain system would be non- :

-operational, although the dram would contlnue to passrvely collect groundwater and drvert its -

ﬂow. o B

E

Smce no remedlal achons would be conducted under tlus altematwe there is no.

- remedlauon time frame mvolved This alternative would also not involve any packagmg or
" transportation of waste, nor any permitting actions. This alternative does not require a screening

evaluation since it must be carried through detailed analysis regardless of its effectiveness,

implementability, or cost.”

'3.3.2 Alternative 1: Institutional Controls

This alternative is intended to minimize the xisk from contaminated groundwater by

- _restricting access to any wells impacted by OU-1 COCs, and by eliminating the possxbxhty of -
building construction above areas known to be contaminated with VOCs. The alternative

March 7, 1994 _ 3-7 : ‘ DRAFT
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~Long-term monitoring would be required for this alternative to determine when

institutional controls could be discontinued. Once acceptable groundwater COC concentrations
released  from institutional controls, Long-term monitoring would take place for as long as

programs and would not require installation of additional wells.

.cqntrdl period, but that no remedial actions would be taken to actively reduce the COC™

~ concentrations in groundwater. As in the No Action alternative, there is no remediation time

- concentrations .are achieved. However, for the purposes of detailed ana]ysns a 30- year -

- institutional control period will be assumed for long-term momtormg

- .~ This alternative would not involve any packaging or transportation of waste, -nor any

- permitting actions, other than.thc‘administrative‘requireme.nts associated with maintaining the ‘

- . site secure.

- ' Effectiveness Evaluation - This alternative would effectively protect human health
~ and the environment from impacts associated with OU-1 COCs. By limiting access to the OU-1

. area and eliminating the potential for either building construction or well installation at the site,

both human and ecological recéptors would be pfotect‘ed from either ingesting COCs directly;

inhaling volatilized contaminants, or comiﬁg into dermal contact with COCs. ‘Ovcrall, however,
this alternative would not reduce the toxicity, mobility, or volume of contaminants at the site.

Eventually natural processes would reduce COC concentrations at QU-1, however, the rate of

~-dispersion and/or degradation would be slow compared to alternatives which utilize active -

"~ remediation measures.

T4
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were achieved through natural degradation and dispersion of contaminants, the area would be’

i required to meet this criterion. The monitoring program required would be similar-to existing’
This alternative assumes that the site would not be abandoned during the institutional

. frame with this alternative since the site would-not be released until acceptable groundwater' :
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" limits. The momtonng progmm requued woiild be similaf to ex1stmg programs and would not

require installation of new wells. For this alternative, the existing extraction well located .in

IHSS 119.1 would continue to be used as a groundwater collection source.

Although remedial actions would be conducted under this alternative in the form of
the french drain, there is no remediation time frame deﬁned since the system is currently
operational and would continue operating until acceptable COC concentrations are achieved.

Based on operations to date of the french drain system, however, it is reasonable to assume that

1ts slow groundwater collection rate would requ1re its operation for an extensive period of time.

Long-term monitoring of groundwater would also begin unmedxately as an extensron of existing

efforts. This alternative could involve packaging and transportation of spent ion exchange resin.

Effectiveness Evaluation - The effectiveness of this alternative is similar to that of
Alternative 1 in terms of protectrveness although this alternative would reduce the toxlcxty,
mobrhty, and volume of contaminants at the site by contmumg to treat groundwater collected

by the french drain and the existing UV/peroxide treatment system. The overall reduction in

© toxicity, mobility, and \(olume of contarninants, however, is minimal compared to the extent of

. contamination present at OU-1.

According .to the System Operation and Optirnization Test Report. f;s} the OU-1
IM/IRA, of the four COCs present in groundwater that contribute the largest risk to a human
receptor, only tetraehloroethene was consistently detected in samples taken from the system
influent between the months of March and September 1992. Carbon tetrachloride was never

detected, and both 1 1 dichloroethene and 1,1 l-mchloroethane resulted in only one detectxon-

" each out of 13 samples taken. The concentrations of the contaminants that were detected were

several orders of magnitude below IHSS 119.1 concentrations and were within half an order of

magnitude of Federal Maximum Contaminant Levels (MCLs). This data suggests that this
" alternative would not provide an effectiveness in protecting human health or the environment
: moch greater than institutional controls with no active treatment applied. Particularly in light
" of the fact that the effluent storage tanks used for the treatment system may be contributing to
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Im‘pler'rfe‘ﬁt'abilit\-' Evaluation - This alicrnative would be readily imp]emcmahle
" The altemallvc does not require construcuon of any new facxlmes as is the case wuh Aliémative

1. Exxstmg fencmg and site checkpomts prov:dc physical barriers to access, while administrative

- deed and permit restmmts would prevent any future unauthorized usc of the site. The IM/IRA

treatment system has alrcady been constructed and is available for use at OU-1.- During .

‘operation, none of these systems would exceed government regulations (by design) for.emissions
of either vapor-phase or aqueous-phase contaminants. Spent ion-exchange resins would be sent

- to an approved disposal or recycling facility and would not cause administrative difficulties.

Cost. Elvaluat'i'on - The primafy cosi compon'ent' associated with this:’.s‘ltemative
involves the continued operation of 'tﬁ_e existing IM/IRA treatment system. Its opcration along
. with long-term monitoring would make O&M costs the primary cost driver for this alternative.

-~ As in A‘ltefnative 1, for the purposes of detailed analysis it is assumed that the institutional
control period woﬁld last at least 30 years. Long-term mohitoring costs would be slightly higher
for this alternative than Alternative 1 due ‘to the additional samphng requlred for the

. UV/peroxnde treatment system effluent.

'3.3.4 Alternative 3: Groundwater Removal by Pumping (OU-1) .

Alternative 3 presents a 'stlandard pump and treat approach to groundwater removal
" and treatment at OU-1. The operation of a series of extraction wells in each area eontaining
aqueous phase COCs would prov1de for recovery of the contaminated groundwater while the
existing IM/IRA treatment system would facxhtate COC destructlon This alternative. would seek
to provide protection of human health and the environment by removing COCs from OU-1
groundwater. The institutional control of long-term. groundwater monitoring would be employed
to verify that COC concentrations remain- below PRGs after the treatment portion..of this
alternative is complete. The existing. french drain would provide containment of COés during
remedial actions while also assisting in the collectlon of groundwater. After remedial actions
are completed however, the treatment systcm would be shut down and dlsmantled unless other
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. Extraction of contaminated. g'roun'dwater at JHSS 119.1 Would be a‘onmplished by
installing two to four extraction wells in addition to the existing extmctiOn‘/recovery well. Two
injection wells would also be installed above IHSS 119.1 to assist the extraction wells. Removal
of the contaminated groundwater in the area south of Building 881 would-be accomplished by
installing three to five extraction wells south of Building 881 and north of the french drain. Two
to three injection wells would be installed upgradient to the areas of highest groundwater
concentration. The area south of IHSS 119.2 would require 1nstall:;1tlon -of an estimated 6 to
10 extraction wells. Four to six injection wells would be installed upgmdrent and on either side

of the contaminated area. Both the extraction wells and injection wells in all three areas would

be 4" wells with a projected radius of influence of 25 feet. - Becnuse of the low hydraulic
~ conductivity and small saturated thickness of 881 Hillside colluvial materials, cyclical operation
- with pumping rates below 5 gal/min. would be required to remove groundwater without

“desaturating the well cells.

Groundwater recovered from the extraction wells would be routed to the french drain
sump, then transferred to the influent storage tanks of the existing IM/IRA treatment system.
Recovered groundwater would therefore have to be pumped at a flow rate compatible with the
system’s 30 gpm capacity. A tap from the effluent tank would be used to route treated
groundwater to each injection:‘ well to provide for groundwater recharge %tt _eéoh location. This
system was constructed to treat groundwater from the 881 Hillside area to achieve the treatment .
goals presented in the System Operation and Optimization Test Reporf(DOE_ 1992). A flow

diagram of this water treatment system: is presented in Figure 2-4.

Effectiveness Evaluation - Sporadic groundwater COC concentrations and seasonal
groundwater volumes at OU-1 limit the overall effectiveness of this alternative. Although the
treétment system is proven to be effective in removing OU-1 COCs, the effectiveness of the -
extraction process would be poor because of the OU-1 hydrogeology and the tendency of pump
and treat systems to require extended remediation time frames to reduce the concentration of

resrdual contamination.
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completed and presented in'the report “entitled OU-I Domestic Water Supply S' mu?dnons (EG&G
1992). Results of these simulations showed that with a hydrauhc conductivity of 1E-4 cm/sec,
pumping rates exceeding 0.14 gpm would desaturate the well cell in under 365 days. The model
assumed a 12-hour pumping period; With a hydraulic conductivity of 1E-5 cm/sec, pumping
rates exceeding 0.013 gpm would desaturate the well cell in under 365 days. Based on the RI
report, the hydraulic conduetivit‘y at JHSS 119.1 and the area south of THSS 119.2 is estimated

at.9.4 X 10 f/min (4.8 X 10 cm/sec), while the area south of Building 881 has an estimated’ |

hydraulic conductivity of 1.5 X 10* ft/min. (7.6 X 10° cm/sec.).. These hydraulic conductivities
would require extremely low pumping rates to remove contaminated groundwater without

desaturating the well cells.

The overall remediation time frame based on using this alternative would be extensive

considering the low groundwater pumping rates achievable at OU-1. The potential exists for an

extensive extraction time required for removal of residuals potentially present in saturated soils.

Implementability Evaluation - This alternative would be readily implementable if.
it was selected as the preferred remedial action alternative. The equipment required for the -

alternative is commonly available and does not require any specialized construction and/or

' ! operation personnel. Injection/extraction wells are Widely used and equipment could be obtained
from a number of suppliers. The IM/IRA treatment system has already been constructed and -

is available for use at OU-1. During operation, none of these systems would exceed government

regulations (by design) for emissions of either vapor-phase or aqueous-phase contaminants.

Spent ion-exchange resins would be sent to an approved disposal or recycling facility and would ..

not cause administrative difficulties. Administratively, installation of groundwater extraction

wells would require well installation permits, but such permits are readily obtainable. Off-gas

treatment would require an air treatment permit, but there is no foreseeable difficulty in

obtaining such a permit.

Cost Evaluation - The capital cost requirements for this alternative are relatively low
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alternative comparcd to other alternatives considered due to the extensive time frz me rcqtnrcd
for groundwater extraction and the high O & M costs associated with powering the UV lamps

used in the IM/IRA treatment system.

3.3.5 Altemative 4: In Situ Treatment by RF/Ohmic Heating with SVE (JHSS 11'9.17 only)

This alternative seeks to enhance the vaporization and subsequent rccovery through
vapor extraction of COCs present in the saturated soils and groundwater at OU-1." Such a

_technology would target COCs that have partitioned to the aqueous phase in the subsurface or

 have adsorbed onto subsurface soils. This alternative considers technologxes that enhance

“vaporization through the elevation of subsurface temperature in areas where targct COCs are

concentrated. Groundwater residing in shallow pools throughout IHSS 119.1 would be extracted
via existing wells, the existiné french drain, and 1 to 2 new recovery wells. Collected
groundwater would ‘be treated by the existing IM/IRA treatment system. These same areas
would be subjected to vaporization enhancement techniques once desaturated to enhance the

removal of any residual contaminants.

As soil gas contaminated with COC vapors is recovered through a standard vapor

' extraction system and replaced with clean soxl gas, aqueous phase and adsorbed COCs. must
reach a new equxhbnum (with the clean soil gas), thus, mcneasmg the vaporization rate of these

- COCs wluch, subsequently, would be available for recovery by vapor extraction. Although this

shift in equilibrium would increase the effectiveness of the vapor extraction system, the primary

increase in total contaminant recovery would result from an increase in the number of open pore

' spaces available for vapor transport. Any vaporization enhancement techniques used, with vapor

extraction would decrease the moisture content of the surrounding media. Pore ‘spaces that were

initially filled with water would be opened once the water was vaporized and driven off.- The

A open pore spaces would allow for a greater diffusion rate of vapor phase COCs,-‘thereby

; increasing their extraction rate and possibly the radius of influence of a vapor extraction system.
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~'the performance 'of ‘2 vapor extraction system would hl\ely mcrease with, regard to ovemll

comdmmdnl recovery. This ahcrnauve considers two viable treatment technologics that can

effect an increase in subsurface soil temperatures — radio frequency heating and elcctrical

resistance (ohmic) heating.

Radio Frequency Heating

Radio frequency (RF) heating was selected as one of the two representative process
options to effect an elevation in- temperature of the subsurface materials at OU-1 that arc

contaminated with those COCs that are VOCs. RF heating is an innovative in-situ technology

-~ for volatilizing organic constituents in soil and water as well as vaporizing ‘pore space moisture.

The technology is desirable since additional chemicals are not introduced into the subsurface and

no special arrangement (e.g., grids) are necessary as in conventional electrical resistance heating.

The in-situ RF heating process requires minimal intrusion, u'éing 3- to 6-inch
- diameter boreholes containing strategically placed antennae in the desired treatment area.

. Through a combined mechanism of ohmic and dielectric heating, the temperature in the media

is raised and the volatile and semivolatile organic constituents are volatilized (Kasevich 1992).

. Volatilized-organics are then collected with the vapor extraction system and subjected to further

treatment. RF heating is expected to supplement vapor extraction in a manner that allows for

- quicker recovery of VOCs from certain areas of the subsurface. Specifically, heating "hotspots"

can expedite VOC recovery in the vapor form (i.e., hotspots are likely to co,r_itain'aquedus‘ phase

: and adsorbed VOCs which would be driven to ‘vapor under elevated température conditions).

Figure 3-1 illustrates a simple application of RF heating combined with. vapor extraction for this

alternative,

The dielectric loss of a material (i.e., the amount of energy a material dissipates as

heat when placed in a Vvaryi:}\g electric field) contributes to the heating of the contaminated -

media. Since the primary mechanism of RF heating is not thermal conduction but rather

electromagnetic radiation (in the radio frequency range), thermal conductivity and hydraulic

_ March 7, 1994 3-15 " DRAFT
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conswnt. Most soils have suitable dielectric constants that allow for effective treatment. Witer

and/or soil moisture is vaporized by RF energy; however, steam is transparent to RF energy and
does not continue te absorb radiation energy. While the steam may become superheated, this
occurs only by energy conduction from the solid media and not from direct clectromagnetic
encrgy absorption. The steam in turn serves to heat surrounding matcrials, enhancing additional
vaporization. Thus, water and/or soil moisture does not present a hindrance to the treatment
process. Fractures. and vonds within the contaminated matrix also do not present treatment
pfoblems since thermal conduction is not the primary heat transfer mechanism. Densely packed
soils are well suited to this treatment as are other consolidated geologic materials. A varicty of
heating profiles can be generated by manipulating the subsurface placement of RF antennae, their

operating frequencies, and the phase output of the different antennae. Virtually uniform heating

- within a specified volume can be achieved with minimal heating of surrounding material using

a properly designed configuration. Thus, localized treatment can be attained with proper design.

RF heating has been shown to be capable of increasing soil temperature to
approximately 500°F. This temperature would be great enough to volatilize both sorbed and
potentially diésolved phase COCs (e.g., aqueous phase) in the subsurface materials as well as
drive off any moisture in nearby pore spaces. The temperature of the subsurface medium would
be raised gradually; therefore, vapor extraction wells would be able to extract vapor as it is
generated. The heating and resulting steam/vapor generation rate could be controlled so that the
capacity of the vapor recovery system would not be exceeded. Such control would prevent the
spread of contamination by steam plume expansion. Also, RF heating would only be
implemented in the vicinity of a vapor extraction well. Placement of an RF neating antennae
in this manner would provide assurance that RF heating would not lead to a spread of
contamination. A vapor recovery system supplemented with RF heating would likely require
additional air drying capacity, depending on the off-gas treatment utilized, since it is expected

that the RF heating system would lead to the extraction of a greater amount of soil moisture than

- conventional vapor extraction.
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volatile ‘substances would be’ mobilized, and-additional - waste disposal preblems that may be’ - -

caused by excavation of the shallow alluvial materials would be avoided through this alternative.
Extracted groundwater would be treated by-the existing IM/IRA treatment system which would
effectively remove or destroy any OU-1 COCs. '

Potential impacts to human health and the environment.would occur through releases
of recovered soil vapors at the ground surface or within the collection and treatment facility.
Installation of a borehole(s) and vapor extraction well(s) in and around IHSSs poses a potential
risk -as "hotspots” may be disturbed. Existing drilling protocols would be used to minimize
worker exposure. Overall, operation of an RF heating system combingd with vapor extraction

would not be expected to pose direct adverse impacts given implementation of standard health

-and safety measures.

Implementability Evaluation — A potential technical constraint for RF heating is

that the eciuipmeht necessary is relatively specialized; howeVér, ihe equipment is readily
available through several technology vendors. No significant administrative constraints would
be.expected to construct and operate an RF heating system since it requires no introduction of
substances to the site and requires minimal subsurface intrusion. Permit requirements must be
met for discharge from an off-gas treatment system. Well installation permits would also be
needed for any wells installed at OU-1. Treatability testing would be requued and would
include bench-scale tests to determine optimum operating parameters for RF heating and a pilot-
scale test to determine optimum locations for applying RF heating antennae as well as site-

specific performance.

Cost Evaluation — There is a moderate level of capital cost associated with RF
heating. Much of the capital cost is dependént on the number of applic:ator antennae installed
and inc:pendent power/control trailers needed. O&M costs are also highly dependent on site
conditions but are expected to be high relative to an alternative .that includes only conventional
vapor extraction. The cost of power to operate the RF heating system and monitoring during
remedial activities are key confﬁbutqrs to the O&M costs. Actual cost figures for the use of RF
heating would be clearly defined in the detailed analysis of alternatives; although, at this stage
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supplcmcm a convenuonal vapor cxtractnon program at OU 1

Electrical Resistance Heating

Electrical resistance heating was also selected as one of the two representative

process options to effect an elevation in temperature of the subsurface materials at OU-1 that are -

contaminated with volatile COCs. Like RF heating, electrical resistance heating is an innovative

in-situ technology for volatilizing organic constituents in soils and groundwater, vaporizing pore

space moisture. Unlike RF heating, however, electrical resistance heating results from the

transmission of an electrical current through the media targeted for cleanup. As such, a

prerequisite for electrical resistance heating is that the media must be able to conduct an

electrical current. Electrical resistance heating requires the placement of a grid of electrodes and” "~~~

sometimes the addition of water in the area targeted for remediation. The process requires only
minimal intrusion and has most often been implemented using six electrodes “installed in a
hexagonal pattern to the depth of the contaminants, with a vapor extraction well placed in the
center of the pattern as shown in Figure 3-2 (Aines et al). '

Six- or three-phase power can be used to supply current to the installed electrodes.

" There is some benefit with six-phase power in that a more uniform hecating pattern can be

realized in the area being treated (Buettner et al). However, the increased uniformity comes at
the expense of needing additional equipment to éplit normal three-phase power into six-phase.
Electrodes are usually constructed of stainless steel tubing, which can also serve as passive air
inlets. '

The principle of electrical resistance heating is simple. -Basically, electrical currents
are made to flow between electrodes placed in a contaminated region causing resistance heating
(much the same way that passing an electrical current through an oven heating element generates

resistance heating). Current flow through subsurface materials tends to be greatest in fine-

| grained soils such as silts and clays. These types of soils are generally less permeable than

sands and gravel; thus, heating the clays and silts will drive off contaminants contained therein.
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: permeable sands and gravcl lhcre arc more susccpublc to recovery by \’deI‘ extraction. Aq

with RF heating, soil moisture can be heated with electrical rgsxst‘mcc heating to generate steam.

Steam can provide additional stripping of adsorbed contaminants. Also, the removal of soil

‘moisture can increase the air flow permeability of the soil being treated, thus enhancing the

capability of vapor extraction to remove contaminants (but lessening the ability to continuc

heating the subsurface with electrical current).

The primary pieces of equiprhen_t needed to support electrical resistance heating
include stainless steel piping (for electrodes), a 60 Hz pbwer supply, an optional six-phase
transformer, thermocouples for mdniloring subsurface temperaturc and a vapor
recovcry/treatment system. Electrode gnds may be placed-at various locations targeted for
treatment. Extracted vapors from multiple locations may be directed to a central treatment

location or to individual treatnient units.

The location.of the electrode grid(s) and vapor extraction well(s) for cleanup of the
volatile subsurface COCs at OU-1 are. contmgent on treatability test rcsults in-which the optimum
system design would be defined; however, for this altematxvc it.was assumed that one grid

would be installed at IHSS 119.1 at any one time. This grid would have six electrodes inserted

“to approximately 20 feet below the surface in a hexagonal ammgemént making up a circle with

a diameter of approximately 20 feet. Additional grids would be required to remediate the entire

site.

Effectiveness Evaluation — A critical factor in the effectiveness of electrical
resistance heating is the ability of the media being treated to»cqr_lduct an electrical current
between electrodes of the grid. Fine-grained soil layers at OU-1 containing contaminated soil
moisture are above fractured bedrock. These fine-grained layex:s should be capable of
conducting an electrical current; however, the ability to mamtam an elevated temperature in
these soils over time may decrease as soil moxsture is driven off. Heatmg of these subsurface
soils will make volatile COCs susceptible to recovery by a vapor. extraction well. Extracted

grouhdwatér would be treafed by the existing IM/IRA treatment system which would effectively
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‘Potential impacts to human health and the environment would occur through _réleuscs
of recovered soil vapors at the ground surface or Within the collection and treatment facility..
Installation of electrodes and a vapor cxtraction well(s) in and around IHSSs poses a potential
risk as "hotspots" may be disturbed. Existing drilling protocols would be used to minimize
worker exposure. There is a danger to workers of clectrical shock in the vicinity of ch

electrical resistance heating grid. As such, strict control of worker access must be administered

during electrical heating operations. Overall, the operation of an electrical resistance heating _

system combined with vapor extraction would not be expected to pose direct adverse impacts

given implementation of standard health and safety mégisures.

Implementability Evaluation — A potential technical constraint for “eléctrical
resistance heating is that the equipment necessary is relatively specialized; however, the
equipment is readily available through several technolog‘.y- vendors. No significant administrative
constraints would be expected to construct and operﬁfé an electrical resistance heating system
since it requires no introduction of substances to the.site and requires minimal subsurface
intrusion. Permit requirements must be met for discharge from an off-gas treatment system.
Well installation permits would also be needed for any wells installed at OU-1. Treatability

testing would be required and would include bench-scale tests to determine optimum operating

parameters for electrical resistance heating and pilot-scale tests to determine optimum locations

for applying electrical resistance heating electrodes as well as site specific performance.

Cost Evaluation — There is a modecrate to high level of capital cost associated with
electrical resistance heating. Much of the capital cost is dependent on the number of grids and

power control systems that would be utilized at OU-1. O&M costs are also highly dependent

on site conditions, but are expected to be high relative to an alternative that would include only

conventional vapor extraction. The cost of power to operate an electrical resistance heating
‘system and monitoring during remedial activities are key contributors to the O&M costs. Actual
cost figures for the use of electrical resistance heating would be more clearly defined during

detailed analysis; although, at this stage there appears to be no cost factors that would eliminate
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3.3.6 Alternative 5: In Situ Treatment by Steam Injection with Mechamcal Mixing
(THSS 119.1 only)

This alternative would use sieam enhanced vapor extraction with mechanical mixing.
to enhance recovery'of COCs present in the subsurface soils at THSS 119.1. Such a technology
would target COCs that have partitioned to the aqueous phase in the subsurface or have adsorbed
onto the subsurface soils. “This alternative considers a technology that enhances vaporization and
recovery through elevation of subsurface temperature by steam and hot air injection and

mechanical mixing in areas where the target COCs are concentrated.

This alternative requires the remediation of approximately 15,000 cubic yards of soil
in THSS 119.1 by in-situ treatment with a mobile treatment system. The treatment system
éelected would use steam and hot air to enhance volatilization of adsorbed and dissolved VOCs
while simultaneously increasing contact of the steam/hot air with the VOCs by mechanical
mixing. Steam is the pnmary means of temperature elevation induction, while hot air is
supplied to increase subsurface vapor flow and recovery. The mixing enhances volatilization
by increasing desorption surface area and elknindfing barriers to contact between the

contaminants and the steam/hot air.

The primary treatment system in this alternative consists of a caterpillar mounted drill
rig with specialized drilling equipment. The drill equipment is capable of delivering multiple

treatment reagents, such as hot air and steam, simultaneously via piping in a hollow drill bit

" shaft. The drill bit has a cutting/mixing blade, which can vary in diameter from 4 to 12 feet.

The drill rig can produce up to 350,000 ft Ibs of torque, sufficient to provide excellent mixing
of subsurface soils as the drill bit descends through the soil column. The drill bit also has

multiple injection ports for steam delivery. The multiple po‘rts provide uniform delivery of

 steam throughout the treatment zone. The caterpillar mounted drill rig is moved from one

treatment zone to another sequentially until the entire site is remediated. The treatment columns,

or drill shafts, are overlapped by 20% to ensure adequate treatment throughout the entire site.
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' such as those at OU- 1 a negatwe pressure shroud is placed over the entire treatmem Zone lo‘ B

capture off-gases for delivery to an off-gas treatment system. Mats are placed under and around ~ ~

the rig to ensure that contaminants do not reach the atmosphere by surfacing outside-the shroud. -
The shroud vacuum is connected to an off-gas treatment system. Systems such as carbon
adsorption, catalytic oxidation, and ultraviolet photolysis are all viable for off-gas treatment, but

catalytic oxidation is generally the most efficicnt and economical. An evaluation of off-gas

treatment technologies for specific OU-1 contaminants and conditions will be performed during .

de:ailed analysis of alternatives.

Removal of groundwater by pumping is also included in this alternative, and will be
accomplished either by the mobile treatment system or by extraction wells placed near the
treatment zone to depress the water table and recover contaminated groundwater. This ensures
the recoVery— of aqueous inorganics present in the groundwater and inorganics dissolved by
condensing stcam injected by the treatment system. Thus the alternative will address inorganic
as well as organic contaminants. The recovered groundwater and condensed steam will be
pumped to the existing IM/IRA treatment system at OU-1, which is designed to treat all

contaminants found in OU-1 groundwater.

Since this altemnative involves removal of the source of contamination, long-term
monitoring of groundwater would not be required once the remedial action is complete. Existing
groundwater monitoring efforts would, however, be continued for a short period to determine

treatment effectiveness.

Effectiveness Evaluation - The in-situ steam extraction with mechanical mixing -
treatment system is mobile, with a very high treatment capacity relative to other in-situ methods.

The system can treat 30 to 80 cubic yards of soil per shaft, depending on site specific conditions

and the size of mixing blade used. Each column treatment cycle lasts 2 to 4 hours, taking longer. - .

for less volatile contaminants or clayey or silty soils. Thus the system could treat the entire
volume targeted for remediation in 47 to 250 days, or 2 to 9 months. Production rates of VOC

laden vapors could be as high as 100 cubic yards per hour, so proper sizing of an off-gas
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Potential impacts of the treatment to human health or the environment during
treatrient include release of airborne VOCs and hazards from drilling activities. Care would bc
taken tb ensure proper operation of the shroud to eliminate the possibility of airborne rclease of
VOCs. Standard procedures for drilling activitics would be followed to minimize risks

associated with this part of the treatment activities.

The system has been proven effective in removing halogenated volatile organics from
subsurface soils.  Soils with a high sand content such as those at OU-1 are pariicularly
amenable to this treatment. Such soils present no difficulties for opcration of the mixing blade.
Average removal efficiencies of VOCs from previous subsurface soil remediations was 85%,
very high for an in-situ treatment. The extent of fracturing in the underlying bedrock is
undetermined, but the treatment will have limited effectiveness in treating bedrock contamination
due to limitations of the miijng blade in penetrating hard rock formations. The steam extraction
process has no effect on non-volatile inorganics, but groundwater removal by pumping will
effectively remove those contaminants. Subsurface obstacles, such as buried drums or large
rocks, also present a potential difficulty for the treatment. Obstacles larger than 12 inches in
diameter must be removed to avoid damage to the equipment. Overall, however, the process

is well suited to OU-1 and should be effective in treating contaminants.

Implementability Evaluation - This alternative is readily implementable both-
technically and administratively. The treatment system is mobile, requiring no construction -
activities. The primary technical limitation of implementation is the potential of the drill ﬁg to
tip on steep surfaces. This could be minimized by grading of steep slopés within the THSS:
Administratively, installation of groundwater extraction wells would require well installation
permits, but such permits are readily obtainable. Off-gas treatment would require an air

treatment permit, but there is no foreseeable difficulty in obtaining such a permit. -

Cost Evaluation - This alternative involves moderate capital costs relative to.other

processes being considered. The process equipment is available from at least two technology
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other altermatives. The dominant O&M cost is energy for steam production, so optimization of

steam injection rates would minimize encrgy costs.

3.3.7 Altemative 6: In Situ Treatment by RF/Ohmic Heating with SVE (QU-1)

This alternative is identical to Alternative 4 with the exception that it would be

implemented across all of OU-1, rather than just at the IHSS 119.1 source location. This

‘alternative would therefore require a larger number of soil vapor extraction wells and RF

antennae or electrical grids, depending on the specific process option selected for remediation.

The technical description for this alternative is included under Alternative 4.

Effectiveness Evaluation — This altemative would be effective in reducing COC
concentrations across the OU-1 site. The effectiveness of RF/Ohmic heating is described in
detail under Alternative 4, however the OU-wide alternative would be slightly more effective

in reducing overall contaminant concentrations. The alternative may present a slightly greater

 risk to workers than Alternative 4 due to the added power requirements and well installations,

however both of these factors would be controlled by appropriate site safety measures.-
In terms of reduction of toxicity, mobility, or volume, this alternative would achieve
a greater reduction in all three of these areas than Alternative 4 due to the larger extent of the

cleanup under this alternative.

Implementability Evaluation — The implementability of this alternative is discussed

~ in detail under Alternative 4. This alternative may be slightly more difficult to implement due

to the added equipment required to scale up the system described in Alternative 4. In addition,
a greater number of personnel would be required to implement this alternative than Alternative
4 although the difference would not be substantial.

Cost Evaluation — This alternative would cost much more than Altemative 4
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hlgher O&M costs. “This would be pamcularly true wrth elecmcal resxstance heatmg ivhnch his
a smaller treatment area than a single RF antennac. Capital costs would be also be greater
although this cost difference would not be as dramatic as the increased O&M costs. On an OU-
wide basis- several RF antennae could be operated at different locations and cycled to other
locations during remediation.  Likewise, a few electrical resistance heating grids could be

1mplemented at several locations throughout the operable unit.

3.3.8 Alternative 7: In Situ Treatment by Steam Injection with Mechanical Mixing

(OU-1)

This al"tkemative is identical with alternative 5 with the exception that the entire
operable unit‘woul_d be treated as opposed to solely IHSS 119.1. Alternative 7 would utilize the ;
same mobile urtit as proposed under Alternative 5, however the unit would be moved across the
site to ensure coverage of all of OU-1. Details concerning operation of this system are presented

under the description for Alternative 5.

Effectiveness Evaluation - The effectiveness of this alternative is limited by the
ability to determine exact source locations at areas outside of IHSS 119.1. This alternative
r\/ould be at least as effective as Alternative 5 since it is treating IHSS 119.1 as in that
alternative. However, outside of this area, source locations are much more dispersed and
difficult to pinpoint. Effective application of this alternative would require treating most all of
the area corttained within OU-1, to treat very low mmal concentrations of COCs. In layman
terms the technology would have to be applied as "overkill" to ensure that all areas containing

residual contaminants were treated.

Irnplementability Evaluation - For the reasons stated above this alternative ;vould
be difficult to intplement at OU-1. The drilling method employed treats a soil “column" down
to bedrock. To cover the entire site, most all of the soils would be subjected to what amounts -
to a tilling action which loosens consolidated soil matrices. This action would render the entire
hillside unstable and could result in severe slumping and washout. In addition, the treatment

unit itself would be subject to an unstzble foundation and could result in an unacceptable safety
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Cost Evaluation - Capital co'stg éssociated with this alternative would not be much
o greater than' those assocxated with Alternative’5. A single unit could be 1mplemented to treat
the entire operable unit and no additional- treatment capacity would be required (i.e., for off-gas -
pr extrq_cted groundwater). The greatest impact to costs associated with this altematlve involve
O&M costs incurred through a longer period of operation of the french drain treatment system,
and through an extended lease of support eQUipment for the drilling unit.

3.3.9 A!;;:mai ve 8: Q_ML&LEEL&MLM_MM@M

119,1 onl

This alternative is intended to reduce. or eliminate the risk to a residential. receptor
at THSS 119.1 through source removal of contaminated groundwater beneath a discreet portion
ef the THSS. This alternative differs from the in situ groundwater treatment alternative in that
a portion of unsaturated ‘soils at the IHSS would be excavated down to the water table to allow
for the removal of localized groundwater contamination. This is a worst-case scenario which
would enable contaminated water to be located and subsequently removed. Such efforts may be
i reqhired based on the current understanding of the hydrogeologic conditions at OU-1, which -
suggest complex geology in the area. Site characterization data collected to date have not
provxded a complete description of the aquifer beneath THSS 119.1, which may explain the

'hmxted effectiveness of the existing groundwater- recovery well.

The volume of groundwater requiring treatment and the amount of soil which would
'have to be excavated for this alternative were calculated based on the results of the Phase III
RFI/RI. This alternative would require excavation of approximately 20,000 cubic yards of
unsaturated and potentially saturated soils in the southwest corner of IHSS ‘l 19.1 (see Figure 3-
3). The amount of groundwater collected during the excavation would be approximately 60,000
gallons depending on the seasonal level of the water table. This is a"rough estimate of the

amount of groundwater present under saturated conditions using the measured porosity of the

soils.
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""" Excavation would be terminated siiéﬂﬂ)"bel'ﬁu}: tfx;: uﬁdérlyiﬁg bedrodk to énsure that "

all contaminated groundwater pools are reached. The groundwaier would then be collected using

sumps installed within the excavation. Standard submersible pumps would be used to direct

collected groundwater to the existing IM/IRA treatment system at OU-1 for final treatment and

discharge. A piping system from the excavation to the OU-1 treatment facility would be
required. This would likely be constructed of PVC and buried to a sufficient depth to prevent._.
" freezing. A control system would also be needed to operate pumps as demand required, and to -

minimize the need for manual oversight and operation.

The actual excavation would be accomplished using conventional construction
equipment although breathing apparatus may be. included as part of the machinery or may be
handled separately on an individual basis. An artificial enclosure could also be installed over
the excavation site with a vapor treatment unit attached to collect and treat any volatilized

contaminants which escape during excavation.

An important consideration for this alternative would include analyzing and

- segregating excavated soils to evaluate whether the materials would be considered hazardous

‘waste. Hazardous waste material would require proper treatment and disposal at a licensed
treatment, storage, and disposal facility (TSDF), however this may be complicated by the
potential presence of plutonium in the soils. Plutonium-contaminated soils would not likely be
taken off-site for treatment although they may be sent directly to a low-level waste facility if
they do not show hazardous waste characteristics. Excavated soils which do not exhibit above-
background levels of contamination would be used as backfill for the excavation follé.izring

termination of the treatment activities. These soils would need to be Stockpiled temporarily until

remediation is complete,

Since this alternative involves a removal of the source of contamination, long-term
monitoring of groundwater would not be required once the remedial action is complete. Existing
groundwater monitoring programs would be continued, however, to evaluate the impact that he

removal action had on the system. Short-term monitoring of vapor concentrations in air would
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Effectiveness Evaluztion - Because of the complicated hydrogeology present &t QU-
1, this type of alternative would allow for a greater overall effectiveness in removal of
contaminated groundwater by providing direct access to IHSS 119.1 groundwater. The existing
IM/IRA treatment system is zlready in place at OU-1 to effectively treat the contaminatw_._,wétcr .
removed from IHSS 119.1. : s ‘ _

~Removal of the contaminated materials (followed by treatmént) f.rom' the vicinity of
IHSS 119.1 will allow for complete removal of residual contamination from the saturated zone,
thus satisfying the statutory preference for feduction of toxicity, mobility, or volume thrdugh
treétment._ Sump pumps would effectively collect any dissolved phase contaminants for treatment
by the IM/IRA system. This alternative would involve complete removal of source
contamination, leaving no potential for future release from residual contamination, and satisfying

requirements both short- and long-term protection of human health and the environment.

' Implementability Evaluation - This alternative would be readily implementable if .
it was selected as the preferred remedial action alternative. The equipment required for the -

alternative is commonly available and does not require any specialized construction and/or

" operation personnel. Extraction wells (sumps) are widely used and equipment could be obtained

from a number of suppliers. Vapor treatment systems are also. commonly constructed for use

with commercially available materials.

The existing IM/IRA treatment system has already been constructed and is available
for use af OU-1. During operation, none of these systems would exceed government re'gulations
(by design) for emissions of either vapor-phase or aqueous-phase contaminants. Spent ion-
exchange resins would be sent to an approved disposal or recycling facxhty and would not cause

administrative difficulties.

The only significant problem identified at this time is the potential for large quantities
of contaminated soils to be generated requiring disposal at a commercial TSDF. The disposal ..
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hazardous

_Cost Evaluation - The capital cost requirements for this alternative are relatively low
as a fairly small number of sump pumps wells would be required and tht existing IM/IRA
treatment system has already been constructed. O & M costs would be moderate for this

alternative compared to other alternatives considered due to the extensive manpower required

- for soils excavation and groundwater treatment. The costs for disposal of the excavated soils

could range from relatively low (if most soil could be reused for backfill) to very high if all soils

" required treatment and/or-disposal at a commercial TSDF.

-3.3.10 Alternative 9: Containment by Capping w/Institutional Controls

(THSS 119.1 only)

‘This alternative would provide for the capping of the vicinity of IHSS 119.1 in order
to prevent infiltration of rainwater, surface water, and snow melt from reaching and mobilizing
wastes in the IHSS, to prevent escape of vapors from the IHSS to the atmosphere, and-to contain

surface soil hotspots (areas of high radiological contamination). Capping is the systematié

covering of an area with layers of soil, clay, or synthetic material to impart certain physical or

| - Typical applications of capping are municipal landfills where leachate is formed via infiltrating

chemical characteristics such as slope, impermeability, or chemical resistance to the surface.

surface water. Mine wastes have also been capped to eliminate not only the migration of metals
into groundwater through seepage, but also contamination of surface water, soils, or air through

erosion of the waste surface. In this case, the overall objective of this alternative would be to

provide drainage and minimize escape of organic vapors to the ‘étmosphcre. Mecting this

objective would minimize potential exposure pathways through inhalation of vapors in the

basements of existing and future structures. Design of a cap for IHSS 119.1 must take into

~account the topography of the surface of the IHSS and the stability of the 881 Hillside. Climate

and hydrology of RFP must be considered for the design to prevent flood hazards and to address
the needs of cap vegetative material or gravel cover. Any cap proposed for- OU-1 would require

enough. fill material to provide a level foundation of the capping material.
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would be used. If necessary, a RCRA multilayer-type cap could be used. In a multiple layer -

~ cap, a vegetative or gravel cover provides the surface with protection from erosion by wind and

water; a geotextile layer provides strength; a granular.layer facilitates drainage of infiltrated
water; a compacted natural clay or geosynthetic layer (i.e., Bentomat) provides a water
impermeable barrier; and an intermediate soil cover provndes a smooth surface for the clay layer
and proper slope for drainage. An optional flexible membrane liner (FML) may be added to

prevent gas or liquid migration up through the cap. The multiple layer cap is based on standard

" RCRA closure requirements and may be required as mentioned above. The simpler, single layer

‘cap should suffice, however, to prevent atmospheric relcascs.

Effectiveness Evaluation - Surface capping of landfills has been used successfully

for CERCLA and RCRA sites in the past, including municipal landfills and hazardous waste

disposal facilities. Typically, hazardous waste disposal facilities will also include a liner system
beneath the'waste to prevent groundwater contact and to collect leachate, while municipal
facilities may only have a surface cap if liner technology was not in use when the landfill was

initiated. A cap at OU-1 would reduce airborne release of contaminants by isolating therm from

the ‘atmosphere, as well as contain - the surface soil radiological hotspots. The alternative,

. structures breech the impermeable clay layer, or that deterioration of the liner does not occur. R

however, would provide no additional protectiveness of human health beyond institutional

controls. Institutional controls must be maintained with a cap to ensure that no wells or-

Without a venting and off-ga's treatment system, vapors would build up within the cap until
concentration gradients caused vapor diffusion beyond the boundaries of the cap. Thus the cap
would not permanently contain the vapors and might even increase contaminant migration by
eliminating atmospheric release and allowing vapors to migrate laterally. Any cracking of the
clay layer or punctures in an FML would serve as a release point for contaminants with

potentially very high concentrations.

Implementability Evaluation - Capping is a readrly implementable technology.

. Construction materials are generally available for capping activities. Standard construction
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" Excévéuon matenal preparauon “soil placement soﬂ ‘compaction, geomembrane mstallanon

placemen_t of drainage structures, and cap sloping are commonly performed activities. Cappmg '

can be 'easily’i’mplemémed using reédily available roadway construction equipment.

Routine maintenance of a cap may require irrigation and mowing of vegetation at the surface.

Replacement of components of the cap should not be necessary. -Cap monitoring for vapor -
- leakage would be extremely difficult due:to the difficulty in sampling over the entire cap area.
~ Additional construction concems such as erosion of the exterior cap and failure of membranes

due to subsidence and slumping within the IHSS are difficult to correct, but may be avoided by.

careful selecnon of materials, proper compacuon and adequate grading and slopmg No permits

would be requlred for capping as it would be conducted on site.

Cost Evaluation - The cost of capping is dependent upon the materials used for

construction. - If local materials are readily available and a cap does not require synthetic

membrane liners, cost for capping is limited by quantities of local materials needed.

The capital cost of capping THSS 119.1 would be moderate relative to other remedial

- Vactior‘l alternatives providing similar levels of protectiveness. O & M costs would be moderate

to low.

3.4 Summary of Alternative Screening

The pﬁmary purpose of the screening of remedial action alternatives is to reduce the

number of alternatives that undergo detailed analysis to a more manageable number of options

that still represent conceptually different approaches towards site remediation. The criteria of

effectiveness, implementability, and cost were each carefully examined with respect to the

alternatives presented in this section. The results of the screening indicate that the following

alternatives wiu be eliminated from further consideration:
J Alternative 2: Limited Action
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° Alternative 7: In Situ Treatment by Steam InJectJon mth Mechanical Mixi mg
(OU-1)
. ‘Alternative :  Containment by Capping w/Institutional Controls

(IHSS 119.1 only)

Alternative 2 was elimi_na.ted from further ¢onsideration because of its é&ectivcncss
_ relative to Alternative 1. Based on the data presented in the System Operation and Opfimizati'bn
Test Report (DOE 1992) for the IM/IRA, the french drain would -not contribute adc»iitio.nal
protection of human health and the environment beyond that provided by institutional controls
alone. In add.ition, Alternative 2 would result in substantially higher costs dﬁé tb the O&M costé
incurred in operating the IM/IRA ‘treatment system. Because Alternative 2 does not provide
4grcatéf effectiveness than Alternative 1 and yet results in much higher costs, it is not considered

for further analysis.

-~ - Alternative’ 3 was eliminated from further consideration due to its limited
effectiveness and implementability. Both of these criteria are severely limited by the hydrology
a: DU-1. The existing recovery well has historically provided sporadic groundwater recovery
due to variable water levels and low saturated thicknesses in the area. The radius of inﬂuencek
of any additional wells would likewise be limited and would be negatively impacted by the
bedrock geology which tends to form slumps and paleochannels which channel and sometimes

confine groundwater "pools". For these reasons this alternative will not be considered further.

Alternative 7 involves the apphcanon of a mechanical mixing devxce to the site as
- a whole Because the nature of contamination beneath OU-1 is such that very low concentrations
of COCs occur sporadxcally across the site, it is unlikely that the drilling device could be
accurately situated over source locations. On an OU-1 sitewide basis the drilling system under
consideration would require impacting all of the soils at the hillside. This could affect a
- potentially dangerous situation by loosening the soils to the point of release. Slumping was a
problem discovered during installation of the french dram which would be magnified by

attempting to steam and auger trcat the entire operable unit. This alternative was therefore
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Lastly, Alternative 9 was climinated from further consideration on the basis of
; - effectiveness. Capping IHSS 119.1 would not provide additional protection beyond simple -

institutional controls and would cost more to implement.. Capping would require controls to

i avoid penetration of the cap by drilling activities or construction, both of which would be
‘controlled by the institutional controls proposed under Alternative 1.
' Therefore, the alternatives which survived the alternative screening process, and arc
ix being retained for evaluation for action-specific ARARs, and subsequently detailed analysis are:
f, o . Alternative 0: No Action
. Alternative 1: Institutional Controls
. Alternative 4: In Situ Treatment by RF/Ohmic Heating with SVE i
| o _ (IHSS-119.1 only) T
t
' . Alternative 5: In Situ Treatment by Steam Injection with Mechanical Mixing - -
; ' (IHSS 119.1 only) '
- o
. Alternative 6: In Situ Treatment by RF/Ohmic Heating with SVE (OU-1)
f o . Alternative 8: Groundwater Removal by Soil Excavatxon and Sump Pumps ’

(THSS 119.1 only)
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The NCP [40 CFR 300.403(g)] rcquxres identification of potential ARARS for '
~ remedial action alternatives proposed at CERCLA sites. Identification of potenual ARARs is

required by Section 121 (d)(2) of CERCLA as amended and as described in the IAG

The focus of this section is in on identification of potential action-specific ARARs

acco_rdihg to ihe criteria listed in the NCP regulations under 40 CFR 300.400(g)(1) and (2).

requirements that imight be applicable or relevant and appropriate to the action. In addition,

‘sites.

Action-specific ARARs address an activity, condition, or technology involv_ing"_ E
limitations of specific substances or materials. Additional information on action-specific ARARS
is published in the NCP regulations and in EPA's CERCLA Compliance with Other Laws |
. Manual, Interim Final (EPA 1988b). '

_ ‘ Tables 4-1 and 4-2 identify potential Federal and State action-specific ARARsAénd .
To-Be-Considered (TBC) criteria. Tables 4-3 and 4-4 identify the potential action-specific -
~ ARARs and TBCs which will be evaluated for each proposed alternative during the detailed
‘analysis of alternatives. As alternatives are further refined during the detailed analysis,

additional action-specific requirements may also be identified or exlstmg reqmrements modified,
based on the initial list.

March 7, 1994 4-1 DRAFT
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‘Proposed remedial action alternatives for the OU-1 site have been analyzed to identify poientiél;._ .

EPA’s guidance in identifying action-specific ARARs was reviewed during the analysis to verify -
~ that the methodology used in identifying ARARs for OU-1 was consistent with that used at, other
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Table 4-1.
Potential Federal ‘
‘Action-Specific ARARs and TBCs

Citation

Potentia! AR ARS or
To Be Con,xide'fed;'
Cl’it{:ﬂ.ﬂ

Establishes minimum national standards that define the acceptable

0. Interim Standards for Owners and Operators of 40 CFR Part 265
‘Hazardous Waste Treatment, Storage, and Disposal management of hszardous waste during the period of interim ‘
ARAR
Facilities * status and until certification of final clomn: or if tha fecility is
, subject 1o postclosure until responsibilities are fulfilled.
P. Intefim Standards for Owners and Operstors of New 40 CFR Part 267 Establishes mininrum national standards that define scceptshle ARAR
Hazardous Waste Land Disposal Facilities management of hazardous waste for new tand disposal facilities. A
Q. Land Dirpoeal Restrictions 40 CFR Part 268 Estsblishes restrictions for the land dispoeal of hazardous wastes, ARAR p
R. Underground Storage Tanks 40 CFR Part 280 Establishes technical standards and corrective action requiremante ARAR 3
for ownert/operators of underground storage tanks (USTs). e “, '3
Toxic Substances Control Act 15 USC Secs. 2601-2629 See below. ‘ - lf
A. PCB Requirements 40 CFR Part 761 Ertablithes storage and disposal requirements for PCBs ARAR : i
exceeding 50 ppm. o s
- —ls
Clesn Water Act 33 USC'Secs. 1251-1376 Sec below, N
A. Discharge of Effluem 40-CFR Sec. 125.100 Requires that best mansgement practices be maintained by the \ ‘.
40 CFR Sec. 122.41 operator of & system which discharges pollutants directly into the ~ ARAR
FF. CA - CWA-90-1 : o environment and requires that point source discharges be - i :
NPDES Federal Facility Comphmce Agreement N monitored to assure compliance with efMuent dischargs limits.
B. Toxic Polluunl Effluent Sundurds 40 CFR 129 Establishes numeric standards and limitations from lpecbiﬁ: . :
. sources for Aldrin/dieldrin; DDT; Eodrin; Toxaphene; ARAR d
Benzidine; and PCBs. +
C. Discharge of Stormwater 40 CFR Sec.122.21 Controls point source dischsrges-of- stormwater associated with
40 CFR Sec. 122.26 industrial ectivity; including requirements for pollution \RAR
prevention plan. Industrial activity includes landfills, land R
application sites, snd connmchon acuvmcn ?"
Atcmic Energy Act. 42 USC Secs. 2011 et seq.
A. Radietion Protection and Radioactive Waste 10 CFR Part 20 Establishes minimum standards for radiation protection and wasts P oh i
Mansgement Subparta C and K management. ' ARAR

R. Ferformance Ohjectiv= in Licensina for Land
-Diwposal of Radicactive Waste

10 CFR Part 61

Estehlishes procedures, criteria, 204 conditions for t2n.d dispe-d!
of radinsctive weete,

Th
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" Table 4-1.
Potential Federal
Action-Specific ARARs aiid TBCs

" Potential ARARS of -

~ To Be Considered-

Criteria

“?

the environmental statutory requirements applicable to DOE and
contractors.

Clean Air Act 42 USC Secs. 7401-7642
A. Prevention of Significant Deterioration Requirements 40 CFR 52 Establithes new source review policy for “major® sources to AilA"l .
: prevent degradation of air quality. ’
B. National Emission Standerds for Hazardous Air 40 CFR 61 Regulates emissions of hazardous air pollutants from specific ARAP. .
Pollvtants source categories, including site remediation. : .
DOE Orders ‘
Generel Environmental Protection Program 5400.1 Spéciﬁel environmental protection standards appliceble to DOE - -4
. operations, .
Environmental Compliance Issue Coordinstion 5400.2A Specifies establishment of erivironmental protection program to ThC o
comply with environmental laws. - w
Radiation Protection of the Public and Eavironment 5400.5 Specifies compliance of DOE and its contractors under AEA, Toe ,
redistion protection requirements. RN
Environment Safety and Health Programs for DOE 5480.1B Specifies responsibility of DOE snd conditions under which ThE :"
Operations operstions are to be curtailed due to risks. v , :
Radiosctive Weste Management " 5480.2A Specifies environmental protection requirements and cormpliance The R
with requirements. o %
Hazardous and Radioactive Mixed Hazardous Waste 5480.3 Specifies the transportation and packsging requirements for e ;
Management hazardous materials applicable to DOE 2and its contractors. o _
Environmental Protection, Safety, and Health 5480.4 Specifies environmental, health, and safety requirements for .'
Protection Standards : facility construction, operstion, and decommissioning; including TrC o




R

v661 ‘L PPIEN

e

J4AvVdada

Table 4—2.
Potential State .
Action-SpCCiﬁc ARARs and TBCs

=

Cclorsds Hazardoos Waste Act and
State Hazardous Waste Siting Act -

CRS § 25-15-101 ¢t seq.,
25-15-200-ct s¢q.,
25-15-301 et seq.

Potential ARARs or.
To Be Considered *.2
Criteria *

Standards for Groundwater

| 1002-8,3.11.5-3.11.8

Hazardous Waste Mansgement 6 CCR1007-3 . Defines those solid wastes which are subject to regulation as hazardous wastes. >
Regulations Identification and Listing of Pant 261 ARAR
Hazardous Waste L
Standards Applicable to Generators of 6 CCR 1007-3 . Establishes the criteria for generators managing hazardous waste. =
. ; ) ARAP. A
Hazardous Waste Part 262, ] ool
 Standerds for Owners and Operators of 6 CCR 1007-3 - . Esablishes standards that define accéptable mansgement of hezardous waste for ] i
Hazardous Wane"l'mtmem, Storage, and Part 264 owners and operators of facilities-which treat, store, or dispose of hazardous "ARAR 3;,
Dispossal Facilities waste. ’ '
Interim Stztus Standards for Owners and 6 CCR 107-3 Establishes standards that define acceptable mansgement of hazardous waste for .‘, :
Operators of Hazardous Warte Treatment, Part 265 owners:and operators of facilities which treat, more, or dispose of hazardous ARAPR o
Storage, and Disposal Facilities waste before final Part B permit approval. 3
Land Disporal Restrictions 6 CCR 1007-3 Establiches restrictions on the land disposal of hazardous waste ARAP ,"
§ Part 268 o .
Cclorado Solid Waste Disposal Sites CRS § 30-20-100.5 et seq. See below. S B .._
end Fecilities Act : . . K
Colorado Solid Waste Dispossl Sites and 6 CCR 1007-2 Establishes solid waste disposal criteria inclqding the collection, st'oragc. ARAR
Facilities Regulations , "treatment, utilization, processing, and final disposition of solid wastes, o ) -
Colorado Water, Quality Control Act | CRS 24-4-103(3), snd (8) : ; N
A. EfMuent Limitations S CCR 1002 Establishes staindards for all wastewaters, except storm and agricultura! runofT, ~
0 - . ARAR
10.1.4 discharged to State waters.
B. Basic Standards and Methodologies for | 5 CCR 1002.8 . ° Establishes standards and classifications for surfsce waters of State. o
N . ARAD D
Surface Water Quality 3.1.0 et 5eq. .
C. Clansifications and Water Quality 6 CCP. 1007.3, 5§ CCR Estsblishes standards/criteria and classifications for groundwater. TThe

i

Colaredn Ajr Pollition Prevention
_Cnntml Act, as nx_nend(d

CPS 25-7-112:

See below,

.

N
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Table 4-2,
Potential State

Actlon-Spcclﬁc ARARs an‘d TBCs

Potential ARARS ari,
Te Be Considered

Critéria

Health, December 1992 -

"Colorado Air Pollution Control $ CCR 1001-5 Defines sources subject to Air Pollution Emission Notice Regulations

Regulations, Air Pollutant Emission Regulation 3, Subpart A : : ARAR
Notice Requirements - :
State Construcion Permits "5 CCR 1001-§ ' ] Deﬁncl permitting thresholds for sources in sttainment and non-attdinment ) ARAR
Pegulation 3, Subpert B sreas. Requires constuction permiu for major sources. )
Opereting Permit Program 5 CCR1001-5 Implemem: the Federal operaung program for *major* sources of air APAR
: Regulation 3, Subpact C pollutsnts. \I..‘
Seil Erction Dust Blowing Act CRS 35-72-101 et neq. \ Applicable to all land disturbing activities. Provides for the conservation of ARAF
surficial soils. o
Act to Establish Power and Duties of CRS § 25-1-107, 25-1-108,
Board of Health; Department of Heelth and 25-11-104
Colo.rado Rules.and Regulations Sse below. See below.
Pertaining to Radiation Control
A. Radioactive Material Other than 6 CCR 1007-1.1. Determines concentration limits for radioactive fraterials that cxceed
Source Matarial Pant M " background concen!rauam ' S ’ ARAR
' ‘RH3.3.1- Schedule A ' ‘
B. Stzndards for Protection Agsinst 6 CCR 1007-1 Establishes radiation dose limits to individualsin controlled areas.
Radiation Part IV . ’ ARAR
RH4.2.14.2.2.3
Colsredo Noise Abatement Statute CRS 25-12-101, et seq. . . Establishes ntandards for controlling noise. ARAR
Storsge Tank Facility Owner/Operator Colorado -Depaﬁinen! of " State cleariup guidelines for contiri\inagcd materials.

Guidance Documents . TBC

e
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Table 4-3.

™
Potential Federal .
. Action-Specific ARARs and TBCs for Proposed Remedjal Action Alternatives =~
4. 5 6 8 .,
o In Sta "In Site In Stu Gromdwater
- Treatmentby |  Treetment by Treatment hy Remoaval by
- RF/Ohmic¢ Steam Injection RF/Ohmic - 'Sodl Excavatipn
Heating with | with Mechanicel | Heating with an: Samp
. SVE Mixing SVE Pomps -
AREA = N/A Ou-1 OU-1 ou-1 THSS 119.1 THSS 119.1
Resource Contervation and Recovery Act 42 USC Secr. 69016987
{RCRA) )
A. Criteria for Classification of Sclid Waste 40 CFR Part 257 X X % < <
Dirpozal Facilities and Practices - ’
B. Hszardous Waste Management Syneml 40 CFR Pant 260 X X X X X
General :
C. Identificstion and Listing of Hnurdoul 40 CFR Part 261 X X X X. X
Wastes
D. Definition of Hazardous Weste to Exclude Propeed CFR Fan 260, X X X X "(
Environmental Media® 261, and 268 ‘ :
E. Stendards Applicable to Generators of 40 CFR Part 262 X X X
Hazardous Waste ) » ) - ‘
F. Rel.eues from Solid Waste Mansgement 40 CFR Part 264, Subpant X X % X X ‘
Units F )
. - — {
G. -Clorure and Post-Clowrg' ‘éO CFR P.an ?64, Subpart X X X X : X
H. Usesnd Management of Containers 40 CFR fan'264, Subpart 1 X X X
1. Landfil 40C 4, Sub ' -~
. ills " FRhn?6 Subpant X X X
J. Miscellaneous Units ' 40 CFR Pant 264, Subpart :._
' ' ' | x ‘ X X #
K. Air Emi«sion Standards for Mess Vents ‘ 40 CFR Part 264, Subpan X ‘ .

AA
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Table 4—3

 Potential Federai
Actlon-Speclfic ARARs and TBCs for Proposed Remedlal Actlon Altematlvw

6 8
" In Sto § .Gmwdwa(er
‘l'reMmm( by |  Removalby
"RF/Otmie - | Soil Excavetion
vu!h Mechamcn.l . Heetiv:; with and Q-mp
St Mixing - © ISVE Pirmps ,
AREA o “NIA “oU-1- oU-1 ~ out THSS 1191 |- THSS 1191 - J T E
L. Air Emission Standards for Equipment Leaks | 40 CFR Part 264, 'Sﬁ_bpaﬂ: ; .
BB, X X X x
M. Air Emistion Standards for Storage Units Proposed 40 CFR Pan 264 e - q ’
; X X X X
- _ Subpan CC LR
N. Design Standards for Containment Buildings 40 CFR Part 264, Subpan ‘ ) v
- Dengn Standat ! b , X X X X
- 0. Irterim Sttus Standards for Owners and 40 CFR Pant 265 , . -
Opentors of Hezardous Waste Treatrhent, ' X X - X X X X
Storege, and Difponsl Facilities N -
P. Irterim Status Standards for Owners and 40 CFR Part 267 S g
Openators of New Hazardous Wme Land : X - X X - X X X o
Dmpoul Facilities ) . . ¥ o
Q. Land Dupoul Restrictions 40 CFR Part 268 X X X X
Toxic Substances Control Act 15 USC Secs. 2601-2629. y
A. PCB Requiréments 40 CFR Part 761 - X X X X X -
Clerm Water Act 33 USC Secs. 1251-1376
A. Discharge of EfMuent . 40 CER Sec. 125.100
’ , : . 40'CFR Sec. 122.41 . B
FF. CA - CWA-90-1 NPDES Federal X X X X X X
Facility Compliance Agreement , »
B. Toxic Pollutant Effluent Standards 40 CFR 129 X X X X X x
C. Dircherge of Stormwster 40 CFR Sec.122.21 R .
e - 40 CFT: Sec. 122.26 X X X X X <
| Avsic Boergyiact o o 42.USC S¢ei. 201 (6t neq. . 2
e e - R e T N - - - ‘E‘
T - . : S
. i R
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Table 4-3.
‘Potential Federal

Action-Specific ARARs and TBCs for Proposed Remedial Action Alternatives

R
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kN .
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'8 X

- InSita -
Treatment by
Steam Injection
with Mechanical
Mixing

In Sitn
Treatment by
RF/Otmic
Heati=o nith
SVE

a Gm@dwalw

v

- Remoral by
Soil Fxcavation
and Somp.

Fomps **

| AREA _

ou-1

THSS 119.1

THSSs 119.1 -

L e ———— |

—

A. Radiation Protection and Radioactive Waste
Management

10 CFR Part 20
Subpart C and K

%

— T iy

X

B. Performance Objectives in Lic.eming fi)’r
Land Disposal of Radioactive Waste

10 CFR Pant 61

Clean Air Act

42 USC Secs. 7401-7642

A. Prevention of Significant Deterioration A
Requirements

40 CFR §2°

" B. National Emission Standards for Hazardous

Air Pollutants

40 CFR61
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4 Table 4-3.. :
‘Potential Federal
Actlon-Speclﬁc ARARs and TBCs for Proposed Remednal Actlon Altemanves :
6 R
In Sitn Gmundwa!"g"r
Treatmentby | Removal by
RF/Otmic Soil Excavation
Heating with . and Samp
: SVE : Pempy
AREA NA | oui oU-1 ou-1 THSS 119.1 IHSS 119.1
DOE Orders!
General Environmental Protection Program | 5400.1 X X X X X &
pa)
Enviro.nm?mal Compliance Issue 5400.2A X X X % X ]
Coordination - L N T
n:
Radiztion Protection of the Public 4nd 5400.5 X X X X X - :‘é 5
Environment ) -
. . 4 A
Environment Safety and Heal.h Programs for | 5480.1B - < .. iy
DOE Operations Y X X X X X X Cut
Radioactive Warte Management 5480.2A X X X X X X i
Hazardous md‘R.udloactlve Mixed Hazardous | 5480.3 X X X X < o ‘
Waste Management ) . T e
Environmental Protection, Safety, and Heallh 5480.4 - - . t‘ff.
Protection Standards : : X X X X X X =
*To be considered. S
1Applies to treatment residuals only. )

X A
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7 "~ . Preliminary State’ ' y - ¥
= Potentlal ARARs and TBCs for Proposed Remedlal Actlon Alternatives ‘ R,
® : L e
6 AR &
In Sita * S A
o Grovodwater =
- T Pnt.by Removalby Soll ]| 25
. RF/Ohmic . B
Heating with Excaration and Pl
SVE Same Mymps :,:—
. AREA T NA | | oua THSS 119.1 mss vo
Colorado Harsrdons Waste Act and CPS § 25-15-101 et seq.; . i &
State Hazardotis Waste Siting Act 25-15-200-et seq., p ; ‘ %
‘ 25:15-301 et s2q. . N 58
Hazardous Waste Management Regulations | 6 CCR 1007-3 : : :
Identification and Listing of Hmrdoul | Part 261 X X - X X o
A Waste ’ :
= Standards Applicable to Generators of 6 CCR 1007-3 X X
Hazardous Waste Part 262, : .
Standards for Owners and Operators of 6 CCR 1007-3 . , )
Hazardous Waste Treatment, Storage, end Part 264 ’ X X X X
" Disposal Facilities - . o .
Inerim Status Standards for Ownersand  <| 6 CCR 1007-3 -~ * - .
Opérators of Hazardous Waste Treatment, - | Part 265 X’ - X X X
Storage, and Disposal Facilities . C ‘ ‘
Lsnd Dispossl Restrictions 6 CCR1007-3" * y - <
. . Part 268 ' B
Colorado Solid Waste Disposal Sites aod CRS § 30-20:100:5 et s2q. . - |
_ Facilities Act . S ) .
Colorado Solid Waste Dirposal Sites and | 6 CCR 1007-2 % % v ) ',
Facilitizs Regulstions . o X \ - :ﬁ"
o || Coloreds Water Quakity Contro! Act CRS 24-4-103(3), and-(8) . §~
g ’ A. Effluent Limitations 5 CCR 1002, 10.1.4 X X "X, X- o . ?’é
- b LIS (574
v : i
. B. Basic Standards and Mclhodologtei for | S CCR 1002-8 x o . Lo ;, ;
B Sun"pce Watét’ Quatiny’ ’ .'!;'_l .0 el-seq. - X b \v B @. :
: - : - o % .
i LR
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Table 4-4.
~ Preliminary State ' '
Potential ARARs and TBCs for Proposed Remiedial Action Altematlvs
6 R
In Situ c
Treatmont by | - Orowndeater
. Removal by Snil
RF/Omic Excavation sod |
Heating w*h B
CSVE _ Simp, Tomps,
) THSS 119.1 IHSS 11917
C. Clasifications and Witer Quality 6 CCR 1007.3, § CCR"- % X x
Standards for Groundwater 1002-8, 3.11.5-3.11.8 - n
Colorado Air Pollution Frevention CRS 25-7-112
Control Act, a$ asmended
Celorado Air Pollution Control 5 CCR 1001-5 ©
Regulauom, Air Polluunt Emission Notice | Regulation 3, Subpant A X
chummenu . co .
State Construction Permits -5 CCR 1001-§ * X ’
Regulation 3, Subpart B ‘
Operating Permit Program 5 CCR 1001-5 X e
Regulation 3, Subpant C ‘ .
Soil Eresion Dnst Blowing Act CRS 35-72-101 et aeq. . X X X
Act to Establish Power and Duties of ¢ | CRS § 251107, 25-1-108, -
Board of Health; Department of Healih and 25-11-104 i .
Coloredo Rules and Regulstions Pertaining See below. X < -
to Rediition Control - ‘ o
A. Radioactive Matérial Other than Source .| ‘6 CCR 1007-1.1 .
Material Part I ) X X X’ «
- "PH33.1- SChedule A ! .
B. Standsrds for Protection Agamst ’ 6 CCR 1007- l : . R
- Radistion Fan IV ‘ X . X ot
- "RH4.2.1-4223 _— '
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Table 4-4.
E : Preliminary State
Potential ARARs and TBCs for Proposed Remedial Action Alternatives -

.

G o s

Grourdi-ater.

Remove! by Sofl
Fxcavstion and

- Sump Pumps

s

LY
. !“y’l.,!

s119.1°

1=

In Sttu
Treatment by
- RF/Ohmic

Heating with
- SVE

THSS 119.1

“In Sita
* Treatment by -
. Steam Injection

“ with Mechsanical
o Mixing o

0ou-1

ou-1

0U-1

N/A
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CRS 25-12-101, et seq.
Colorado Department of
Health, December 1992'.

Sterage Tank Facility Owner/Operator

Colorads Noise Abatgnmt Statute
Guidance Documents

2Applies to trestinent residuals only. .

*To be considered.
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T Plant (RFP) Opcrable Umt 1 (OUl) Corrective. Measures Study/ Feasibility Study (CMS/FS)

R ,x_,

regarding radionuclide and semi-volatile -organic contamination In surface coils. Surface sl
radiological contamination has been included within the scope of the Operable Unit 2'(OU-2)
CMS/FS, however, technology identification and screening of remedial technologies was
performed prior to the determination to include OU-1 surface soils in the larger CU-2
contamination plume. Work completcd to date on identification, screening, and evaluation of -
technologies appropriate for contaminants identified in OU-1 surface soils is presented through
the attached tables (see back of text). '

Identification of potential remedial technologies for radiologic contamination in surface
soils was accomplished through current literature reviews, vendor contacts, and input of Dames
& Moore personnel with experience with radiological contamination. This technology
identification resulted in the development of an extendcd list of poteritial technologies for

consideration at OU-1 and the REP as a whole.

In addition to the screening and evaluation of technologies presented in the attached
tables, specific technologies which are considered relatively innovative wére examined in detail
for their potential applicability to the radionuclide contamination found in OU-1. These
.technOIc;gies, high gradient magnetic separation, segmented gate sy_&iem, and TRUclean are

discussed in the following paragraphs.
High Gradient Magneti ion

| High Gradient Magnetic Separation (HGMS) is an innovative technology being considered,
for the removal of materials such as plutoniurh and americium from matrices such as typical
soils. It apphes a high strength magnetic field to the contaminated matrix, causing separatxon
of constltucnts based on magnetic susceptibility. Materials can be classified into two general
categories: (1) diamagnetic solids that are repelled by a magnetic field, and (2) paramagnetic
solids that éfe attracted by a magnetic field. Paramagnetic solids can then be subcategorized as
either strongly paramagnetic (fcrromagnetic), weakly paramagnetic, and nonmagnetic.
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"at RFP are 'ﬁonrﬁagneiic, which is the basis for the séparation.

" Magnetic separation‘applies a powerful magnetic field to the contaminated matrix in-order
to effect a scparation of paramagnetic constituents from nonmagnetic and diamagnetic
constituents. The contaminated matrix is fed to the svsicm in cithcr.dx)' or slurried form. The
wet basis option is described here asa representative proccss oonn The HGMS system isclates

paramagnetic materials by processing a slurried influent stream, with typical solids compositions

A ranging from 30 to 50% by weight. Slurrying typxcally enhances the 1solatxon of plutonium by

suspending it in the aqueous matrix, yielding process effectiveness in removing particulatc
plutonium contamination. The critical operating parameters of an HGMS system are the
magnetic field strength, the residence time of the slurried material, the slurry composition
(solid/liquid ratio), and the type and geometry of the capture matrix. The capture matrix is
a niaterial lining the outside of the magnetic field chamber, typically stainless steel wool, which
traps the paramagnetic constituents as they are drawn toward the magnetic field. Typically a .
capture matrix can trap hp to 10% of its weight before saturating and requiring removal.
Magnétic field strength is a function of power supplied to the HGMS unit, with field strength
proportional to the square root of the power applied. Thus doubling the field strength would

require increasing power input by 4 times. Increased magnetic field strength increases removal - -

_ 'efﬁciehcy. of paramagnetic materials. The proper field strength must be determined byA':f' .

tréathbility studies, with the optimal field maximizing removal of target contaminants while
minimizing effects.on non target constituents. Typical HGMS units can treat between 5 and 60
tons of solid per hour, with field strengths between 10 and 20 kilogauss. Both batch and

continuous options are available.  Support equipment includes a feed preparation system to

slurry and screen the contaminated soil, and water polishing to recover plutonium from wash

water used to clean the capture matrix. Figure I-1 depicts the unit operations involved in

magnetic separation.

The soil exiting the HGMS should be below the release criteria and suitable for drying

. and disposal or additional treatment for PAHs. PAHs would not be affected by this treatment

since they are nonmagnetic organic molecules. Treatability studies are currently underway on
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or packaging)
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opper Slurried Waste
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Containers for Inspection

“ _ Low Level Waste for Disposal - Plutonium, Uranium, Amerfgl ,V
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Shipment to On-Site Disposal Facility

Non-Magnetic Material .
! v Remediated Soil ’ ’ :

'(For disposal or PAH treatment if required)

. Figure 1-1. Magnetic Separation Unit Operations
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apphcablhty of HGMS to RFP soils md to detcrmmc the optlmal opcratmg parameters for -

maximum treatment efiiciency. ‘ B -

ow

- .Segmented Gate System

The Segmcnted Gate System is a propnctary physical separatxon process from Thermo

Ana]yueal for. the volume reduction of radiologically contammated soils, sands, and sediments.

It employs basic sand and gravel handlmg equxpment an array of radiation sensors, and 2 scries

. of - gates which' divert contammated material away from clean material, thus reducmg the

contammated volume requiring disposal.

The contaminated material is first pre-conditioned to remove large rocks and metal debris

wﬁjCh would interfere with the radioactivity detectors. This is done by passing the material

..through screens to remove rocks, then subjectmg it to magnets to remove metal debris. The
~ material is subscquently loaded onto conveyer belts. The thickness and width of material on the
-belts-is kept constant, and the conveyer belt speed is held constant by computer control to ensure

. uniform assaying by the radiation detectors. The material passes under an array of overlappmg

radiation detectors which assay the entire volume of soil to determine radioactivity. The levels

- of radioactivity are recorded by a computer and compared against a preset rejection threshold.

This information is fed to a control system which operates a row of piston mounted diversion
gatés located at the end of the conveyer belt. The clean material falls off the belt and is
collected, but the control system actuates the pistons and diverts "hot” material through one or

more of the diversion gates to a scparate holding area. As little as one pint of material can be

diverted. . The process can be used alone to reduce waste volume for disposal, or combined with

other radioactive soils treatments with substantial cost savings due to the decreased volume for

treatment.

*.--Thermo Analytical is currently operating a Segmented Gate System at the Defense

‘Nuclear Agency’s Johnston Atoll. They are presently processing 2400 -metric tons of soil per

week with an overall volume reduction of 98%. The current system has a belt speed of 30
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- detcctors whxch dctect gamma emissions from americium mo]ecu]cs arrangéd i in'an 0vcr]appm

3o ]

pattern to ensure assaying of all material. The current rejection l‘l’eshold 1s approximately 13.1

pCi of total activity for any 0.1 m® of waste or a particle actxvxty of 135 pCi or more. Thermo -

Analytical belicves much-lower thresholds can be achieved by decreasing waste depth and belt

speed. The limiting factor in the process is the need for.contamination to be significantly above

B background,l,to maintain confidence in the radiological assay.

The Segmented Gate System is potentially applicable to the Rocky Flats Plant based on

* its potential for 's‘i‘gn'iﬁcamly reducing the volume of material requiring disposal or further

treatment. Applicability and effectiveness will be heavily dependent on two factors: natural
background radiation levels at the site, and the distribution of the contaminants within the soil

matrix. Work is currently underway to determine natural background radiation levels at the

* RFP. Samples taken to date yield plutonium concentrations from 0.0244 to 0.100 pC'i/g, but
the actual background levels have not yet been determined. .. The difference between the

background levels and the target level _fdr contaminant removal will greatly affect process

applicability and effectiveness, since the smaller the difference, the lower the level of confidence

in the radiological assay. Also, since the system removes "hot" materials from the soil,

contaminant distribution will also greatly impact process applicability and effectiveness.
Uniform distribution \_yili result in little or no volume reduction because either all or none of the
soil will be rejected. Further characterization of the plutonium plume and treatability testing will
provide information to determine the applicability and effécti*veness of the Segmented Gate
System to the RFP. Polynuclear aromatic hydrocarbons would likely be unaffected by this

treatment since they are not seen by radiation detectors ‘

TRUclean

TRUclean is a proprietary soil washing process from the Lockheed Corporation for the
removal of radionuclides and heavy metals from soils, sludges, and sediments. It employs soil

washing, sized fractionation, and gravimetric separation techniques to reduce the volume of

contaminated material. The patented process is modular, with site specific arrangements of
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sequ‘enceﬁ according to contaminant and. media characteristics. Pilot scale tests,.determine”

optimum onvrc.t'n ;)Jalnucrs

The key component iﬁ the system is the gravimetric separation unit, which separates the
material in théﬁcgémaminat"cd media based on specific gravity differences.  This is donz by
passing the siurriéd media over a screen and screen bed and then exposing’it to a vertical.
hydraulic pulse. The pulse, a sudden upflow of water through thé screen and screen bed,
'temporan'ly sdspends all particles in the contaminated matrix and therefore fluidizes the screen
bed. Followmg the pulse, the water drains back through the screen and screen bed before the
pulse is repcated " This cycle causes the constituent paruclcs to fracuonate based on size and
density (setthng velocxty); Dense fine particles settle to the bottom of the screen bed, wheré
small particles pass through the screen while larger particles collect on the screen. The dense
1 L fines are collected continuously from the bottom of the separation unit, while the oversize dense
‘ particles are collected intermittently during maintenance cycles. Less dense parn:cles pass over
the top of the screen bed and are skimmed over a weir upon exiting the gravimetric separation
unit, thus being concentrated in a' tailings product stream. Due to their high densities (specific
gravitiés ‘an order of magnitude higher than water) and relatively small particle size,
radionuclides and- heavy metals are concentrated in the dense fines product stream. The : |
| rémcdiated soil is collected from the tailings and oversize dense product streams.  Other unit »
: ;querétions in the TRUclean process aré used to enhance and optimize the pei'formance of the
- gravimetric sepai'ator. As mentioned earlier, the fypes:énd numbers of suppoft processes vary
based on specific media characteristics, but typically include the following: a trommel screen
for initial wet screening, attrition scrubbing to promote .separation of particulates from the soil
aggregate, and spiral classifiers and centrifugal concentrators to "polish" the tailing stream to
remove any remaining heavy metals or radionuclides. Optional hydrocyclones can also be added
to fractionate out large particles and increase treatment efficiency. Figure I-2 presents a general

flow diagram for the TRUclean process.

The effectiveness of the TRUclean process at RFP has been evaluated in a treatability

study. The study focused on determining the effectiveness of the TRUclean process in remowng
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Rcsults 1nd1cate that apnroxxmately 44 9 percent ‘of the piutomum comammated sonl from the

vicinity of the 903 Pad can be recovered at or below 0.9 pCi/g. Tests also indicated that naturel

j ' organic matter, very common at RFP, inhibits the treatment process by formation of organo- -

metallic compounds with the. plutonium, thus incorporating it into large, less dense molecules.

Polynuclear aromatic hydrocarbons (PAHs) would tend to be unaffected by this treatment and

i hydrophobicity, they would generally not pass through the screen. of the gravimetric separator.

faa
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ROCKY FLATS PLANT - 881 HILLSIDE (OPERABLE UNIT 1) CMS/FS
INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS

;é@;g,;,‘ N

b,

(SOILS) i
Tz
) . PR
GENERAL RESPONSE REMEDIAL - o o
ACTION TECHNOLOQY PROCESS OPTION ‘DESCRIPTION SCREENING COMMENT X
. R . : oL : : ’
No Action * None * |Not epplicable e Requtred for cansideration by NCP Potentally applicahleas a compariscn aganst other G '
Long-tern surface idl Monitoring of site condrtions within aperabte unit after Potentially applicsh'e for monitoring site tpecific *
and ajr monitoring N remediation, or as part of en Institutional contrd period
Monitoring N associated with the no-action altemative
Short-lemn surface soi Monttoring of ste conditions within operable unit during
and akr monitoring remediation activites
institutionat
Controls
t egal restrictions on’ Restrictions on present and future access to land
access prevent unauthorized access to contaminated areas
~ Access Fancing or other physical Fencing, security posts, limited roads, and other various Potentially applicable for contrdling arccess 1o areas \ e
Restrictions barriers physical restrictions limit access to contaminated areas ere subject to dust emissions or surfaca contaminatiofg
Legal restrictions on Restrictions on present and future use and/cr purchase . Potentally épplicahle for contrdling 13a cf tand whid
land use : of 1and; includes actions such as zaning and deed restrictions bé contaminated cr subject to hazarders dust emis

e

[

Doub'e lines surrounding a process option or technology dencte options that were screened out
from further consideration on the basis of technical implemaentabllity, applicability, or feasibility

CO7Mard . SO - : T ' SR



' "ROCKY FLATS PLANT - 881 HILLSIDE (OPERABLE UNIT 1) CMSF§S
INITIAL SCREENING OF TECHNOLOGIES AND pnocess OPTIONS

B B

g

. R
R

{8

e
o

{solLs) T S ; R T v ) -
QENERAL RESPONSE REMEDIAL : .- .
ACTION TECHNOLOQY PROCESS OPTION : DESCRIPTION SCREENING COMPMENT
inermcal Seclant Chemics! stebilizors are mixed with surface sails to form Not eprlicable for frmediation due 1o fitr
a stabilized cover which is resistant to water infiltration lito; nct widdly usodd or azcepted in cleaiups
Clay / 8oil Cep Compacted sail and bentonite (e.g. bentomat finer) Potentialty applicat!a to prevent contac! with surlace B
cap used to reduce water infiltration, and to mitigate which may be contsminated and to con'zin them in sif)
sroelon and dust hazards % e '
- . ement - bas ; ‘ Concrete siab over area of mvﬂ minimizes water Would not be aprropriate for scale renuiced and wouldis
Ceapping L Infilration and mitigates ercaion and dust hazards not provide addibona! pretection beyond cther cap
— Y S .
sphalt - bassed Cap ' Asphait cover over area of concem minimizes water Would not be anprroriate for scale resiirad and wo.n
Infiltration and mitigates erosion and dust hazards not provide additone! protection beyond cthee cap
ynthetc Cap RAexible liner used as sale cover source to reduce water
Infiltration to subsurface, and to prevent dust -mlw'oni
Containment Multmedia Cap EPA recommended cap dodqn which contains loveru!
- ' lsyers (o.g., ciay, gsomembrane, sof, vegetatve);
minimizes water INfitration, erosion, and dust emissions
rversion { kunoft Surface water routing measures that seek to redirect flow
Controd to minimize erosion of sails and spreading of contaminants
wind Breaks Mesh-1ke barriers used to reduce wind speeds over small
. Erosion Control ) &reas to minimize erosion of salls and reduce dust emissions howwev wind bresks would not be c dersd a p
Sﬁrfaco-km_mring Surtace sols are held in place by covéring with riprep Potsnbslly epplicakle to reduce ércsion i npr'cp does
: or other d-bris; minimizes wind and water effects Intertere with remeial eltamative awlrw'w}
i o Vegstajon : Natura) vegetation is used to provide a ﬂrm uUpp# soil layer Po(enn:.'ly enoh:-b'ebas a nature) man for arovion;
. : : . ’ ' o , : . to limh dust erhissions and surface water effects on uonls control;.may be irmnlemented during renedistion

Double lines surrcunding a process option or techndogy dencte options that ware screaned out t
trom further consideration on the basia of technical implementabllity, applicability, or feasibitity

v
v
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~ ROCKY FLATS PLANT - 881 HILLSIDE (OPERABLE UNIT 1) CMS/FS
« INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS.
~ (SOILS) s . : T

Carey

GENERAL RESPONSE REMEDIAL 7 A ,
ACTION TECHNOLOQY PROCESS OPTION _ DESCRIPTION . i SCREENING COMMENT
- . e ’ Loader [ Excavator / Dozer Tractor/wheel rn(vn'!o:d vehicies commonly used to excavate Potentially anplicable for excavation.c! surface and i
. i B or move large amounts of soil; can operaté at various depths subsurfacesols . ‘o
Excavation . . Ly T ' o . . .
i Pneumatic Vacuum omeﬁ_m method for removal dlposo‘dry surface Pot-iﬁé"y iéplicable for nicantion c’ -;udaco'acils;! o
s - solls or pumpable liquids into tank trucks or storage containers ot applicable to subsurface sails . '
) Dust Suppressants 7 Various synthe’ic end natural compounds which:are sprayad Potentally applicab'e to reduce dust erizsions durk
on surface salts to reduce fugitive dust emissions (e.g., water) " remediation of cperable unit
Dust Control umpanry. Spucmrui ' ‘Ught, easily constructed structures used during remediation Not teasible becaus s of areal extent d,;:rv;':\rh!;-\a'ti o

Ramoval / Cisporal

J3ectextie Eovcr 7

Engineersd On-Site
Dispoeal Facllity

On-8Site Disposal

Ot1-Site Disposal Permitted Off-Site

Dispoma) Facitity

. . .
k t

o7-Maro4 .. SR g C T

that provide protection from the effects of wind and rain

. Rexible gectextiie membranes that can beused during

remediation to cover surface sofis and reduce dust ermissions

On-site dispoeal faciity designed to contain site-specific
waste for a single operable unit or for the entire site
Existing facHity which is permitted to accept cpsrable unit-
specific waste or remedial action waste treatment reaiduals

¢

Doubte Iines surrounding mérocna option or technology dencte options that ware screened cut
from further consideration on the basis of technical implementability, a’ppllcnbi!iry, or feasibility v

:

_ subsurface sails o rasicuels which rasu!t rom the tr

not considersd nav eesary for low levels of contami

Applicabitity Is limited because of ;;ee:‘bility thét co
would interfere with proces equipment and persory

Potentially applicable for storage of con'aminated s ' ,
subsurtace soils or residuals which result from the treg!

Potentally applicab'e tor storage of contaminated s



" ROCKY FLATS PLANT - 881 HILLSIDE (OPERABLE UNIT 1) CMS/FS . -
INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS

(SOILS). - -
N N .t
. 3 ’
GENERAL RESPONSE REMEDIAL ) . ;I, . , ,, : )
ACTION TECHNOLOQY. PROCESS OPTION : " DESCRIPTION . SCREENING COMMENT -
Biological Bioremediation Destroys organics through microbial degradation; several Feasibility limited for treating PAH's in u-face soils d
methods are avallable for treatment of PAH's very slow dagradation retes end difficuity in process ¢
Chem:cal ~hemical sndaﬁml Breakdown d PAH’s using chemicals which are typically Ditficult to epply bacause of concems cyer in,irf;:ting'
1 K Reduction Introduced into the subsurface via injection wells or by - additonal chemiznis into the surface = =1s which may.
spraying directly over the surface soils requiring treatment result in the fom=tion of harardous renston produch
In-Sity Treatment of , :
PAMs and PCBs if5al Flushing Aquecus flushing agents are forced through sos via injsction Not feasible for larce ereas which requice shallow. solf )
- . S wells which fiush contaminants Into & collection system treatment K
: Vitnficabon ‘Electrical sol r_nd&ng.proc.ou that destroys most organics Ag;plicabﬂ‘:ty is limvind by stability of h‘!lgidﬁ; also NOU¥Y
- while containing m.ycmhn*mhvh a sotid, glassy matrix appropriats for Tow levels of surtace st contaminat
dio Frequency Heatng - Radio frequency energy Is applied via electrodes 1o heat Not feasble for larga arens which requsra’shalicw sal
Physical ) v/ Vacuum Extraction surrounding safls thersby promoting voatilization of PAH's treatment
Shaflow Sail Mixing Upper layer of surface soils are mixed with lower layers . Potentially applicable tor surface scil« to limit the mol
L to reduce contaminant exposure to efosion problems of contaminants, al®iough may not pre-vant volatiliza K
acuum Extracbon A vacuum s epplisd to subsurface soils to volatilize organics Not applicable for removal of PAH's fivn soils In sil 4

| o

and remove inorganics that are in the vepor phase

Hot alr or steam is infectsd below surface soils 1o farce
organic contarninants to the surface for capture and treatment
of sémi-volatie contaminants

Doubte [ines surrounding & précest ootion or technal ogy denots options that were screened out
from further coneideration on the basis of technical implementability, applicability, or feasibility

do not volatitize significantly at norme! temperatures

Not feasible dus to ditficuty in sufficien”y superhea
steam to ensure edeqiiate tempernhyr=y for vdsﬁliu_i
of semi-valatile con'aminants




ROCKY FLATS PLANT -'881 HILLSIDE (OPERABLE UNIT 1) CMS/FS "

INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS.

¢

A

Double lines surrounding a procéss cption or technclogy dercte options that wers screansd out o
from further consideration on the basis of technical implementability, applicability, or feasibility

PP

"y
>

o4

b 3

't

ST

e

© (solLs) ‘ ' :
QENERAL RESPONSE REMEDIAL S '
ACTION TECHNOLOQY PROCESS OPTION DESCRIPTION . SCREENING COMMENT
Bioremediation Destroys organics through microbial degradation; several Potentislly applicehle for tea¥ng PAV s in excavated
Biological .. methods are available for treatment of PAH's although limited by a s!'ow degradation ratg
d Application Application of & thin layer of waste over an area to promote ‘ Notimplementsh's because of pcesibl@. mdionuctide)
. - I ’ natural blodegradation; may include addition of nutrients , contamination in sxls which would bhe -:m:é!'during
. . . c ;
! . - ) T o t : |
Ultraviciet Photalysis - UV radiation is epplisd to assist in oxidizing organic compounds  Pctentially applicab!s for destroying, PAH's in excaval
Chemical w/ Chemical Oxidation {using various cxddizing agents), thersby destroying them 80i18; Many aromatic reactions are UV (frea radical) ¢
Solvent Extraction Rsmoval of orgenle Eanpiindu from 80l by mass transfer Umited tensibility foe rsmcﬂr;.g PAH'S o adils with
R ! . . to an organic solvent which is then collected:and treatod congentrations; solvent would atil reque o trrtment/d
Ex-Situ Treatment of ’ : i
PAHs end PCBs - : i 4
Soil Washing A variety of cleansing agents can b uzed to-"wash® sal o/ Pctentially spplizatie for remeving cranric compou f
organlc contaminants; sols can be replaced after teatment 8ol althiough agent would stilt requira treatment/dispoll
b hmton ! Binding agents are mixed with cmtaminalqd_sdil Inothera Not appropriate for very low levals d'c'vﬁ‘_-_mim;ﬂm, 7.
olidification batch or continuous process to stabilize/sdlidity contaminants  especially for contarninants with low init:s! mobility
incineration ‘Destrucion of organics through exddation and/or pyralysls; Potentially applicable lcr treatment of FAMT's and PC
Physical Verious methods are avalabie (i.e. rotary kiin, fuidized bed) in surface sails although may not reech FRG target lelll
.__|™ermal Desorption. . Organics are volatiiized from soil through the addition of Potentially spplicahle for trestment of CAH's and PCB
] heat; catalysts may be used to enhance process in surtace 8518 a'*hcugh may not reach FRS target |
. Vitnficaton ! Elocfrk:a"! soil melting process that c_!ostroy's: most organics Potenta'ly appticable for teatment of o':";.nvated 80ils
, W ) while containing other contaminants in a ediid, g'assy matrix but may not be epprogriate for low levels of contamir
Slen Sall] Moiten salt, alr, and sof are combined in a'reactor to Not ecplicable for treatment of PAHS, mve commont
\ fBodium Auxing o destroy organics through o:dd_éﬁq\ and to trap halogens ; lor remeciating chtorinated sdvent contzminaton

1-«

"

N

4



ROCKY FLATS PLANT - 881 HILLSIDE (OPERABLE UNIT 1) CMS/FS _
INITIAL SCREENING OF TECHNOLOGIES AND PROCESS opnons

(sows) .

QENERAL RESPONSE
ACTION -

REMEDIAL
TECHNOLOQY

PROCESS OPTION

. " DESCRIPTION

n-Si%t Treatment of
Radionuclides .

Ex-Situ Treatrnant of
Radionuclides

Sail Aushing

Physica)

tabidizabon / ‘
Bdidification

Shallow Sofl Mixing

Tnﬁvma]

itnficaton

Soi Washing

Stabitization /

Solidificaion

Aanganese Dioxide
P\dsorption

Physical

Mezgnetic Separaton

TRU-Clean

(proprietary process) .

Segmented Gate System

Vitrification .

‘Double lines surounding a process opon or technology d&:w&o options that wers screensd out :
from irther considoration on the basis of technical imptementability, applicabilty, or feasibility

N B oo
Complexing or chalating agents are used to sdlubilize
radionuclides and then extracting the contaminated
fushing solution

Binding agents ers Injected Into contaminated sails and
then harden to stabllize/sdlidity contaminants -

Upper layer of surtace sofls are mixed with |Gwer Iayers
to reduce contaminant exposure to erosion problems

-

Elactrical soil melting process that sncapsuiates mdioruclides
and other contamminants in a sdlid, glassy matrix

A

A variety of cleansiihg agents can be used to “wash® soit of
radionuclides; 8018 can be replaced after voh!mi'\} ’

Binding agents are mixed with contaminated sails In sither a
.batch or continucus process to cmbmzendldlfy contaminants

Redlmudldos are edsorbed from efumied sol onto
manganese dloxide pan!dn

.

A high gradient magnetic.field Is applied to slurmried sal which
forces polar radioncuclides out of dun‘-y onto cdlq&tu plates

Radionuctidas are *‘washed® lru'n slurried scﬁu by a
proprietary, prwpltabon process

- Radioactive pan:‘c!_}s above threshdd activites ere temoved
from soil and concantrated by diversion gates attached &
to radiation menitora . P é’f
Eloctrlcal sail melting process that sncapsu!atn radxcnuchdes'
and other contarninants in a sofid, q'assy matnx ’

radionuclides which covid then migrate toward
groundwater .

D:fficuit to Implement due to Ia.'go surtazo area ahd m

depth of contaminstion -

Applizabiity’ls fimytad by stability of hilisirs; Alva ot
eppropriate for 1éw levels of surface 8ot con'aminatio
large, shallow arens C

Potentially applicable for excavated au-i~ce soils althoel
‘wash® sadution would require additional raatment/di

_Potentally applicatia for excavated su-'ace soils
; contaminated with redionuclides .
N'otv!aaev'b!q due toits evpﬂ'h;nmm! natee end the e
of resmarch and teatability studies it wezi'd require; o
has been acrearad cut rom RFP Siten'da tréatability &

Po(mha!ly e"puc-!"n for excavated si1ca eoiis; l”.
undergoing: Bmmwxry studies at thn *i~un2a Teat Snl

Potertally anplicahle for excavated "J"~:e enils,
May exhibd low treetment efficiency o tina, well
distnbuted radiation sources such as faza at OUY

Dolen;i-"y anpicable for excavatar ---"1c= soils
contaminated with radionuclides



_ROCKY FLATS PLANT - 881 HILLSIDE (OPERABLE UNIT 1) CMS/FS
-EVALUATION OF PROCESS OPTIONS ‘

EFFECTIVENESS

(SOILS) . -
GENEhAL RESPONSE REMEDIAL -
ACTION TECHNOLOQY PROCESS OBT'IUN
No Action None Not applicable -
‘|Long-term surface sail
N Monitoning . and alr monitoring
[Short-term surface sof
. and air Mmonitoring .
Insttutonal ||
Controls ‘
Lega! restrictons on
access
L' Access Fencing or cmc phyal'cal‘
Restrictons barriers
Legal restrictions m‘~
land use
Clay / 8oll Cap
. Capping
Muttimedia Cap
(;,onw'nment | . ‘
Wind &eakll
___Jl . Ergsion anba Sgrfaco Armo"inq » .
Vegetation

-

CoorMares T . Ty ow

May not achlieve remedial action objectves
although required for consideration by NCP

Eftective In monitoring long-term site conditions
after remediation, or as part of ho-action alt. .

Effective In monHaring ehort-tem 't condiions
to protect worker and public health and safety
Effective for relatively short-term contral of

present and future access to designated area

Moderately eftoctive for relatively short-term
contrad of present and future access to area

. “ .
Eftective for contrdl of present and future use
of fand which Is affected by remedia) actions

Moderately sftoctive in preventing precipitation
from reaching and mobiizing contaminated areas

- Most offective form of cap which Is resistant to
weathering and cracidng over its design life

Merginally effective In-reducing dust smissions or

erosion over large areas of soil

EHective In reducing soil srosion caused
by wind and precipitation; also minimizes dust

Effective ih reducing 8o erosion due to wind
and precipitation if vegetation is maintained

IMPLEMENT ABILITY

Difficult to imptement if public concomn

"Is high reqerding site conditons

Ly
Readly implementatle depanding
on remedial altematve solected

Readily implementatta depending

on remadial altemative salacted

Difficulty in obtalhing nazassary legal
resricions may reduce implemantability

ﬁmdﬂy implementable i ares un-er
. consideration is elready site prme-:'.y

Diticuity in obtaining noceqwry lnq-J
restrictions may reduca implemaniability

Easieat to implement relative to cther
types of cape/coverl available

Modaretdy diffcuit 1o implamant ba«vj
on variety of malenals required

Readily implerentablae: cons nct require
subcontractor support

Readily implementabia it local s nply of
riprap or debris is available

Readly ‘nplementab!s; requires cormmon
fandscaring equipment evailable locatly

“Very Lcwd&M

© Lo Cepita] |

Very Low Capital 523
Very Low O &M |

Low Ceg xh!
Lo & "

Low 'lep‘;b'.!‘
Very Low O &AM 2

Leve Capitad
Vory Low O &M
Hig' Capitat
Len O MY

Low O M

High Capital |
Very Low O &M E

Wovioeate Capital
Woivato O & M




ROCKY’ FLATS PLANT - 881 HILLSIDE (OPERABLE UNIT 1) CMSIFS

- EVALUATION OF PROCESS OPTIONS

- o7-Mar-94

‘j(SOILS) e s -
. ~l.
QENERAL RESPONSE REMEDIAL - : E o .
ACTION TECHNOLOQY : ﬁhOCESS-OPTION' EFFECTIVENESS AMPLEMENT ARIUTY RECLATIVE €O
Y .- o - . -
Loader / Excavator / Dozer Effective for excavating soils and sludgee fess: Readily implementatie; uses common road Low Capital- 5. X
) Excavation © than 30 fest deep bullding and construction equipmant Modnmts O &M 35
Pﬁsun'\adi: Effective In removing loose, dry sofls or pumpable  Readily imptementable Low Capital
) liquids from ground surfaces and surface waters M Liw O &M -
‘ . . 37
Ramoval / Cirposal Dust Contral Dust Suppressants Modnrately sffective for reducing surface dust Readily iImpltementeble elthough certnin Low Copita) .« )
) generation depending on type of suppressant suppressants may bs considerdd hazardous:  M~derate O &M AE'
. "
- On-Sité Disposal Engineerad On-Site Effective in contrining treated or residual Ditficuit to implement bacayuse ¢f permit Very High Capital |
Disposal Facility wastes assurning the facility s’ designed property ' requirements and administrative concems Hch O&AM .
. Oft-Site Disposal Permitted Off-Site Eftective In containing treated or residual Readily Implementable for wastes cthee Movierate Ca;)ltal
Dispoeal Facility . wastes if proper facility Is available then TRU or mixed (radicactive harardous) Veyvlow O l M g
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ROCKY FLATS' PLANT 881 HILLSIDE (OPERABLE UNIT 1) CMS/FS

EVALUATION OF PROCESS OPTIONS

o

(] . i
(SOILS) o R : @ g !
QENERAL RESPONSE REMEDIAL S .
ACTION TECHNOLOQY PROCESS OPTION EFFECTIVENESS N IMPLEMENT ABILITY
IS i .
Soil Rushing - Innovative technology which Is effoctve for - Moderataly ditficu't to Implemen!; requires High Capital . X
In-Situ Treatment of Physical removing certain radionuclides from sofl particles | a system to cdlect and treet flushing agent Motorate O &M 8
Radionuclides ] ) . L v &
L Shallow Sail Mixing . - Effective-in stabliizing upper layer of soiis In sity Readily implementable; uses commonty . Figh Capital®
. . to prevent migration/contact with rudi?nu'dldcs available.construction equipment HighO &M
] ¢ A T . - . .
' Soil Washing Effective for removal of radionuciides from sol Imptamentable technology which |8 based” X 3
. it proper washing agents are used in the process on commonly used ore mining technddgies M::«_'ﬁ{atebo & M '8
s . . _ “
Stabilization/ Effective in containing radionuclides by contain- Modamtay difficutt to implament beacause Molemte Capl
Solidification Ing them In & stabiized or solidified matrix of problens with long-term teach resistance Novioralo O &M_ 2
. ' #~ . . &
Physicel Magnetic Separation Effective for removing trece amounts of metals Moderately difficut to Implerment WNdordte Capl nf M ‘?—
from liquid waste strsams, including mdionudiides ' . Noserato O KM
: ' ﬁ :!{
TRU-Clean Innovetive, propristary process which is a form Readily implementable but reuires consent  Migh Cepital? ‘ ;;
. (proprietary procm) of soil washing used specifically with rad.metals ~ of proprietary vendor for implementation Mo ierate O ¢ R
Ex-Situ Treatment of o o
Radionuciides . Segmented Gate Syihm Eftactive for rerhoval of discrete radionctive Readily implementabis Uses commaon Low Capital - 7y
particies. Effectiveness for contaminants sand-and-gravel handling equipment end Moderate O & M3
distributed by weathering wou/d be dﬂmnod common rediaton rmonitors. Contd R
' by treatability studies . software and design are propriciary
. H . ‘
Therma! Vitrification Vu'y efloctive'for conb.’ni;‘\q radicnuclides i a hnovath !ochndﬂgy which tg ditficuit - Vrry High, Cahuml '

ofassy sdid n)atﬂx :which is resistant to leaching

to mplemmt based on its complexty
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