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CHAPTER 2

| DENTI FI CATI ON AND SELECTI ON OF REMEDI AL ACTI ON/ CORRECTI VE
MEASURE ALTERNATI VES

Section |I. Introduction

2-1. Three-Step Approach

a. Responses to the uncontrolled rel ease of hazardous substances are
conduct ed under the statutory authority of either CERCLA or RCRA. Although the
term nol ogy used under each authority is different, in each case the
identification and selection of the appropriate response to the rel ease of
hazar dous substances is conducted in an orderly, phased approach. Figure 2-1
illustrates the sinlarities and differences between the response action
process under each statute. Because of the simlarities in the processes and
the substantially |arger experience base associated with response actions
conduct ed under CERCLA, the remainder of this chapter focuses on the CERCLA
process and uses CERCLA termi nol ogy. Where appropriate, the user of this
manual shoul d use Figure 2-1 and Table 2-1 to crosswal k between the CERCLA and
RCRA response action processes.

b. Under CERCLA, the identification and selection of the appropriate
response to the uncontrolled rel ease of hazardous substances is conducted in
an orderly, phased approach consisting of three steps: (1) the prelimnary
assessment (PA), (2) the site investigation (SI), and (3) the renedi al
i nvestigation/feasibility study (RI/FS). The overall process is shown in
Fi gure 2-2.

c. The PAis usually a review of historical records, including current
and past |and uses. The enphasis of the PAis the identification of activities
that may have resulted in the inproper handling of hazardous substances.
Interviews with personnel famliar with site operations may be conducted
during the PA. The PAis designed to identify the potential, not the extent,
of a hazardous waste probl em

d. Should the PA reveal a potential problem a SI may be conducted. The
SI includes topographic setting, geological surveys, surface and groundwater
flow, building and utility |ayouts, and the condition of structures |located on
site. The SI may include sone field investigations to identify site
characteristics such as soil contamination, |iquid discharges, and
abnormalities in vegetation.

e. Should the SI indicate the need for further study, a RI/FS may be
conducted. The RI/FS is the nethodol ogy that the USEPA Superfund program has
established for characterizing the nature and extent of risks posed by
uncontrol l ed hazardous waste sites and for eval uating potential renedial
options. This approach should be tailored to specific circunstances of
i ndividual sites; it is not a rigid step-by-step approach that nust be
conducted identically at every site. The objective of the RI/FS is not the
unobt ai nabl e goal of renoving all uncertainty, but rather to gather
i nformation sufficient to support an inforned risk managenent deci sion
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Tabl e 2-1. CERCLA\ RCRA Ter m nol ogy Crosswal k
CERCLA Process RCRA Process Qbj ecti ve
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regardi ng which renedy appears to be nost appropriate for a given site. The
general RI/FS process is shown in Figure 2-3.
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Figure 2-3. Overview of the RI/FS Process
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2-2. Cuidance.

a. For primary guidance on the formul ati on, evaluation, and selection
of remedial action alternatives, the National G| and Hazardous Substances
Contingency Plan (NCP) found at 40 CFR 300 shoul d be foll owed.

b. For detailed information on the conduct of remedial investigations
and feasibility studies, EPA*s Gui dance on Conducting Remedi al |nvestigations
and Feasibility Studies Under CERCLA (Interim Final, October 1988) should be
consulted. The revised guidance is designed to (1) reflect new enphasis and
provi si ons of the Superfund Anmendments and Reaut horization Act (SARA),

(2) incorporate aspects of new or revised guidance related to aspects of
renmedi al investigations and feasibility studies (RI/FSs), (3) incorporate
managenment initiatives designed to streamine the RI/FS process, and (4)
refl ect experience gained from previous RI/FS projects.

2-3. RI/ES Procedure.

a. Scoping. Scoping is the initial planning phase of the RI/FS
process, and nany of the planning steps begun here are continued and refined
in |later phases of the RI/FS. Scoping activities typically begin with the
collection of existing site data, including data from previous investigations
such as the prelininary assessnent and site investigation. On the basis of
this information, site managenment planning is undertaken to prelimnarily
identify boundaries of the study area, identify likely renedial action
obj ectives and whether interimactions may be necessary, and establish whether
the site nmay best be renmedied as one unit or several separate operable units.
Once an overall managenment strategy is agreed upon, the RI/FS for a specific
project or the site as a whole is planned. Typical scoping activities, shown
in Figure 2-4, include:

(1) Initiating the identification of potential applicable or relevant
and appropriate requirenments (ARARs) and di scussing themw th the support
agency.

(2) Deternmining the types of decisions to be made and identifying the
data and other information needed to support those deci sions.

(3) Assenbling a technical advisory cormttee to serve as a review
board for inportant deliverables and to nonitor progress during the study.

(4) Preparing the work plan, the sanpling and anal ysis plan (SAP)
(whi ch consists of the quality assurance project plan (QAPP) and the field
sampling plan (FSP)), the health and safety plan, and the comunity rel ations
pl an.

b. Site Characterization.

(1) During site characterization, field sanpling and | aboratory
anal yses are initiated. Field sanpling should be phased so that the results of
the initial sanpling efforts can be used to refine plans devel oped during
scoping to better focus subsequent sanpling efforts. Data quality objectives
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Figure 2-4. Scoping the RI/FS Process

are revised based on an inproved understanding of the site to facilitate a
nmore efficient and accurate characterization of the site and, therefore,
achi eve reductions in tine and cost.

(2) Aprelimnary site characterization sunmary is prepared to provide
the | ead agency with information on the site early in the process before
preparation of the full Rl report. This sunmary will be useful in deternining
the feasibility of potential technologies and in assisting both the |ead and
support agencies with the initial identification of ARARs. It can al so be used
to assist in performng their health assessnent of the site.

(3) A baseline risk assessnent is developed to identify the existing
or potential risks that may be posed to human health and the environment by
the site. This assessment al so serves to support the evaluation of the no-
action alternative by docunmenting the threats posed by the site based on
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expect ed exposure scenari os. Because this assessnment identifies the primary
heal th and environnental threats at the site, it also provides val uable input
to the devel opnent and eval uation of alternatives during the FS. Site
characterization activities are shown in Figure 2-5.
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Figure 2-5. Overview of the Site Characterization Process

c. Devel opnent and Screening of Alternatives.

(1) The devel oprment of alternatives usually begins during or soon
after scoping, when likely response scenarios nmay first be identified. The
process for devel opi ng and screening of alternatives is shown in Figure 2-6.
The devel opnent of alternatives requires (a) identifying renedial action
objectives; (b) identifying potential treatment, resource recovery, and
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cont ai nnent technol ogies that will satisfy these objectives; (c) screening the

t echnol ogi es based on their effectiveness, inplenentability, and cost; and

(d) assenbling technol ogies and their associated contai nment or disposa
requirements into alternatives for the contam nated nedia at the site or for
the operable unit. Alternatives can be devel oped to address contani nated
medi um (e.g., ground water), a specific area of the site (e.g., a waste |agoon
or contamni nated hot spots), or the entire site. Alternatives for specific
medi a and site areas either can be carried through the FS process separately
or conbined into conprehensive alternatives for the entire site. The approach
is flexible to allow alternatives to be conmbined at various points in the
process.

2-8



EM 1110- 1-502
30 Apr 94

(2) A range of treatment alternatives should be devel oped, varying
primarily in the extent to which they rely on |ong-term managenment of
resi dual s and untreated wastes. The upper bound of the range would be an
alternative that would elimnate, to the extent feasible, the need for any
| ong-t erm managenment (including nmonitoring) at the site. The | ower bound woul d
consi st of an alternative that involves treatment as a principal el enment
(i.e., treatment is used to address the principal threats at the site), but
some | ong-term managenment of portions of the site that did not constitute
“principal threats” would be required. Between the upper and | ower bounds of
the treatnent range, alternatives varying in the type and degrees of treatnent
and associ ated cont ai nment/ di sposal requirenments should be included. In
addition, one or nobre contai nment options involving little or no treatnent
shoul d be devel oped, and a no-action alternative should al ways be devel oped.

(3) Once potential alternatives have been devel oped, it may be
necessary to screen out certain options to reduce the number of alternatives
that will be analyzed in detail in order to mininize the resources dedicated
to evaluating options that are |less pronising. The necessity of this screening
effort will depend on the nunber of alternatives initially devel oped, which
will depend partially on the conplexity of the site and/or the number of
avai |l abl e, suitable technol ogies. For situations in which it is necessary to
reduce the initial nunber of alternatives before begi nning the detail ed
anal ysis, a range of alternatives should be preserved so that the
deci si onmaker can be presented with a variety of distinct, viable options from
whi ch to choose. The screening process involves evaluating alternatives with
respect to their effectiveness, inplenmentability, and cost. It is usually done
on a general basis and with [imted effort (relative to the detailed anal ysis)
because the information necessary to fully evaluate the alternatives may not
be conplete at this point in the process.

d. Treatability Investigations. Should existing site and/or treatment
data be insufficient to adequately evaluate alternatives, treatability tests
may be necessary to evaluate a particular technol ogy on specific site wastes.
Generally, treatability tests involve bench-scale testing to gather
information to assess the feasibility of a technology. In a few situations, a
pilot-scale study nay be necessary to furnish perfornance data and devel op
better cost estimates so that a detail ed anal ysis can be perfornmed and a
renmedi al action can be selected. To conduct a pilot-scale test and keep the
RI/FS on schedule, it will usually be necessary to identify and initiate the
test early in the process.

e. Detailed Analysis. Once sufficient data are available, alternatives
are evaluated in detail with respect to nine evaluation criteria that the EPA
has devel oped to address the statutory requirements and preferences of CERCLA
The alternatives are anal yzed individually agai nst each criterion and then
conpared to determ ne their respective strengths and weaknesses and to
identify the key tradeoffs that nmust be bal anced for that site. The results of
the detailed anal ysis are summari zed and presented to the decisi onmaker so
that an appropriate renedy consistent with CERCLA can be sel ected. The
detail ed anal ysis process is shown in Figure 2-7.
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Section |Il. Determ ning the Nature and Extent of Contani nation

2-4. Existing Site Conditions. The first step in the remediation process is
to determne the nature and extent of contanination. The scope and conplexity
of the investigation and any subsequent studies are highly site specific.

2-5. Scoping. Scoping is the initial planning phase of site renedi ati on and
is begun, at least informally, by the | ead agency*s responsible project
manager as part of the funding allocation and planning process. The | ead and
support agenci es should neet and, on the basis of available information, begin
to identify (a) the types of actions that may be required to address site
probl enms; (b) whether interimactions are necessary to nitigate potentia
threats, prevent further environnental degradation, or rapidly reduce risks

2-10



EM 1110- 1-502
30 Apr 94

significantly, and (c) the optinmal sequence of site actions and investigative
activities.

a. njectives. Once the | ead and support agencies initially agree on a
general approach for managing the site, the next step is to scope the project
and devel op specific project plans. Project planning is done to:

(1) Determine the types of decisions to be nade.

(2) ldentify the type and quality of data quality objectives (DQOs)
needed to support those deci sions.

(3) Describe the methods by which the required data will be obtained
and anal yzed.

(4) Prepare project plans to docurment methods and procedures.

b. Project Planning. The specific activities conducted during project
pl anni ng i ncl ude:

(1) Meeting with | ead agency, support agency, and contractor personne
to discuss site issues and assign responsibilities for RI/FS activities.

(2) Collecting and anal yzing existing data to devel op a conceptua
site nodel that can be used to assess both the nature and the extent of
contam nation and to identify potential exposure pathways and potential human
heal th and/or environnental receptors.

(3) Initiating limted field investigations if available data are
i nadequate to devel op a conceptual site nodel and adequately scope the
proj ect .

(4) ldentifying prelimnary remedial action objectives and likely
response actions for the specific project.

(5) Prelimnarily identifying the ARARs expected to apply to site
characterization and site renediation activities.

(6) Determining data needs and the level of analytical and sanpling
certainty required for additional data if currently avail able data are
i nadequate to conduct the FS.

(7) ldentifying the need and the schedule for treatability studies to
better evaluate potential renedial alternatives.

(8) Designing a data collection programto describe the selection of
t he sanpling approaches and anal ytical options. (This selection is docunented
in the SAP, which consists of the FSP and QAPP el enments.)

(9) Developing a work plan that docunents the scoping process and pre-
sents anticipated future tasks.
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(10) ldentifying and docunmenting health and safety protocols required
during field investigations and preparing a site health and safety plan

(11) Conducting comunity interviews to obtain information that can be
used to develop a site-specific conmunity relations plan that docunments the
obj ectives and approaches of the comunity relations program

(12) Submitting deliverables required for all RI/FSs in which field
i nvestigations are planned including a work plan, SAP, a health and safety
plan (HSP), and a community relations plan (CRP). Although these plans usually
are subnitted together, each plan may be delivered separately.

2-6. Site Characterization.

a. Renedial action at any uncontrolled hazardous waste di sposal site is
preceded by an extensive site investigation. In nost cases, the site
i nvestigation is conducted in sequenced phases. The initial site description
is usually conpleted by the state or Federal agency that is screening the site
to identify the associ ated hazards and to determine its ranking as a
prospective candidate for cleanup activities. In this screening operation
information often is collected that is not directly applicable to engineering
probl ems, and critical factors nay be onitted that are necessary for selection
of specific remedial measures. At various stages in the design of renedial
neasures, it becomes necessary to develop specific information for eval uation
of particular processes; i.e., additional phases of data collection becone
necessary as the remedi al program evol ves.

b. During site characterization, the SAP, devel oped during project
pl anning, is inplenented and field data are collected and anal yzed to
determ ne to what extent a site poses a threat to human health or the
environnent. The nmmj or conponents of site characterization are presented in
Figure 2-5 and incl ude:

(1) Conducting field investigations.
(2) Analyzing field sanples in the |aboratory.

(3) Evaluating results of data analyses to characterize the site and
devel op a baseline risk assessnent.

(4) Determining if data are sufficient for devel opi ng and eval uating
potential renmedial alternatives.

c. Because information on a site can be linmted prior to conducting an
R, it my be desirable to conduct two or nore iterative field investigations
so that sanpling efforts can be better focused. Therefore, rescoping may occur
at several points in the RI/FS process. During site characterization,
rescopi ng and additional sanmpling may occur if the results of field screening
or |l aboratory anal yses show that site conditions are significantly different
than originally believed. In addition, once the analytical results of sanples
have been received (either froma |aboratory or a nobile |ab) and the data
eval uated, it nmust be decided whether further sanpling is needed to assess
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site risks and support the evaluation of potential renedial alternatives in
the FS. At this tinme, it is usually apparent whether the data needs identified
during project planning were adequate and whet her those needs were satisfied
by the first round of field sanpling.

d. Field investigation nethods used in RIs are selected to neet the
dat a needs established in the scoping process and outlined in the work plan
and SAP. Specific information on the field investigation nmethods described
bel ow is contained in A Conpendi um of Superfund Field Operations Methods (EPA
1987)

e. The initial investigation for site screening purposes produces a
body of data that, in nost cases, provides the basis for planning all further
data collection. At the beginning of any renedial program it is vital that
the screening data be exam ned critically and data gaps be identified. Any
renmedi al investigation report generated by a site inspection teamw || include
a description of the physical |ayout of the site and the activity at the site;
i.e. , treatment, storage, concentration, reclainng of waste, etc., and a
prelimnary assessnent of the nature and extent of the hazard posed by the
site, e.g. , toxic release, fire, explosion, etc.

f. Table 2-2 provides a checklist of the major features to be included
in any site description. In many cases, linitations of tinme and equi pment may
prevent the site visitation team from maki ng conpl ete assessnents, and sone
features of the site that are critical to renmedial action may be intentionally
or unintentionally conceal ed by the personnel at the site. For exanple, where
drummed wastes have been stored in an unprotected manner, it would not be sur-
prising to discover that drunms are also buried at the site. In sone cases, the
vi si ble wastes may be | ess of a problemthan the buried material. If bulk
liquids were handl ed and the site investigation indicated the absence or
i nadequacy of controlled drai nage | oadi ng and unl oadi ng areas, it may be
assuned that spillage has contam nated the soils at waste transfer points.

I nferences such as this are helpful in providing clues as to what additiona

i nvestigations would be useful. Table 2-3 provides gui dance on what features
inthe initial remedial concept report can be useful in indicating the course
for further data collection.

g. In any review of prelimnary hazard assessnents and site inspection
reports, all nmajor pathways for nmovenent of toxicants should be considered
(Figure 2-8). The review should result in a ranking of potential or actua
wast e di spersal pathways as to potential damage to the site*s surroundi ngs and
an overall hazard assessnment based on waste characteristics, pathways,
receptors, and site managenent practices (Figure 2-9).

2-7. Health and Safety Consi derations.

a. Due to the very nature of renedial investigation, necessary
precautions to prevent loss of life, prevent injury, or mnimze health
hazards are paramount. Since exact rul es cannot be devel oped for every
contingency, an effective health and safety program should take into
consi derati on:
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Tabl e 2-2. Checklist of Mjor Features Included in
Site Description

|. Site Sketch

The foll owi ng features should be included:

Site boundaries Loadi ng/ unl oadi ng ar eas
Entrance and exit |ocations O fice areas

Access roads Water well | ocations

Di sposal |ocations Treatnment facility |ocations
St orage areas Sur face drai nage

Il. Chenmical Storage Facilities Description

St orage tanks: numnber, volune, condition, content, etc.
Drums: nunber, condition, |abeling, volume, content, etc.
Lagoons and surface pits: nunber, size, use of liner, content, etc.

I11. Treatnent Systens

The presence of any treatnment systens should be noted. These can be difficult
to evaluate visually. General appearance, maintenance, and integrity should be
visual | y assessed; operators should be asked for any nonitoring records;
presence of odors should be noted; any effluents or residues should be visu-
ally characterized; and types of wastes and volunes treated should be

descri bed.

I nci nerators Vol ume reduction
Fl occul ation/filtration Wast e recycling
Cheni cal / physi cal treatnent O her

Bi ol ogi cal treatnent

IV. Disposal Facilities

The presence and use of any of the foll owi ng operations should be noted. A
description of the size, use of liners, soil type, presence of |eachate, and
presence of dead vegetation or aninmals should be obtained. A description of
managenment practices should be obtained. Site workers should be interviewed.
Wast e types shoul d be descri bed.

Landfills Sur face i npoundnent
Landf or ns Under ground injection
Open dunp I nci neration

(Conti nued)
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Tabl e 2-2 (Concl uded)

V. Hazardous Substance Characteristics

Mani fests, inventories, or nmonitoring reports should be obtained. Markings on
cont ai ners shoul d be noted.

Chemical identities Cont ai ner mar ki ngs

Quantities Moni t ori ng data, other

Hazard characteristics anal ytical data
(toxic, explosive, flammable, Physical state (liquid, solid
etc.) gas, sl udge)

VI. Geohydrol ogical Assessnent

Situations that pronote hazardous substance migration (i.e. , porous soils,
porous or fractured bedrock formations, shallow water tables, flow ng streans
or rivers nearby, etc.) should be included in the site report.

Soi | geol ogy or rock type Water wells (use and water depth)

Surface water features Er osi on potentia

Surface drai nage pattern Fl oodi ng potentia

Ground-wat er conditions/dept hs/
novenent

VIl. Identification of Sensitive Receptors

Nunber and | ocation of Ot her public use areas (roads,
private hones parks, etc.)

Publ i c buil di ngs Nat ural areas

(1) Established rules and adherence thereto.
(2) The application of common sense, judgment, and technical analysis.

b. ER 385-1-92 conprehensively establishes those safety and health
docunents and procedures required to be devel oped for hazardous and toxic
waste (HTW activities. 29 CFR 1910.120 addresses the safety and health of
enpl oyees wor ki ng at hazardous waste sites. It defines, at least in a
regul atory sense, the components of an effective safety and heal th program
and shoul d be considered the primary reference for all safety and health-
rel ated matters at hazardous waste operations.

c. Agencies involved in renmedial investigations nmust clearly establish
an effective organi zation with prescribed responsibilities. Detail ed
di scussions of the various |levels of responsibility of an organization are
covered in applicabl e EPA gui dance.
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Table 2-3. Critical Areas in Evaluation of Site
Data from Prelimnary Assessnent

|. Waste Vol unes

Do the input, output, and storage records agree with observed activities?
Were wastes received and not |ogged in? Are designated wastes received and not
| ogged in? Are designated waste burial sites of a size consistent with the

vol unes recorded? |If drum storage is used, are the drunms filled and do they
contain solids or liquids? Wuld an inventory based on a drum count be
reliable for this site?

Il. WAste Characteristics

Do anal yses of sanples of wastes agree with recorded contents on | ogs and
| abel s? I's there obvious evidence fromdrum corrosion or fuming that the

| abel s are incorrect? Are wastes observed consistent with the stated waste
sources?

I11. Extent of Danmge Observed

Do ground-water, surface-water, and soil sanples show contam nants consi stent
with the types of wastes appearing on records, |ogs, manifests, and | abel s?
Are the wells sanpled for water contanination suitable as nonitoring wells in
construction and | ocation?

2-8. Data Base Requirenents. A data base for each site will be devel oped as
the site investigation proceeds. As the selection of renmedial action is made,
addi tional specific data requirenments will appear. Typically, the prelininary
site assessnent will produce a conpilation of data on types of material
receptors, and site managenent practices. As specific options are investigated
and treatnent or contai nment options are eval uated, nore data on the type of
material and on the position and concentration of specific pollutants in
ground or surface water will be required.

a. Waste ldentification and Quantification

(1) In nost field investigations for site assessnment an attenpt wll
be made to select sanples froman enforcenent viewpoint, i.e., to find high
concentrations of toxicants that nust be cleaned up. Sanples collected in
nonenforcenent activities (normal site characterization) may have been taken
using a random sanpling technique to obtain average concentrations of
potential toxicants. Care should be taken to distinguish between these two
types of sanples in evaluating site assessment data.

(2) Table 2-4 gives the typical nunbers of sanples taken for analysis
fromdifferent types of waste containers or waste spill areas. Full use of
t hese data shoul d be made in planning additional sanple collection and anal y-
sis activities. In data collected for detailed design of renedial actions,
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Tabl e 2-4. Typical Number of Sanples to be Collected
for Different Informational Requirenents
Case I nf or mati on Nunber of sanples
No. desi red Wast e type Cont ai ner _type to be collected
1 Aver age Liquid Drum vacuum
concentration truck, and
simlar
cont ai ners
2 Aver age Liquid Pond, pit, conbi ned sanpl e
concentration | agoon of several sam
pl es coll ected at
di fferent points
or levels
3 Aver age Solid Bag, drum bin, Sane as case No. 2
concentration (powder or sack
granul ar)
4 Aver age Wast e - - Same as case No. 2
concentration pile
5 Aver age Soi | - - conbi ned sanpl e
concentration of several sam
pl es coll ected at
different sam
pling areas
6 Concentration Liquid Drum vacuum to 10 sanpl es,
range truck, storage each froma
t ank di fferent depth
of the liquid
7 Concentration Liquid Ponds, pit, to 20 sanples
range | agoon fromdifferent
sampl ing points
and dept hs
8 Concentration Solid Bag, drum bin to 5 sanples from
range (powder or di fferent sam
granul ar) pling points
9 Concentration Wast e - - Sanme as case No. 8
range pile
10 Concentration Soi | - - 3 to 20 sanples
range fromdifferent
sampl i ng areas
(Conti nued)
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Tabl e 2-4. (Concl uded)
Case Information Nunber of sanples
No. desi red Wast e type Cont ai ner type to be collected
11 Aver age Al types Al'l containers 3 identical sanples
concentration or 1 conbined
for Iegal sanmpl e di vi ded
evi dence into 3 identica
samples if
honbgeneous
12 Aver age Liquid St or age tank Sane as case No. 6
concentration
ranges of concentration of contaminants will be the critical criterion for

design rather than the highest val ue obtained or the average val ue.

(3) Waste quantification is perforned in an approxi mate manner during
prelimnary site assessnent through drum counts (often made from aeria
phot os) or volune estimates of |agoons, along with witten records of waste
burial. However, many of the approxi mate numbers may have to be refined for
scaling treatment or contai nment strategies. For exanple, additional soi
samples may be required if a major soil cleanup is contenplated. Drummed
liquid wastes may have to be examined to determine if they still contain the
waste originally placed in them The life of a drumin a buried or exposed
environnent is dependent on nmany variabl es including the contents of the drum
the corrosivity of the soil, and the climtol ogical factors the drumis
exposed to. The life of a steel drumcan range from3 to 15 years. The life of
fiber or plastic drunms is expected to be | onger than that of a steel drum
however, no data are available to support this and, as with any drum the life
expectancy will be site specific.

(4) Quantification of buried waste is extrenmely difficult and may
require interviews with site enpl oyees, and even renote sensing techni ques
such as ground-penetrating radar or el ectromagnetic surveys to confirmloca-
tions. Normally, only a mnimmof this type of work would be done during a
prelimnary assessnent.

(5) Data that will be used as the basis for decisionnmaking require
that the analysis of sanples in |aboratories neets specific quality
assurance/quality control (QA/ QC) requirenents. To neet these requirenents,
Federal - or state-lead site investigations have the option of using nobile
| aboratories; the certified | aboratory procedure (CLP) |aboratory, which is
establ i shed by EPA; or a non-CLP | aboratory that neets the data quality
objectives (DQO) of the site investigation.

b. Site Paraneters. During prelinmnary site assessnent, data on site

paranmeters will have been collected. Mdst of this information will have been
collected with a goal of establishing the extent of hazard. More detail ed
information will be needed as renmedi al systens are eval uated. For exanpl e,
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while the initial assessnent nay have established that an aquifer is

contam nated, |ater phases of the investigation will have to establish the
position of the plume of contami nation, the speed and direction of ground-
wat er noverment, and the interconnections present between aquifers. Initia

i nvestigations may have established the average or maxi num concentration of
specific contam nants; followup investigations nmay be concerned with the
retention of contami nants in the soil under specific conditions. Later phases
of data collection will be specifically oriented toward eval uati ng the use of
sel ected treatnent options. Oten, sanples obtained in the prelininary
sampl i ng phase of site assessnment can be used to obtain nore data if they are
mai nt ai ned i n an unchanged condition. For exanple, if phenol-contani nated soi
i s being exam ned for possible transport and incineration, it may be vital to
establish levels of refractory toxic organics such as PCB or dioxin. Waste
sampl es al ready collected along with new sanpl es can be reanal yzed using
techni ques providing low linmts on these specific contam nants.

2-9. Data Base Devel opnent.

a. General

(1) The prelinmnary site assessnent docunentation usually covers the
sources of information specific to the nature and extent of hazard posed by
the site. Table 2-5 sunmarizes the sources of data for site assessnent. A
broader data base nust be devel oped for renedial planning. While nuch of the
data will be devel oped through field investigation at the site, many critica
factors related to contani nant containnent or treatment will be obtained from
published literature and record searches.

(2) \When detailed data collection is planned, care should be taken to
see that the accuracy and the extent of the data suit the need. Many of the
needs in remedial action planning will arise frominput paraneters required
for nodels that relate to treatnment or contai nnent progranms. For exanple, if a
wat er bal ance nodel is to be enployed in designing a cover for a hazardous
wast e nodel, rainfall and evapotranspiration rates becone critical factors as
input to the nodel. Daily rainfall records and hourly rainfall patterns
t hrough typical stormevents would be inportant. Data with |l ess than this
detail would not be useful. Review of nodeling approaches is often a usefu
met hod of determ ning what is needed in data and which paraneters nust be
known with great accuracy and where estimates can be substituted for “hard
data.” For exanple, Table 2-6 |lists variables used in a hydrol ogi c nodel for
landfill cover design and indicates the critical or noncritical nature of each
paranmeter. This type of nodel sensitivity analysis can be used where avail abl e
to save time and expense in data collection

b. Sources of Information. Prelimnary data sources used in site
assessment can often yield detailed informati on on other paranmeters useful in
estimating the effectiveness of various treatment or contai nment strategies.
Usual I y, however, nuch of the data nmust be obtained from |l aboratory anal yses
and field tests. As an exanple, Table 2-7 lists sources of information and
systens for gathering information related to estimating vapor transfer through
a soil landfill cover for a toxic organic waste.
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Table 2-6. Exanple of Data Quality Variation in a Sel ected Nunber of
Par amet ers Used in Hydrol ogic Simulation Mdels

Par anet er

Sat urated hydraulic
conductivity of soi

Soi | evaporation
par anmet er

Soil porosity

Suggest ed source

Field or laboratory
measur ement

Estimte fromsoils
handbook

Esti mat e

Ef fect in nodel

Critical; nodel
very sensitive

Moder at e

Not sensitive

Leaf area of Estimate from crop Moder at el y
pl ant cover i nformation sensitive
handbook
Rai nf al | Cli mat ol ogi cal data Critica
from Nati onal Weat her
Servi ce
Runof f Estimate from Critical
dr ai nage handbook
Tabl e 2-7. Exanpl es of Typical Data Required to Assess
Vapor Moverent through a Soil Cover
Par anet er Source of estimate Measur ement system

Vapor diffusion coefficient
for volatile organic in
air (cn¥ day)

Soil air-filled porosity

Total soil porosity

Concentration of volatiles

at bottom of cover

Depth of soil cover

Cheni cal handbook

Estimated from
porosity and water
cont ent

Estimated from particle

density and bul k
density

Esti mted from concen-
tration of saturation

Esti mted from records

Speci al i zed | aboratory
measur enent usi ng
gas chromat ogr aph/
Mass spectrosopy
(GC/ M5) anal ysis

Measured by displ ace-
ment of gas in pore
spaces

Direct nmeasurenment by
filling pore spaces

Measured by CC/ M
t echni ques on soi
gas

Measured in a boring
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c. Data Measurenent.

(1) Data collected for one phase of a remedial investigation can often
be used in another phase either as an accurate neasurement or as a rationa
estimate. It is inportant that site data be in an organi zed, transferable
form perhaps as a directory report, which should include discrete data sets
relating the waste and the character of the surroundi ng environment.

(2) \Where data are primarily nuneric values (concentrations,
permeabilities, inches of precipitation, etc.), conmputer-based data managenent
is often the cheapest and best system for allow ng rapid updating of files and
mul tiple access. Wth data in a machine-readable form inplenenting nodels for
treatment or containment is rapid and inexpensive. In a simlar manner,
conput er - based cost anal ysis systenms can al so be accessed.

(3) Analyses of the data collected should focus on the devel opnent or
refi nement of the conceptual site nodel by presenting and anal yzing data on
source characteristics, the nature and extent of contanination, the
contam nated transport pathways and fate, and the effects on human health and
the environnent. Data collection and analysis for the site characterization
are conpl ete when the DQOs that were devel oped in scoping (including any
revisions during the RI) are net, when the need (or lack thereof) for renedial
actions is docunented, and when the data necessary for the devel opment and
eval uation of remedial alternatives have been obtained. The results of the R
typically are presented as an analysis of site characteristics and the risk
associ ated with such characteristics (i.e., the baseline risk assessnent).

(4) An R may generate an extensive anmount of information, the quality
and validity of which nust be consistently well documented because this
information will be used to support renmedy sel ection decisions and any | ega
or cost recovery actions. Therefore, field sanpling and anal ytical procedures
for the acquisition and conpilation of field and | aboratory data are subject
to data managenent procedures. The di scussion on data managenent procedures is
divided into three categories: field activities, sanple managenent and
tracki ng, and docunent control and inventory.

(5) A file structure suggested by EPA for the collected data i s shown
in Table 2-8. A file structure consistent with that of other agencies greatly
facilitates conmmunication.

2-10. Community Relations During Site Characterization. Two-way

conmuni cation with interested nembers of the community should be maintained

t hroughout the RI. The renedi al project nanager and community rel ations
coordinator will keep local officials and concerned citizens apprised of site
activities and of the schedul e of events by inplenenting several conmunity
relation activities. These actions are usually delineated in the comunity

rel ations plan and typically include, but are not Ilimted to, public

i nformati on meetings at the beginning and end of the RI; a series of fact
sheets that will be distributed to the comrunity during the investigation and
wi Il describe up-to-date progress and plans for renedial activities; tel ephone
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Table 2-8. OQutline of Suggested File Structure
for Superfund Sites

94

Congressional Inquiries and Hearings:

Cor r espondence
Transcripts

Testi mony

Publ i shed hearing records

Renedi al Response

1 Discovery
- Initial investigation reports
- Prelimnary assessnment report
- Site inspection report
- Hazard Ranki ng System data

Renedi al Pl anni ng
- Correspondence
- Work plans for RI/FS
- RI/FS reports, treatability study results
- Health and safety plan
- QN QC plan

- Record of decision/responsiveness sunmary

Renedi al | npl ementation
- Remedi al design reports
- Pernmits
- Contractor work plans and progress reports
- Corps of Engineers agreenents, reports, and correspondence

State and O her Agency Coordination
- Correspondence
- Cooperative agreenent/ Superfund state contract
- State quarterly reports
- Status of state assurances
- Interagency agreenents
- Menorandum of Understanding with the state

Conmuni ty Rel ati ons
- Interviews
- Correspondence
- Community relations plan
- List of people to contact, e.g., local officials,eovvionheatlalsgroups
- Meeting summaries
- Press rel eases
- News clippings
- Fact sheets
- Comments and responses

(Conti nued)
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Tabl e 2-8. (Concl uded)

Conmuni ty Rel ations (continued)

- Transcripts
- Summary of proposed plan
- Responsiveness sumrary

| mgery:

I Phot ogr aphs
II'lustrations
I O her graphics

Enf or cement :

I Status reports

1 Goss-reference to any confidential enforcenent files and the person to
cont act

Cor r espondence

Admi ni strative orders

Contracts

Site-specific contracts
Procur ement packages

Contract status notifications
Li st of contractors

Fi nanci al Transacti ons:

I Cross-reference to other financial files and the person to contact
I Contractor cost reports

I Audit reports

briefings for key nenbers of the comunity, public officials, and
representatives of concerned citizens; and periodic news rel eases that
descri be progress at the site.

2-11. Extent of Hazard. A prelimnary judgnent of the extent of hazard has
general | y been nade on any hazardous waste sites selected for renedial action
As additional data beconme avail able, the hazard assessnment nust be updated
based on new field and | aboratory data. Revised hazard estimates can be used
to adjust safety planning and to refine designs for treatnment and contai nment.

Section II1. Establishnment of Cl eanup Criteria

2-12. Limts of Allowable Contam nation Onsite and Offsite.

a. The extent of site cleanup will depend on the hazard posed by the
site as judged from four major factors:

(1) Nature of the waste.
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(2) Dispersal pathways.

(3) Receptor characteristics.

(4) Site managenent.

b. In nost cases restoration of a site to a state which is equival ent
to its predisposal situation will not be practical. The rel ationship between
cost and cleanup is an ever-steepening curve with the final steps to 100
percent restoration being the nost expensive. Restoration will be bal anced

agai nst costs at npst sites at the point where i medi ate adverse effects to

t he surroundi ng environment are elimnated and | ong-termrel eases and dangers
of bioaccunul ati on of toxicants are controlled at sonme |ow |l evel. Many sites
will never reach a state of restoration where the |and can be designated for

unlimted use. In some cases, onsite contanination may remain at |evels that

require access to the site be restricted indefinitely.

2-13. d eanup Standards.

a. Section 121 (C eanup Standards) of CERCLA (PL 96-510) states a
strong statutory preference for remedies that are highly reliable and provide
long-termprotection. In addition to the requirement for remedies to be both
protective of human health and the environment and cost-effective, additiona
renmedy sel ection considerations in Section 121(b) i ncl ude:

(1) A preference for renedial actions enploying treatnment that perma-
nently and significantly reduces the volume, toxicity, or mobility of
hazar dous substances, pollutants, and contam nants as a principal elenent.

(2) Ofsite transport and di sposal without treatnment is the |east
favored alternative where practicable treatnent technol ogies are avail abl e.

(3) The need to assess the use of permanent solutions and alternative
treat ment technol ogi es or resource recovery technol ogies and use themto the
maxi mum ext ent practicabl e.

b. Section 121(c) also requires a periodic review of renedial actions,
at least every 5 years after initiation of such action, for as |long as
hazar dous substances, pollutants, or contam nants that may pose a threat to
human health or the environment remain at the site. If it is determined during
a 5-year review that the action no |onger protects human health and the
environnent, further renedial actions will need to be considered.

2-14. Applicable or Relevant and Appropriate Requirenents (ARARS).

a. Statutes. Section 121(d)(2)(A) of CERCLA incorporates into |aw the
CERCLA conpliance policy, which specifies that Superfund renedial actions neet
any Federal standards, requirenents, criteria, or limtations that are
determ ned to be legally applicable or relevant and appropriate requirenments
(ARARs). Also included is the new provision that state ARARs nust be net if
they are nore stringent than Federal requirenments. Federal statutes that are
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specifically cited in CERCLA include the Solid Waste Di sposal Act (SWDA), the
Toxi ¢ Substances Control Act (TSCA), the Safe Drinking Water Act (SDWA), the
Clean Air Act (CAA), the Clean Water Act (CWA), and the Marine Protection
Research and Sanctuaries Act (MPRSA). Additional guidance on ARARs is provided
in the “CERCLA Conpliance with Gther Statutes” nmanual (EPA, Draft, August
1988).

b. Wivers. Section 121(d) (4) of CERCLA identifies six circunstances
under whi ch ARARs nmay be wai ved:

(1) The renedial action selected is only a part of a total renedia
action (interimrenmedy) and the final remedy will attain the ARAR upon its
conpl eti on.

(2) Compliance with the ARAR will result in a greater risk to human
heal th and the environment than alternative options.

(3) Compliance with the ARAR is technically inpracticable from an
engi neeri ng perspective.

(4) An alternative renedial action will attain an equival ent standard
of performance through the use of another nethod or approach

(5) The ARAR is a state requirenent that the state has not
consistently applied (or denonstrated the intent to apply consistently) in
simlar circunmstances.

(6) For Section 104 Superfund-financed actions, conpliance with the
AFAR wi || not provide a bal ance between protecting human health and the
environnent and the availability of Superfund noney for response at other
facilities.

2-15. Risk Assessnent.

a. Purpose. Risk assessnents provide an eval uation of the potentia
threat to human health and the environment in the absence of any renedial
action. They provide the basis for determ ning whether or not renedial action
is necessary and the justification for perform ng renedial actions. The
baseline risk assessment will also be used to support a finding of inmnent
and substantial endangernment if such a finding is required as part of an
enforcenent action. Detail ed gui dance on eval uating potential hunman health
i npacts as part of this baseline assessnent is provided in the Superfund
Public Health Eval uati on Manual (EPA, COctober 1986). Guidance for eval uating
ecol ogical risks is currently under devel opnent within U S. EPA, Ofice of
Solid Waste and Energency Response ( OSVER)

b. bjectives. In general., the objectives of a risk assessment may be
attained by identifying and characterizing the follow ng:

(1) Toxicity and levels of hazardous substances present in rel evant
nmedia (e.g. , air, ground water, soil, surface water, sedinment, and biota).

2-28



EM 1110- 1-502
30 Apr 94

(2) Environmental fate and transport nechanisns within specific
envi ronnental media such as physical, chenical, and biol ogi cal degradation
processes and hydrogeol ogi cal conditions.

(3) Potential human and environnental receptors.

(4) Potential exposure routes and extent of actual or expected
exposure.

(5) Extent of expected inpact or threat; and the l|ikelihood of such
i mpact or threat occurring (i.e., risk characterization).

(6) Level of uncertainty associated with the above itemns.

c. Effort Required. The level of effort required to conduct a risk
assessment depends largely on the conplexity of the site. The goal is to
gat her sufficient information to adequately and accurately characterize the
potential risk froma site, while at the same tinme conduct this assessnent as
efficiently as possible. Use of the conceptual site nodel devel oped and
refined previously will help focus investigation efforts and, therefore,
streamine this effort. Factors that may affect the level of effort required
i ncl ude:

(1) The nunber, concentration, and types of chenicals present.
(2) Areal extent of contam nation.
(3) The quality and quantity of avail able nonitoring data

(4) The nunber and conplexity of exposure pathways (including the
conplexity of release sources and transport nedia)

(5) The required precision of sanple analyses, which in turn depends
on site conditions such as the extent of contam nant mgration and the
proximty, characteristics, and size of potentially exposed popul ati ons.

(6) The availability of appropriate standards and/or toxicity data

d. Conponents. The risk assessment process can be divided into four
conponent s:

(1) Contaminant identification.
(2) Exposure assessnent.

(3) Toxicity assessment.

(4) Risk characterization.

e. Overview Figure 2-10 illustrates the risk assessnent process and
its four conmponents. A brief overview of each conmponent foll ows.
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IDENTIFICATION OF CONTAMINANTS
OF CONCERN

Identify Based on:
Intrinsic Toxicological Properties
Quantity Present
Potentially Critical Exposure Routes
Utility as Indicator Chemicals

EXPOSURE ASSESSMENT TOXICITY ASSESSMENT
Identify Potential Exposure Evaluate Adverse Effects
Pathways and Routes of Exposure
Characterize Potential Evaiuate Uncertainties/
Receptors Weight of Evidence
Estimate Expected Exposure

Levels

RISK
CHARACTERIZATION

Estimate Potential for
Adverse Health or
Environmental Effects
Based on:

e Carcinogenic Risks
o Noncarcinogenic Risks
e Environmental Risks

Figure 2-10. Overview of the Risk Assessment Process

(1) Contaminant identification.

(a) The objective of contam nant identification is to screen the
information that is avail able on hazardous substances or wastes present at the
site and to identify contam nants of concern to focus subsequent efforts in
the risk assessment process. Contam nants of concern nmay be sel ected because
of their intrinsic toxicological properties, because they are present in |arge
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quantities, or because they are presently in or potentially may nove into
critical exposure pathways (e.g., drinking water supply).

(b) At sone sites it may be useful to select “indicator chemcals.”
I ndi cator chemicals are chosen to represent the nost toxic, persistent, and/or
nobi | e substances anong those identified that are likely to significantly
contribute to the overall risk posed by the site. In some instances, an
i ndi cator chenical may be selected for the purpose of representing a “cl ass”
of chemicals (e.g., TCE to represent all volatiles). Although the use of
i ndi cator chemicals serves to focus and streamine the assessnment on those
chemicals that are likely to be of greatest concern, a final check nust be
made during remedy selection and the renedial action phase to ensure that the
wast e managenent strategy being inplenented addresses risks posed by the range
of contami nants found at the site.

(2) Exposure assessmnent.

(a) The objectives of an exposure assessnment are to identify actual or
potential exposure pathways, to characterize the potentially exposed
popul ations, and to determ ne the extent of the exposure. Detail ed gui dance on
conducti ng exposure assessnments is provided in the Superfund Exposure
Assessnent Manual (U.S. EPA, April 1988), and is briefly discussed bel ow

(b) ldentifying potential exposure pathways hel ps to conceptualize how
contam nants may migrate froma source to an existing or potential point of
contact. An exposure pathway may be viewed as consisting of four el enents:

1 A source and nmechani sm of chemi cal release to the environnment;

I  An environmental transport nedium (e.g., air, ground water) for the
rel eased chem cal

I A point of potential contact with the contam nated nedi um (referred
to as the exposure point); and

I An exposure route (e.g. , inhalation, ingestion) at the exposure
poi nt .

(c) The analysis of the contani nant source and how contani nants may be
rel eased involves characterizing the contani nants of concern at the site and
determ ning the quantities and concentrations of contam nants rel eased to
environnental media. Figure 2-11 presents a conceptual exanple identifying
actual and potential exposure pathways.

(d) Once the source and rel ease nmechani sms have been identified, an
anal ysis of the environnmental fate and transport of the contam nants is
conducted. This analysis considers the potential environnental transport
(e.g., ground-water mgration, airborne transport); transformation (e.qg.
bi odegradati on, hydrolysis, and photolysis); and transfer mechanisns (e.g.
sorption, volatilization) to provide information on the potential magnitude
and extent of environmental contanination. The actual or potential exposure
points for receptors are identified. The focus of this effort should be on
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those | ocati ons where actual contact with the contam nants of concern wl |l
occur or is likely to occur. Potential exposure routes that describe the
potential uptake mechanism (e.g., ingestion, inhalation, etc.) once a receptor
cones into contact with contaminants in a specific environmental medium are
identified and described. Environmental nmedia that may need to be considered

i nclude air, ground water, surface water, soil and sedi nent, and food sources.
Det ai |l ed procedures for estimating and cal cul ating rates of exposure are
described in detail in the Superfund Exposure Assessnent Manual

(e) After the exposure pathway analysis is conpleted, the potentia
for exposure should be assessed. Information on the frequency, node, and
magni t ude of exposure should be gathered. These data are then assessed to
yield a value that represents the amount of contami nated medi a contacted per
day. This analysis should include not only identification of current exposures
but al so exposures that may occur in the future if no action is taken at the
site. Because the frequency node and magni tude of human exposures will vary
based on the primary use of the area (e.g., residential, industrial, or
recreational), the expected use of the area in the future should be eval uated.
The purpose of this analysis is to provide decisionnakers with an
under st andi ng of both the current risks and potential future risks if no
action is taken. Therefore, as part of this evaluation, a reasonable nmaxi mum
exposure scenari o should be devel oped, which reflects the type and extent of
exposures that could occur based on the likely or expected use of the site (or
surroundi ng areas) in the future. The reasonabl e maxi num exposure scenario is
presented to the deci sionmaker so that possible inplications of decisions
regardi ng how to best manage uncertainties can be factored into the risk
managenment renedy sel ection

(f) The final step in the exposure assessment is to integrate the
i nformati on and devel op a qualitative and/or quantitative estinmate of the
expected exposure |level resulting fromthe actual or potential rel ease of
contani nants fromthe site.

(3) Toxicity assessment.

(a) Toxicity assessment, as part of the Superfund baseline risk
assessment process, considers the types of adverse health or environmental
ef fects associated with individual and multiple chem cal exposures; the
rel ati onshi p between nmagni tude of exposures and adverse effects; and rel ated
uncertainties such as the weight of evidence for a chem cal *s potentia
carcinogenicity in humans. Detail ed guidance for conducting toxicity
assessments is provided in the Superfund Public Health Eval uati on Manual

(b) Typically, the risk assessnment process relies heavily on existing
toxicity informati on and does not involve the devel opnent of new data on
toxicity or dose-response relationships. Avail able information on many
chemicals is already evaluated and summari zed by vari ous EPA program of fices
or cross-Agency work groups in health and environnental effects assessnent
docunents. These docunments or profiles will generally provide sufficient
toxicity and dose-response information to allow both qualitative and
gquantitative estimtes of risks associated with many chemicals found at
Superfund sites. These documents often estimate carci nogen exposures
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associated with specific lifetime cancer risks (e.g., risk-specific doses or
RSDs), and systemi c toxicant exposures that are not likely to present
appreci able risk of significant adverse effects to human popul ati ons over a
lifetime (e.g., reference doses or Rfds).

(4) Risk characterization.

(a) In the final component of the risk assessment process, a
characterization of the potential risks of adverse health or environmental
effects for each of the exposure scenarios derived in the exposure assessnent,
i s devel oped and summari zed. Estimates of risks are obtained by integrating
i nformati on devel oped during the exposure and toxicity assessments to
characterize the potential or actual risk, including carcinogenic risks,
noncar ci nogeni ¢ risks, and environnental risks. The final analysis should
include a summary of the risks associated with a site.

(b) Characterization of the environmental risks involves identifying
the potential exposures to the surrounding ecol ogi cal receptors and eval uating
the potential effects associated with such exposure. Inportant factors to
consi der include disruptive effects to popul ations (both plant and ani nal) and
the extent of perturbations to the ecol ogi cal conmunity.

(c) The results of the baseline risk assessment may indicate that the
site poses little or no threat to human health or the environnent. |In such
situations, the FS should be either scaled down to that site and its potentia
hazard, or elinmnated altogether. The results of the RI and the baseline risk
assessment will therefore serve as the primary means of docunenting a no-
action decision. If it is decided that the scope of the FS will be less than
what is presented in this guidance or elimnated altogether, the | ead agency
shoul d docunent this decision and receive the concurrence of the support
agency.

2-16. Technological Limtations on O eanup. In some cases, the technology to
handl e the total cleanup of a site may not exist. For exanple, where

contam nati on of a subsurface aquifer has occurred, it nmay be inpossible to
flush all contam nants out of the porous geologic units sinply because of the
limted access any flushing agent has to pore space in the units. |In other

i nstances, the reactions (adsorption, precipitation, etc.) used to renpve a
contam nant from surface water may not be efficient enough to restore the
water to its precontam nation condition.

Section |IV. Alternative Devel opment and Screening

2-17. Devel oping Options.

a. The primary objective of alternative devel opment and screening is to
devel op a range of waste nanagenment options that will be analyzed nore fully
in the detailed anal ysis phase. Waste managenent options that ensure the
protection of human health and the environnent nmay involve, depending on site-
specific circunstances, conplete elimnation or destruction of hazardous
substances at the site, reduction of concentrations of hazardous substances to
accept abl e healt h-based | evels, and prevention of exposure to hazardous
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subst ances via engineering or institutional controls, or some conbination of
t he above.

b. Alternatives are typically devel oped concurrently with the R site
characterization, with the results of one influencing the other in an
iterative fashion. Rl site characterization data are used to devel op
alternatives and screen technol ogi es, whereas the range of alternatives devel -
oped gui des subsequent site characterization and/or treatability studies.
Tabl e 2-9 summarizes inportant site characteristics affecting selection of
remedi al measures.

2-18. Alternative Devel opnent Process.

a. Analytical Steps. The alternative devel opnent process may be viewed
as a series of six analytical steps that involve naking successively nore
specific definitions of potential renmedial activities. Alternatives for
renedi ati on are devel oped by assenbling conbinati ons of technol ogies, and the
nmedia to which they would be applied, into alternatives that address
contam nation on a sitewi de basis or for an identified operable unit. These
steps are shown in Figure 2-12 and di scussed bel ow.

(1) Develop renmedial action objectives specifying the contaminants and
medi a of interest, exposure pathways, and prelim nary renmedi ati on goal s that
permt a range of treatnent and containnent alternatives to be devel oped. The
prelimnary renmedi ati on goals are devel oped on the basis of chem cal -specific
ARARs, other available information (e.g., Rfds), and site-specific risk-
rel ated factors. These prelimnary remedi ation goals are reevaluated as site
characterization data and information fromthe baseline risk assessnent become
avai l abl e.

(2) Develop general response actions for each medi um of interest
defining contai nment, treatment, excavation, punping, or other actions, singly
or in conmbination, that may be taken to satisfy the renedial action objectives
for the site.

(3) ldentify volunmes or areas of media to which general response
actions might be applied, taking into account the requirenents for
protectiveness as identified in the remedi al action objectives and the
cheni cal and physical characterization of the site.

(4) ldentify and screen the technol ogi es applicable to each genera
response action to elinminate those that cannot be inplenented technically at
the site. It is inportant to distinguish between this medium specific
technol ogy screening step during devel opnent of alternatives and the
alternative screening that may be conducted subsequently to reduce the nunber
of alternatives prior to the detail ed analysis. The general response actions
are further defined to specify renedial technology types (e.g. , the genera
response action of treatment can be further defined to include chenical or
bi ol ogi cal technol ogy types).

(5) ldentify and eval uate technol ogy process options to select a
representative process for each technol ogy type retained for consideration.
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Al t hough specific processes are selected for alternative devel opment and
eval uation, these processes are intended to represent the broader range of
process options within a general technol ogy type.

(6) Assenble the selected representative technologies into
alternatives representing a range of treatnment and contai nment comnbi nations.

b. Devel op Renedi al Action Cbjectives.

(1) Remedial action objectives consist of nediumspecific or operable
unit-specific goals for protecting human health and the environnent. The
obj ectives should be as specific as possible but not so specific that the
range of alternatives that can be developed is unduly linmted. Colum two of
Tabl e 2-10 provi des exanpl es of remedial action objectives for various nedia.
Renedi al action objectives ainmed at protecting human health and the
envi ronnent shoul d specify the follow ng.

(a) The contam nant of concern.
(b) Exposure route and receptor.

(c) An acceptable contam nant |evel or range of |evels for each
exposure route (i.e., a prelimnary renediation goal).

(2) Remedial action objectives for protecting human receptors shoul d
express both a contaninant | evel and an exposure route, rather than
contam nant | evels al one, because protectiveness nay be achi eved by reducing
exposure (such as capping an area, linmiting access, or providing an alternate
wat er supply) as well as by reduci ng contam nant |evels. Because renedi al
action objectives for protecting environmental receptors typically seek to
preserve or restore a resource (e.g., as ground water), environnmental
obj ectives should be expressed in terns of the medium of interest and target
cl eanup | evel s, whenever possible.

(3) Although the prelimnary renediation goals are established on
readily available information [e.g. , reference doses (Rfds) and risk-specific
doses (RSDs)] or frequently used standards (e.g., ARARs), the final acceptable
exposure | evel s should be determ ned on the basis of the results of the
baseline risk assessnment and the evaluation of the expected exposures and
associ ated risks for each alternative. Contaminant |evels in each media should
be conpared with these acceptable | evels and include an eval uati on of the
foll owi ng factors:

(a) Whether the renediation goals for all carcinogens of concern,

i ncluding those with goals set at the chem cal -specific ARAR | evel, provide
protection within the risk range of 10* to 107,
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Table 2-9. Inmportant Site Characteristics and Considerations Affecting

Sel ecti on of Renedi al Measures

Site characteristics

Wast e characteristics
Quantity

Cheni cal nmakeup

Toxicity

Per si st ence/
bi odegradability

Radi oacti ve

Reactivity/
corrosi veness

| nf ecti ousness

Solubility
Vol atility
dimte

Precipitation

Tenperat ure

Consi der ati ons

Det erm nes vol ume and size of area
af fects costs

Determ nes transport paths, materials
of construction

High toxicity calls for imediate
action, worker safety

Resi sts deconposition/can be treated
by bi odegradati on

Requires special materials of con-
struction, worker safety, site
security

Requires special materials of con-
struction, potential explosion

Calls for imedi ate action, worker
safety

Affects hydrol ogy mgration

Affects mgration in gaseous state

Hum d areas - abundant surface water,
shal | ow ground-wat er table

Arid areas - high wind and water
erosion potential, deep groundwater
tabl e

Affects physical processes such as
rates of reaction, volatilization,
seal ed contai ner pressure as wel
as mcrobial degradation and
transformati on processes

(Conti nued)
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Table 2-9. (Continued)

Site characteristics Consi der ati ons

Surface characteristics

Coarse-textured (sandy) soils have
Soil texture and greater perneability and transmt
permeability liquid and gases faster than fine-
textured (clay) soils

Soi | moi sture content Wet soils are | ess perneable to
gases than dry soils

Sl ope St eeper sl opes have greater runoff,
less infiltration

Very steep or unbroken slopes have
hi gh erosion potenti al

Veget ati on Increases infiltration, decreases
er osi on

Subsurface characteristics

Dept hs of ground water Deep - higher punping costs
Shal l ow - may require | owering water
t abl e
Permeability Permeabl e soils readily transmt

wat er and gases

Low perneability causes difficulty
i n punpi ng; drainage

Dept hs to bedrock Shal | ow i nper meabl e bedrock nmay cause
| eachat e surface seepage; shallow
or deep perneabl e bedrock may cause
rapi d and extensive contam nant

m gration
Deep - limt on trench excavation
dept h
Direction of ground- Direction of flow toward point of
wat er flow and points use presents a significantly
of di scharge adverse inpact; point of discharge

must be known to assess area
extent of contam nation and degree
of i npact

(Conti nued)
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Table 2-9. (Concl uded)
Site characteristics Consi derati ons
Receptors Near by wor ki ng and residential popu-

| ati ons, farms, orchards, grazing
| ands, natural areas, critica
habitats may require i mediate
relief

Exi sting |l and use Mai nt enance of site security, pro-
tection of equipment, and soi
cover from acci dental abuse;
vandal i sm

(b) Whether the renediation goals set for all noncarcinogens of
concern, including those with goals set at the chenical -specific ARAR | evel
are sufficiently protective at the site.

(c) \Whether environmental effects (in addition to human health
ef fects) are adequately addressed.

(d) \Whether the exposure anal ysis conducted as part of the risk
assessment adequately addresses each significant pathway of human exposure
identified in the baseline risk assessment. For exanple, if the exposures from
the ingestion of fish and drinking water are both significant pathways of
exposure, goals set by considering only one of these exposure pathways may not
be adequately protective. The Superfund Public Health Eval uati on Manua
(SPHEM provides additional details on establishing acceptabl e exposure
| evel s.

c. Develop General Response Actions.

(1) CGeneral response actions describe those actions that will satisfy
the renedial action objectives. General response actions may include
treatment, contai nment, excavation, extraction, disposal, institutiona

actions, or a conbination of these. Like renedial action objectives, genera
response actions are nedi um specific.

(2) CGeneral response actions that night be used at a site are
initially defined during scoping and are refined throughout the RI/FS as a
better understanding of site conditions is gained and action-specific ARARs
are identified. In devel oping alternatives, conbinations of general response
actions may be identified, particularly when disposal nethods primarily depend
on whet her the nedi um has been previously treated. Exanples of potentia
general response actions are included in colum three of Table 2-10.
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Site
Characterization

Establish Remedial Action Objectives

1

Develop Ganeral Response
Actions Describing Areas of
Volumes of Media to Which
Containment. Treatment, or
Removal Actions May Be Applied

1

Identify Potential
Treatment and
Qisposal Technologies
and Screen Based on
Technical implementability

!

Evaluate Process Options Based
on EHectiveness, Implementability,
and Relative Cost, to Selecta
Representative Process for each

Technology Type

Repeat Previous Scoping Steps:
- Determine New Data Needs
- Devetop Sampling Strategies
and Analytical Support to Yes
Acquire Adaditional Data
- Aepeat Steps in RI Site
Charactenzation

Reevaluate
Data Needs?

Compine Media-Specific
Technologies into
Alternatives

Screening of
Alternatives

Detailed Analys's
ol Alternatives

Figure 2-12. Alternative Development and Screening
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d. ldentify Volunmes or Areas of Media.

(1) During the devel opment of alternatives, an initial determ nation
is made of areas or volumes of nedia to which general response actions night
be applied. This initial determination is made for each medium of interest at
a site. To take interactions between nedia into account, response actions for
areas or volunmes of media are often refined after sitewi de alternatives have
been assenbl ed.

(2) Defining the areas or volunmes of nedia requires careful judgnent
and shoul d include a consideration of not only acceptabl e exposure |evels and
potential exposure routes, but also site conditions and the nature and extent
of contamination. For exanple, in an area in which contam nation is
honogeneously distributed in a nmedium discrete risk levels (e.g., 105 10°)
or correspondi ng contam nant |levels may provide the nost rational basis for
defining areas or volunes of nmedia to which treatnent, contai nnent, or
excavation actions may be applied. For sites with discrete hot spots or areas
of nmore concentrated contam nati on, however, it may be nore useful to define
areas and volunmes for renediation on the basis of the site-specific
rel ati onship of volune (or area) to contam nant |evel. Therefore, when areas
or volunes of media are defined on the basis of site-specific considerations
such as vol unme versus concentration relationships, the volune or area
addressed by the alternative should be reviewed with respect to the renedi al
action objectives to ensure that alternatives can be assenbled to reduce
exposure to protective |evels.

e. ldentify and Screen Renedi al Technol ogi es and Process Options.

(1) In this step, the universe of potentially applicable technol ogy
types and process options is reduced by evaluating the options with respect to
technical inplementability. The term “technol ogy types” refers to genera
cat egories of technol ogi es, such as chemical treatnment, thermal destruction
i mobi lization, capping, or dewatering. The term “technol ogy process options”
refers to specific processes within each technol ogy type. For exanple, the
chemical treatment technol ogy type would include such process options as
precipitation, ion exchange, and oxidation/reduction. As shown in colums four
and five of Table 2-10, several broad technol ogy types may be identified for
each general response action, and nunerous technol ogy process options may
exi st within each technol ogy type.

(2) Technol ogy types and process options may be identified by draw ng
on a variety of sources including references devel oped for application to
Superfund sites and nore standard engi neering texts not specifically directed
toward hazardous waste sites.

(3) During this screening step, process options and entire technol ogy
types are elimnated fromfurther consideration on the basis of technica
i mpl enentability. This is acconplished by using readily avail able information
fromthe Rl site characterization on contam nant types and concentrations and
onsite characteristics to screen out technol ogi es and process options that
cannot be effectively inplenmented at the site.
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(4) Two factors that commonly influence technol ogy screening are the
presence of inorganic contanminants, which Iinmt the applicability of many
types of treatnent processes, and the subsurface conditions, such as depth to
i mpervious formations or the degree of fracture in bedrock, which can limt
many types of contai nment and ground-water collection technol ogies. This
screening step is site specific, however, and other factors may need to be
consi dered.

f. Evaluate Technol ogy Options.

(1) Representative processes. The technol ogy processes considered to
be i nmpl ementabl e are evaluated in greater detail before selecting one process
to represent each technol ogy type. One representative process is selected, if
possi bl e, for each technology type to sinmplify the subsequent devel opment and
eval uation of alternatives without limting flexibility during remedial
design. The representative process provides a basis for devel opi ng performance
specifications during prelimnary design; however, the specific process
actually used to inplenent the renedial action at a site may not be sel ected
until the remedi al design phase. Mre than one process option may be sel ected
for a technology type if two or nore processes are sufficiently different in
their performance that one would not adequately represent the other

(2) Option criteria. Process options are eval uated using the sane
criteria, effectiveness, inplenentability, and cost, that are used to screen
alternatives prior to the detailed analysis. These criteria are applied only
to technol ogi es and the general response actions they are intended to satisfy
and not to the site as a whole. Furthernore, the evaluation should typically
focus on effectiveness factors at this stage with less effort directed at the
i mpl enentability and cost eval uation

(3) Innovative and denonstrated technol ogi es. Because of the linted
data on innovative technologies, it nmay not be possible to evaluate these
process options on the same basis as other denonstrated technol ogies.
Typically, if innovative technol ogies are judged to be inplenmentable they are
retained for evaluation either as a “selected” process option (if avail able
information indicates that they will provide better treatnent, fewer or |ess
adverse effects, or lower costs than other options), or they will be
represent ed” by another process option of the same technol ogy type. Tables 2-
11 through 2-16 sunmarize avail able remedi al action technol ogies for various
contam nant m gration pat hways.

(4) Technol ogy effectiveness eval uation.

(a) Specific technol ogy processes that have been identified should be
eval uated further on their effectiveness relative to other processes within
t he sane technol ogy type. This eval uation should focus on: the potentia
ef fecti veness of process options in handling the estimated areas or vol unes of
nmedi a and neeting the remediation goals identified in the renedial action
obj ectives; the potential inmpacts to human health and the environment during
the construction and inplenentation phase; and how proven and reliable the
process is with respect to the contam nants and conditions at the site.
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(b) Information needed to evaluate the effectiveness of technol ogy
types for the different nedia includes contaninant type and concentration, the
area or volune of contanmi nated nedia, and rates of collection of liquid or
gaseous nedia. It may be necessary to conduct prelimnary anal yses or coll ect
additional site data to adequately evaluate effectiveness for processes in
whi ch the rates of renoval or collection and treatment are needed for
eval uation, such as for ground-water extraction, surface-water collection and
treatment, or subsurface gas collection. In such cases, a limted conceptua
design of the process may be devel oped, and nodeling of the potentia
environnental transport mechani sns associated with their operati on may be
undert aken. Such anal yses are conducted during the |ater phases of the FS when
alternatives are being refined and evaluated on a sitew de basis.

(c) If rmodeling of transport processes is undertaken during the
alternative devel opment and screeni ng phases of the FS to eval uate renoval or
col l ection technol ogies, and if many contami nants are present at the site
i ndi cator chemicals should be identified, as is often done for the baseline
ri sk assessments, to sinplify the analysis. Indicator chem cals are sel ected
on the basis of their usefulness in evaluating potential effects on human
health and the environment. Comonly sel ected indicator chem cals include
those that are highly nobile and highly toxic.

(5) Technology inplementability evaluation. Inplenentability
enconpasses both the technical and administrative feasibility of inplenenting
a technol ogy process. Technical inplenmentability is used as an initial screen
of technol ogy types and process options to elinmnate those that are clearly
i neffective or unworkable at a site. Therefore, this subsequent, nore detail ed
eval uation of process options places greater enphasis on the institutional
aspects of inplementability, such as the ability to obtain necessary pernmts
for offsite actions, the availability of treatment, storage, and disposa
services (including capacity), and the availability of necessary equi pment and
skilled workers to inplenent the technol ogy.

(6) Technol ogy cost evaluation. Cost plays a linited role in the
screening of process options. Relative capital and operation and mai nt enance
(®&N) costs are used rather than detailed estimtes. At this stage in the
process, the cost analysis is made on the basis of engineering judgment, and
each process is evaluated as to whether costs are high, low, or medium
relative to other process options in the sanme technol ogy type. The greatest
cost consequences in site renediation are usually associated with the degree
to which different general technol ogy types (i.e., containment, treatnent,
excavation, etc.) are used. Using different process options within a
technol ogy type usually has a less significant effect on cost than does the
use of different technol ogy types.

g. Assenble Alternatives.

(1) CGeneral response actions and the process options chosen to
represent the various technol ogy types for each nmedi um or operable unit are
conbined to formalternatives for the site as a whole. Appropriate treatnent
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and cont ai nment options should be devel oped. To assenble alternatives, genera
response actions should be conbined using different technol ogy types and

di fferent volunes of nmedia and/or areas of the site. Often nore than one
general response action is applied to each medium For exanple, alternatives
for renediating soil contamination will depend on the type and distribution of
contam nants and may include incineration of soil fromsome portions of the
site and cappi ng of others.

(2) Alternatives should be devel oped that will provide decisionnakers
with an appropriate range of options and sufficient information to adequately
conpare alternatives. In devel oping alternatives, the range of options wll
vary dependi ng on site-specific conditions. Ranges for source control and
ground-wat er response actions that shoul d be devel oped are described bel ow.

(3) For source control actions, the follow ng types of alternatives
shoul d be devel oped to the extent practicable:

(a) A nunber of treatnent alternatives, ranging fromone that would
elimnate or mnimze to the extent feasible the need for |ong-term managenent
(including monitoring) at a site to one that would use treatnent as a prinmary
conponent of an alternative to address the principal threats at the site.

Al ternatives for which treatnment is a principal element could include

contai nnent el enents for untreated waste or treatment residuals as well
Alternatives within this range typically will differ in the type and extent of
treatment used and the managenment requirements of treatment residuals or
untreated wastes.

(b) ©One or nore alternatives that involve containnent of waste with
little or no treatnent but protect human health and the environnent by
preventing potential exposure and/or reducing the mobility of contam nants.

(c) No-action alternatives. (Although a no-action alternative may
i ncl ude sone type of environnental nonitoring, actions taken to reduce the
potential for exposure (e.g., site fencing, deed restrictions) should not be
i ncl uded as a conponent of the no-action alternatives. Such m ninmal actions
shoul d constitute a separate “limted” action alternative.)

(4) For ground-water response actions, alternatives shoul d address not
only cleanup | evels but also the timeframe within which the alternatives night
be achi eved. Depending on specific site conditions and the aquifer
characteristics, alternatives should be devel oped that achi eve ARARs or other
heal t h-based | evel s determined to be protective within varying tinefranes
using di fferent methodol ogi es. For aquifers currently being used as a drinking
wat er source, alternatives should be configured that woul d achi eve ARARs or
ri sk-based | evels as rapidly as possible. Mire detailed information on
devel opi ng remedi al alternatives for ground-water response actions may be
found in “Guidance on Renedi al Actions for Contaninated Ground Water at
Superfund Sites” (EPA, August 1988).
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(5) Devel opment of a conplete range of treatnent alternatives will not
be practical in sone situations. For exanple, for sites with |arge vol unes of
| ow contam nati on wastes such as sonme municipal landfills and mning sites, an
alternative that elimnates the need for |ong-term managenent nay not be
reasonabl e given site conditions, the limtations of technol ogi es, and extrene
costs that may be involved. If a full range of alternatives is not devel oped,
the specific reasons for doing so should be briefly discussed in the FS report
to serve as docunentation that treatment alternatives were assessed as
requi red by CERCLA.

2-19. Alternative Screeni ng Eval uation.

a. General Concept.

(1) For those situations in which nunerous waste managenent options
are appropriate and devel oped, the assenbled alternatives may need to be
refined and screened to reduce the nunber of alternatives that will be
anal yzed in detail. This screening aids in streamining the FS process while
ensuring that the nost promising alternatives are being considered.

(2) In other situations the nunmber of viable or appropriate
alternatives for addressing site problenms may be limted; thus, the screening
effort may be minimzed or elimnated if unnecessary. The scope of this
screening effort can vary substantially, depending on the number and type of
alternatives devel oped and the extent of information necessary for conducting
the detail ed anal ysis. The scope and enphasis can al so vary dependi ng on
either the degree to which the assenbled alternatives address the conbi ned
threats posed by the entire site or on the individual threats posed by
separate site areas or contam nated nmedi a. Whatever the scope, the range of
treatment and containment alternatives initially devel oped should be preserved
t hrough the alternative screening process to the extent that it nmakes sense to
do so.

(3) As part of the screening process, alternatives are analyzed to
i nvestigate interactions anong nedia in terms of both the eval uation of
technol ogies (i.e., the extent to which source control influences the degree
of ground-water or air-quality control) and sitew de protectiveness (i.e.
whet her the alternative provides sufficient reduction of risk fromeach nedi a
and/ or pathway of concern for the site or that part of the site being
addressed by an operable unit). Also at this stage, the areas and quantities
of contaminated nmedia initially specified in the general response actions may
al so be reevaluated with respect to the effects of interactions between nedia.
Often , source control actions influence the degree to which ground—water
renmedi ati on can be acconplished or the timeframe in which it can be achieved.
In such instances, further analyses may be conducted to nodify either the
source control or ground-water response actions to achieve greater
ef fectiveness in sitewi de alternatives. Using these refined alternative
configurations, nore detailed informtion about the technol ogy process options
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may be devel oped. This information might include data on the size and
capacities of treatment systens, the quantity of materials required for
construction, and the configuration and design requirenents for ground-water
col l ection systens.

(4) Information available at the time of screening should be used
primarily to identify and distinguish any differences anong the various
alternatives and to evaluate each alternative with respect to its
ef fectiveness, inplenentability, and cost. Only the alternatives judged as the
best or nost prom sing on the basis of these evaluation factors should be
retained for further consideration and analysis. As with the use of
representative technol ogies, alternatives may be selected to represent
sufficiently simlar managenent strategies; thus, in effect, a separate
anal ysis for each alternative is not always warranted. Typically, those
alternatives that are screened out will receive no further consideration
unl ess additional information beconmes avail able that indicates further
evaluation is warranted. For sites at which interactions anong nmedia are not
significant, the process of screening alternatives, described here, may be
applied to medium specific options to reduce the nunber of options that will
either be conbined into sitewide alternatives at the conclusion of screening
or will await further evaluation in the detail ed anal yses.

b. Alternative Screening Criteria.

(1) Defined alternatives are eval uated agai nst the short- and | ong-
term aspects of three broad criteria: effectiveness, inplenentability, and
cost. Because the purpose of the screening evaluation is to reduce the nunber
of alternatives that will undergo a nore thorough and extensive anal ysis,
alternatives will be evaluated nore generally in this phase than during the
detail ed anal ysis. However, evaluations at this time should be sufficiently
detail ed to distinguish anong alternatives. In addition, the alternatives nust
be conpared on an equival ent basis (i.e. , definitions of alternatives are
approximately at the sanme |evel of detail to allow preparation of conparable
cost estimtes).

(2) Initially, specific technol ogies or process options were eval uated
primarily on the basis of whether or not they could neet a particular remnedial
action objective. During alternative screening, the entire alternative is
evaluated as to its effectiveness, inplenmentability, and cost.

(3) During the detailed analysis, the alternatives will be eval uated
agai nst nine specific criteria and their individual factors rather than the
general criteria used in screening. Therefore, individuals conducting the FS
should be famliar with the nine criteria at the tine of screening to better

understand the direction that the analysis will be taking. The rel ationship
bet ween the screening criteria and the nine evaluation criteriais
conceptually illustrated in Figure 2-13.

2-65



EM 1110-1-502

30 Apr 94
NINE EVALUATION ROLE OF CRITERIA DURING
gg?rEEERTLNG CRITERIA REMEDY SELECTICN

Qverail Protechion of Human Health
and Environment

“Threshold” Factors

L

Compliance with ARARS
Eftectivaness

Long-term Efectivenass and Pearmanencs

Aeductions in Toxicity, Mobiity, and
Voluma Through Treatment

“Primary Batancing” Factors

Skort-term Effectiveness

impl Y Ir Implementability
Cost Cost
=N | i

Slate Acceptance

]
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Figure 2-13. Relationship Between Screening Criteria and Detailed Evaluation

(4) It is also inportant to note that conparisons during screening are
usual |y made between simlar alternatives (the npst pronising of which is
carried forward for further analysis); whereas, conparisons during the
detail ed analysis will differentiate across the entire range of alternatives.

c. Effectiveness Evaluation. A key aspect of the screening evaluation
is the effectiveness of each alternative in protecting human health and the
envi ronnent. Each alternative should be evaluated as to its effectiveness in
providing protection and the reductions in toxicity, mobility, or volune that
it will achieve. Both short- and |ong-term conponents of effectiveness should
be eval uated; short-termreferring to the construction and inplenmentation
period, and long-termreferring to the period after the remedial action is
conpl ete. Reduction of toxicity, nobility, or volume refers to changes in one
or nore characteristics of the hazardous substances or contam nated nmedi a by
the use of treatnment that decreases the inherent threats or risks associated
with the hazardous material.

d. Alternative | nplenentability Eval uation

(1) Inplenmentability, as a measure of both the technical and
adm nistrative feasibility of constructing, operating, and nmaintaining a
renmedi al action alternative, will be used during screening to evaluate the
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conbi nati ons of process options with respect to conditions at a specific site.
Technical feasibility refers to the ability to construct, reliably operate,
and neet technol ogy-specific regulations for process options until a renedi al
action is conplete; it also includes operation, maintenance, replacenment, and
noni toring of technical conponents of an alternative, if required, into the
future after the renedial action is conplete. Admi nistrative feasibility
refers to the ability to obtain approvals fromother offices and agencies, the
availability of treatnment, storage, and disposal services and capacity, and
the requirenents for, and availability of, specific equipnment and technica
speci al i st s.

(2) The deternmination that an alternative is not technically feasible
and is not available will usually preclude it fromfurther consideration
unl ess steps can be taken to change the conditions responsible for the
determ nation. Typically, this type of “fatal flaw would have been identified
during technol ogy screening, and the infeasible alternative would not have
been assenbl ed. Negative factors affecting adm nistrative feasibility will
normal Iy involve coordination steps to | essen the negative aspects of the
alternative but will not necessarily elimnate an alternative from
consi derati on.

e. Alternative Cost Eval uation.

(1) Typically, alternatives will have been defined well enough before
screening that sone estimtes of cost are available for conpari sons anong
alternatives. However, because uncertainties associated with the definition of
alternatives often remain, it may not be practicable to define the costs of
alternatives with the accuracy desired for the detail ed analysis
(i.e., +50 percent to -30 percent).

(2) Absolute accuracy of cost estinmates during screening is not
essential. The focus should be to make conparative estimtes for alternatives
with relative accuracy so that cost decisions anobng alternatives will be
sustai ned as the accuracy of cost estinmates inproves beyond the screening
process. The procedures used to devel op cost estimtes for alternative
screening are simlar to those used for the detail ed analysis; the only
di fferences would be in the degree of alternative refinement and in the degree
to which cost conponents are devel oped.

(3) Cost estimates for screening alternatives typically will be based
on a variety of cost-estimating data. Bases for screening cost estinates may
i ncl ude cost curves, generic unit costs, vendor information, conventiona
cost-estimating guides, and prior sinilar estimtes as nodified by site-
specific information.

(4) Prior estimates, site-cost experience, and good engi neering
judgrments are needed to identify those unique itenms in each alternative that
will control these conparative estimtes. Cost estimates for itenms conmon to
all alternatives or indirect costs (engineering, financial, supervision,
out side contractor support, contingencies) do not normally warrant substantia
effort during the alternative screening phase.
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(5) Both capital and O&M costs should be considered during the
screening of alternatives. The eval uation should include those 0&M costs t hat
will be incurred for as | ong as necessary, even after the initial renedial
action is conplete. In addition, potential future renedial action costs should
be considered during alternative screening to the extent they can be defined.
Present worth anal yses shoul d be used during alternative screening to eval uate
expendi tures that occur over different tine periods. By discounting all costs
to a common base year, the costs for different remedial action alternatives
can be conpared on the basis of a single figure for each alternative.

f. Lnnovative Technol ogies.

(1) Technol ogies are classified as innovative if they are devel oped
fully but lack sufficient cost or performance data for routine use at
Superfund sites. In nany cases, it will not be possible to evaluate
alternatives incorporating innovative technol ogi es on the sanme basis as
avai | abl e technol ogi es, because insufficient data exi st on innovative
technol ogies. If treatability testing is being considered to better evaluate
an innovative technol ogy, the decision to conduct a test should be nade as
early in the process as possible to avoid delays in the RI/FS schedul e.

(2) Innovative technol ogies would normally be carried through the
screening phase if there were reason to believe that the innovative technol ogy
woul d of fer significant advantages. These advantages nay be in the form of
better treatment performance or inplementability, fewer adverse inpacts than
ot her avail abl e approaches, or |ower costs for sinilar |evels of performance.
A “reasonabl e belief” exists if indications fromother full-scale applications
under simlar circunstances or from bench-scale or pilot-scale treatability
testing support the expected advant ages.

2-20. Alternative Screening.

a. Cuidelines for Screening.

(1) Alternatives with the nost favorable conposite eval uati on of al
factors should be retained for further consideration during the detail ed
anal ysis. Alternatives selected for further evaluation should, where
practicable, preserve the range of treatnment and contai nment technol ogies
initially developed. It is not a requirement that the entire range of
alternatives originally devel oped be preserved if all alternatives in a
portion of the range do not represent distinct viable options.

(2) The target nunmber of alternatives to be carried through screening
shoul d be set by the project manager and the | ead agency on a site-specific
basis. It is expected that the typical target number of alternatives carried
t hrough screening (including contai nment and no-action alternatives) usually
shoul d not exceed 10. Fewer alternatives should be carried through screening,
if possible, while adequately preserving the range of renedies. |If the
alternatives being screened are still nediumspecific and do not address the
entire site or operable unit, the nunber of alternatives retained for each
speci fic nedi um shoul d be considerably | ess than 10.
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b. Selection of Alternatives for Detailed Analysis.

(1) Once the evaluation has been conducted for each of the
alternatives, the | ead agency and its contractor should nmeet with the support
agency to discuss each of the alternatives being considered. This neeting
does not correspond to a formal quality control review stage but provides the
| ead agency and its contractor with input fromthe support agency and serves
as a forumfor updating the support agency with the current direction of the
FS.

(2) The alternatives recommended for further consideration should be
agreed upon at this neeting so that documentation of the results of
alternative screening is conplete; any additional investigations that may be
necessary are identified; and the detailed anal ysis can conmence.

(3) Unselected alternatives may be reconsidered at a |later step in the
detail ed analysis if simlar retained alternatives continue to be eval uated
favorably or if information is devel oped that identifies an additiona
advant age not previously apparent. This provides the flexibility to double
check a previous decision or to review variations of alternatives being
considered (e.g., consideration of other simlar process options). However, it
i s expected that under nobst circunstances once an alternative is screened out
it will not be reconsidered for selection.

c. Postscreening Tasks. The conpletion of the screening process |eads
directly into the detail ed anal ysis and may serve to identify additiona
i nvestigations that my be needed to adequately evaluate alternatives. To
ensure a snooth transition fromthe screening of alternatives to the detailed
analysis, it will be necessary to identify and begin verifying action-specific
ARARs and initiate treatability testing (if not done previously) and
additional site characterization.

2-21. Treatability Investigations. As site information is collected during
the RI and alternatives are being devel oped, additional data needs necessary
to adequately evaluate alternatives during the detailed analysis are often
identified. These additional data needs may involve the collection of site
characterization data or treatability studies to better eval uate technol ogy
per f or mance.

a. njectives. Treatability studies are conducted primarily to achieve
the foll ow ng:

(1) Provide sufficient data to allow treatnent alternatives to be
fully devel oped and eval uated during the detail ed anal ysis and to support the
renmedi al design of a selected alternative.

(2) Reduce cost and perfornmance uncertainties for treatnent
alternatives to acceptable levels so that a renedy can be sel ected.
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b. Bench Versus Pilot Testing.

(1) Alternatives involving treatment or destruction technol ogi es may

require sone formof treatability testing,
its-kind applications on unique or

(2) Once a decision is made to performtreatability studies,
contractor and | ead agency renedi al
treatability testing to use.
account the technol ogi es under consideration,

characteristics.

pr oj ect

if their
het er ogeneous wast es.

manager wil |
Thi s deci sion nust always be made taking into
per f or mance goal s,

use represents first-of-

the RI/FS
deci de on the type of

and site

(3) The choice of bench versus pilot testing is affected by the |leve

of devel opnment of the technol ogy. For a technol ogy that

is well devel oped and

tested, bench studies are often sufficient to evaluate perfornmance on new

wast es. For

nonexi st ent .

i nnovati ve technol ogi es,
since information necessary to conduct full-scale tests is either

A conmparison of bench- and pilot-scale studies appears in Table

however,

pilot tests may be required

limted or

2-17.
Table 2-17. Bench and Pil ot Study Paraneters
Par anet er Bench Pi | ot

Pur pose Def i ne process kinetics, Def i ne design and oper -
material conmpatibility, ation criteria, materials
i mpact of environmental of construction, ease
factors, types of doses of material handling and
of chemicals, active construction, etc.
mechani sns, etc.

Size Laboratory or bench top 1-100% of full scale

Quantity of waste and
material s required

Nunber of vari abl es
that can be consi dered
Ti me requirenents

cost

Typi cal range

Most frequent |ocation

Limting considerations

Smal | to noderate anpunts

Many
Days to weeks

0. 5-2% of capital
of renedi al action

costs

Laborat ory

Wal |, boundary, and m x-
ing effects; volune
effects; solids process-
ing difficult to sinmnu-

| ate; transportation of
sufficient waste vol une

Rel atively | arge anounts

Few (greater site-

specificity)

Weeks to nont hs

2-5% of capital costs of
renedi al action?

Onsite

Limted nunber of vari-

abl es; | arge waste vol une
requi red; safety, health,
and ot her risks; disposal

of process waste materia

' Act ual
tota

percentage cost of pilot testing wll
cost of the renedi al

acti on.

depend significantly on the
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c. Treatability Test Work Plan. Laboratory testing can be expensive and
time consuming. A well-witten work plan is necessary if a treatability
testing programis to be conpleted on tine, within budget, and with accurate
results. Preparation of a work plan provides an opportunity to run the test
nmental ly and revi ew corments before starting the test. It also reduces the
ambi guity of conmunication between the | ead agency*s renedi al project manager
(RPM, the contractor*s project manager, the technician perform ng the test,
and the | aboratory technician perform ng the anal yses on test sanples. The
treatability test work plan may be an amendnent to the original work plan if
the need for the treatability tests was not identified until later in the
process or may be a separate plan specifically for this phase. Regardl ess, the
wor k plan should be reviewed and approved by the | ead agency*s RPM The RPM
and RI/FS contractor should determ ne the appropriate |evel of detail for the
work plan since a detailed plan is not always needed and will require time to
prepare and approve. In sone situations the original work plan nmay adequately
describe the treatability tests and a separate plan is not required (e.g., the
need for treatability testing can be identified during the scoping phase if
existing information is sufficient).

Section V. Detailed Analysis of Alternatives

2-22. Background.

a. The detailed analysis of alternatives consists of the analysis and
presentation of the relevant information needed to all ow deci sionnakers to
sel ect a site renmedy, not the decision making process itself. During the
detail ed anal ysis, each alternative will be assessed agai nst the eval uation
criteria described in this chapter. The results of this assessnent should be
arrayed to conpare the alternatives and identify the key tradeoffs anmong them
Thi s approach to analyzing alternatives is designed to provide deci si onmakers
with sufficient information to adequately conpare the alternatives, select an
appropriate remedy for a site, and denonstrate satisfaction of the CERCLA
renmedy selection requirements in the record of decision (ROD). A detailed
anal ysis of alternatives consists of the foll owi ng components:

(1) Further definition of each alternative, if necessary, with respect
to the volumes or areas of contaninated nedia to be addressed, the
technol ogi es to be used, and any performance requirements associated with
t hose technol ogi es.

(2) An assessnent and a sunmary profile of each alternative against
the evaluation criteria.

(3) A conparative analysis anmong the alternatives to assess the
rel ati ve performance of each alternative with respect to each eval uation
criterion.

b. The specific statutory requirements for renmedi al actions that nust
be addressed in the ROD and supported by the FS report are:
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(1) They are protective of hunman health and the environnent,

(2) They attain ARARs (or provide grounds for invoking a waiver),

(3) They are cost-effective,

(4) They utilize permanent solutions and alternative treatnent
t echnol ogi es or resource recovery technol ogi es to the maxi num ext ent
practicable, and

(5) They satisfy the preference for treatnent that reduces toxicity,
mobility, or volume as a principal element or provide an explanation in the
ROD as to why the alternative does not.

c. In addition, CERCLA places an enphasis on evaluating long-term
ef fectiveness and rel ated considerations for each of the alternative renedial
actions (Section 121(b)(1)(A)). These statutory considerations include:

(1) The long-termuncertainties associated with |and di sposal

(2) The goals, objectives, and requirements of the Solid Waste
Di sposal Act (PL 96-463);

(3) The persistence, toxicity, and mobility of hazardous substances
and their constituents, and their propensity to bioaccumnul ate;

(4) Short- and long-termpotential for adverse health effects from
human exposure

(5) Long-term mai ntenance costs;

(6) The potential for future renedial action costs if the alternative
renmedi al action in question were to fail; and

(7) The potential threat to human health and the environnment
associ ated with excavation, transportation, and redisposal, or containment.

2-23. Overview of Evaluation Criteria.

a. N ne evaluation criteria have been devel oped to address the CERCLA
requi rements and considerations |isted above, and to address the additiona
techni cal and policy considerations that have proven to be inmportant for
sel ecting anong renedi al alternatives. These evaluation criteria serve as the
basis for conducting the detailed anal yses during the FS and for subsequently
sel ecting an appropriate renedial action. The evaluation criteria with the
associ ated CERCLA statutory considerations are:

(1) Overall protection of human health and the environment.

(2) Compliance with ARARs (B).
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(3) Long-termeffectiveness and permanence (A B,C, D F, G.
(4) Reduction of toxicity, mobility, or volune (B, C

(5) Short-termeffectiveness (D G .

(6) Inplenmentability.

(7) Cost (EF).

(8) State acceptance (relates to Section 121(f)).

(9) Community acceptance (relates to Sections 113 and 117).

b. The detailed analysis provides the means by which facts are
assenbl ed and evaluated to develop the rationale for a renedy sel ection
Therefore, it is necessary to understand the requirenments of the renedy
sel ection process to ensure that the FS anal ysis provides the sufficient
quantity and quality of information to sinplify the transition between the FS
report and the actual selection of a renedy. The anal ytical process described
here has been devel oped on the basis of statutory requirenents of CERCLA
Section 121. The nine evaluation criteria enconpass statutory requirements and
technical, cost, and institutional considerations the program has determ ned
appropriate for a thorough eval uati on.

c. Assessments against two of the criteria relate directly to statutory
findings that nust ultimately be made in the ROD. Therefore, these are
categorized as threshold criteria in that each alternative nust neet them
These two criteria are:

(1) Overall protection of human health and the environment - The
assessment against this criterion describes how the alternative, as a whol e,
achi eves and mmi ntains protection of human health and the environment.

(2) Compliance with ARARs - The assessnment against this criterion
descri bes how the alternative conplies with ARARs, or if a waiver is required
and how it is justified. The assessment al so addresses other information from
advisories, criteria, and guidance that the | ead and support agenci es have
agreed is “to be considered.”

d. The five criteria |listed bel ow are grouped because they represent
the primary criteria upon which the analysis is based. The | evel of detai
required to anal yze each alternative against these evaluation criteria wll
depend on the type and conplexity of the site, the type of technol ogi es and
al ternatives being considered, and other project-specific considerations. The
anal ysis shoul d be conducted in sufficient detail so that decisionmakers
understand the significant aspects of each alternative and any uncertainties
associated with the evaluation (e.g., a cost estinate devel oped on the basis
of a volunme of nedia that could not be defined precisely).
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(1) Long-termeffectiveness and permanence - The assessnent of
alternatives against this criterion evaluates the long-term effectiveness of
alternatives in maintaining protection of human health and the environnent
after response objectives have been net.

(2) Reduction of toxicity, mobility, and volume through treatnent -
The assessnment against this criterion evaluates the anticipated performance of
the specific treatnment technol ogies an alternative may enpl oy.

(3) Short-termeffectiveness - The assessment against this criterion
exami nes the effectiveness of alternatives in protecting human health and the
environnent during the construction and inplenmentation of a remedy unti
response objectives have been net.

(4) Inplenmentability - This assessnent eval uates the technical and
adm nistrative feasibility of alternatives and the availability of required
goods and services.

(5) Cost - This assessnment evaluates the capital and O&M costs of each
alternative.

e. The final two criteria, state or support agency acceptance and
conmuni ty acceptance, will be evaluated follow ng comment on the RI/FS report
and the proposed plan and will be addressed once a final decision is being
made and the ROD is being prepared. The criteria are as follows:

(1) State (support agency) acceptance - This assessment reflects the
state*s (or support agency*s) apparent preferences among or concerns about
al ternatives.

(2) Community acceptance - This assessnment reflects the community*s
apparent preferences anmong or concerns about alternatives.

2-24. Discussion of Evaluation Factors. Each of the nine evaluation criteria
has been further divided into specific factors to allow a thorough anal ysis of
the alternatives. These factors are shown in Figure 2-14 and di scussed bel ow.

a. Overall Protection of Human Health and the Environment. This
eval uation criterion provides a final check to assess whether each alternative
provi des adequate protection of human health and the environnment. The overal
assessment of protection draws on the assessnments conducted under ot her
evaluation criteria, especially long-termeffectiveness and permanence, short-
termeffectiveness, and conpliance with ARARs. Eval uation of the overal
protectiveness of an alternative during the RI/FS should focus on whether a
specific alternative achi eves adequate protecti on and shoul d describe how site
ri sks posed through each pathway bei ng addressed by the FS are elininated,
reduced, or controlled through treatnent, engineering, or institutiona
controls. This evaluation also allows for consideration of whether an
alternative poses any unacceptable short-term or cross-nedi a i npacts.
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b. Conpliance with ARARs. This evaluation criterion is used to
deterni ne whether each alternative will meet all of its Federal and state
ARARs (as defined in CERCLA Section 121) that have been identified in previous
stages of the RI/FS process. The detailed anal ysis should sumarize which
requi rements are applicable or relevant and appropriate to an alternative and
descri be how the alternative neets these requirenments. When an ARAR i s not
met, the basis for justifying one of the six waivers all owed under CERCLA
shoul d be di scussed. The actual determ nation of which requirenments are
applicable or relevant and appropriate is made by the | ead agency in
consultation with the support agency. A summary of these ARARs and whet her
they will be attained by a specific alternative should be presented in an
appendi x to the RI/FS report. Detail ed guidance on determ ni ng whet her
requi rements are applicable or relevant and appropriate is provided in the
“CERCLA Conpliance with O her Laws Manual” (U.S. EPA, Draft, My 1988). The
foll owi ng shoul d be addressed for each alternative during the detail ed
anal ysis of ARARs:

(1) Compliance with chem cal -specific ARARs (e.g., maxi mum contani nant
| evel s) - This factor addresses whether the ARARs can be net, and if not,
whet her a waiver is appropriate.

(2) Compliance with |location-specific ARARs (e.g., preservation of
historic sites) - As with other ARAR-related factors, this involves a
consi deration of whether the ARARs can be nmet or whether a waiver is
appropri ate.

(3) Compliance with action-specific ARARs (e.g. , RCRA ni ni mum
technol ogy standards) - It nust be determ ned whether ARARs can be net or will
be wai ved.

(4) Oher available information that is not an ARAR (e.g., advisories,
criteria, and gui dance) may be considered in the analysis if it helps to
ensure protectiveness or is otherw se appropriate for use in a specific
alternative. These materials should be included in the detailed analysis if
the | ead and support agencies agree that their inclusion is appropriate.

c. Long-term Effectiveness and Permanence. The eval uation of
alternatives under this criterion addresses the results of a renedial action
interms of the risk remaining at the site after response objectives have been
met. The primary focus of this evaluation is the extent and effectiveness of
the controls that may be required to manage the ri sk posed by treatnent
resi dual s and/or untreated wastes. Table 2-18 |ists appropriate questions that
may need to be addressed during the analysis of long-termeffectiveness. The
foll owi ng conponents of the criterion should be addressed for each
alternative:

(1) Magnitude of residual risk - This factor assesses the residua
risk remaining fromuntreated waste or treatnent residuals at the concl usion
of remedial activities (e.g. , after source/soil containment and/or treatnent
are conplete, or after ground-water plume managenent activities are
concl uded) .
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Tabl e 2-18. Long- Term Effecti veness and Per manence

Anal vsi s factor Specific factor considerations

Magni t ude of residual VWhat is the magnitude of the remaining risks?

risks I \What remmining sources of risk can be identified?
How much is due to treatnent residuals, and how
much is due to untreated residual contanination?
I WIIl a 5-year review be required?
Adequacy and reli - I What is the likelihood that the technol ogies wll
ability of controls neet required process efficiencies or perfornmance

speci fications?

VWhat type and degree of |ong-term nanagenment is
required?

VWhat are the requirements for |ong-term nonitoring?
VWhat operation and mai ntenance functions nust be
per f or med?

I What difficulties and uncertainties may be associ -
ated with | ong-term operati on and mai nt enance?

VWat is the potential need for replacenment of tech-
ni cal conponents?

VWhat is the magnitude of the threats or risks
shoul d the renedi al action need repl acenent?

VWhat is the degree of confidence that controls can
adequately handl e potential problens?

What are the uncertainties associated with | and

di sposal of residuals and untreated wastes?

The potential for this risk may be neasured by nunerical standards such as
cancer risk levels or the volume or concentration of contam nants in waste,
medi a, or treatnent residuals remaining on the site. The characteristics of
the residuals should be considered to the degree that they renmain hazardous,
taking into account their volune, toxicity, nmobility, and propensity to

bi oaccunul at e.

(2) Adequacy and reliability of controls - This factor assesses the
adequacy and suitability of controls, if any, that are used to manage
treatment residuals or untreated wastes that remain at the site. It may
i ncl ude an assessnment of contai nment systenms and institutional controls to
determine if they are sufficient to ensure that any exposure to human and
environnental receptors is within protective levels. This factor al so
addresses the long-termreliability of managenment controls for providing
continued protection fromresiduals. It includes the assessnent of the
potential need to replace technical conmponents of the alternative, such as a
cap, a slurry wall, or a treatnent system and the potential exposure pathway
and the risks posed should the renedial action need replacenent.

d. Reduction of Toxicity. Mbility, or Volume through Treatment. This
eval uation criterion addresses the statutory preference for selecting renedial
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actions that enploy treatnent technol ogi es that permanently and significantly
reduce toxicity, mobility, or volume of the hazardous substances as their
principal elenent. This preference is satisfied when treatnment is used to
reduce the principal threats at a site through destruction of toxic
cont ani nants, reduction of the total mass of toxic contaminants, irreversible
reduction in contam nant mobility, or reduction of total volunme of

contam nated media. In evaluating this criterion, an assessnent shoul d be made
as to whether treatment is used to reduce principal threats, including the
extent to which toxicity, mobility, or volune are reduced either alone or in
conbi nati on. Table 2-19 lists typical questions that may need to be addressed
during the analysis of toxicity, nobility, or volunme reduction

Tabl e 2-19. Reduction of Toxicity, Mbility, or Volume through Treat nment

Anal ysis factor Specific factor considerations
Treat ment process and Does the treatnment process enpl oyed address the
renedy principal threats?
Are there any special requirenents for the
treatment process?

Amount of hazardous What portion (mass, volune) of contam nated

mat eri al destroyed or material is destroyed?

treated What portion (mass, volune) of contam nated
material is treated?

Reduction in toxicity, To what extent is the total mass of toxic con-
mobility, or volune tam nants reduced?

To what extent is the nobility of toxic
cont am nants reduced?

To what extent is the volunme of toxic contani nants
reduced?

Irreversibility of the To what extent are the effects of treatnent
treat nent i rreversible?

What residual s remain?
VWhat are their quantities and characteristics?
VWhat risks do treatnent residuals pose?

Type and quantity of
treat ment residua

Statutory preference ! Are principal threats within the scope of the
for treatment as a action?
princi pal el enent ! |s treatnment used to reduce inherent hazards posed

by principal threats at the site?

e. Short-termEffectiveness. This criterion addresses the effects of
the alternative during the construction and inplenmentation phase unti
renedi al response objectives are nmet (e.g., a cleanup target has been net).
Under this criterion, alternatives should be evaluated with respect to their
effects on human health and the environment during inplementation of the
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renmedi al action. The follow ng factors should be addressed as appropriate for
each alternative

(1) Protection of the community during remedial actions - This aspect
of short-termeffectiveness addresses any risk that results from
i mpl enentati on of the proposed renedial action, such as dust from excavation
transportati on of hazardous materials, or air-quality inmpacts froma stripping
tower operation that may affect human health.

(2) Protection of workers during renmedial actions - This factor
assesses threats that may be posed to workers and the effectiveness and
reliability of protective neasures that would be taken.

(3) Environmental inpacts - This factor addresses the potentia
adverse environnental inpacts that may result fromthe construction and
i mpl enentati on of an alternative and evaluates the reliability of the
avail able mtigation nmeasures in preventing or reducing the potential inpacts.

(4) Time until renedial response objectives are achieved - This factor
i ncludes an estimate of the tinme required to achieve protection for either the
entire site or individual elenments associated with specific site areas or
t hreats.

(5) Table 2-20 lists appropriate questions that may need to be
addressed during the analysis of short-term effectiveness.

f. lnplenmentability. This criterion addresses the technical and
adnm nistrative feasibility of inplementing an alternative and the availability
of various services and materials required during its inplenentation. Table 2-
21 lists typical questions that may need to be addressed during the analysis
of inplementability. This criterion involves analysis of the follow ng
factors:

(1) Technical feasibility.

(a) Construction and operation - This relates to the technica
di fficulties and unknowns associated with a technology. This was initially
identified for specific technol ogies during the devel opnent and screeni ng of
alternatives and is addressed again in the detailed analysis for the
alternative as a whol e.

(b) Reliability of technology - This focuses on the |ikelihood that
techni cal problenms associated with inplenentation will |lead to schedul e
del ays.

(c) Ease of undertaking additional renedial action - This includes a
di scussion of what, if any, future renedial actions may need to be undertaken
and how difficult it would be to inplenent such additional actions. This is
particularly applicable for an FS addressing an interimaction at a site where
addi ti onal operable units may be analyzed at a later tine.
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Tabl e 2-20. Short-Term Ef fecti veness

Anal ysis factor Basis for evaluation during detailed analysis

Protecti on of VWhat are the risks to the comunity during
conmuni ty during renedi al actions that nmust be addressed?

renmedi al actions How wi Il the risks to the comunity be addressed
and mtigated?

VWhat risks remain to the conmunity that cannot be
readily controll ed?

Protecti on of workers What are the risks to the workers that nust be
during renedi al addr essed?

actions What risks remain to the workers that cannot be
readily controll ed?

How will the risks to the workers be addressed and
mtigated?

Envi ronment al VWhat environnmental inpacts are expected with the

i mpact s construction and inplenentation of the alternative?
VWhat are the available mitigation neasures to be
used and what is their reliability to mnimze
potential inpacts?

VWhat are the inpacts that cannot be avoided shoul d
the alternative be inplenented?

Time until remnedial How |l ong until protection against the threats

response objectives bei ng addressed by the specific action is
are achieved achi eved?
I How long until any remaining site threats will be

addressed?
How |l ong until remedi al response objectives are
achi eved?

(d) Monitoring consideration - This addresses the ability to nonitor
the effectiveness of the renedy and includes an evaluation of the risks of
exposure should nmonitoring be insufficient to detect a systemfailure.

(2) Administrative feasibility.

(a) Activities needed to coordinate with other offices and agencies
(e.g., obtaining permits for offsite activities or rights-of-way for
construction).

(b) Availability of services and materials.

(c) Availability of adequate offsite treatnent, storage capacity, and
di sposal services.
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Table 2-21. Inplenmentability

Anal vsi s factor

Specific factor considerations

Ability to construct and !
operat e technol ogy

Reliability of
t echnol ogy

Ease of undert aking 1
addi ti onal renedi al
action, if necessary 1

Moni t ori ng consi derations 1

Technical Feasibility

VWhat difficulties my be associated with
construction?
What uncertainties are related to construction?

VWhat is the likelihood that technical problens
will lead to schedul e del ays?

VWhat |ikely future renedial actions may be
antici pated?

How difficult would it be to inplenent the
addi ti onal remedial actions, if required?

Do migration or exposure pathways exist that
cannot be nonitored adequately?

VWhat risks of exposure exist should nonitoring be
insufficient to detect failure?

Adni ni strative Feasibility

Coordi nati on with other 1
agenci es

VWhat steps are required to coordinate with other
agenci es?

VWhat steps are required to set up long-termor
future coordinati on anong agenci es?

Can pernits for offsite activities be obtained if
required?

Availability of Services

Avail ability of
treatnment, storage
capacity, and disposa
services

Avail ability of necessary 1!
equi prent and specialists

and Materials

Are adequate treatnment, storage capacity, and

di sposal services avail abl e?

How much additional capacity is necessary?

Does the lack of capacity prevent inplenentation?
VWhat additional provisions are required to ensure
t he needed additional capacity?

Are the necessary equi prent and specialists
avai |l abl e?

What additional equipnent and specialists are
required?

Does the lack of equi pment and specialists
prevent inpl enentation?

VWhat additional provisions are required to ensure
t he needed equi pment and specialists?

(Conti nued)
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Tabl e 2-21. (Concl uded)

Anal vsis factor Specific factor considerations

Avail ability of pro- Are technol ogi es under consideration generally
spective technol ogi es avai l abl e and sufficiently denonstrated for the
specific application?

W1l technol ogies require further devel opnent
before they can be applied full-scale to the type
of waste at the site?

VWen shoul d the technol ogy be available for full-
scal e use?

WIl more than one vendor be available to provide
a conpetitive bid?

(d) Availability of necessary equi pment and specialists, and
provi sions to ensure any necessary additional resources.

(e) Availability of services and materials, plus the potential for
obt ai ni ng conpetitive bids, which may be particularly inmportant for innovative
t echnol ogi es.

(f) Availability of prospective technol ogies.

g. Cost. A conprehensive discussion of costing procedures for CERCLA
sites is contained in the Remedial Action costing Procedures Manual EPA/ 600 8-
87/049 (U.S. EPA, October 1987). The application of cost estimates to the
detail ed analysis is discussed in the follow ng paragraphs.

(1) Capital costs. Capital costs consist of direct (construction) and
i ndirect (nonconstruction and overhead) costs. Direct costs include
expendi tures for the equi pment, |abor, and materials necessary to instal
renmedi al actions. Indirect costs include expenditures for engineering,
financial, and other services that are not part of actual installation
activities but are required to conplete the installation of renedial
alternatives. (Sales taxes normally do not apply to Superfund actions.) Costs
that nmust be incurred in the future as part of the renedial action alternative
shoul d be identified and noted for the year in which they will occur. The
di stribution of costs over time will be a critical factor in making tradeoffs
bet ween capital -i ntensive technol ogies (including alternative treatment and
di stribution technol ogi es) and | ess capital-intensive technol ogi es (such as
punp and treatment systens).

(a) Direct capital costs may include construction costs such as the
costs of materials, |abor and equiprment required to install a renedial action
equi pment costs such as the costs of remedial action and service equi pnent
necessary to enact the remedy (these materials remain until the site remedy is
conplete), land and site-devel opment costs such as expenses associated with
t he purchase of land and the site preparation costs of existing property,
bui | di ngs and services costs such as the costs of process and nonprocess
buil dings, utility connections, purchased services, and disposal costs,
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rel ocati on expenses such as the costs of tenporary of pernmanent accommodati ons
for affected nearby residents, and di sposal costs such as the costs of
transporting and di sposing of waste material such as druns and cont am nated
soils.

(b) Indirect capital costs may include engineering expenses such as
the costs of administration, design, construction supervision, drafting, and
treatability testing, license or permt costs such as adm nistrative and

techni cal costs necessary to obtain licenses and pernmits for installation and
operation of offsite activities, startup and shakedown costs such as costs
incurred to ensure systemis operational and functional, and contingency

al  owances such as funds to cover costs resulting from unforseen

ci rcunst ances, such as adverse weather conditions, strikes, or contami nants
not detected during site characterization

(2) Annual / &M costs. Annual 0&M costs are postconstruction costs
necessary to ensure the continued effectiveness of a renmedial action. The
foll owi ng annual O&M cost components shoul d be consi der ed:

(a) Operating |abor costs - \WAges, salaries, training, overhead, and
fringe benefits associated with the |abor needed for postconstruction
operations.

(b) Maintenance materials and | abor costs - Costs for |abor, parts,
and other resources required for routine nmaintenance of facilities and
equi prent .

(c) Auxiliary materials and energy - Costs of such itenms as chenicals
and electricity for treatnent plant operations, water and sewer services, and
fuel

(d) Disposal of residues - Costs to treat or dispose of residuals such
as sludges fromtreatment processes or spent activated carbon.

(e) Purchased services - Sanpling costs, |aboratory fees, and
prof essional fees for which the need can be predicted.

(f) Administrative costs - Costs associated with the adm nistration of
renmedi al O&M not included under other categories.

(g) Insurance, taxes, and licensing costs - Costs of such itens as
liability and sudden acci dental insurance; real estate taxes on purchased | and
or rights-of-way; licensing fees for certain technol ogies; and permt renewal

and reporting costs.

(h) Maintenance reserve and contingency funds - Annual paynments into
escrow funds to cover costs of anticipated replacenment or rebuil ding of
equi prent and any | arge unantici pated O&M costs.

(i) Rehabilitation costs - cost for nmaintaining equi pment of
structures that wear out over tine.
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(j) Costs of periodic site reviews - Costs for site reviews that are
conducted at |east every 5 years if wastes above health-based | evels remain at
the site.

(3) Future costs. The costs of potential future remedial actions
shoul d be addressed and shoul d be included when there is a reasonable
expectation that a major conponent of the alternative will fail and require
repl acenent to prevent significant exposure to contani nants. Anal yses of
“long-term effectiveness and pernmanence” should be used to determ ne which
alternatives may result in future costs. It is not expected that a detailed
statistical analysis will be required to identify probable future costs.

Rat her, qualitative engineering judgnent should be used and the rationale
docunented in the FS report.

(4) Accuracy of cost estimates. Site characterization and treatability
i nvestigation information should permit the user to refine cost estimtes for
renedi al action alternatives in the FS. Typically, these “study estimte”
costs made during the FS are expected to provide an accuracy of +50 percent to
-30 percent and are prepared using data available fromthe RI. It should be
i ndicated when it is not realistic to achieve this |level of accuracy.

(5) Present worth anal ysis.

(a) A present worth analysis is used to eval uate expenditures that
occur over different tinme periods by discounting all future costs to a common
base year, usually the current year. This allows the cost of renedial action
alternatives to be conpared on the basis of a single figure representing the
amount of noney that, if invested in the base year and di sbursed as needed,
woul d be sufficient to cover all costs associated with the renedial action
over its planned life.

(b) In conducting the present worth anal ysis, assunptions must be made
regardi ng the discount rate and the period of perfornmance. The Superfund
program recomends that a discount rate of 5 percent before taxes and after
infl ati on be assumed. Estinmates of costs in each of the planning years are
made in constant dollars, representing the general purchasing power at the
time of construction. In general, the period of performance of costing
pur poses should not exceed 30 years for the purpose of the detailed anal ysis.

(6) Cost sensitivity analysis.

(a) After the present worth of each renmedial action alternative is
cal cul ated, individual costs may be evaluated through a sensitivity analysis
if there is sufficient uncertainty concerning specific assunptions. A
sensitivity analysis assesses the effect that variations in specific
assunptions associated with the design, inplenmentation, operation, discount
rate, and effective Iife of an alternative can have on the estimated cost of
the alternative. These assunptions depend on the accuracy of the data
devel oped during the site characterization and treatability investigation and
on predictions of the future behavior of the technol ogy. Therefore, these
assunptions are subject to varying degrees of uncertainty fromsite to site.
The potential effect on the cost of an alternative because of these
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uncertainties can be observed by varying the assunptions and noting the
effects on estimated costs. Sensitivity anal yses can also be used to optim ze
the design of a renedial action alternative, particularly when design
paranmeters are interdependent (e.g., treatment plant capacity for contani nated
ground water and the |l ength of the period of perfornmance).

(b) Use of sensitivity anal yses should be considered for the factors
that can significantly change overall costs of an alternative with only small
changes in their values, especially if the factors have a high degree of
uncertainty associated with them Oher factors chosen for anal ysis may
i nclude those factors for which the expected (or estimated) value is highly
uncertain. The results of such an analysis can be used to identify worst-case
scenarios and to revise estimtes of contingency or reserve funds.

(c) The followi ng factors are potential candidates for consideration
in conducting a sensitivity analysis: the effective life of a renedial action
t he operation and mai nt enance costs, the duration of cleanup, the vol une of
contam nated material, given the uncertainty about site conditions, and other
design paraneters (e.g., the size of the treatnent system.

(d) The 5 percent discount rate should be used to conpare alternative
costs; however, a range of 3 to 10 percent can be used to investigate
uncertainties.

(e) The results of a sensitivity analysis should be di scussed during
t he conparison of alternatives. Areas of uncertainty that may have a
significant effect on the cost of an alternative should be highlighted, and a
rati onal should be presented for selection of the nost probable value of the
par amet er .

h. State (Support Agency) Acceptance. This assessnent eval uates the
techni cal and admi nistrative issues and concerns the state (or support agency
in the case of state-lead sites) may have regardi ng each of the alternatives.
As discussed earlier, this criterion will be addressed in the ROD once
conments on the RI/FS report and proposed plan have been received.

i. Community Acceptance. This assessnment eval uates the issues and
concerns the public nmay have regardi ng each of the alternatives. As with state
acceptance, this criterion will be addressed in the ROD once comments on the
Rl /FS report and proposed plan have been received.

2-25. Presentation of |ndividual Analyses.

a. The analysis of individual alternatives with respect to the
specified criteria should be presented in the FS report as a narrative
di scussi on acconpani ed by a summary table. This information will be used to
conpare the alternatives and support a subsequent analysis of the alternatives
made by the deci sionmaker in the remedy sel ection process. The narrative
di scussion should, for each alternative, provide a description of the
alternative and a discussion of the individual criteria assessment.
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b. The alternative description should provide data on technol ogy
conponents (use of innovative technol ogi es should be identified), quantities
of hazardous materials handled, tinme required for inplenmentation, process
sizing, inplenmentation requirenents, and assunptions. These descriptions, by
clearly articulating the various waste managenent strategies for each
alternative, will also serve as the basis for docunenting the rationale of the
applicability or relevance and appropriateness of potential Federal and state
requi rements. Therefore, the significant ARARs for each alternative should be
identified and integrated into these di scussions.

c. The narrative discussion of the analysis should, for each
alternative, present the assessment of the alternative agai nst each of the
criteria. This discussion should focus on how, and to what extent, the various
factors within each of the criteria are to be addressed.

d. As noted previously, state and community acceptance will be
addressed in the ROD once concerns have been received on the RI/FS report and
proposed plan. The uncertainties associated with specific alternatives should
be included when changes in assunptions or unknown conditions could affect the
analysis (e.g., the tine to attain ground-water cleanup targets may be tw ce
as long as estimated if assunptions nade about aquifer characteristics for a
speci fic ground-water extraction alternative are incorrect).

e. The FS also should include a sunmary table highlighting the
assessment of each alternative with respect to each of the nine criteria.

2-26. Conparative Analysis of Alternatives.

a. Once the alternatives have been described and individually assessed
against the criteria, a conmparative analysis should be conducted to eval uate
the rel ative performance of each alternative in relation to each specific
evaluation criterion. This is in contrast to the preceding analysis in which
each alternative was anal yzed i ndependently wi thout a consideration of other
alternatives. The purpose of this conparative analysis is to identify the
advant ages and di sadvant ages of each alternative relative to one another so
that the key tradeoffs the decisionnaker must bal ance can be identified.

b. Overall protection of human health and the environnment and
conpliance with ARARs will generally serve as threshold determinations in that
they nmust be met by any alternative in order for it to be eligible for
sel ection. The next five criteria (long-termeffectiveness and permanence;
reduction of toxicity, nobility, and volune through treatnent; short-term
ef fectiveness; inplenentability; and cost) will generally require the nost
di scussi on because the major tradeoffs anong alternatives will npost frequently
relate to one or nore of these five.

c. State and community acceptance will be addressed in the ROD once

formal conments on the RI/FS report and the proposed plan have been received
and a final remedy sel ection decision is being made.
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2-27. Presentation of Conparative Analysis.

a. The conparative analysis should include a narrative di scussion
descri bing the strengths and weaknesses of the alternatives relative to one
another with respect to each criterion, and how reasonabl e variati ons of each
alternative may be addressed.

b. The factors presented in Tables 2-18 through 2-21 have been incl uded
to illustrate typical concerns that may need to be addressed during the
detailed analysis. It will not be necessary or appropriate in all situations
to address every factor in these tables for each alternative being eval uated.
Under sone circunstances, it may be useful to address other factors not
presented in these tables to ensure a better understandi ng of how an
alternative performs with respect to a particular criterion

c. Key uncertainties could change the expectations of their relative
performance. An effective way of organizing this presentation is, under each
i ndi vidual criterion, to discuss the alternative that perforns the best
overall in that category, with other alternatives discussed in the relative
order in which they perform If innovative technol ogi es are being consi dered,
their potential advantages in cost or performance and the degree of
uncertainty in their expected performance (as conpared with nore denonstrated
t echnol ogi es) should al so be discussed.

d. The presentation of differences anpbng alternatives can be nmeasured
either qualitatively or quantitatively, as appropriate, and should identify

substantive differences (e.g. , greater short-termeffectiveness concerns,
greater cost, etc.). Quantitative information that was used to assess the
alternatives (e.g. , specific cost estimates, time until response objectives

woul d be obtained, and | evels of residual contam nation) should be included in
t hese di scussions.

2-28. Post-RI/FS Selection of the Preferred Alternative. Follow ng
conpletion of the RI/FS, the results of the detailed anal yses, when conbi ned
with the risk managenent judgnents made by the decisi onnaker, becone the
rationale for selecting a preferred alternative and preparing the proposed
pl an. Therefore, the results of the detailed analysis, or nore specifically
t he conparative anal ysis, should serve to highlight the relative advantages
and di sadvant ages of each alternative so that the key tradeoffs can be
identified. It will be these key tradeoffs coupled with risk managenent
decisions that will serve as the basis for the rationale and provide a
transiti on between the RI/FS report and the devel opment of a proposed pl an
(and ultimately a ROD).

2-29. Community Relations During Detailed Analysis.

a. Site-specific community relations activities should be identified in
the community relations plan prepared previously. VWhile appropriate
nodi fications of activities may be made to the community relations plan as the
proj ect progresses, the plan should generally be inplenented as witten to
ensure that the community is informed of the alternatives being eval uated and
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is provided a reasonable opportunity to provide input to the decision nmaking
process.

b. A fact sheet nay be prepared that summari zes the feasible
alternatives being evaluated. Small group consultations or public neetings may
be held to discuss conmunity concerns and explain alternatives under
consideration. Public officials should be briefed and press rel eases prepared
describing the alternatives. Other activities identified in the comunity
rel ations plan shoul d be inplenmented.

c. The objective of comunity relations during the detailed analysis is
to assist the comunity in understanding the alternatives and the specific
consi derations the | ead agency must take into account in selecting an
alternative. In this way, the comunity is prepared to provide meaningfu
i nput during the upconing public comment period.

2-30. Renpval Activities.

a. Renpvals are the other type of response action that may be
undert aken. Renoval s are expedited response actions as opposed to long-term
action undertaken during remedial activities. There are two types of renoval
actions: tinme critical and non-time critical

b. Renovals may be inplenented any tine during the renedial action
process. Mst time-critical renmovals will be inplemented within a short period
followi ng the discovery of a site. However, some immnent threats nay not be
reveal ed until construction during remedial action. Typical time-critical/non-
time critical renmovals are shown in the flow chart in Figure 2-15.

c. RCRA has a parallel authority for inplementing short-termresponses
to a release prior to full inplenentation of the corrective nmeasure. The RCRA
procedure is called an Interim Measure. RCRA Interim Measures nust neet the
requi rements of all Federal, state, and |l ocal |laws and regul ations. Currently,
there is no ARAR process equi val ent under RCRA

d. Under the FUDS program renoval actions also include building
denolition/debris renoval and abandoned ordnance-expl osi ve waste renoval .

2-31. Tinme-Critical Renpval Actions

a. Tinme-critical renoval actions are actions initiated in response to a
rel ease or threat of a release that poses a risk to public health or the
envi ronnent, such that cleanup or stabilization actions nust be initiated
within 6 nmonths foll owi ng approval of the Action Menorandum The typical flow
of events for a time-critical action is shown in Figure 2-16. The two key
items are the Action Menorandum and the Adnministrative Record. The Action
Menor andum serves as the deci sion docunment that nmust acconpany any CERCLA
action. It corresponds to the ROD for a full remedial response. Because of the
i medi ate nature of a time-critical renoval action, the regul ati ons do not
require that the Admi nistrative Record be available prior to the
i mpl enentati on of the action. However, all CERCLA actions nust have an
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Figure 2-15. Typical Flow Chart for Time-Critical/Non-Time-Critical Removals
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Figure 2-16. General Elements of a Typical Time-Critical Removal Action
Admi ni strative Record and it nust be open to the public for review and
i nspection.

b. Typical tine-critical renmpoval actions include:
(1) Fences to limt access to the site.

(2) Drainage control to limt the off-site mgration of
cont ami nant s.

(3) Capping or containnent of the contaminants on the site.
(4) Renoval of containers of waste remaining on the site.

(5) Provision of alternative water supplies to citizens inpacted by
cont ani nated wat er .

(6) Stabilization of berms, dikes, or inmpoundnents or the drainage
or closing of |agoons.

(7) Using chenmicals or other materials to retard the spread of
contam nants or nmitigate their effects.

(8) Excavation, consolidation, or renmoval of ordnance and expl osive
waste (OEW or soils having an inminent safety threat contani nated by OEW or
HTRW where such action will reduce the spread of or contact with these wastes
and reduce the threat of fire or expl osion.

(9) Containment, treatnent, disposal, or incineration of hazardous
substances to reduce the Iikelihood of human, animal, or food chain exposure.

c. Depending on the urgency of the situation, time-critical renovals

i mpl enented in response to an inmnent threat need not be conpatible with
future non-time-critical renpvals or renedial actions, need not be shown to be
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cost effective, and need not achieve applicable or relevant and appropriate
requi rements (ARARs). However, tinme and other conditions pernitting, these
obj ectives should be considered. Wen naking this determnination, the urgency
for a time-critical renoval action should be documented and naintained in the
project file along with the Action Menorandum

2-32. Non-Tine-Critical Renpval Actions.

Non-time-critical renoval actions are actions initiated in response to a
rel ease or threat of a release that poses a risk to human health, its welfare
or the environment such that initiation of renoval cleanup or stabilization
actions may be del ayed for 6 nonths or nore foll owi ng approval of the Action
Menor andum The typical flow of events is shown in Figure 2-17. In the non-
time-critical case, a 30-day comment period nust be provided prior to the
i mpl enentati on of the action, and the Administrative Record nust be avail able
for review during that tinme. An Action Menorandum (taking the place of the ROD
or the decision docunent) is also prepared and signed. One additional docunent
is prepared in the case of a non-tinme-critical action--the Engi neering
Eval uati on/ Cost Analysis (EE/CA). This docunment takes the place of the RI/FS
that is prepared for full renmedial action.

SITE
INSPECTION
COMPLETE

EE/CA
PUBLICLY
AVAILABLE

EE/CA
APPROVAL
MEMO

ACTION
MEMO
SIGNED

BEGIN
ON-SITE
REMOVAL
DESIGN AND
ACTION

30-DAY

[¢—— COMMENT ——

PERIOD

BEGIN
RECORD
COMPILATION

RECORD FILE
PUBLICLY
AVAILABLE

COMPLETE
RECORD
FILE

Figure 2-17. General Elements of a Typical Non-Time-Critical Removal Action

2-33. Renpval Action Process.

a. Renpval Site Inspection (RSI) (if necessary). The site inspection is
an on-site inspection to determ ne the nature of the rel ease or potentia
rel ease and the nature of the associated threats. The purpose is to augnent
the data collected in the prelimnary assessnment and to generate, if
necessary, sanpling and other field data to determine if an EE/CA is
appropriate. RSIs are typically perforned for non-tine-critical renova
actions in accordance with 40 CFR 300. 410.
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b. EE/CA. For non-time-critical renoval actions, CERCLA allows an EE/ CA
to be performed in lieu of an RI/FS. If the renpval action is undertaken to

partially fulfill a signed ROD (for a National Priority List (NFL) site), an
EE/ CA and public comment are not required. Under those circunstances, the
Rl /FS and associ ated public participation procedures fulfill the EE/ CA

requi rements. The EE/ CA process applies only to those actions determ ned at
the outset to be non-tinme-critical. The principal steps in the EE/ CA process
are sumuarized in Table 2-22. The format for the EEf/CA is sunmarized in Table
2-23. The EE/ CA nust neet the follow ng requirenents.

(1) satisfy environmental review requirenments applicable to renova
action (including National Environmental Policy Act (NEPA) review
equi val ency) .

(2) Satisfy administrative record requirenments (docunentation of
renoval action selection, public comment, and responsiveness sunmary).

(3) Provide a framework for evaluating and selecting alternative
t echnol ogi es (permanent sol utions and alternative treatnment technol ogies are
to be stressed).

c. Decision Docunent. After conpletion of an EE/ CA, a decision
docunent, called an Action Menorandum is prepared to identify the renoval
action chosen for inplenentation at a FUDS. The deci sion docunment is based on
i nformati on contained in the EE/ CA and consideration of public coments and
conmmunity concerns.

d. Renoval Design. The purpose of the renoval design is to devel op
det ai |l ed designs, plans, specifications, and bid documents for conducting the
renoval action. The devel opnment of the renopval design nust ensure that Federa
and state requirenents, including any conditions or waivers to ARARs, have
been identified and incorporated into the design.

e. Renpval Action. After the renoval design package is conpleted and
approved, the renoval action is inplenmented. The renoval action starts with
the solicitation and awardi ng of a contract, continues through conpletion of
interimand final inspections, certification, and cul minates with acceptance
of the final project.

f. Site Coseout. A closed-out site is one in which the renoval action
is considered conplete. The primary criterion for site closeout is a
determ nation that the site is no |longer a potential or significant threat to
the public health or the environnent. A site cl oseout docunent is prepared for
each site or group of sites for which the site closeout decision is nmade. The
site closeout docunment should clearly identify the site; reference the data,
studi es, and other evidence on which the decision is based; and describe the
rationale for the decision.
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Key Steps in the EE/ CA Process

EE/ CA Steps
Site Inspection (SI)

Potentially Responsible
Party (PRP) Notice

Approval and Initiation
of EE/ CA Study

Conpl ete EE/ CA Study and
Repor t

Rel ease EE/ CA Report

Publ i ¢ Comrent

Action Menorandum

| mpl ement Renoval Action

Activities

Revi ew of renoval prelimnary assessnent/site
i nvestigation (PA/SI) indicates that a renoval
renoval action is appropriate, but that the
threat is non-time-critical.

| ssuance of a general notice (required) or
a special notice (discretionary).

Approval menorandum prepared which

documents that the site meets criteria for a
renoval action and secures managenent
approval to conduct EE/ CA al so, designate
site spokesman, open Administration Record,
initiate comrunity interviews, and prepare
Conmuni ty Rel ations Pl an.

Conpl ete any additional on-site data
collection activities necessary to better
characterize the waste and define site
conditions (see CERCLA Section 104(b)).
Conpil e all appropriate renoval /renedi al
action alternatives and anal yze each for

ef fectiveness, cost, and ability to

i mpl enent. Concl ude with reconmended

renoval /renedi al action(s). C eanup neasures
are not permitted.

Pl ace EE/CA report in Admnistrative Record;
publish notice of availability and sumrary;
conpl ete Community Rel ations Pl an.

Provi de for 30-day public comrent period on the
EE/ CA and ot her docunments in the Adm nistrative
Record.

Prepare Acti on Menmorandum descri bing the
proposed renmpval action and soliciting
managenment approval to inplenment the action.
Attach a Responsiveness Summary (including a
summary of significant public coments and
responses to these coments). Close the

Admi ni strative Record when Action Menorandumis
si gned.

Ohserve conditions of the EE/CA, on the

i mpl enentati on of the renmoval action, but not
i ncl udi ng any previous Section 104(b)
activities.
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Tabl e 2-23 Qutline and Contents of the EE/ CA
Topi c Description of Contents

Site Site description - location, surrounding |and

Characterization uses, nature and extent of contam nation. Site
background - prior site uses, site history,
regul atory invol venent. Analytical data - summarize
analytical results Site conditions that justify a
renmoval .

Renoval Action Renoval action scope - describe scope of the

hj ectives project and identify any threats that will not be
addr essed.
Renoval action schedul e.
Applicable or relevant and appropriate
requirenents.

Renoval Action A description of appropriate alternative actions

Al ternatives for the site (Note: a no-action alternative is not
required). Innovative technol ogi es shoul d be
consi dered and eval uat ed.

Anal ysi s of Each alternative should be individually eval uated

Al'ternatives based on the criteria bel ow

1 Effectiveness

- Protectiveness
Protection of the community during renoval
Protection of workers during renoval
Threat reduction
Time until protection is achieved
Conpl i ance with chemical and | ocation

- Specific ARARs
Envi ronment al inpacts
Potential exposure to remaining risks
Long-termreliability

- Use of alternatives to |and disposal

I Ability to inplenent
- Technical feasibility
Ability to construct and operate
- Conpliance with action-specific ARARs
- Ability to nmeet performance goal s
Denonstrated performance
Conpl i ance with | ong-term cl ean-up goal s

(Conti nued)
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Tabl e 2-23. (Concl uded)

Topi ¢ Description of Contents

Anal ysi s of Availability

Al ternatives (con*t) - Equi pnrent, materials, and personnel
- Of-site capacity (if needed)
- Postremoval site control

Admi ni strative feasibility

- Public acceptance

- Coordination with other agencies

- Required permits of approvals (off-site only)

Cost
- Total cost (present worth)
- Statutory limts

Conpar ative Anal ysis
of Alternatives

Proposed Renpval
Desi gn and Renoval
Action
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