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CHAPTER 1
| NTRODUCTI ON

1-1. Purpose. This manual provides design guidelines that will aid U S. Arny
Corps of Engineers Districts and Divisions in the selection of renedial
actions at uncontrolled hazardous waste sites. These guidelines are to be used
in support of the Department of Defense Environnental Restoration Program
(DERP), the Fornerly Used Defense Sites (FUDS) Program Resources Conservation
and Recovery Act (RCRA), support to U S. Environmental Protection Agency (EPA)
activities associated with the Conprehensive Environmental Response,
Conpensation, and Liability Act (CERCLA), and the remedi ati on of hazardous
waste contani nation at Civil Wrks sites.

1-2. Applicability. This manual applies to those major subordinate comrands
and USACE districts assigned missions in support of the Nation*s efforts to
remedi at e uncontrol |l ed hazardous waste rel eases.

1-3. References. Required and related references cited in this manual are
listed in Appendi x A.

1-4. Explanation of Abbreviations and Terns. Abbrevi ations and terns used in
this manual are explained in the G ossary (Appendi x C)

1-5. USACE Responsibilities.

a. In response to the negative inmpacts of inproper waste di sposal
Congress passed PL 94-580, the Resource Conservation and Recovery Act (RCRA),
and PL 96-510, the Conprehensive Environmental Response, Conpensation, and
Liability Act (CERCLA) of 1980 (commonly referred to as “Superfund”). CERCLA
was subsequently anmended by the Superfund Amendnents and Reauthorization Act
(SARA) of 1986.

b. Although the EPA has overall statutory responsibility for
i mpl enent ati on of CERCLA, the USACE has a significant technical role in
ensuring the inplenmentation of renedial actions at DoD (and former DoD) sites
where the uncontrolled rel ease of hazardous substances has occurred. Renedi al
actions can consist of, but may not be linmted to, field investigations to
define the problem and deternine its extent; feasibility studies to devel op
options for renmedial action; selection of one or nore cost-effective renedi al
actions; and final design and inplenentation (construction and provision for
future nonitoring).

c. The USAGE has nultiple mssions in the Nation*s efforts to renediate
environnental problens resulting from past inproper waste disposal practices.

(1) EPA*s program for inplenentation of Superfund provides for
emergency action and for renedial action at disposal sites. The USACE*s
responsibility under the AGis primarily associated with the renmedi al action
portion of the program The USACE will be responsible for the managenent of
design, construction, and installation of nmonitoring systens for those sites
that are sel ected by EPA and assigned to the USACE. The USACE may al so assi st
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EPA in review of state-nmanaged projects for biddability and constructibility,
or in design or construction execution oversight as EPA*s agent. The USACE
assists the EPA during the field investigation and feasibility study phases.
This assistance is essential to famliarize USACE personnel with the EPA-

sel ected renedial action, and to assure the USAGE that the EPA-sel ected renedy
is reasonabl e to design, construct, operate, and maintain.

(2) The USACE*s responsibilities under DERP (I RP and FUDS) are
significantly broader than those associated with the support to EPA through
t he Superfund | AG The USAGE may have full responsibility for: managi ng and/or
conducting field investigations to define the problemand determine its
extent; feasibility studies to devel op options for renedi al action; selection
of a cost-effective renedial action; final design of the selected renedial
action; and inplenentation of the selected renedial action. |nplenentation may
i ncl ude construction, operation and nmai ntenance, and provisions for future
nmoni t ori ng.

(3) The USACE may provide support on RCRA facilities that rmust conply
with RCRA Facility Investigation/Corrective Measures Study/Corrective Measure
| mpl ementation (RFI/CMS/CM) criteria. RFI/CMS/CSI criteria, although
technically simlar to criteria for inplementing renmedi al actions under
CERCLA, mnust be performed in accordance with EPA 530/ SW 88-028, OSWER
Directive 9902.3. In addition, support provided under CERCLA may be required
to conply with RCRA substantive requirenents.

(4) The USAGE nust address contam nation attendant with G vil Wrks
sites. These activities are described in detail in ER 1165-2-132.

d. Remedial action at a waste disposal site may take the form of onsite
control, offsite disposal, onsite treatnent, onsite storage, or conbinations
of these. For exanple, renedial action may consist of surface flow controls
that divert and channel rainfall, thus preventing infiltration of water into
the waste site. O renedial action nay deal specifically with controlling the
spread of contam nated ground water, either by contai nment or punping and
treating. Other types of renedial action involve controlling the migration of
danger ous gases and vapors fromthe site, renoving the waste material fromthe
site for treating and di sposal, and cl eaning up water mains, sewers, wetlands,
soils, and water bodies that have been contam nated.

e. Many of the construction and design techni ques associated with the
USAGE*s portion of the programare famliar to USAGE personnel, but sone are
not and these will usually be associated with those sites where the greatest
degree of hazard exists. For exanple, a principal difference in the
construction aspect is the high degree of control necessary for proper
managenment of USAGE and contractor activities.

f. In addition to providing support in prograns to renediate the
Nati on*s hazardous and toxic radi oactive waste (HTRW probl ens, USAGE has
responsibility for consideration of HTRWinpacts in conjunction with its own
Civil Wrks mssion. Sone of the activities described in this nanual are
applicable to HTRWinvestigations in the devel opment and operation of C vi
Works projects of the Corps. The same technical investigations and anal ysis
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are required as for the Superfund, DERP, and RCRA efforts, but there are

di fferent adm nistrative and reporting requirenents. The reconnai ssance phase
of the devel opment process for a Civil Works project requires an analysis of
the potential for discovery of HTRWin the project area. Such analysis is to
be based on avail able data and a field survey wi thout sanpling and testing. If
there is potential for HTRW a determi nation of the nature and extent of
contam nation as well as a prelimnary analysis of remediation actions is
required during the feasibility phase of Civil Wrks project devel opnent. In
cases where the Corps is responsible for renediation of HTRWin conjunction
with a Civil Wrks project, a detail ed design and construction plan for the
renmedi ati on woul d be required. ER 1165-2-132 provi des gui dance on

consi deration of HTRWin conjunction with Cvil Wrks projects.

1-6. Safety. Health and safety are overriding concerns during al
construction activities. These concerns are conpounded on renedi al action
projects. However, a detailed discussion of construction safety is beyond the
scope of this manual. The user of this manual should consult ER 385-1-92,

Saf ety and Occupati onal Health Document Requirements for Hazardous, Toxic and
Radi oactive Waste Activities, EM 385-1-1, Safety and Health Requirenents
Manual , and | ocal safety or occupational health officers for additiona

i nformati on on health and safety requirenments associated with remnedi al
activities.
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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

2-1
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Tabl e 2-1. CERCLA\ RCRA Ter m nol ogy Crosswal k
CERCLA Process RCRA Process Qbj ecti ve
Prelimnary RCRA Facility Determ ne the potential for a
Assessment (PA) Assessnment (RFA) present of past rel ease, based
primarily on historical records.
Site lnvestigation See Note 1 Provide sufficient information to

(Sh)

Renedi al

I nvestigation

(R)

Feasi bility Study

(FS)

RCRA Facility

I nvestigation (RFI)

(RFI)

Corrective Measures

Study (CMB)

deterni ne the need for a ful
renmedi al investigation, based on
prelimnary site data and field
sampl ing for contanination.

Characterize the nature, extent,
direction, rate, novenent and
concentrati on of rel eases.

Eval uate potential renedi al
actions and provide sufficient
informati on to decision makers
to allow an infornmed deci sion.

! There is no direct
field investigation

FROM:

@ Frekmina‘y
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regardi ng which renedy appears
general RI/FS process is shown

to be nost appropriate for a given site.

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

2-5
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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.

FROM:
. r
Assesament

*  Shke inapection TO:
Remedy Selection

® NP{ Usting
Record of Decision
Remedial Design
Ramedial Action

CHARACTERIZATION

@ Conduct Fleld Investigations

@ Define Nature & Extent of
Contamination (Waste
_ Types, Concentrations,
Distributions)

@  identify Federal/State
Contaminant & Location
Specific ARARs

@ Develop Baseline Risk
Assessment

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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Technologias Containment/
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Residuals or Untreated Waste
@® Screaen Technologlas
® [dentify Action-Specific ARARs
Assemble Technologles into
Alternatives
®  Screen Alternatives as
Necessary
Figure 2-6. Overview of the Development and Screening of
Alternatives Process
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.
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(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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Figure 2-7, Overview of the Detailed Analysis of Alternatives Process

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
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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 2-5. Sources of Data for Site Assessment

Substance
characterization

Site records
Inventories
Shipment manifests
Permits
Waste generator records
Personal interviews
Site personnel
Public afficials
Private citizens
Monitoring/sampling/test-
ing data (if available)

Pollutant dispersal Receptor Site management
pathways characterizations practices
Geology U. 8. Public Health State and local
Publications Service regulatory
Topographic maps Local planning offices
USGS state geological agencies Review of site
surveys, universities Federal/state fish and management

Hydrology
USGS water resource
divisions
State water resource
divisions
Flood insurance rate
maps from HUD
Aerial imagery
EPA sources
Other sources
NASA EROS
Local planning
agencies
Private companies
National Weather
Service
EPA site reports

Corps/USGS

wildlife departments/
agencies
Area universities
Local naturalists
Aerial imagery
Medical reports
News saurces

Personal inter-
views

Aerial photo

OSHA/NIOSH

Fire
departments

Note: USGS = U.S. Geological Survey, HUD = Housing and Urban Development, NASA EROS = Natiomal
Aeronautical Space Adminstration Earth Resources Orbital Satellite, OSHA = Occupational Safety
and Health Administration, NIOSH = National Institute for Occupational Safety and Health.
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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).
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(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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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

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

1

Identify Potential
Treatment and
Oisposal Technologies
and Screen Based on
Technical implementakility

!

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
- Davelop Sampling Strategies
and Analytical Support to
Acquire Additional Data
- Aepeat Steos in RI Site
Charactenzation

Reevaluate
Data Needs?

Comoine Media-Specific
Technologies into
Alternatives

Screening of
Alternatives

Detailed Analys:s
ol Alternatives

Figure 2-12. Alternative Development and Screening
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Table 2-10.

Example of Remedial Action Objectives, General Response Actions, Technology Types, and

Example Process Options for the Development and Screening of Technalogies

Environmental
media

Remedial action objectives
{from site characterization}

Ground Water For Human Health:

Prevent ingestion of water
having [carcinogen{s)] in
excess of [MCL({s)] and a
total excess cancer risk
(for all contamjﬂants) of
grg?ter than 10 ~ to
10 7.

Prevent ingestion of water
having [noncarcinogen(s)]
in excess of [MCL{s}] or
[reference dose(s)l.

For Environmental Protection:

Restore ground-water aguifer
to [concentration{s)] for
[contaminant(s)].

General response actions

(for all remedial action gbjectives} (for general response actions)

No Action/Institutional Actions:
No Action
Alternative residential water
supply
Monitoring

Containment Actions:
Containment

Collection/Treatment Actions:
Col lection/treatment discharge/
in situ ground-water treatment
individual home treatment units

{Continued}

Remedial technology types

No Action/Institutional options:
Fencing
Deed restrictions

Containment Technologies:
Cepping
Vertical barriers
Horizontal barriers

Extraction Technologies:
Ground-water collection/
pumping
Enhanced removal

Treatment Technologies:
Physical treatment

Chemical treatment

In situ treatment

Disposal Technologies:
Discharge to POTW {after
treatment)
Discharge to surface
water (after treatment)

Frocess options

Clay cap, synthetic
membrane, multi-
layer slurry wall,
sheet piling liners,
grout injection

Wells, subsurface or
Leachate caollection.

Solution mining, vapor
extraction, enhanced
oil recovery

Coagulation/
ftocculation, oil-
water separation,
air stripping,
adsorption.

Neutralization, pre-
cipitation, ion
exchange oxidatioen/
reduction.

Subsurface
bioreclamation
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Table 2-10. (Continued)

Environmental
media

Remedial action objectives General response actions

_(from site characterization} {for all remedial action objectives)

Remedial technology types

(for general response actions)

Process gptions

Soil

For Human Health:

No Actien/Institutional Actions:
No action
Access restrictions

Prevent ingestion/direct
contact Wwith soil having
[honcarcinogen(s)] in
excess of [reference
dose(s}].

Containment Actions:
Containment

Prevent direct contact/
ingsstion g}th s0il having
10 ° to 10 " excess cancer
risk from [carcincgen(s}].

Prevent inhalation of
[carcinogen(s)] pesing exgess
cancer_risk levels of 10
to 10 T.

Excavation/Treatment Actions:
Excavation/treatment/disposal
In situ treatment
Disposal excavation

For Environmental Protection:

Prevent migration of
contaminants that would
result in ground-water
contamination in excess of
[concentration(s}] for
[contaminant({s)].

(Continued}

No Action/Institutional options:
Fencing
Deed restrictions

Containment Technologies:
Capping
Vertical barriers
Horizontal barriers
Surface controls

Sediment control barriers
bust controls

Removal Technologies:
Excavation

Treatment Technologies:
Solidification, fixation
stabilization, immobilization
Dewatering

Physical treatment

Chemical treatment
Biological treatment

In situ treatment
Thermal treatment

Clay cap, synthetic
wembrane, multilayer
slurry wall, sheet
piling liners, grout
injection diversion/
collection, grading,
soil stabitization

Coffer dams, curtain
barriers

Revegetation, capping

Solids excavation

Sorption, pozzolanic
agents, encapsulation
Belt filter press,
dewatering, and
drying beds
Water/solvent leaching
(with subseguent
ligquids treatment)
{ime neutralization
Cultured micro-
arganisms
Surface bioreclamation
Incineration, pyrolysie
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Table 2-10.

(Continued)

Remedial action objectives
(from site characterization)

Environmental
media

General response actions
(for all remedial action objectives)

Remedial technology types
(for general response actions)

Surface Water Ffor Human Health:

Prevent ingestion of water
having [carcinogen(s)] in
excess of [MCLs) and a total
excess cancer rjzk of 7
greater than 10 ° to 10 ".

Prevent ingestion of water
having {noncarcinogen(s)]
in excess of [MCLs] or
[reference dose(s)].

For Environmental Protection:

Restore surface water to
[ambient water quality
criterial for
[contaminant(s)]

For Human Health:

Prevent inhalation of
[carcjzogen(s?} in excess
of 10 © to 10 ° excess
cancer risk.

No Action/Institutional Actions:
No action

Access restrictions

Monitoring

Collection/Treatment Actions:
Surface water runoff interception/
treatment/discharge

No Action/Institutional Action:
No action
Access restrictions to Monitoring

Collection Actions:
Gas collection

(Continued)

No Action/Institutional Options:
Fencing
Deed restrictions

Collection Technologies:
Surface controls

Treatment Technologies:
Physical treatment

Chemical treatment

Biological treatment

(organics)

In situ treatment
Disposal Technologies:
Disposal Technologies:

Discharge to POTW (after

treatment)

No Action/Institutional options:
Fencing
Deed restrictions

Removal Technologies:
Ltandfill gas colliection

Process options

Grading, diversion,
and collection

Coagulation/
flocculation, oil-
water separation,
filtration,
adsorption

Precipitation, ion
exchange, neutrali-
zation, freeze
crystallization bio-
logical treatment,

Aerobic and anaerabic
spray irrigation

In situ precipita-
tion, in situ
bioreclamation

Passive vents, active
gas collection
systems
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Table 2-10.

(Continued)

Environmental
media

Remedial action objectives
(from site characterization)

Sediment

For Human Health:

Prevent direct contact with
sediment having
[cgzcinogeg’s)] in excess of
10 * to 10 ' excess cancer
risk.

For Environmental Protection:

Prevent releases of
{contaminant(s)] from
sediments that would result
in surface water levels in
excess of [ambient water
quality criterial.

General response actions
(for all remedial action objectives)

Remedial technology types
(for general response actions)

Process options

No Action/Institutional Action:
No action
Access restrictions to
Monitoring

Excavation Actions:
Excavation

Excavation/Treatment Actions:
Removal/disposal
Removal/treatment/disposal

(Continued)

No Action/Institutional Options:
Fencing
Deed restrictions

Removal Technologies:
Excavation

Containment Technologies:
Capping
Vertical barriers
Horizontal barriers
sediment control barriers

Treatment Technologies
Solidification, fixation,
stabilization
Dewatering
Physical treatment

Chemical treatment

Biological treatment
In situ treatment
Thermal treatment

Sediments excavation

Removal with clay
cap, multilayer,
asphalt

Slurry wall, sheet
piling liners, grout
injection

Coffer dams, curtain
barriers, capping
barriers

Sorption, pozzolanic
agents, encapsulation

Sedimentation,
dewatering and drying
beds

Water/solids leaching
with subsequent
treatment)

Neutralization, oxi-
dation, electro-
chemical reduction

Landfarming

Surface bioreclamation

Incineration,
pyrolysis
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Table 2-10. (Continued)

Remedial technology types
(for general response actions)

Process options

Environmental Remedial action objectives General response actions
media (from site characterization) (for all remedial action objectives)
Structures For Human Health: No Action/Institutional Action:
No action
Prevent direct contact with Access restrictions
[cgzcinogeg&s)] in excess of Demol ition/Treatment Actions:
10 ~ to 10 ' excess cancer Demolition/disposal
risk. Decontamination

Prevent migration of
[carcinogen(s)] which would
result in ground-water
concentratiogi in exg7ss of
[MCLs] or 10 7 to 10 ' total
excess cancer risk level.

Prevent migration of
[carcinogen(s)] which would
result in soil concentration
in excess of [reference
dose(s)]

For Environmental Protection

Prevent migration of
[contaminants] that would
result in ground-water
concentrations in excess of
[concentration(s)].

(Continued)

Mo Action/Institutional Options:
Fencing
Deed restrictions

Removal Technologies:
Demolition
Excavation

Treatment Technologies:
Solids processing

Solids treatment

Demolition

Excavation, debris
removal

Magnetic processes,
crushing and grind-
ing, screening

Water leaching, sol-
vent leaching, steam
cleaning
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Table 2-10. (Continued)
Environmental Remedisl action objectives General response actions Remedial technology types
media {from site characterization)  (for all remedial action gbjectives) {(for general response actions) Process options

Solid Wastes

For Wuman Health:

Prevent ingestion/direct
contact with wastes having
[non-carcinogen{s)] in
excess of [reference dose(s)].

Prevent ingestion/direct
contact uigp wastes having
10 * to 10 ' excess cancer
risk from [cercinogen{s}].

Prevent inhalation of
[carcinegen(s}] posing exgess
canger rigk tevels of 10 7 to
107

Prevent migretion of
[carcinogen(s)] which would
result in ground-water
concentrations in EXCESS of
[MCLs] or 10 7 to 1@ 7 total

excess cancer risk levels.
For Environmental Protection:

Frevent migration of
contaminants which would
result in ground water
contaminetion in excess of
[concentration(s)] for
{contaminant{s)].

No Action/Institutional Actions:
No action

Access restrictions to [Location]

Contairment Actions:
Containment

Excavation/Treatment Actions:
Removal /disposat

Removal /treatment/disposal

{Continued)

No ActionfInstitutional Options:
Fencing
Deed restrictions

Containment Technologies:
Capping
Vertical barriers
Herizontal barriers

Removal Techrnologies:
Excavation
Drum removal
Treatment Technologies:
Physical treatment

Chemical treatment
Biplegical treatment
Thermal treatment

Solids processing

Clay cap, synthetic
memorenes, multi-
layer slurry wall,
sheet piling Liners,
grout injection

Dust controls

Solids excavation
Orum and debris
remaval
Water/solvent leach-
ing {with subsequent
liquids treatment)
Neutralization
Cultured micro-
organisms
Incineration,
pyrolysis, gaseous
incineration
Crushing end grind-
ing, screening,
classification
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Table 2-10.

(Continued)

Environmental
media

Liquid Wastes

Remedial action objectives

(from site characterization)

For Human Health:

Prevent ingestion/direct
contact With wastes having
[noncarcinogen(s)] in excess
of [reference does(s)].

Prevent ingestion/direct
congact uig9 wastes having
10 7 to 10 ' excess cancer
risk from [carcinogen(s)].

Prevent inhalation of
[carcinogen(s)] posing exgess
cancer risk levels of 10 ~ to
10 .

Prevent migration of
[carcinogen(s)] which would
result in ground-water
concentratiogz in excgss of
[MCLs] or 10 © to 10 ° total
excess cancer risk levels.

For Environmental Protection:

Prevent migration of
contaminants that would
result in ground-water
contamination in excess of
[contamination(s)] for
[contaminant(s)].

General response actions

(for_all remedial action objectives)

Remedial technology types
(for general response actions)

No Action/Institutional Actions:

No action

Access restrictions to [location]

Containment Actions:
Containment

Removal/Treatment Actions:
Removal/disposal

Removal/treatment/disposal

(Continued)

Process options

No Action/Institutional Options:
Fencing
Deed restrictions

Containment Technologies:
Vertical barriers
Horizontal barriers

Removal Technologies:
Bulk liquid removal
Drum removal

Treatment Technologies:
Physical treatment

Chemical treatment

Biological treatment

Thermal treatment (organics)
Disposal Technologies:
Product reuse
Discharge to POTW (after)
treatment)

Slurry wall
Liners

Bulk liquid removal
Drum removal

Coagulation/
flocculation, adsorp-
tion, evaporation,
distillation

Neutralization,
oxidation, reduct-
jon, photolysis

Aerobic/anaerobic
biological treatment,
‘biotechnologies

Incineration,
pyrolysis,
co-disposal
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Table 2-10. (Concluded)

Environmental
media

Sludges

Remedial action obJectives

General response actions

Remedial technology types

{from site charscterization) (for all remedial action chjectives) (for general response actiops) Process options

For Human Health:

Prevent direct contect with
sludge having [gzrcinogg?(s)]
in excess of 10 ° to 10
excess cancer risk.

Prevent ingestion/contact
With sludge having
[noncarcinogen{s)] in excess
of [reference dose(s}].

Prevent migration of
[carcinogen{s)] which would
result in ground-water
congentrati in excess of
TC)':1£ to 10'?1:xcess cancer

risk.

For Environmental Protection:

Prevent releases of
[contaminant{s)] from sludge
that would result fn surface
water levels in excess of
[ambient water guality
criterial.

Prevent releases of
[contaminant{s)] from sludge
that would result in
ground-water levels of
[contaminant(s)] in excess of
[concentration{s)].

No Action/Institutional Actions:
No action
Access restrictions to [location]

Containment Actions:
Containment

Removal /Treatment Actions:
Removal/disposal

Removal /treatment/disposal

No Action/Institutional Options:

Fencing
Deed restrictions

Containment Technologies:
Vertical barriers
Horizontal barriers

Removal Technologies:
Bulk sludge removal
Drum removal

Treatment Yechnologies:
Solidification, fixation

Physical Treatment

Chemical treatment
Siological treatment

Thermal treatment (organics)
Dewatering

Disposal Technologies:
Product reuse
Landfilling (after treatment)

Slurry wall, sheet
piling linars

Semisolid excava-
tion, pumping

Drum removal

Sorption, porzolanic
agents, encapsulation
freeze crystalliza-
tion, neutralization,
oxidation, electro-
chemical reduction

Oxidation, reduction,
photolysis

Aercobic/anaerobic
treatment, land
treatment new
biotechnolagies

Incineration, pyrol-
ysis, co-disposal

Gravity thickening,
belt filter press,
vacuum filtration
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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.

2-49
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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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Table 2-11. Summary of Available Remedial Action

Surface Flows

Techniques for Contaminated

Technique

Functions

Applications/restrictions

Surface sealing/capping

Grading

Revegetation

Surface water diversion
and collection
structures

Dikes and berms
Ditches, diversions,

and waterways
Terraces and benches
Chutes and downpipes
Levees

Isolates waste from contact with surface
runoff and infiltration; stabilizes
surface of site, controls offsite
transport of contaminated sediments
and debris; prevents surface leaks of
leachate; supports revegetation

Shapes surface topography to provide
for nonerosive runoff and minimize
infiltration; supports revegetation

Stabilizes site surface; controls ero-
sion by wind and water; controls off-
site transport of contaminated debris;
enhances surface sealing; may prepare
site for future re-use

Upslope or at perimeter of site, chan-
nels runoff around critical areas;
downslope or onsite, controls off-
site erosive transport of contami-
nated sediments; collects/channels
contaminated runoff to basins/traps

(Continued)

All land disposal sites; most effective
when combined with grading and revege-
tation; requires suitable capping and
cover materials

All land disposal sites; most effective
when combined with surface sealing
with revegetation; may require special
landfill equipment :

All land disposal sites; only recommended
for properly sealed sites; may require
irrigation in arid climates; most
effective when combined with grading;
may require special construction tech-
niques and long-term maintenance

All land disposal sites in sloping areas,
surface impoundments; most suited for
wet climates; often provides only short-
term control for small drainage areas;
associated maintenance costs; most
effective when combined with grading
and revegetation
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Table 2-11.

(Concluded)

Technigque

Functions

Applications/restrictions

Seepage basins

Sedimentation basins/
traps

Check dams
Sedimentation
basins/ponds

Leachate control
Collection
Recirculation

Treatment

Treatment of contami-
nated surface waters

Collects surface runoff from diversion

structures and provides for recharge
to ground water

Collects and detains contaminated
sediments eroded from disposal site
surface; sediment-laden surface run-
off intercepted and channeled to
these structures; prevents contamina-
tion of local watercourses by disposal
site

Controls offsite migration of surface
leachate seeps (e.g., at base of fill)
by collecting and treating or recir-
culating leachate

Removes contaminants by physical, chem-
ical, and/or bioclogical treatment
methods

Wherever diversion structures have been
implemented and where soil permeability
is not too low to allow for recharge

All land disposal sites with sediment
erosion problems; must be located in
fairly remote areas for large sediment
pond construction; smaller sediment
traps for basins only effective for
small drainage areas

All disposal sites with surface seepage
of leachate; particularly applicable
to sites located on bedrock, where
shallow ground water exists, or with
impermeable sublayer

For contaminated surface runoff or natu-
ral watercourses that must be treated
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Table 2-12.

Ground Water

Summary of Available Remedial Action Techniques for Contaminated

Technique

Functions

Applications/restrictions

Surface sealing

Grading

Revegetation

Surface water
diversion and
collection structures

Dikes and berms
Ditches, diversions,
and waterways
Terraces and benches
Chutes and downpipes

Indirectly controls ground-water contam-
ination by reducing surface water
infiltration (provides impermeable
barrier), thereby minimizing leachate
generation

Indirectly controls ground-water contam-
ination by promoting surface runoff
and reducing infiltration, thereby
minimizing leachate generation

May be used to dry surface layers of
filled refuse through root uptake/
evapotranspiration, reducing volume
of leachate generated, and thereby
indirectly controlling ground-water
contamination

Upslope of sites may indirectly control
ground-water contamination by inter-
cepting and diverting surface runoff
around site, reducing opportunity for
runoff infiltration, and minimizing
leachate generation

(Continued)

All land disposal sites; most effective
when combined with grading and revege-
tation; requires suitable capping and
cover materials

All land disposal sites; most effective
when combined with surface sealing and
revegetation; may require special land-
fill equipment

This function of revegetation may be off-
set by enhanced detention and infiltra-
tion of surface runoff; site-tolerant
species will be effective; may be effec-
tive at landfill sites with poorly
drained surface layers and nonphyto-
toxic wastes near the surface

Structures must be upslope or at perim-
eter of disposal site to isolate site
surface from contact with storm runoff;
most suited for wet climates; often
provide only short-term control for
small drainage areas; associated
maintenance costs; most effective when
combined with grading and revegetation
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Table 2-12.

(Continued)

Technique

Functions

Applications/restrictions

Impermeable barriers

Grout curtain
Slurry wall
Sheet piling

Permeable treatment
beds

Ground-water
pumping

Upgradient from or around sites, diverts

uncontaminated ground-water flow away

from wastes; downslope or around sites
contains/collects contaminated ground

water to limit extent of aquifer pol-

lution or protect offsite wells

Adsorption, precipitation, or neutral-

ization of certain ground-water con-
taminants downgradient of polluting
disposal sites

Lowers water table to prevent ground-

water contact with buried or impounded
wastes; lowers water table to prevent
surface discharge of contaminated
ground water; contains or collects a
leachate plume for delivery to treat-
ment system

{(Continued)

All land disposal sites and surface

impoundments with ground-water contam-
ination; requires expensive precon-
struction geotechnical evaluation,
limited bedrock depths of less than

80 feet. Compatibility of wastes with
grouts and, to a lesser extent, slurry
walls has not been fully tested.
Grouts not suitable for soils with low
permeability

Applicable to any land disposal site or

surface impoundment with contaminated
ground water flowing downgradient of

site; carbon adsorption very costly;

not a proven technique

Land disposal sites and surface impound-

ments that are contaminating local
aquifers; particularly useful when
dealing with permeable bedrock, where
impermeable barriers connot contain
vertical migration
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Table 2-12., (Concluded)
Technigque Functions Applications/restrictions
Bioreclamation Bacterial degradation/removal of petro- Not effective for ground-water contam-

Leachate control

Collection
Recirculation
Treatment

chemical contaminants and other
organics as ground water is recycled
between pump stations

Intercepts subsurface leachate before
it migrates to ground water; collects
and transports leachate to retreat-
ment system or for recirculation

inated by heavy metals, certain
chlorinated organics, or other non-
biodegradables; short-term treatment
only; may be very costly; possibil-
ity of producing treatment residue
more difficult to treat than original
contaminant

All disposal sites (landfills, surface

impoundments) with subsurface leachate
generation; limited applicability
where soils are of low permeability;
may not intercept all leachate if site
is very large
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Table 2-13.

Air/Soil Pore Spaces

Summary of Available Remedial Action Techniques for Contaminated

Technique

Functions

Applications/restrictions

Surface sealing

Gas barriers

Gas ventilation
systems

Pipe vents
Trench vents

Gas collection and
treatment

Horizontal sealing provides impermeable
barrier to upward migration/surface
escape of decomposition gases and
volatiles

Vertical sealing prevents lateral move-
ment; layered sealing systems may
channel gases to vents and treatment
structures

Prevents lateral subsurface migration of
gases; safely vents hazardous gases to
the atmosphere or to treatment
structures

For control of volatile toxics, and
malodorous decomposition gases,
removal or destruction of pollutants
by thermal oxidation or adsorption

All land disposal sites; layered systems
most effective for control of gas
migration

Vertical barriers should not be used
alone for control of lateral migra-
tion; clay may crack in arid regions

Applicable as a remedial technique for
control of volatile toxics or methane
and decomposition gases at land
disposal sites

All land disposal sites; generally
cost-effective
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Table 2-14. Summary of Available Remedial Action Techniques for Contaminated
Soil and Sediments
Technique Functions Applications/restrictions

Surface sealing

Crading and revege-
tation

Surface water
diversion and
collection

Diversions
Benches/terraces

Sediment traps/basins

Leachate control

Disposal of dredged
sediments

Controls offsite transport of contam-
inated surface soil by capping waste
site and stabilizing cover soil; pre-
vents leachate seeps and subsequent
contamination

Controls offsite erosion of cover soil;
binds soil particles, protects from
wind and rain

Upslope of sites; diverts eroding run-
off; downslope or on site surface,
slows runoff, controls soil erosion,
channels sediment-laden runoff to
collection structures (traps/basins)
or stabilization outlets; traps and
collects sediments

Indirectly functions to prevent soil
contamination by collecting and
treating leachate that might other-
wise migrate offsite

Safe disposal of contaminated sediments
in secure landfill or by incineration

(Continued)

All land disposal sites; most applicable
to wet climates

All land disposal sites; most effective
when combined with surface sealing;
may be costly in arid climates

All land disposal sites; structures
often temporary in nature; for small
drainage areas; usually combined with
revegetation and grading for long-
term erosion control

All land disposal sites and surface
impoundments; effectiveness limited
in poorly permeable soils

Only cost-effective for large volumes
of dredged/excavated sediments
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Table 2-14 (Concluded)

Technique Functions Applications/restrictions
Wet excavation Removes contaminated sediments from For contaminated sediments that have
techniques streams, rivers, and wetlands that been eroded from the site and
may be ecologically fragile or impor- deposited in streambeds or wetlands;
Stream diversion tant as public water sources only cost-effective for removing large

Mechanical excavation
Hydraulic dredging
Dewatering

volumes of sediments; mechanical exca-
vation is most cost-effective for
small, low flow streams; may not be
feasible for very remote, inaccessible
sites
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Table 2-15.

Wastes

Summary of Available Remedial Action Techniques for Hazardous

Technigque

Functions

Mechanical excavation

Hydraulic dredging

Land disposal

Incineration

Wet-air oxidation

Solidification

Removes waste materials from site for
treatment or secured disposal by power
shovel, clamshell, etc.

Pumps waste materials to treatment, or
for transportation to secured disposal

Disposes of waste materials in impound-
ments, landfills, and landforms

Thermally oxidizes waste material in
controlled environment

Oxidizes waste material by low-

temperature thermal air

Incorporates waste material into
immobile matrix such as cement or
resin

(Continued)

Applications/restrictions

Landfills, small surface impoundments

with high-solids waste material

Surface impoundments with pumpable

solids

Most widely used method for waste dis-

posal; improper disposal can result in
air pollution, ground-water and
surface-water contamination; RCRA
requirements will markedly increase the
cost but will provide for more sound
disposal methods

Most effective for all organic wastes,

especially those with low flash points
containing relatively low ash contents.
Applicable to wastes that are oxi-
dizable at temperatures below 2500°F

Most economical for wastes with high COD;

may be used in conjunction with bio-
logical treatment

Most economical for small quantities of

waste. Waste material must be com-
patible with solidification agent.

Not well demonstrated for nonradio-
active wastes; may leach from some

matrices over time
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Table 2-15.

(Concluded)

Technique

Functions

Applications/restrictions

Encapsulation

Solution mining
technical

In-situ solidification

In-situ neutralization/

detoxification

Microbial seeding

Surrounds waste material with imperme-
able coating

Treats the waste in-place by mobilizing
contaminants or flushing them through
to ground water, and collecting

Injects waste solidification agents
directly into waste site

Neutralizes or immobilizes wastes by
application of a neutralization agent
such as lime to the waste material

Biodegrades organic wastes

Most applicable to containerized waste
materials or dewatered sludges; not
fully demonstrated; costly

Most applicable to surface impoundments;
may eliminate need for hazardous exca-
vation; best suited for flushing heavy
metals and basic organics; difficult to
determine extent to which solution
makes contact with wastes; generally
used with ground-water pumping or
leachate collection; not well
demonstrated

Applicable to liquid wastes from surface
impoundments, well-defined landfill
sections. Not applicable to contain-
erized wastes

Most applicable to surface impoundments,
disposal sites with permeable surfaces;
metal-bearing wastes. Degree of effec-
tiveness difficult to determine

Most effective for landforms and surface
impoundments; can degrade a wide range
of organics when acclimated; degrada-
tion process can be slow depending on
acclimation and adequate aeration
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Table

2-16. Summary of Available Remedial Action Techniques for Contaminated
Water and Sewer Lines

Technique

Functions Applications/restrictions

In-situ cleaning

Scouring
Flushing
Dredging
Suction cleaning

Leak detection and
repair

Pipeline inspection
Grouting
Relining

Pipeline removal and
replacement

Cleans interiors of municipal sewer and Most applicable to contaminated gravity
water pipelines infiltrated by con- sewer lines; most techniques well
taminated sediments or ground water; established and cost-effective
removes infiltrated contaminants

Allows discovery and repair of leaks, Most applicable to contaminated sewer
cracks, etc. (points of infiltration/ lines; techniques well established
exfiltration) and generally cost-effective

Replaces badly damaged sewer lines or May be only option feasible for con-
contaminated water mains taminated public water mains; very

costly for deep pipelines
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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.
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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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CHAPTER 3
CONTROL AND CONTAI NMENT TECHNOLOG ES

3-1. Definition. Control and contai nment technol ogies are those renedi al
systens that are used primarily for managenment of contam nants onsite and to
prevent excursions to the air or ground water.

3-2. Applicability. Control and containment renedial techniques are usually
undertaken where the volume of waste or hazard associated with the waste makes
it inmpractical or inpossible to dispose of the contam nation offsite to a
secure landfill site or to treat the waste or contaminated material onsite. In
some cases, portions of waste materials have been renoved, but the residua
contam nation in soil and ground water must be contained onsite. Renedi al
techni ques generally are used for onsite contai nnent with processes such as
flushing of an aquifer or natural biological degradation accounting for the
actual destruction of contam nants. Site control and contai nment renedial
techni ques are often inplenmented along with treatnment systenms to mininize the
volunme of material requiring treatment. For exanple. if |eachate seeps from
the site it must be treated, and control of run-on and percol ation through the
site can reduce the volunme of water that nust be collected and treated.

3-3. Techni ques.

a. Waste Collection and Renpval. The first step in renmediation is
usual ly the collection and renmoval of waste materials, including wastes,
soils, sedinents, liquids, and sl udges.

b. Contami nated Ground Water Plume Managenent. Often it is necessary to
control contam nant novenent in the subsurface by intercepting or controlling
| eachat e and ground water around and under a site.

c. Surface Water Controls. Control and containnent technol ogi es usually
i nvol ve managi ng the noverment of contaminants in and out of the controlled
area. Many common construction processes used in managi ng ground water and
surface water are often enployed. Leachate control involves contai nment and
coll ection of water contam nated by contact w th hazardous wastes. Control of
| eachate will involve the use of subsurface drains and |iners.

d. Gas Control. Gases and volatile conmpounds nmust be controlled at nmany
hazardous waste sites both to allow access to the area and to prevent w der
di spersion of contam nants.
Section |. Waste Collection and Renoval

3-4. Drum Handl i ng.

a. Backaground.

(1) The disposal of drums containing wastes in landfills and at
abandoned storage facilities has been comopn practice in the United States.
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Many of the problens with uncontrolled disposal sites can, in part, be Iinked
to i nproper drum disposal. In addition to contributing to ground-water, soil
air, and surface-water contanination, several explosions and fires, resulting
frominconpatible wastes can be attributed to | eaking druns.

(2) Since each disposal site is different, selection and
i mpl enent ati on of equi pnent, and methods for handling drumrel ated probl ens,
nmust be independently determnmined. The primary factors that influence the
sel ection of equi pment or nethods include worker safety, site-specific
vari abl es affecting performance, environnental protection, and costs. Al
sites should include the construction of earthen dikes and installation of
synthetic liners in the drumhandling area to mnimze seepage and run-off of
spilled materials, and the use of real-time, air-nonitoring equi pment during
all phases of site activity.

(3) The organization of a typical drumcleanup site is shown in Figure
3-1.

A
\

.,
\
CONTAMINATION Y\ WIND DIRECTION

CONTROL LINE ——a)\
\ >*
\

HOT LINE—S v
\ \

Y ACCESS \ COMMAND POST
CONTROL POINT ®\1

PERSONNEL DECONTAM INATION } ACCESS

CONTROL POINT

X112 0} ] ]
& soodpos f] CONTAMINATION  #
DR ll CONTROL LINE—’/
STAGING ’ /
1’ /I
HOTLINE %" TRANSITIONZONE ~ ,*  CLEAN ZONE

Figure 3-1. Organization of the Waste Site Cleanup Area

b. DrumHandling Activities.

(1) Site-specific variables. The safety of drumhandling is greatly
affected by site-specific conditions, including accessibility of the site,
drumintegrity, surface topography and drai nage, nunber of druns, depth of
burial, and the type of wastes present.

(2) Detecting and locating druns. Typically, druns at an abandoned
site will be detected through the use of historic and background data on the
site, aerial photography, geophysical surveying, and sanpling. Background
data and aerial photography records which will show changes in the site over
time, such as filling in of trenches and nmoundi ng of earth, should be
avai l abl e onsite during the construction phase of the remedial action to
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determine if the drumlocation is as predicted. Geophysical survey nethods are
hi ghl y dependent upon site-specific characteristics. Magnetonetry is usually

t he nost useful survey nmethod for locating buried druns. Metal detectors,
ground penetrating radar, and el ectromagnetics are also used to detect buried
drums with varying success. Regardl ess of the geophysical nmethod used to
determ ne the location of buried druns, the results nust be verified by

sanpl i ng.

(3) Environmental protection. Four basic techniques for environnenta
protection which should be practiced at all sites are: (a) nmeasures to prevent
contam nant rel eases, such as overpacking or pumping the contents of |eaking
drunms; (b) actions which mtigate or contain rel eases once they have occurred,
such as perineter dikes, (c) avoidance of uncontrolled m xing of inconpatible
wast es by handling only one drumat a time during excavation, and (d)

i sol ati ng drum openi ng operation from stagi ng and worki ng areas. Sonme of the
preventive nmeasures and mitigating actions for ninimzing contam nant rel eases
during drum handling activities are summari zed in Table 3-1

(4) Determining drumintegrity. The excavati on and handli ng of danaged
drunms can result in spills and reactions which may jeopardi ze worker safety
and public health. Generally a drumis inspected visually to check the drum
surface for corrosion, |eaks, swelling, and missing bungs. Wrker safety
shoul d be stressed during this inspection since it requires close contact with
the drum Any drumthat is critically swollen should not be approached.
Swol | en drunms shoul d be isolated behind a barrier and the pressure rel eased
renotely. Nondestructive testing nethods to determine drumintegrity have been
found to have serious drawbacks and limtations. Mst of these nethods such as
ul trasonics or eddy currents require that the drum surface be relatively clean
and free from chi pped paint and floating debris. Buried druns are usually not
in condition to be safely and easily cl eaned.

(5) Container opening, sanpling, and conpatibility. Each contai ner on
a site may have to be opened, sanpled, and anal yzed prior to disposal

(a) Container opening and sanpling should be conducted in an isolated
area to minimze the potential of explosions and fires should the drumrupture
or the contents spill. Drumopening tools include hand tools (nonsparking hand
tool s, bung wrenches, and deheaders) and renotely operated plungers,
debungers, and backhoe-attached spi kes. EPA*s Nati onal Enforcenent
I nvestigations Center (NEIC) has devel oped two renotely controlled drunmopeni ng
devi ces. Procedures for drum opening and sanpling are outlined in Appendix XV
of the Chenmical Manufacturers Association, Inc. (CMA), report “A Hazardous
Waste Site Managenment Pl an.

(b) Compatibility testing is required prior to bul king, storing, or
shi ppi ng many of the containers. Conpatibility testing should be rapid, using
onsite procedures for assessing waste reactivity, solubility, presence of
oxi di zer, water content, acidity, etc. A conpatibility testing procedure is
al so outlined in Appendi x XV of the CMA report.

(6) Drum consolidation and recontainerization
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Table 3-1.

Measures for Minimizing Contaminant Releases during Drum Handling

Potential environmental
problem

Preventive measures

Ground-water
contamination

Surface-water
contamination

Air pollution

Improve site drainage around the drum-handling area and minimize run-on and
run-off by constructing a system of dikes and trenches.

Where ground water is an important drinking water source; it may be necessary
to hydrologically isolate the work area using well-point dewatering.

Use liners to prevent leaching of spilled material into ground water during
drum handling, drum opening, recontainerization, and decontamination.

Use sorbents or vacuum equipment to clean up spills promptly.

Locate a temporary storage area on highest ground area available; install an
impervious liner in the storage area and a dike around the perimeter of the
area; utilize a sump pump to promptly remove spills and rainwater from
storage area for proper handling.

Construct dikes around the drum-handling and storage areas.

Construct a helding pond downslope of the site to contain contaminated run-off.

Use sorbents or vacuum equipment to promptly clean up spills,

Design the dikes for temporary storage area to contain a minimum of 10 percent of
total waste volume; ensure that holding capacity of storage area is not
exceeded by utilizing a sump pump to promptly remove spills and rainwater.

Avoid uncontrolled mixing of incompatible wastes by (1) handling only one
drum at a time during excavation, (2) isolating drum-opening operation

from staging and working areas, (3) pumping or overpacking leaking drums,
and (4) conducting compatibility tests on all drums.

{Continued)
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Table 3-1. (Concluded)

Potential environmental
problem

Preventive measures

Air pollution
(Cont.)

Fire protection

Promptly reseal drums following sampling.

Any drum which is leaking or prone to rupture or leaking, promptly overpack
or transfer the contents to a new drum.

Utilize vacuum units which are equipped with vapor scrubbers.
Where incompatible wastes are intentionally mixed (i.e., acids and bases for
neutralization) in a "compatibility chamber" or tank, releases of vapors

can be minimized by covering the tank with plastic liner.

Use nonsparking hand tools, drum-opening tools, and explosion-proof pumps
when handling flammable, explosive, or unknown waste.

Avoid uncontrolled mixing of incompatible waste by (1) handling only one
drum at a time, (2) pumping or overpacking drums with poor integrity,
(3) isolating drum opening, and (4) conducting compatibility testing of
all drums.

Use sand or foams to suppress small fires before they spread.

Avoid storage of explosives or reactive wastes in the vicinity of buildings.

In a confined area, reduce concentration of explosives by venting to the
atmosphere.

Cover drums which are known to be water-reactive.
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(a) A proposed drum consolidation protocol that can be used as a guide
i n assessing drum consol i dation requirenents was al so prepared by the CMA
The protocol is based on grouping the waste into categories that are
conpati ble based on limted testing rather than doi ng individual analyses of
the contents of each drumprior to disposal. This approach woul d be best
suited to a manufacturing facility where the products or wastes types are
l[imted and the objective is to consolidate nmany sanples into a relatively
smal | number of waste streans for bulk disposal. In the case where a di sposa
met hod i s based on concentrations of a particular waste constituent (e.g.
concentration of PCBs), care nust be taken not to consolidate containers into
bul k streans that would substantially alter the method for disposal
subsequently increasing the costs for the renmedial action

(b) In the case where consolidation is not feasible, based on
i nconpatibility of wastes or costs, druns can be overpacked, contents
transferred to new druns, or contents solidified to facilitate handling.

(7) Storage and shipping. Tenporary onsite storage of drums nmay be
part of the remedial action prior to ultimte disposal. Requirenents for
storage of hazardous wastes over 90 days are regul ated under the RCRA. RCRA-
permtted facilities for drum storage for over 90 days require:

(a) Use of dikes or berns to enclose the storage area and to segregate
i nconmpati bl e waste types.

(b) Installation of a base or liner that is inpermeable to spills.

(c) Sizing of each storage area (containing conpatible wastes) so that
it is adequate to contain at |east 10 percent of the total waste volunme in
event of a spill

(d) Design of the storage area so that druns are not in contact with
rainwater or spills for nore than one hour

(e) Weekly inspections.

(8) Technical standards. The technical standards for these
requirements are found in 40 CFR Parts 264-265. Manifesting and shi ppi ng of
t he hazardous wastes are covered by DOT regul ations found in 49 CFR 171-177,
40 CFR 263, and ot her applicable Federal, state, and |ocal |aws and regu-
| ati ons. A RCRA storage pernmit will be required for onsite storage of hazard-
ous waste held over 90 days.

3-5. Storage. Storage is the holding of a waste for a tenporary period of
time, at the end of which the waste is treated, disposed of, or stored
el sewhere

a. Applicability.

(1) Storage systens have general applicability to all types of waste
streans as a mechani sm for accunul ati ng and hol di ng waste on a tenporary
basis. Storage should be considered viable only in cases where the
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accunul ation of waste prior to treatnent or disposal results in a cost
reducti on or nakes sone treatnment process or di sposal nethod nore feasible.
Exanpl es include accunul ati on of waste until a sufficient volume is obtained
for bulk shiprment or bulk treatnment, thus decreasing costs. Under the RCRA
regul ati ons, a generator may accumul ate hazardous waste onsite w thout a
permt for a period of up to 90 days as long as certain conditions are nmet as
specified in CFR Title 40, Part 262, Subpart C, Section 262. 34.

(2) Different storage techniques are capable of handling wastes in
solid, senmisolid, and liquid forns. Problens associated with the
applicability of storage techniques to various wastes generally occur wth
regard to storage of hazardous waste. The RCRA regul ations pertaining to
storage facilities under Part 264 address two particul ar probl em wastes,
ignitable or reactive wastes and inconpati ble wastes. Special requirenents
for each storage technique are detailed in the regulations for these wastes.

(3) Wastes that enit or produce toxic fumes should not be stored in a
manner which allows for the em ssion of funmes except possibly in emergency
situations.

b. Methods. Storage nethods include waste piles, surface inmpoundnents,
cont ai ners, and tanks.

(1) Waste piles. Waste piles are small noncontai nerized accumnul ati ons
of a single solid dry nonfl owing waste. They nmay be maintained in buildings
or outside on concrete or other pads. Waste pile storage is suitable for
sem solid and solid hazardous wastes such as mine tailings or unexpl oded
ordnance wastes. The siting criteria for waste piles are less stringent than
those for landfills or surface inpoundnents. Waste piles should be located in
a hydrogeol ogic setting that offers both sufficient vertical separation of
wast es from uppernost ground water and | ow perneability soils providing the
hydraul i c separation. The design elements required by the regul ations for
waste piles include liner, |eachate collection and renoval, run-on and run-off
control, and w nd di spersal control

(a) Liners selected for a waste pile nmust be conpatible with the waste
material and be able to contain the waste until closure. Considerable
flexibility is permitted in the choice of liners for short-term storage of
wastes. A liner may be constructed of clay, synthetic materials, or adm xes.

Tabl e 3-2 summarizes liner types, characteristics, and conpatibilities. If a
waste pile is going to be used for an extended period of time, a double |iner
with a |l eachate collection systemnmay be required. Figure 3-2 illustrates
waste pile details and a double liner system |If the waste pile contains

particulate matter, wi nd dispersal controls are required by the regul ations.

(b) The principal closure requirement for a waste pile is renoval or
decont anmi nation of all waste and waste residue and all system conponents
(liners), subsoils, structures, and equi pment whi ch have been contam nated by
contact with the waste. However, if contamnmination of the subsoils is so
extensive as to preclude conplete renpval or decontam nation, the closure and
postcl osure requirements applying to landfills nust be observed. Ensuring
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Range qf

Liner material Characteristics costs Advantages Disadvantages
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Soils
Compacted clay
soils

Soil bentonite

Admixes
Asphalt concrete

Asphalt
membrane

Soil asphalt

Soil cement

Polymeric membranes
Butyl rubber

Chlorinated
polyethylene

Compacted mixture of onsi§$ soils
to a permeability of 10 ' cm/sec

Compacted mixture of onsite soil,
water, and bentonite

Mixtures of asphalt cement and
high-quality mineral aggregate

Core layer of blown asphalt
blended with mineral fillers and
reinforcing fibers

Compacted mixture of asphalt,
water, and selected in-place
soils

Compacted mixture of portland
cement, water, and selected
in-place soils

Copolymer of isobutylene with
smatl amounts of isoprene

Produced by chemical reaction
between chlorine and high-
density polyethylene

High cation exchange capacity;
resistant to many types of
leachate

High cation exchange capacity;
resistant to many types of
leachate

Resistant to water and effects of
weather extremes; stable on
side slopes; resistant to acids,
bases, and inorganic salts

Flexible enough to conform to
irregularities in subgrade;
resistant to acids, bases, and
inorganic salts

Resistant to acids, bases, and
salts

Good weathering in wet-dry/freeze-
thaw cycles; can resist moder-
ate amount of alkali, organics,
and inorganic salts

Low gas and water vapor perme-
ability; thermal stability; only
slightly affected by oxygenated
solvents and other polar liquids

Good tensile strength and elonga-
tion strength; resistant to many
inorganics

(Continued)

Organic or inorganic acids or
bases may solubilize portions of
clay structure

organic or inorganic acids or
bases may solubilize portions of
clay structure

Not resistant to organic solvents;
partially or wholly soluble in
hydrocarbons; does not have
good resistance to inorganic
chemicals; high gas permeability

Ages rapidly in hot climates; not
resistant to organic solvents,
particularly hydrocarbons

Not resistant to organic solvents,
particularly hydrocarbons

Degraded by highly acidic
environments

Highly swollen by hydrocarbon
solvents and petroleum oils
difficult to seam and repair

Will swell in presence of aromatic
hydrocarbons and oils

1

yard); H - $9.57 to $14.35 /m

($8 to $12 per square yard).

Chemical Manufacturers Association, by Engineering Science, McLean, VA, May 1982).

L - $1.12 to $4.78 per squarg meter ($1 to $4 installed costs per square yard) in 1981 dollars; M - $4.78 to $9.57 /m2 ($4 to $8 per square
“Comparative Evaluation of Incinerators and Landfills," prepared for the

v6
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Table 3-2. (Conciuded)
Range ?f
Liner material Characteristics costs Advantages Disadvantages
Polymeric membranes
(Cont.)
Chlorosul fonate Family of polymers prepared by H Good resistance to ozone, heat, Tends to harden on aging; low
polyethylene reacting polyethylene with acids, and alkalis tensile strength; tendency to
chlorine and sulfur dioxide shrink from exposure to sun-
light; poor resistance to oil
Elasticized Blend of rubbery and crystalline L Low density; highly resistant to Difficulties with low temperatures
polyotefins polyolefins weathering, alkalis, and acids and oils
Epichlorchydrin Saturated high molecular weight, M Good tensile and tear strength; None reported
rubbers aliphatic polyethers with thermal stability; low rate of
chloromethyl side chains gas and vapor permeability;
resistant to ozone and weather-
ing; resistant to hydrocarbons,
solvents, fuels, and oils
Ethylene Family of terpolymers of ethylene, M Resistant to dilute concentrations Not recommended for petroleum
propylene propylene, and nonconjugated of acids, alkalis, silicates, solvents of halogenated
rubber hydrocarbon phosphates, and brine; tolerates solvents
extreme temperatures; flexible
at low temperatures; excellent
resistance to weather and ultra-
violet exposure
Neoprene Synthetic rubber based on H Resistant to oils, weathering, None reported
chloroprene ozone, and ultraviolet radiation;
resistant to puncture, abrasion,
and mechanical damage
Polyethylene Thermoplastic polymer based on L Superior resistance to oils, Not recommended for exposure to
ethylene solvents, and permeation by weathering and ultraviolet tight
water vapor and gases conditions
Polyvinyl Produced in roll form in various L Good resistance to inorganics; Attacked by many organics,
chloride widths and thicknesses; polym- good tensile, elongation, including hydrocarbons, sol-
erization of vinyl chloride puncture, and abrasion resis- vents, and oils; not recom-
monomer tant properties; wide ranges of mended for exposure to weathering
physical properties and ultraviolet light conditions
Thermoplastic Relatively new class of polymeric M Excellent oil, fuel, and water None reported
elastomers materials ranging from highly resistance with high tensile

polar to nonpolar

strength and excellent resis-
tance to weathering and ozone

ldy o€
20S-T-0TTT W3

v6



EM 1110-1-502

30 Apr 94
FUTURE COVER AT CLOSURE
FUTURE SOIL FILL
T~ — RUNOFF CONTROL DITCH
[ ~—— ~— FUTURE LEACHATE

COLLECTION PIPE

RUNON
CONTROL DITCH

S~
\

REA RTH BERM

WASTE
PILE

DOUBLE LINER SYSTEM
2% MIN. SLOPE, ILLUSTRATED

LEACHATE COLLECTION DRAIN
WITH QUTLET PIPES

TYPICAL WASTE PILE DETAILS

PROTECTIVE COVER
WITH LEACHATE

COLLECTION PIPES PRIMARY SYNTHETIC LINER
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DOUBLE LINER SYSTEM

Figure 3-2. Base Liner Details for Waste Piles
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adequat e contai nment of waste should be an inportant consideration in initia
design of a waste pile.

(2) surface inpoundments. Surface inpoundnents include any facility
or part of a facility which is a natural topographic depression, nman-made
excavation, or diked area. They may be formed primarily of earthen materials
or man-nmade materials, and designed to hold an accunul ation of |iquid wastes
or wastes containing free liquids. Exanples of surface inpoundnments are
hol di ng, storage, settling, and aeration pits, ponds, and | agoons. Surface
i mpoundnents are used for the storage, evaporation, and treatnment of bulk
aqueous wast es.

(a) Mxing of wastes is inherent in a surface inpoundment.
I nconpati bl e wastes should not be placed in the sane i mpoundnent. The poten-
tial dangers fromthe m xing of inconpatible wastes include extrenme heat,
fire, explosion, violent reaction, production of toxic msts, funmes, dusts, or
gases. Sone exanples of potentially inconpatible wastes are presented in
Tabl e 3-3.

(b) Surface inpoundments should be | ocated in a hydrogeol ogic setting
that limts vertical and horizontal hydraulic continuity with ground water.
The hydraulic head forned in the inmpoundnent provides for a high potential for
liquid seepage and subsurface migration. As with waste piles, surface
i mpoundnments nmay require the use of liners, |eachate collection and renoval,
and runon and runoff controls. An exanple detailing base liners for surface
i mpoundnments is shown in Figure 3-3.

(c) Surface inpoundments nmust be inspected during their operating
life. These inspections should include nmonitoring to ensure that |iquids do
not rise into the freeboard (prevention of overtopping), inspecting
contai nnent berns for signs of |eakage or erosion, and periodic sanpling of
t he i npounded wastes for selected chem cal paraneters.

(3) Rempval nmethods.

(a) Removal nethods for settled residues and contani nated soil include
renoval of the sedinment as a slurry by hydraulic dredgi ng, excavation of the
sedinments with a jet of high-pressure water or air, vacuumtransport of
powdery sedi ments, excavation of hard solidified sedinments by either dragline,
front-end | oader, or bulldozer

(b) The nmjor operation at an inpoundnment involves the “renoval " of
the liquid waste. Table 3-4 sumarizes |iquid waste renoval nethodol ogies.

(c) In addition to the requirenment of a single liner with ground-water
nmonitoring wells or a double Iiner with a | eak detection system other design
el ements include prevention of overtopping the sides of the inpoundnent and
construction specifications that ensure the structural integrity of the dikes.

(d) Cosure options include the renpval or decontam nation of al

wast es, waste residues, system conponents, subsoils, structures, and equi pment
or the renmoval of the liquid waste and solidification of the remaining waste.
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Tabte 3-3.

Examples of Potentially Incompatible Wastes

Group A chemicals Mixed With

Group B chemicals

May have

Potential consequence

1-A
Acetylene sludge
Alkaline caustic liquids
Alkaline cleaner
Alkaline corrosive liquids
Alkaline corrosive battery fluid
Caustic wastewater
Lime sludge and other corrosive alkalies
Lime wastewater
Lime and water
Spent caustic

2-A
Aluminum
Beryllium
Calecium
Lithium
Magnesium
Potassium
Sodium
Zinc powder
Other reactive metals and metal hydrides

3-A
Alcohols
Water

4-A
Alcohols
Aldehydes
Halogenated hydrocarbons
Nitrated hydrocarbons
Unsaturated hydrocarbons
Other reactive organic compounds and
solvents

5-A
Spent cyanide and sulfide solutions

1-8
Acid sludge
Acid and water
Battery acid
Chemical cleaners
Electrolyte, acid
Etching acid liquid or solvent
Pickling liquor and other corrosive acids
Spent acid
Spent mixed acid
Spent sulfuric acid

2-8
Any waste in Group 1-A or 1-B

3-8
Any concentrated waste in Group 1-A
or 1-8
Calcium
Lithium
Metal hydrides
Potassium
s0,, C1,, SOC1,, PCl;, CHy, SiC1
Other ugter-regctivesuastg 3

4-B

Concentrated Group 1-A or 1-B wastes
Group 2-A wastes

5-8
Group 1-B wastes

(Continued)

Heat generation; violent reaction

Fire or explosion; generation of
flammable hydrogen gas

Fire, explosion, or heat genera-
tion; generation of flammable
or toxic gases

Fire, explosion, or violent
reaction

Generation of toxic hydrogen cya-
nide or hydrogen sulfide gas

ldy o€
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Table 3-3. (Concluded)

Group A chemicals Mixed with

Group B chemicals May have

6-A
Chlorates
Chlorine
Chlorites
Chromatic acid
Hypochlorites
Nitrates
Nitric acid, fuming
Perchlorates
Permanganates
Peroxides
Other strong oxidizers

6-B
Acetic acid and other organic acids
Concentrated mineral acids
Group 2-A wastes
Group 4-A wastes
Other flammable and combustible wastes

Potential conseguence

Fire, explosion, or violent
reaction

ldy o€
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LINER ANCHOR TRENCH (TYP.}

2 FREEBOARD (TYP.)
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) ey

>
’//// PRIMARY SYNTHETIC LINERS
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K = 121077 emmc

EQUPIMENT SECONDARY LEACHATE COLLECTION
wio s AND REMOVAL SYSTEM AS SHOWN
OPERATING LIFE: <30 YEARS | | > 30 YEARS S0iL LI;:; pelow

SURFACE IMPOUNDMENT UNIT

Figure 3-3. Base Liner Details for Surface Impoundments

Solidification also requires the placenent of a final cover and ground-water
nonitoring to ensure that stabilization and capping operations were
successful .

(4) Tanks. Tanks are stationary devices designed to contain an
accunul ati on of hazardous waste and are constructed primarily of nonearthen
materials (e.g. , wood, concrete, steel, plastic) which provide structura
support. Tanks shoul d be designed to be strong enough to ensure agai nst
col l apse or rupture. dosed tanks should be vented or have sone neans to
control the pressure. Tanks should be conpatible or have a liner that is
conpatible with the stored waste. Inconpatible wastes should not be stored in
the sane tank.

c. Summary of Current Requlations. References to EPA advisories and
regul ati ons for hazardous waste storage, treatment, or disposal are listed
bel ow.

Cont ai nnent _Met hod Requl ati ons

Landfills, surface Federal Register, Vol 47, No. 143
i mpoundnents, waste
piles, and | and
treatment units

Cont ai ners and tanks Federal Register, Vol 46, Page 2867
St andards for waste 40 CFR Part 264, Subpart |, Sections
cont ai ners 264.170-264. 178; and Subpart J,

Sections 264.190-264. 199
St andards for sur- 40 CFR Part 264, Subpart K
face inpoundnents
St andards for waste 40 CFR Part 264, Subpart L
piles and Subpart F
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Tabl e 3-4.Liquid Waste Renoval Methods for Surface |npoundnents

Met hod Description

Decant i ng Liquids within or ponded on the surface of the inmpoundnent
can be renmoved by gravity flow or punping to a treatnent
facility if there is not a |arge percentage of settleable

sol i ds.
Punpi ng and Li quids or slurries conposed of suspended or partially
settling suspended solids can be renoved by punping into a lined

settling pond and then decanting. Sludges are disposed in a
dry state, and either returned to the inpoundnent or
di sposed in anot her contained site.

Sol ar drying Li quids are renmoved by evaporation; sludges remaining after
evaporation are left in the inmpoundnent or disposed in
anot her contained site. Note that volatile organics should
not be handled in this nanner.

Cheni cal Aqueous waste with | ow | evel s of hazardous constituents
neutralization frequently lends itself to chemical neutralization and
subsequent nornmal di scharge under NPDES pernit requirenments

Infiltration Certai n aqueous waste can be handled by infiltration through
soil, provided that the hazardous substances are renoved by
either soil attenuation or underdrain collection of the
solute. Collected solutes are usually treated.

Process reuse Sone aqueous waste can be recycled in the manufacturing
process a number of times until the contam nants are at a
| evel requiring disposal by one of the nethods previously
mentioned. Reuse does not di spose of the waste but can
significantly reduce the quantities to be disposed.

Absor bent Material s can be added to aqueous inmpounded wastes to absorb
addi tion free liquids. Absorbents include sawmdust; wood shavi ngs;
agricultural wastes such as straw, rice, and peanut hulls;
and comercially avail abl e sorbents.

3-6. Tank Ceaning and Denplition. Tank cleaning and denolition procedures
are site specific and depend largely on the nature of tank contents. A nmjor
consideration is whether the contents are ignitable or explosive. |If
possi bl e, the contents of the tank should be renpved by punping or draining,
then the tank can be decontani nated and denolished. Provisions nust be made
for treatnent and di sposal of contam nated washwaters.

a. Tanks Containing Sludges. |If the sludge cannot be renoved, water
shoul d be punped into the tank to conpletely cover the sludge and the contents
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of the tank should be blanketed with nitrogen. The tank head space should
then be checked with an explosion nmeter to ensure a safe working environnent
bef ore proceeding. Then the top area of the tank should be cut using an
oxyacetyl ene torch. Explosion nmeter checks should be nade after each cut to
ensure that no expl osive gases are collecting during cutting operations.
Successive “slices” of the tank should be renmoved until there is sufficient
wor ki ng roomto renmove the contents of the tank. Adequate fire protection
shoul d be available onsite along with a paramedic unit during tank denolition
activities if there is a risk of fire or explosion.

b. Tanks Containing Liquids. Once the tank contents have been renoved
by punping or draining, the tank can be decontani nated. Dependi ng upon the
contents, water and/or organic solvents may be used. The fina
decont ami nati on process should be water flushing if the tank contained

i gnitable or explosive waste material. Chemical emulsifiers may be used to
renove hydrophobi c organics. Before proceeding with tank denolition
expl osi on nmeter checks should be taken. |f an explosive hazard exists, the

tank shoul d be bl anketed with water and nitrogen before being cut. Again,
expl osi ve checks shoul d be made after each cut while the tank is cut away in
“slices.” Fire protection personnel and paranedi cs shoul d be present any tine
there is the danger of fire or explosion

3-7. Lagoon Managenent. Existing |agoons, ponds, and disposal pits have the
potential to contam nate surface water, ground water, soil, and the
surrounding air. Precipitation (rainwater and surface runoff) may increase
the volume of the contami nated waste, increasing the potential for ground- and
surface-water contam nation, and increasing total cleanup costs. Background

i nformati on on geol ogy, hydrol ogy, soils, and the character of the waste
itself is nost inportant in determning the potential for |eachate generation
and its vertical and horizontal mgration through the ground-water system

a. Mnagenent Plans. The contents of a | agoon may be contai ned,
treated, or disposed of onsite or may be renpved fromthe | agoons to an
offsite treatment or disposal facility.

(1) Onsite renedial actions.

(a) Onsite managenent plans may include a no-action alternative with
no treatnment for the waste and establishment of a nmonitoring programto detect
any surface or subsurface migration of contanmi nants. This option may be
appropriate if it has been determ ned that the underlying aquifer is unusable
and there is no i mm nent danger of contam nating nearby surface waters or
residential wells. Long-termnonitoring can be very expensive and the
potential liability of the inpounded waste nmay not decrease over time.

(b) The wastes may be punped to an onsite treatnent facility. Liquids
may be punped with one or nore of many avail able punps. However, the
conpatibility of the liquid waste with the punp*s materials that cone in
contact with the liquid should be considered to avoid equi pnent failures.

Sl udges and contam nated sedi ments at the bottom of the | agoon may or nay not
require dredging to renove them fromthe | agoon dependi ng on viscosity.
Onsite treatnent of the liquid waste may be acconplished through physical
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chemical, and/or biological nethods. Treatnment systens are further discussed
in Chapter 4.

(c) The wastes may al so be treated in situ using one of many options.
These options include solidification, stabilization, or encapsulation. Wen
preparing the contract for a project with in-situ treatnment, a pilot-scale
denonstration using the actual construction equi prent proposed for the job
shoul d be required. Obtaining a sufficient mixing action with sludges using
heavy construction equi pment can be a difficult task with |ow quality contro
at hazardous waste inpoundnents.

(d) If the waste is left in place after being treated, it should be
i sol ated fromsurface and ground water. Capping and surface water diversion
can prevent nost |eachate generation. G ound water can be controlled with the
use of subsurface barriers or by ground-water punping.

(2) Ofsite remedial actions. The contents of a |agoon may al so be
renoved and transported to an offsite facility for treatnment or disposal
Treat ment processes may be applied to the waste during the renoval operation
dependi ng on the treatnment/di sposal option being used. The additiona
handl i ng and transportati on probl ens should be considered. Also, once the
liquid contents of the | agoon have been renoved, the remining sludge and
under|yi ng contam nated soil may have to be renoved and treated at the sane
offsite facility.

3-8. Excavation of Landfills and Contanminated Soils. Excavation is a comon
techni que used to nove solid and thickened sludge materials. Were offsite
treatment methods are to be used, excavation and transportation of the waste
material will be required.

a. Design and Construction Considerations. Inportant factors that
shoul d be considered before excavation of a refuse site can begin are listed
bel ow

(1) Density of solid waste in a landfill. Density is dependent on the
conposition of the waste and the degree of conpaction achieved. Average
densities of landfilled wastes generally range from 474 to 593 kg/n?¥ (800 to
1,000 I b/yd® with noderate conpaction.

(2) Settlenent of the fill. As a result of deconposition of the waste
and the addition of new waste material, settling of fine particles into voids
bet ween solid matter can occur

(3) Bearing capacity of the fill. Bearing capacity is the ability to
support foundations (and heavy equi pnment). Average val ues ranging from
23.9 KPa to 38.3 KPa (500 to 800 I b/ft? have been reported.

(4) Deconposition rate of waste. Mst of the materials present in a
refuse site will deconpose. Deconposition of organic waste under anaerobic
conditions predominantly occurs at the base of the site and can generate
hi ghly corrosive organic acids and toxic gases such as nethane or hydrogen
sul fide.
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(5) Packaging of waste. Packaging of waste in barrels and tanks nmay
present additional renoval problens.

b. Mechanical Methods. Excavation of a landfill may be achi eved by
mechani cal means. Typical excavation equi prment includes draglines, backhoes,
and cl anshel | s.

(1) The dragline.

(a) A dragline excavator is a crane unit with a drag bucket connected
by cable to the boom The bucket is filled by scraping it along the top | ayer
of soil toward the machine by a drag cable. The dragline can operate bel ow
and beyond the end of the boom

(b) Maxi num di ggi ng depth of a dragline is approximtely equal to half
the I ength of the boom while digging reach is slightly greater than the
| ength of the boom Draglines are very suitable for excavating |large |and
areas with | oosely conpacted soil

(2) The backhoe.

(a) The backhoe unit is a boom or dipper stick with a hoe di pper
attached to the outer end. The unit may be mounted on either crane-type or
tractor equiprent.

(b) The largest backhoe will dig to a maxi num depth of about 13.7 m
(45 feet). Deeper digging depth can be achieved by attaching long arnms to
one- pi ece boonms or by adjusting the boom angle on two-pi ece boons.

(c) Some hydraulic backhoes having boons that can be extended up to
30.5 m (100 feet) or retracted for close work can be used to excavate,
backfill, and grade.

(3) The clamshell. To achieve deeper digging depth, clanshell equip-
ment nust be used. A clanmshell bucket is attached to a crane by cables. A
cl anshel | excavator can reach digging depths greater than 30.5 m (100 feet).

c. Advantages and Di sadvantages. Advantages and di sadvantages of the
excavation techni que using dragline and backhoe are |isted bel ow.

Advant ages Di sadvant ages

Dragline

Readi | y avail abl e Difficult to spot bucket for
scrapi ng and dunpi ng

Applicable for excavation of |arge area
Cannot backfill or conpact

(Conti nued)



Advant ages

Easy to operate

Backhoe

Readi | y avail abl e

Easy to control the bucket and thus
control width and depth of excavation

Can excavate hard and conpact ed
materi a

More powerfu
dragline

di ggi ng action than

Can be used to backfill and conpact

3-9. Renpval of Contam nated Sedi nents

a. Background.
(1) Uncontrolled waste di sposa

| akes, estuaries, and other
di sposal sites may occur al ong severa

constructed downsl ope of the site. Also,
river bottoms may adsorb chem ca
wat er cour se from di sposa
cont am nat ed ground wat er
transported pollutants may settle into,

sedi nrents. Anot her

cont ai ners;

to the bottom of natural waters,

(2) Dredging serves the sane basic function as nechani ca
of hazardous waste materials frominproperly constructed or sited
sites for offsite treatnment or disposal
pneunati c,
i ncl udes techni ques for drying, physica
and di sposal
be designed and inplenented on a site-specific
placing fil
by alternate routes nust
with the 404 (b)(l) Guidelines (40 CFR Part 230).
be permitted if a practicable alternative having

renoval
di sposa
are comonly used, including hydraulic,
Dredged material managenent
processi ng, chem cal treatnent,
cont am nat ed sedi nents nust
basis. An evaluation of the need for
waters of the United States or

dredged materials will not

| ess adverse environnmental inpact exists.
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Di sadvant ages

sites may directly or
contam nate bottom sedi nents deposited in streans,
bodi es of water.
di f ferent
may be eroded fromthe surface of hazardous waste di sposa
run-of f and subsequently deposited in nearby watercourses or sedi nent
exi sting sedi ments al ong stream and
pol | ut ants that
areas within the drainage basin.
may drain to surface watercourses and the
or chemically bind wth,
possi bl e source of sedinent contam nation is direct
| eakage or spills of hazardous |iquids from damaged or
spilled chem cals that are heavier and denser than water wll
coating and m xing with sedi nents.

Not applicable for digging depth
nmore than 9.1 m (30 ft)

Not applicable for digging depth
over 9.1 m (30 ft)

Cannot be extended beyond 30.5 m
(100 ft)

indirectly
creeks, rivers, ponds,

Sedi nent contam nation by waste
pat hways. Contani nated soi
sites by natural
basi ns

have been washed into the
Simlarly,

bot t om

m shandl ed waste

si nk
excavati on:

Several types of dredges
and nechani cal dredges.

Pl ans to renpve and treat
or dredged materials in

be made i n accordance
Di scharge of fill or
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(3) A know edge of the physical properties and distribution of
contam nated sedinents is essential in selecting a dredging technique and in
pl anni ng the dredgi ng operation. Information on grain size, bed thickness,
and source and rate of sedinment deposition is particularly useful. Such
i nformati on can be obtained through a program of bottom sanpling or core
sampling of the affected sedinment.

b. Description and Application of Dredgi ng Techni ques.

(1) Hydraulic dredging.

(a) Available techniques for hydraulic dredging of surface
i mpoundnment s include centrifugal punping systems and portable hydraulic
pi peline dredges. Centrifugal punping systens utilize specially designed
centrifugal punps that chop and cut heavy, viscous materials as punmp suction
occurs. The special chopper inpeller devices within these punps all ow high-
vol unme handl i ng of heavy sludges and other solids m xtures wthout the use of
separate augers or cutters.

(b) Cutterhead pipeline dredges are widely used in the United States;
they are the basic tool of the private dredging industry. Cutterhead dredges
| oosen and pick up bottom material and water, and di scharge the mixture
t hrough a fl oat-supported pipeline to offsite treatnent or disposal areas.
They are generally from7.6 to 18.3 m (25 to 60 feet) in length, with punp
di scharge diameters from 152 to 508 nm (6 to 20 inches). There are two basic
types of portable cutterhead dredges: the standard basket cutters (Figure 3-4)
and the smaller specialty dredges that use a horizontal auger assenbly and
nove only by cable and wi nch.

(c) For dredging surface inpoundments deeper than 6.1 m (20 feet), the
standard cutterhead dredge (Figure 3-5) is required. This type of dredge
noves forward by pivoting about on two rear-nounted spuds (heavy vertica
posts), which are alternately anchored and raised. The swing is controlled by
wi nches pulling on cabl es anchored forward of the dredge (Figure 3-6). The
rotating cutter on the end of the dredge | adder physically excavates materia
ranging fromlight silts to consolidated sediments or sludge, cutting a chan-
nel of variable width (depending on | adder |l ength) as the dredge advances.

For deep surface inpoundments containing only soft, unconsolidated bottom
materials, a variation of the standard cutterhead dredge--the suction pipeline
dredge--can be used to dredge the inmpoundnent. Suction dredges are not

equi pped with cutterheads, or they sinply operate w thout cutterhead rotation
they nmerely suck the material off the bottomand, |ike nost dredges, discharge
the mixture through a stern-mounted pipeline | eading to a disposal area.

(2) Lowturbidity hydraulic dredging.

(a) Lowturbidity dredging is any hydraulic dredgi ng operation that
uses special equi pnent (dredge vessels, punps) or techniques to mninize the
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Figure 3-4. Standard Cutter Assembly, Spiral Basket Cutter

resuspensi on of bottom materials and subsequent turbidity that may occur
during the operation. Conventional hydraulic dredging may cause excessive
agitation and resuspension of contam nated bottom materials, which decreases
sedi nent renoval efficiency and which may | ead to downstreamtransport of
contam nated materials, thereby exacerbating the original pollution. Low
turbidity hydraulic dredgi ng systems include small specialty dredge vessels,
suction dredgi ng systens, and conventional cutterhead dredges that are
nodi fi ed usi ng speci al equi pment or techniques for turbidity control

(b) The Mud Cat dredge utilizes a subnerged punp nmounted directly
behi nd a horizontal auger to handl e highly viscous chem cal sludges or thick
muddy sedi nents. The Mud Cat MC-915 (Figure 3-7) can renove sedinent in a 2.7
m (9-foot-wi de) swath, 457 mm (18 inches) deep, at depths as great as
4.6 m (15 feet) and as shallow as 508 nm (21 inches). The horizontal auger
can be tilted left and right to a 45-degree angle to accomodat e sl opi ng sides
of inpoundnments. Wth an auger wheel attachment, the Mud Cat can dredge in
i ned i npoundnents w thout damaging the liner. Two people are required to
operate the 9.1 m (30-foot-1ong) nmachine, which nmoves by winching itself in
either direction along a taut, fixed cable at average operating speeds of
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Figure 3-7. Views of the Mud Cat MC-915 Dredge

41 to 61 nm's (8 to 12 feet per mnute). The Mud Cat has a retractable
nmudshi el d, which surrounds the cutter head, entrapping suspended naterial,

i ncreasing suction efficiency, and mininmizing turbidity. The Miud Cat can

di scharge approxi mately 95 ¢/s or 5.7 n¥/ mn (1,500 gallons per mnute) of
slurry with 10 to 30 percent solids through an 203 mm (8-inch) pipeline and,
dependi ng on site-specific conditions, can renove up to 92 n¥ hr (120 cubic
yards per hour) of solids. The Mud Cat dredge was 95 to 99 percent efficient
in renoving sediments and sinul ated hazardous materials from i npoundnment
bottoms in field tests conducted for the EPA

(c) A Japanese suction dredge, the “Clean Up” (Figure 3-8), uses a
hydraulically driven, |adder-nmounted submerged centrifugal punp to “vacuunt
muddy bottom sedi ments (fine grained; high water content) from depths as great
as 22.9 m (75 feet), with very low turbidity. This systemcan punp very dense
m xtures 40 to 50 percent solids by volunme at constant flow rates as great as
526 (/s or 1895 n#/ hr (500,000 gallons per hour), renpving up to 688.5 nf (900
cubi c yards) of sedinent per hour. A dredge vessel equipped with this punping
system may be used to renove contam nated sedinments fromlarge rivers or
harbors in depths as shallow as 4.9 m (16 feet), with mniml pollution of the
surroundi ng environnent from dredgegenerated turbidity.

(d) Another Japanese dredging system for renoval of high-density

sludges is called the “oozer punmp” which may have applications in very deep
bodi es of water such as large rivers or harbors. This systemutilizes vacuum
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Figure 3-8. The Japanese Suction Dredge "GClean Up"

suction and air conpression to efficiently renove nuddy sediments (silt and
clay) and sludges with low turbidity.

(e) A typical centrifugal punps system (Figure 3-9) is 2.4 m (8 feet)
wide, 4.3 m(14 feet) long, approximately 2.1 m (7 feet) high, and wei ghs
about 2730 kg (3 tons); its 75 kw (100-horsepower) notor can punp up to 76 L/S
or 4.5 n¥/mn (1,200 gallons per mnute) of 15 to 20 percent solids from
depths up to 4.6 m (15 feet).

(f) Oher specialty low turbidity dredges include the bucket-wheel -
type dredge, recently devel oped by Ellicott Machine Corporation, that is
capabl e of digging highly consolidated material and has the ability to contro
the solids content in the slurry stream The Delta Dredge and Punp
Cor poration has al so devel oped a small portable unit that has high solids
capabilities. The systemuses a subnerged 305 mm (12-inch) punp coupled with
two counter-rotating, |owspeed, reversible cutters.

(3) Mechanical dredging.
(a) Mechanical dredging of contam nated sedi nents shoul d be consi dered

under conditions of low, shallow flow Dredging should be used in conjunction
with stream diversion techniques to hydraulically isolate the area of sedi nent
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Figure 3-9. Portable Centrifugal Pump System for Lagoon Dredging

renoval . Under any other conditions mechani cal excavation with draglines,

cl anshel |'s, or backhoes may create excessive turbidity and cause uncontrolled
transport of contaminated sedi nents further downstream Stream diversions
with tenmporary cofferdams can be foll owed by dewatering and nechani cal dredg-
ing operation for streans, creeks, or small rivers. Mechanical excavation can
al so be used to renopve contam nated sedi ments that have been eroded from dis-
posal sites during major storns and deposited in floodplains or along river-
banks above the | evel of base flow
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(b) For streans and rivers that are relatively shallow and whose fl ow
velocity is relatively | ow, backhoes, draglines or clanmshells can be used to
excavate areas of the streanbed where sedinments are contani nated. The
excavat ed sedi ments can be | oaded directly onto haul vehicles for transport to
a predesi gnated di sposal area; however, the excavated material nust be
sufficiently drained and dried before transport. Backhoe and dragline
operation requires a stable base fromwhich to work. For these reasons,

di rect nechani cal dredgi ng of contam nated sedinments in streams is not
recormended except for small streans with stable banks, slow and shall ow fl ow,
and underwater structures, and where contaninated sedinents are relatively
consol i dated and easily drai ned.

(c) A nore efficient nechanical dredgi ng operation with broader
application involves streamor river diversion with cofferdans, followed by
dewat eri ng and excavati on of contamni nated sedi nents. Such an operation may
prove quite costly; however, there is little chance of stirring up sedinments
and creating downstream contami nation. Efficiency of sedinment renoval is much
greater by this method than by instream mechanical dredgi ng wthout diversion
of fl ow.

(d) Sheet-pile cofferdans nay be installed in pairs across streans to
temporarily isolate areas of contam nated sedi nent deposition and all ow access
for dewatering and excavation (Figure 3-10). Alternatively, a single curved
or rectangul ar cof ferdam may be constructed to i solate an area al ong one bank
of the streamor river (Figure 3-11); this nethod only partially restricts
natural flow and does not necessitate construction of a tenporary diversion
(bypass) channel to convey entire flow around the area of excavation, as the
first nethod does.

c. Design and Construction Considerations of Dredaging Techni ques.

(1) The selection of dredging equi pment or punping systenms for the

renoval of contami nated materials will depend |argely on manufacturer
specifications for a given dredge vessel or punp system Inportant selection
criteria that will vary fromsite to site are:

(a) Surface area and maxi mum depth of the inmpoundnent.
(b) Total volume of material to be dredged.

(c) Physical and chemical nature of sedinents.

(d) Pumping distance and term nal elevation (total head).
(e) Presence of bottomliner in inmpoundnent.

(f) Type and ampunt of aquatic vegetation

(g) Power source for dredge.

(h) Ease of access and size and weight limts of roads.
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Figure 3-11. Streamflow Diversion for Sediment Excavation Using Single
Cofferdam (Source: EPA 1982)

(2) Al criteria nmust be considered before selection of a punping
system or dredge vessel of the appropriate size, efficiency, and overal
capabilities can be nade. The centrifugal punps used in punping systenms or
dredge vessel s have a rated di scharge capacity based on maxi mum punp speed (in
revol utions per mnute, rpn) and a given head agai nst which they are punping.
The total head agai nst which punps nust work is affected by the depth of
dredgi ng, the distance over which the material is punped, and the term na
el evation of the discharge pipeline in relation to the water level within the
i mpoundnent .

(3) \When preparing dredging contracts for contam nated sedi nment
renoval where turbidity control is essential, contract provisions should
specify the use of special lowturbidity dredge vessels or auxiliary equi pnent
and techni ques designed to minimze turbidity generation. The bidder should
be made to specify mininum sedi nent renoval vol umes and maxi mum al | owabl e
turbidity levels in the downstream environment to ensure an effective dredging
operation.

(4) During dredging of streamor river sedinments, agitation of the bed
deposits during excavation may generate a floating scum of contam nated debris
on the water surface, particularly if the chemical contaminant is oily or
greasy in nature. The installation of a silt curtain downstream of the
dredging site will function to trap any contam nated debris so generated; the
debris can then be collected through skimming. Similarly, silt curtains can
be enpl oyed to m nim ze downstream transport of contam nated sedinents. A
schematic of a silt curtain is shown in Figure 3-12. It is constructed of
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Figure 3-12. Construction of a Typical Center Tension Silt Curtain Section

nyl on-rei nforced pol yvinyl chloride and manufactured in 27.4 m (90-foot)
sections that can be joined together in the field to provide the specified
length. Silt curtains are usually enployed in U shaped or circular
configurations, as shown in Figure 3-13. Silt curtains are not recommended
for flow velocities greater than 0.46 mls (1.5 feet per second).

(5) Sheet-pile cofferdans are generally constructed of black stee
sheeting, in thickness from5.6 to 2.7 mm (5 to 12 gage) and in lengths from
1.2 to 12.2 m(4 to 40 feet). For additional corrosion protection, galvanized
or alum nized coatings are avail able. Cofferdans may be either single walled
or cellular, and can be earth-filled in sections. Single-wall cofferdans may
be strengthened by an earth fill on both sides. Cellular cofferdans consi st
of circular sheet-pile cells filled with earth, generally a m xture of sand
and clay. Single-wall sheet-pile cofferdans are nost applicable for shall ow
water flows. For depths greater than 1.5 m (5 feet), cellular cofferdans are
recomrended.

(6) Mechanical excavation of dewatered, contam nated sedi nents can be
acconpl i shed with backhoes, draglines, or clanmshells. Mechanical dredging
output rates will vary depending on the size and nobility of the equi prment,
and on site-specific conditions such as avail able working area. Excavated
sedi nents can be | oaded directly into haul trucks onsite for transport to
speci al disposal areas. Haul truck |oading beds should be bottom seal ed and
covered with a tarpaulin or simlar flexible cover to ensure that no sedinments
are lost during transport.
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(1) The main di sadvant age associated with hydraulic renoval of

materials from surface i npoundnents is the necessity of

constructing dewatering/di sposal
econoni ca

| ocati ng and/ or

areas (or treatnent facilities) within
di stances of the dredging site.
able to handl e | arge vol unes of dredged materia
unl ess dewatering is performed prior to transport.

Contai nnent facilities nust be
inaliquid slurry form
Advant ages and

di sadvant ages of hydraulic dredging of surface inpoundnents are as foll ows:

Advant ages

Di sadvant ages

Efficient renpval of solids/water
m xtures from i npoundnents

Renoves hazardous materials in
readi |y processed form (slurry)

Suitable for renoval of materials
from surface inpoundnments in wde
range of consistencies- -fromfree-
flowi ng liquids to consolidated/
solidified sludges

Uilizes well-established, wdely
avai | abl e technol ogy

(2) The advantages and di sadvant ages of direct

dredging are |isted bel ow

Advant ages

Necessitates | ocating dredge mate-
rial management facilities
(dewat eri ng, disposal, treatnent)
near by

Necessi tates hi gh vol ume handling of
sol i ds/ wat er m xtures

May require booster punps for |ong-
di stance transport of dredged
slurries

Mobi li zation and denpobilizati on may
be tine-consuni ng and costly

Cannot
dr uns)

renove |arge itens (such as

i nstream mechani ca

Di sadvant ages

May be cost-effective for slow
shal | ow streans or sedinments
in dry streanmbeds or flood-
pl ai ns

Al so effective for small, isolated
pool s or ponds containing contain-
mat ed sedi ments

Bar ge- mount ed operations may be
used for large rivers

Gener ates excessive turbidity; may
cause downstream transport of
sedi nent s

Only feasible for Iow, shallow flows
with stable streanbanks and consoli -
dat ed sedi nents

May require special dewatering nethods
(clanmshell) lift and drain over hau
(trucks)

Ef fi ci ency of removal generally poor

General ly not recommended for handling

cont ani nated sedi nents instream
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(3) Cofferdam diversion streanflow, w th subsequent dewatering and
mechani cal excavati on of contam nated sedi nents, is addressed bel ow.

Advant ages Di sadvant ages
Hi gh efficiency of renoval; May be quite costly for deep, wide
low turbidity flows and sites requiring diversion
pi peline
I nvol ves wel | - established construc-
tion techni ques Not feasible for fast stream flows
(greater than 0.61 in/s (2 feet per
Structures easily renoved and second))

transported
Not recomrended for fl ows deeper than

Cost-effective for slowflow ng 3 m (10 feet)
streanms and rivers with favorable
access (stable banks; open areas) Sedi nent dewatering nay be required

Access for nechani cal excavati on
equi pment may be difficult

May require | arge excavation and
| oadi ng area

Transportation costs may be excessive
(remot e areas)

Geol ogi ¢ substrate may prevent sheet-
pile drive

3-10. Decont am nation of Structures. Decontanination of structures is a
conmon requirement at sites where the uncontrolled rel ease of hazardous
subst ances has occurred. A variety of techniques are available for
decont ani nati on surfaces and structures.

a. Decontanination of Surfaces.

(1) Absorption is widely used in industrial settings to clean up
chemical and other liquid spills and is nost applicable inmediately foll ow ng
[iquid contam nant spills. Contamnants rapidly penetrate nost surfaces, and
absorbents act to contain them Depending on the surface and tine el apsed
since the spill, further decontam nation procedures may have to be enpl oyed.

(2) Acid etching of a contaninated surface is used to pronote
corrosion and renoval of the surface layer. Miriatic acid (hydrochloric acid)
is used to renpve dirt and grime frombrick building surfaces in urban areas
and to clean nmetal parts (e.g., pickle liquors frommetal finishing
operations). The resulting contaninated debris is then neutralized. Thernal
or chemical treatnent of the renmoved material nay be required to destroy the
cont am nant before disposal. Although this technique is not known to have
been applied to chemically contam nated building surfaces, it is believed to
have good potenti al
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(3) Bleaching formul ations (usually strong oxidants) are applied to a
contani nated surface, allowed to react with contani nants, and renoved.
Application usually occurs in conjunction with other decontam nation efforts,
such as the use of absorbents and/or water-washing. Bleach has been used as a
decont am nant agai nst nustard, G and V chenical agents, and (experinentally)
or ganophosphor us pesti ci des.

(4) Drilling and spalling can remove up to 5 centineters of
contam nated surface material fromconcrete or sinilar materials by drilling
holes 2.5 to 4 centineters in dianeter approximtely 7.5 centineters deep
The spalling tool bit is inserted into the hole and hydraulically spreads to
spall off the contam nated concrete. The techni que can achi eve deeper
penetration (renoval) of surfaces than other surface-renoval techniques, and
it is good for large-scale applications. The treated surface is very rough
and coarse, however, and may require resurfacing (i.e., capping with
concrete). The drilling and spalling nethod has been used in the
deconm ssi oni ng of nuclear facilities.

(5) Dusting/vacuuming/w ping is sinply the physical renoval of
hazardous dust and particles from buil ding and equi pnent surfaces by common
cl eani ng techni ques. Variations include vacuuming with a comrercial or
i ndustrial -type vacuum dusting off surfaces such as |edges, sills, pipes,
etc., with a moist cloth or wi pe; and brushing or sweeping up hazardous
debris. Dusting and vacuum ng are applicable to all types of particulate
contam nants, including dioxin, |ead, PCB*s, and asbestos fibers, and to al
types of surfaces. Dusting/vacuum ng/w ping is the state-of-the-art nethod
for renoving dioxin-contam nated dust fromthe interior of hones and
bui I di ngs.

(6) Flaming refers to the application of controlled high tenperature
flames to contamn nated nonconbusti bl e surfaces, providing conplete and rapid
destruction of all residues contacted. The flam ng process has been used by
the Arny to destroy explosive and | ow | evel radioactive contam nants on
buil ding surfaces. |Its applicability to other contam nants is not well known.
This surface decontam nation technique is applicable to painted and unpai nted
concrete, cenent, brick, and nmetals. Subsurface decontam nation of building
material s may be possible, but extensive damage to the material would probably
result. This technique can involve high fuel costs.

(7) Fluorocarbon extraction of contam nants from building materials
i nvol ves the pressure-spraying of a fluorocarbon solvent onto the contani nated
surface foll owed by collection and purification of the solvent. RadKleen is

an exanple of a comrercial process that uses Freon 113 (I,1,2-trichloro-
1,2,2-trifluoroethane or CCl,F;) as the solvent. The RadKl een process is
currently used for cleaning radioactive material fromvarious surfaces. It

has been applied to chem cal agents on small objects, and thus field
capability has been denobnstrated. Studies have been conducted for agent-
contam nated clothing materials, such as pol yester-cotton, Nomex, butyl rubber
gl oves, and charcoal -i npregnated cloth. Although this method has not been
denonstrated for renoving contam nants from buil ding surfaces, it |ooks very
prom si ng.
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(8) Gitblasting is a renmoval technique in which abrasive materials
(such as sand, alum na, steel pellets, or glass beads) are used for uniform
renoval of contam nated surfaces froma structure. Gitblasting has been used
since 1870 to renmove surface layers fromnmetallic and ceram c objects and is
currently used extensively. For exanple, sandblasting is commonly used to
clean the surfaces of old brick and stone buildings. Gitblasting is
applicable to all surface contam nants except sone highly sensitive expl osives
such as lead azide and | ead styphnate. This nmethod is applicable to al
surface materials except glass, transite, and Pl exigl as.

(9) Hydrobl asti ng/ wat erwashing refers to the use of a high-pressure
(3500 to 350,000 kPa) water jet to renmove contani nated debris from surfaces.
The debris and water are then collected and thermally, physically, or
chemical ly decontam nated. Hydroblasting has been used to renove expl osives
fromprojectiles, to decontam nate nmlitary vehicles, and to decontam nate
nucl ear facilities. Hydroblasting also has been enpl oyed comercially to
cl ean bridges, buildings, heavy machi nery, highways, ships, nmetal coatings,
rail road cars, heat exchanger tubes, reactors, piping, etc. Of-the-shelf
equi prent i s avail able from many nmanufacturers and distributors.

(10) M crobial degradation is a devel opi ng process whereby contani nants
are biologically deconmposed by m crobes capable of utilizing the contani nant
as a nutrient source. Conceptually, microbes are applied to the contani nated
area in an aqueous nmedium and allowed to di gest the contani nant over tine; the
nm crobes are then destroyed chenmically or thermally and washed away.

M crobi al degradation as a building decontam nation technique has not been
denonstr at ed.

(11) Painting/coating/stripping includes the renmoval of old |ayers of
pai nt containing high levels of toxic metals such as | ead, the use of
fixativel/stabilizer paint coatings, and the use of adhesive-backed strippable
coati ngs.

(a) Inthe first technique, paint containing |ead in excess of 0.06
percent is renoved from buil ding surfaces by conmercially avail abl e pai nt
renovers and/or physical means (scraping, scrubbing, waterwashing).
Resurfacing or further decontamination efforts nay be necessary.

(b) The second technique involves the use of various agents as
coatings on contam nated surfaces to fix or stabilize the contam nant in
pl ace, thereby decreasing or elimnating exposure hazards. Potentially usefu
stabilizing agents include nolten and solid waxes, carbo-waxes
(pol yoxyet hyl ene glycol), saligenin (", 2-di hydroxytol uene), organic dyes,
epoxy paint filnms, and polyester resins. The stabilized contani nants can be
left in place or removed |l ater by a secondary treatment. |In sonme cases, the
stabilizer/fixative coating is applied in situ to desensitize a contani nant
such as an explosive residue and prevent its reaction or ignition during sonme
ot her phase of the decontam nation process.

(¢) In the third technique, the contani nated surface is coated with a

polymeric m xture. As the coating polynerizes, the contam nant becones
entrained in the lattice of or attached to the polynmer nolecules. As the

3-34



EM 1110- 1-502
30 Apr 94

pol ymer layer is stripped or peeled off, the residue is removed with it. It
may be possible, in some cases, to add chenicals to the mixture to inactivate
t he contam nants.

(12) Sealing is the application of a material such as paint that
penetrates a porous surface and i mobilizes contam nants in place. One
exanple is K-20, a newMy devel oped commerci al product. The effectiveness of
this product is not fully known. Although it acts nore as a barrier than a
detoxifier, K-20 may facilitate chem cal degradation as well as physica
separati on of some contam nants.

(13) Photochem cal degradation refers to the process of applying
intense ultraviolet light to a contam nated surface for some period of tine.
Phot odegr adati on of the contam nant follows. |In recent years, attention has
been focused on this nethod because of its useful ness in degrading chlorinated
di oxins (TCDD in particular). Three conditions have been found to be essen-
tial for the process to proceed: the ability of the conmpound to absorb |ight
energy, the availability of Iight at appropriate wavel engths and intensity,
and the presence of a hydrogen donor

(14) Scarification is a nethod that can be used to renpve up to an inch
of surface material from contam nated concrete or sinmilar materials. The
scarifier tool consists of pneumatically operated piston heads that strike the
surface, causing concrete to chip off. This technique has been used in the
deconm ssi oning of nuclear facilities and in the cleanup of mlitary arsenals.

(15) Sol vent washing refers to the application of an organic sol vent
(e.g., acetone) to the surface of a building to solubilize contam nants. This
techni que has not yet achieved wi despread use in building decontamn nation
although it is beginning to be used in the deconm ssioni ng of nucl ear
facilities. The nethod needs further devel opnent in application, recovery,
collection, and efficiency. The hot sol vent soaking process has been shown to
be effective in decontam nation of PCB-contani nated transforners.

(16) Steam cl eani ng physically extracts contam nants from buil di ng
wal I s and floors and from equi pnment. The steamis applied through hand-hel d
wands or automated systens, and the condensate is collected in a sunmp or
contai nnent area for treatment. This nethod is currently used by expl osives
handl i ng and manufacturing facilities. |t has also been used to renove
di oxi n-contam nated soil fromvehicles and drilling equi prment.

b. Decontanination of Solid Materials and Buil dings.

(1) Demolition of a building, structure, or piece of equipnent
i ncl udes conpl ete burndown, controlled blasting, wecking with balls or
backhoe- nounted rans, rock splitting, sawing, drilling, and crushing. Many of
t hese techni ques have been empl oyed for nuclear facility decontani nation and
for the cleanup of mlitary arsenals.

(2) Dismantling refers to the physical renoval of selected structures

(such as contani nated pipes, tanks, and other process equiprment) from
buil di ngs or other areas. It can be the sole decontamnination activity (e.g.
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renoval of contam nated structures froman otherw se clean building), or it
can be used in the initial stage of a nore conpl ex buil ding decontani nation
effort (e.g., renoval of structures prior to flam ng, hydroblasting, or other
cl eanup techni ques).

(3) Asbestos abatenent consists of four techniques: renoval
encapsul ati on, encl osure, and special operations (e.g., maintenance and
monitoring). |In renmoval operations, all friable asbestos-containing building
materials are conpletely renoved to elininate the rel ease of asbestos fibers
into the air. The other techniques | eave the asbestos fibers in place but
[imt potential exposure |levels through various treatnment, maintenance, and
i nspecti on procedures.

(4) Encapsul ation/encl osure physically separates contam nants or
contam nated structures from buil ding occupants and the anbi ent environment by
means of a barrier. An encapsulating or enclosing physical barrier may take
different forms; anmong them are plaster epoxy and concrete casts and walls.
Acting as an inpenetrable shield, a barrier keeps contam nants inside and away
fromclean areas, thereby alleviating the hazard. As a result, contanination
of part of a structure will not result in the contam nation of adjacent areas.
Encapsul ati on has been used on damaged asbestos insul ation, |eaky PCB-
contam nated el ectrical transformers, and open mmintenance pits and sunps
cont am nated by heavy netals.

(5) Vapor-phase solvent extraction is a nmethod in which an organic
solvent with a relatively low boiling point (such as nethyl chloride or
acetone) is heated to vaporization and allowed to circulate in a contani nated
pi ece of equi pment or an encl osed area. The vapors perneate the contam nated
materi al s, where they condense, solubilize contaninants, and di ffuse outward.
The contani nant-laden liquid solvent is collected in a sunp and treated to
all ow recycling of the solvent. This nethod has not yet been applied to
bui | di ng decontam nation, although it is believed to have good potenti al

c. Data Requirenments. Figure 3-14 summarizes the strategy for dealing
wi th buil di ng decontam nation, including guidance and information for
selecting the least costly nethod that is technologically feasible and that

will effectively reduce contam nation to predetermined | evels.
Step 1 Step 2 Step 3
Determine Develop Evaluate
Nature and gl Site-Specific »=1  Decontamination
Extent of Decontamination Effectiveness
Contamination Plan
]
[ | . 1 1 I 1 1 T 1
Query Search Conduct Collect Reinspect Collect Compare Repeat or Determine
Former Oid Visual and Site and to larget Modify Need for
Employees| | Records Inspection Analyze Analyze Levels Procedure Long-Term
Samples Samples as Needed | | Momitoring
( I | | I T I ]
Evaluate Identity Establish tdentify Select Deterrmune Wieite Site Hire
Hazards Future Target Potential Cost- Health and Decontamnation Contractor
Use Levels Methods Eftective Safety Plan and Initiate
Methodis) | |Requirements Cleanup

Figure 3-14. Flow Diagram for Developing a Structural
Decontamination Strategy
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(1) Sampling nethods for determning the type and degree of
contam nation existing on building/structure/equi pment surfaces, both before
and after cleanup efforts, are poorly devel oped, docunented, and verifi ed.
Simlarly, subsurface sanpling techniques (such as corings) or determ ning the
depth of contam nation in porous substances (such as concrete or wood fl oors)
have not been adequately devel oped and docunmented. Although “wi pe tests” are
often referred to in site records, the actual nethodol ogy used is rarely
descri bed in enough detail to allow sinulation or reproduction by others, and
the technique itself is known to be inadequate for quantitatively transferring
contam nants from surfaces to w pes or swabs.

(2) The applicability and effectiveness of decontani nation techniques
for treating various contam nant/structural material conbinations encountered
at Superfund sites have not been fully explored. For exanple, the degree to
whi ch steam cl eani ng renmoves di oxi n-contam nated soil particles fromdrilling
augers has not been established, even though this nmethod is routinely used to
cl ean equi prrent at di oxi n-contani nated sites.

(3) The individual methods described above should be used as a genera
guide in evaluating the potential of each technique on a site-specific basis
for efficiency, wastes generated, equipnment and support facilities needed,
time and safety requirements, structural effects, and costs. Also, each
met hod or comnbi nation of methods should be pretested in the | aboratory or at
the site before full-scale inplenentation to determ ne the effectiveness of
t he strategy.

(4) A formal, systematic approach for deternining acceptable |evels of
contam nants remaining in and on building and equi pnent surfaces does not
currently exist. As a result, guidance on how clean is clean and the
establ i shnent of target |levels must continue to be addressed case by case.

d. Design Criteria. There are no established design criteria for
decont anmi nation of structures. Specification of appropriate cleanup
strategi es depends highly on the professional judgnent of the designer

3-11. Decontamination of Mscellaneous Media. Sanitary sewers | ocated
downgr adi ent from uncontrol |l ed hazardous waste di sposal sites nay becone
contam nated by infiltration of |eachate or polluted ground water through
cracks, ruptures, or poorly sealed pipe joints. Typically the vitrified clay
pi pes (VCP) commonly used for gravity sewers are susceptible to cracking from
root intrusion or settling. The interior cleaning of contam nated pipes wll
facilitate the |l ocation of cracks and joint failures which ultimtely nust be
sealed to prevent further infiltration of contam nated soil and water.
Avai | abl e sewer-cl eani ng techni ques include nechanical scouring, hydraulic
scouring and flushing, bucket dredging, suction cleaning with punps or
vacuuns, chem cal absorption, or a conbination of these nethods. Manhol es,
flushing inlets, and unplugged residential service connections provi de access
points to sewers.

a. Mechanical Scouring. This is an effective nethod to renove pipeline
obstacl es such as roots, stones, greases, sludges, and corrosion nodul es.
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Solidified masses of toxic chem cal precipitates can also be renmpoved by
mechani cal scouring. Mechanical scouring techniques include the use of power
roddi ng machi nes (“snakes”), which pull or push scrapers, augers, or brushes
t hrough the sewer line. “Pigs” are bullet-shaped plastic balls lined with
scouring strips that are hydraulically propelled at high velocity through
water mains to scrape the interior pipe surface.

b. Hydraulic Scouring. Contam nated sewer |ines can be cleaned by
runni ng hi gh-pressure fire hoses through manholes into the sewer and fl ushing
out sections. Hydraulic scouring is often used after nechanical scouring
devi ces have cleared the line of solid debris or |oosened contam nated
sedi nents and sl udges coating the interior surface of the pipe. Wen using
hydraul i c scouring techni ques |arge volunmes of contam nated water may be
produced.

c. Bucket Dredging and Suction d eaning. A bucket nachine can be used
to renove grit or contaminated soil froma sewer |line. Power w nches are set
up over adjacent manholes with cable connections to both ends of the
col l ection bucket. The bucket is then pulled through the sewer |ine unti
| oaded with debris. The same technique can also be used to pull “sewer balls”
or “porcupi ne scrapers” through obstructed sewer lines. Suction devices such
as punps or vacuumtrucks may be used to clean sewer lines of toxic |iquids
and debris.

Section Il. Contam nated Ground-Water Plume Managenent

3-12. G ound-Water Punping Systenms. Two common ground-water punping systens
use either wellpoints or extraction/injection wells.

3-13. Wellpoint Systems. Wellpoint systems are generally used to contro
ground-water |evels or flow patterns at construction sites. They are

i nexpensive to install and use techniques and equi pment that are readily
avai |l abl e. Maj or di sadvantages are the requirenment for naintenance and the
energy used for punping.

a. Applications.

(1) Wellpoint systems may be used to | ower the water table or to
dewater a selected area. They consist of a series of wellpoints with one or
nore punping systens and can serve a variety of purposes. The wthdrawn water
can be discharged with or without further treatmnent.

(2) These systens are generally used at sites with relatively shall ow

water tables and fairly pernmeable soils. 1In general, if the water table is
near the surface and is to be lowered to a depth of 6.1 m (20 feet) or |ess,
wel | poi nts and suction punps can be enployed. |I|f deeper drawdown is needed, a

wel | systemusing jet or submersible punps or eductor wellpoints nust be
enpl oyed.
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b. Design and Construction Considerations. The |owering of the water
table by using a well point dewatering systemis presented in Figure 3-15. The
system consi sts of a group of closely spaced wells, usually connected by a
header pi pe and punped by suction centrifugal punps, submersible punps, or jet
ej ector punps, depending on the depth of punping and the volune to be
dewat er ed.

STATIC
WATER LEVEL

. R
R ~ JOHNSON

WATER-BEARING
STRATUM

Figure 3-15. Schematic of a Wellpoint Dewatering System

(1) Hydraulic gradient. The hydraulic gradient increases as the flow
converges toward a well. As a result, the |lowered water surface devel ops a
continually steeper slope toward the well. The formof this surface resenbles
a cone-shaped depression. The distance fromthe center of the well to the
l[imt of this cone of depression is called the radius of influence. The
hydraulic conductivity (K) is measured using the Darcy, defined as the
permeability that will lead to a specific discharge of 1 cmis for a fluid with
a viscosity of 1 cp. It is approximately equal to 10® cmis. The value of K
depends upon the size and arrangenent of the particles in an unconsolidated
formation and the size and characteristics of the surfaces of crevices
fractures, or solution openings in a consolidated formation. Figure 3-16
shows typical hydraulic conductivity for various soil and rock types. Darcy*s
| aw remai ns valid only under conditions of lamnar flow, involving fluids with
a density not significantly higher than pure water.

(2) Transmissivity and storage coefficients. Two other factors, the
transmissivity (T) and storage (S) coefficients, also affect the rate of flow
The coefficient of transmissivity indicates how nuch water will nove through a
formation and is equivalent to the perneability times the saturation thickness
of the aquifer. The coefficient of storage indicates how much water can be
renoved by punping and draining and is defined as the volunme of water rel eased
fromor taken into storage per unit area of aquifer per unit change in
hydraul ic head normal to the surface.
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Figure 3-16. Hydraulic Conductivities of Soil and Rock

(3) Cone of depression. Lowering the ground-water |evel over the
conplete site involves creating a conposite cone of depression by punping from
the wel | point system The individual cones of depression nust be close
toget her so that they overlap and thus pull the water table down several feet
at internmedi ate points between pairs of wells.

(4) Stagnation points. Stagnation points occur when areas in the
wel | point field |ie outside the area of influence of any of the wells. Design
of the well-array should strive to reduce or elimnate stagnation points.
Their presence | eaves zones of high contam nant concentration and greatly
| engt hens the time necessary to clean the aquifer. The inclusion of injection
wells can aid in the elinmnation of stagnation points.

(5) Drawdown. Once the aquifer properties of transmissivity and
storativity have been determined, it is possible to predict the drawdown in
hydraulic head in a confined aquifer at a distance (r) fromthe well and at a
time (t) for a given punping rate (Q. Thus, by determ ning the drawdown at
various radii fromthe well, one can determ ne the radius of influence for a
gi ven punping rate. For a given aquifer, the cone of depression initially
i ncreases in depth and extent with increasing punping time until eventually it
| evel s off. Drawdown at any point at a given time is directly proportional to

the punping rate and inversely proportional to aquifer transmissivity and
storativity.
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(6) Design considerations. Designs of wellpoint dewatering systens
can vary consi derably, depending on the depth to which dewatering is required,
the transnmissivity and storativity of the aquifer, the size of the site, and
the depth of the waterbearing formation.

(7) Spacing. Wellpoint spacing is based on the radius of influence of
each well and the conposite radii of influence needed to | ower the water
table. Once storage and transnissivity coefficients have been determ ned, the
drawdown and area of influence may be calculated. In practice, spacing for a
few wel | points would be determ ned and then field tested; any necessary
adj ustments woul d then be made to account for the fact that wells do not
al ways neet the idealized conditions assuned in equations to estimate
dr awdown.

(8) Time to clean up. The tine to clean up an aquifer is difficult to
predict as it depends upon a w de variety of factors:

Cont am nant type Water solubility, volatility, mobility,
pol arity, absorption characteristics

Site soil type Permeability, storage capacity, clay
type and content, grain size, pres-
ence of clay | enses and inperneabl e

barriers
Aqui f er Rate of flow, depth and thickness,
characteristics recharge rate, perched water tables,

cont am nat e concentrations

Punpi ng may be necessary for extended periods of time. Typically the
concentration of contam nants in the extracted ground water falls
asynptotically toward zero so that the demand on treatnent equipnment |essens
over tine. A good design will take into account this effect by incorporating
unit operations that can be renoved or reworked to be effective on the | ower
and | ower contani nant concentrations. This is especially inportant to

bi or enedi ati on systems where contani nant concentrations may soon fall to

| evel s which will not sustain mcrobe popul ations. Further, “Wen is an
aquifer clean?” is a difficult question.

(9) Gound-water treatnment and di sposal. The treatnment of the
contam nated ground water is a major consideration. Extracted ground water
nmust be treated before discharge or reinjection. Treatnent systens have been
designed with stripping (air or stean) units for volatiles (perhaps wth
carbon absorption or incineration units for the stripped air stream, carbon
absorption units, ion-exchange units, and/or bioreactors. These can be
arranged singly or in series. Treated effluent may be discharged to the |oca
publicly owned treatnent works (POTW (which nay renove the need for
pretreatnent), injection wells incorporated into ground-water cleanup design
and seepage basins or trenches. Disposal of |arge volunmes of extracted ground
wat er over long tinme periods can be a major consideration and expense.
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c. lnstallation.

(1) Wellpoints are made to be driven in place, to be jetted down, or
to be installed in open holes. The npbst conmon practice is to jet the
wel | points down to the desired depth, to flush out the fines, |eaving the
coarser fraction of material to collect in the bottomof the hole, and then to
drive the point into the coarser nmaterials.

(2) A method used in sone unstable material consists of jetting down
or otherw se sinking tenporary casing into which the wellpoint and riser pipe
are installed. As the casing is pulled, gravel may be placed around the
wel | poi nt.

d. Special Cases.

(1) In special cases, design nodifications will be required or at
| east various nmethods should be conpared for cost-effectiveness. Fine silts
and other slowy perneable materials cannot be readily drained by well point
systens al one. However, soils can be partially drained and stabilized by
vacuum wel I's or wel | point systens that create negative pore pressure or
tension in the soil. The wellpoints should be gravel packed fromthe bottom
of the hole to within a few feet fromthe surface of the poorly perneable
material. The remainder of the hole should be sealed with bentonite or other
i nperneable materials. |If a vacuumis nmaintained in the well screen or pack
flow toward the wellpoints is increased. Such a systemusually requires
cl osely spaced wel | points, and punping capacity is reduced. Vacuum booster
punps may be required on the headers or individual wells for effective
operation.

(2) Vertical sand drains may be used in conjunction with wellpoints to
facilitate drainage in stratified soils. The drains, usually 406 to 508 mMm
(16 to 20 inches) in diameter, are installed on 1.8 to 3 m(6- to 10-foot)
centers through the inperneable |layers that need to be dewatered and are
ext ended to underlying perneable | ayers where well points are placed.

(3) Two or nore well point systens nmay be required when two or nore
strata of water-bearing sand are separated by inperneable barriers. The depth
for dewatering will be different for each system and consequently pipe
| engt hs and di aneters and punping requirenents will be detern ned
i ndependent | y.

(4) Potential enhancenents of ground-water cleanup may involve the use
of in-situ biorenmediation. Introduction of nutrients and/or oxygen (or
hydrogen peroxide) into the injection wells may greatly increase the rate of
in-situ contani nant breakdown and t hus enhance cl eanup. Steam or hot water
injection may help to dissolve or nobilize slightly soluble or adsorbed
contani nants and increase their rate of renoval

e. Advantages and Di sadvantages. Advantages and di sadvant ages of
wel | poi nt punping to adjust the water table are as follows:
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Advant ages Di sadvant ages
Hi gh design flexibility May not adequately drain
fine silty soils, and
Good onsite flexibility flexibility is reduced in
since the system can be this medi um

easily dismantled
Hi gher operation and

Construction costs may be mai nt enance costs than
| ower than for construction for artificial ground-
of artificial ground-water wat er barriers
barriers

System failures could

Good reliability when result in contam nated

properly nonitored dri nki ng wat er

3-14. Extraction/Injection WIIl Systems. Extraction/injection contro

systens have been used at waste sites to alter natural ground-water gradients
to prevent pollutants fromleaving a site or to divert ground water that mnight
enter a site. Were hazardous wastes are involved, punped systems may be used
in conjunction with ground-water barriers. Punped systens that result in

m xi ng contam nated and uncont am nated ground waters can create |arge vol unes
of contami nated ground water to be treated. |n nost cases contam nated ground
water at waste sites is contained by installing extraction wells to extract
ground water fromunder the site, collecting contam nants |eaking fromthe
waste and creating a |local gradient toward the site. Wter withdrawn from
under the site may have to be treated before discharge or reinjection. Two
applications of extraction/injection systems to contain a plunme are the use of
a series of extraction and injection wells that will allow water within the
plume to be punped, treated, and punped back into the aquifer and punping and
treatment of the plume followed by recharge using seepage basins.

a. Applications.

(1) Hydraulic barriers. Plume containment with the use of
extraction/injection wells is an effective nmeans of preventing the eventual
contam nation of drinking water wells or the pollution of streanms or confined
aqui fers that are hydraulically connected to the contam nated ground water
(Figure 3-17). The technique may be particularly useful for surface
i mpoundnments. One design would use extraction/injection wells separated by
physical barriers (slurry wall or sheet pilings). The extraction wells are
pl aced upgradient fromthe barrier; the extracted ground water is treated and
reinjected on the downgradient side of the barrier. This design can keep
cont am nated ground water fromleaving the site.

(2) Plume and floating product recovery. Extraction wells are used to
directly recover separate |iquid phases such as petrol eum products which are
floating at the water table. WelIl screens are placed such that the product
can be collected and separated from any contaminati on ground water at the |and
surface in standard oil-separation units. Separated ground water usually nust
be treated to renmove any sol ubl e organics, carbon absorption, or biotreatnent
bei ng used. Soluble materials dissolved in the ground water can al so be
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Figure 3-17. Use of Extraction/Injection Wells for Plume Containment
(Source: EPA 1982)
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separated and recovered using extraction wells followed by carbon absorption
or reverse osnmosis, or they can be destroyed using biotreatnent. Judicious
pl acenent of injection wells can increase the rate of cleansing of the

aqui fer.

b. Design and Construction Considerations.

(1) Definition of the plume area, depth, and flow rate and direction
nmust be deterni ned before any further design considerations can be addressed.
Punp tests should include determ nation of transmissivity and storage
coefficients, and radii of influence of test wells. The presence of perched
wat er tables or other anomalies nust al so be assessed.

(2) The basis of plume managenent by punpi ng depends upon
i ncorporating the plume within the radius of influence of an extraction well
Such a systemrequires careful nmonitoring to deternmine the extent of the plune
and any changes that may occur in the plune as punping continues.

(3) The effect of the injection wells on the drawmdown and radi us of

i nfluence of the extraction wells is illustrated Figure 3-18. As the cone of
depressi on expands and eventually encounters the cone of inpression fromthe
recharge well, both the rate of expansion of the cone and the rate of drawdown

are slowed. Wth continued punping, the cone of depression expands nore
slowy until the rate of recharge equals the rate of extraction and the
drawdown stabilizes. Thus, the effect of the injection well is to narrow the
radi us of influence and to decrease the drawdown with increasing distance from
the well.

(4) By conbining extraction and injection wells in the design, the
rate of cleanup of the aquifer and the amount of groundwater contam nated may
be decreased. The cone of inpression (Figure 3-18) of the injection well wll
serve to isolate the extraction wells fromthe surroundi ng ground water and
increase the rate of flow (head gradient) toward the extraction well

(5) The sinplest extraction/injection well systems are designhed so
that the radii of influence do not overlap. Another inportant reason for
placing the wells distant enough so that their radii of influence do not
overlap is that any changes that nust be nade in punping as a result of
changes in the plume due to age of the landfill, quantity of precipitation
and physical changes in the size of the landfill, due to conpaction or
excavation, would be conplicated by the effect of the overlap of the areas of
i nfluence.

(6) In some instances site lintations may require that the extraction
and injection wells be placed so close together that the radii of influence
overlap. Overlapping injection/extraction well zones of influence may be used
to increase the rate of flow of ground water through the contami nated site in
order to increase the rate of flushing of the contam nants.

(7) An exanple of an effective systemfor plunme containnent is

currently operating at the Rocky Mountain Arsenal. Gound water is extracted,
treated, and recharged through injection wells to the downgradi ent side of an
i nperneabl e barrier (slurry wall). The conpleted systemwi |l handle a fl ow of
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Figure 3-18. Effect of an Injection Well on the Cone of Depression

28 (/s (443 gpnm) and extend for 1585 m (5,200 feet). The systemw |l consi st
of about 33 extraction wells, nobst of which are 203 mm (8 inches) in dianeter,
and approximately 40 injection wells with a diameter of 406 to 508 nm (16 to
18 inches). The extraction and injection systens are separated by an

i nperneabl e barrier to prevent m xing of contam nated and uncont ani nat ed

wat er .

c. Gound-water Punping with Recharge through Seepage Basins.

(1) As a less costly alternative to recharging water through injection
wel | s, seepage basins or recharge basins can be used. Since seepage basins
require a high degree of maintenance to ensure that porosity is not reduced,
they woul d not be practical where several basins are required for recharge of
| arge vol unes of water or where adequate mai ntenance staff is not avail able.

(2) As is the case for extraction/injection well systens, the effects
of recharge on the cone of depression nust be accounted for in designing a
systemthat will contain the plune. Ideally, the recharge basins should be
| ocat ed outside the area of influence of the extraction wells.

(3) The dinensions of a recharge basin vary considerably. The basin
shoul d be designed to include an enmergency overflow and a sedinment trap for
run-off fromrainwater. The side walls of the basin should be pervious since
consi derabl e recharge can occur through the walls.
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d. Advantages and Di sadvantages. The advantages and di sadvant ages of
the extraction/injection systens used for plune containnent are as foll ows:

Advant ages Di sadvant ages
System may be | ess costly than Pl ume vol une and characteristics
construction of an inperneabl e will vary with time, climtic
barrier conditions, and changes in the
site resulting in costly
Hi gh degree of design flexibility and frequent nonitoring
Moderate to high operational System failures could lead to
flexibility, which will allowthe contam nati on of drinking water
systemto neet increased or
decreased punpi ng denmands as &M costs are higher than for
site conditions change artificial barrier

3-15. Subsurface Barriers. The nbpst comon subsurface barriers are slurry-
trench cutoff walls, grout curtains, sheet pile cutoff walls, menbranes and
synthetic sheet curtains, and conbination barrier punping systemns.

3-16. Slurry-trench Cutoff Walls. Slurry trenching is a method of
constructing a passive subsurface barrier or slurry wall to inpede or redirect
the flow of ground water. This practice covers a range of construction
techniques fromthe sinple to the quite conplex, and though it is becom ng
nore common, is still perforned by only a few specialty contractors. In
recent years the success and econony of slurry trench cutoffs has largely
brought about the replacement of other nethods such as grout curtain and sheet
piling cutoffs.

a. Description.

(1) Slurry walls are fixed underground barriers formed by punping
slurry into a trench as excavation proceeds. The slurry is usually a soil or
cenent, bentonite, and water mixture punped into the trench to maintain a
slurry-full trench condition. The cenent-bentonite slurry is allowed to set.

The soil -bentonite trench filling is produced by backfilling the trench with a
sui tably engi neered backfill which often includes |ocal or excavated site
soil .

(2) The slurry used in the soil-bentonite is essentially a 4 to
7 percent by weight suspension of bentonite in water. Bentonite is a clay of
the nontrmorillonite group of 2:1 expanding lattice clays. Excavated materials
that are renoved fromthe slurry-filled trench are placed at the trench sides
and excess slurry drains back into the trench. Selected backfill material is
dunped into the trench and sinks through the bentonite forcing sone slurry out
of the trench. Excess slurry is punped to a holding area where the slurry can
be “desanded” if necessary and adjusted to the specified density for
reintroduction into the trench. No conpaction of a finished slurry trench is
required.
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3) For proper displacenment of slurry by the backfill material, the unit
wei ght of backfill material should be 240.3 kg/nf (15 | b/ft3) greater than that

of the slurry (soil-bentonite). Typical soil-bentonite unit weights are 1442
kg/nmfto 1682 kg/n? (90 to 105 I b/ft3 and for cenent-bentonite slurry 1922
kg/ nm? (120 Ib/ft%. Density requirements for a cenent-bentonite slurry are

| ess inmportant because it is not backfill displaced; however, a 90-day m ni num
set tine is inmportant.

b. Applications.

(1) Slurry walls were first used to effect ground-water cutoff in
conjunction with large dam projects. In recent years, they have found use as
bot h ground-water and | eachate barriers around hazardous waste di sposal sites.
Pl acenent of the wall depends on the direction and gradi ent of ground-water
flow as well as location of the wastes. When placed on the upgradi ent side of
the waste site, a slurry wall will force the ground water to flow around the
wastes. |In some instances, it may be unnecessary to sink the wall down to an
i mpervious stratum A wall sunk far enough into the water table upgradient
fromthe wastes can reduce the head of the ground-water flow, causing it to
flow at greater depth beneath the wastes.

(2) Most commonly, the trench is excavated down to, and often into, an
i mpervious layer in order to retard and mnimze a ground-water flow. This
may not be the case when only a lowering of the water table is required. The
width of the trench is typically from0.61 to 1.5 m(2 to 5 feet) and can be
up to 24.4 mor 30.5 m (80 or 100 feet) deep. Typically, a backhoe,
clanmshell, or dragline is used for excavation.

(3) Gades of 10 percent and hi gher provide problens for slurry-trench
construction.

(4) Gound-water chemistry can severely affect the behavior at the
bentonite slurry. Adverse reactions such as thickening or floccul ati on may
result if grout and ground water are not conpatible. Conpatibility tests have
been conducted to determine the ability of bentonite slurry walls to withstand
the effects of certain pollutants, and the results are encouraging. O the
chemicals tested, only al cohols were found to conpletely destroy the slurry
wal . To determ ne the probable effectiveness of a slurry wall for a
particul ar site, however, conpatibility tests should be conducted using the
actual |eachate fromthe site.

(5 In certain settings, a slurry wall can be installed to conpletely
surround the site. In sone cases, the ground water inside the slurry wall is
extracted and treated, and in some cases replaced with the treated ground
wat er .

(6) \Where slurry cutoffs are used in conjunction with a cap, the wall -
cap tie-in should facilitate construction and be of adequate thickness to
prevent separation as a result of long-termsettlement of the wall. Tie-in
with an inpervious |ayer beneath the wall is also inmportant if ground-water
cutoff is the objective.
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(7) A slurry trench cutoff wall was designed and constructed to
contain migration of contam nated ground water fromthe Lipari Landfill in
Pi t man, New Jersey, in October 1983. The trench was approxi nately 883.4 m
(2,900 feet) long and 15.2 m (50 feet) deep. The bottom of the trench was
keyed into a Kirkwood clay |layer. The design drawing illustrating the
position of the trench is presented in Figure 3-19. Depending on the grade
and the position of the trench in relation to the batch-m xi ng operation
performed in a clean area onsite, between 22.9 and 45.7 m (75 and 150 feet) of
slurry trench could be constructed each day. The entire trench was
constructed in two nonths.

c. Design and Construction Considerations.

(1) Slurry trenching nust be preceded by thorough hydrogeol ogi c and
geot echni cal investigations. A good hydrogeologic study will tell the
designers the depth, rate, and direction of ground-water flow, and the
chemical characteristics of the water. A geotechnical investigation wll
provide information on soil characteristics such as perneability, amount of
stratification, and depth to bedrock or an inpervious layer. |In addition, it
will tell the nature and condition of the bedrock. When the slurry wall is
intended to provide total water cutoff, rather than just to | ower the water
table, particular attention must be paid to the soil/rock interface.

(2) The type of equi pnent used to excavate a slurry trench depends
primarily on the depth. Hydraulic backhoes can be used to excavate down to
16.8 m (55 feet). Beyond that depth, a clanmshell shovel nust be used. |If it
is necessary to install the slurry wall into hard bedrock, drilling or
bl asting may have to be used to excavate the rock. Special blasting
techni ques woul d be required to maintain the integrity of the bedrock

(3) Backfilling of a trench is often acconplished with the equi prent
used to excavate the trench. A bulldozer can be used to nmix the soil with the
slurry alongside the trench as well as to backfill the upper portion of the
trench. Care nust be taken to ensure that no pockets of slurry are trapped
during the backfilling, as these can greatly reduce the wall*s effectiveness
and pernanence.

(4) For maximum perneability reduction, the soil/bentonite mixture

used for backfilling should contain 20 to 25 percent fines (soil particles
that will pass a 0.075 mm (200-nesh) sieve). To ensure long-term perneability
reduction, as much as 40 to 45 percent fines may be required. 1In the event

the onsite soils are too coarse, inmported fines or additional bentonite nust
be added.

(5) The bentonite nust be conpletely hydrated and well nixed with the
soil or cement before being placed into the trench

d. Advantages and Di sadvantages. The process outlined above includes a
nunber of variables that can affect the long-termeffectiveness of a slurry
wal | .  The extent to which these variables, such as ground water, soil, and
rock characteristics, can influence the integrity of a wall can usually be
determ ned by a variety of preconstruction tests. Fromthe results of these
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Figure 3-19. Design Drawing for Lipari Landfill Slurry-Trench
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field and | aboratory tests, nore site deficiencies can be identified and
corrected prior to construction. A properly designed and installed slurry
wal | can be expected to provide effective ground-water control for many
decades with little or no maintenance. Advantages and di sadvantages of slurry
trenches are summari zed bel ow.



EM 1110-1-502

30 Apr 94
Advant ages Di sadvant ages
A long-term econom cal Ground water or waste | eachate may be
nmet hod of ground-wat er i nconpatible with slurry materia
contro
No mai ntenance required Lack of near-surface inperneable |ayer,
over long term | arge boul ders or underground caverns
may meke installation difficult or
Mat eri al s i nexpensive and i mpractica
avail abl e

Not practical with over 10 percent sl ope
Technol ogy wel |l proven

3-17. Gout Curtains. Another nmethod of ground-water control is the
installation of a grout curtain. G outing in general consists of the
injection of one of a variety of special fluids or particulate grouts (Table
3-5) into the soil matrix under high pressure. The injection of the specific
grout type is determned by conditions of soil perneability, soil grain size,
chemi stry of environnent being grouted (soil and ground-water chemi stry), and
rate of ground-water flow. G outing greatly reduces perneability and

i ncreases nechanical strength of the soil zone grouted. When carried out in
t he proper pattern and sequence, this process can result in a curtain or wall
that can be an effective ground-water barrier. Because a grout curtain can be
three times as costly as a slurry wall, it is rarely used when ground water
has to be controlled in soil or |oose overburden. The major use of curtain
grouting is to seal voids in porous or fractured rock where other nethods of
ground-wat er control are inpractical

a. Description. The pressure injection of grout is as much an art as a
sci ence. The nunmber of United States firnms engaged in this practice is quite
[imted. The injection process itself involves drilling holes to the desired
depth and injecting grout by the use of special equiprment. |In curtain
grouting, a line of holes is drilled in single, double, or sonetinmes triple
staggered rows (depending on site characteristics) and grouting is
acconpl i shed in descending stages with increasing pressure. The spacing of
the injection holes is also site specific and is determ ned by the penetration
radi us of the grout out fromthe holes. Ideally, the grout injected in
adj acent hol es should touch (Figure 3-20) along the entire length of the hole.
If this is done properly, a continuous, inpervious barrier is formed (Figure
3-21).

b. Application.

(1) In general, grouts can be divided into two nmain categories- -
suspensi on grouts and chem cal grouts. Suspension grouts, as the nane
inmplies, contain finely divided particulate matter suspended in water.
Chemical grouts, on the other hand, are true Newtonian fluids. Mst of the
grouting in the United States is done with suspension grouts, whereas about
hal f of the grouting in Europe is done with chemicals. The principal grouts
in use today are briefly described bel ow
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Tabl e 3-5.

Significant Characteristics of Types of G out

Type

Portl and cement or
particul ate grouts

Chemnical grouts

Sodium silicate

Acryl am de

Phenol i c
(Phenopl ast s)

Characteristic

Appropriate for higher perneability (larger grained)
soils
Least expensive of all grouts when used properly
Most widely used in grouting across the United States
(90 percent of all grouting)

Most wi dely used chem cal grout

At concentrations of 10-70 percent gives viscosity of
1.5-50 cP

Resi stant to deterioration by freezing or thaw ng

Can reduce perneabilities in sands from 102 to 108
cnl sec

Can be used in soils with up to 20 percent silt and
clay at relatively low injection rates

Portl and cenent can be used to enhance water cutoff

Shoul d be used with caution because of toxicity

First organic polyner grout devel oped

May be used in conmbination with other grouts such as
silicates, bitumens, clay, or cenent

Can be used in finer soils than nost grouts because
| ow viscosities are possible (1 cP)

Excel l ent gel time control due to constant viscosity
fromtime of catalysis to set/gel tinme

Unconfi ned conpressive strengths of 344-1378 KPa (50-
200 psi) in stabilized soils

Gel s are permanent below the water table or in soils
approachi ng 100 percent humidity

Vul nerable to freeze-thaw and wet-dry cycl es,
particularly where dry periods predom nate and wil |
fail mechanically

Due to ease of handling (low viscosity), enables nore
efficient installation and is often cost-
conpetitive with other grouts

Rarely used due to high cost

Shoul d be used with caution in areas exposed to
drinki ng water supplies, because of toxicity

Low vi scosity

Can shrink (with inmpaired integrity) if excess
(chem cal ly unbound) water remmins after setting;
unconfi ned conpressive strength of 344-1378 KPa
(50-200 psi) in stabilized soils

(Conti nued)
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Table 3-5. (Concl uded)

Type Characteristic

Ur et hane Set through nultistep polymerization
Reaction sequence may be tenporarily halted
Additives can control gellation and foam ng
Range in viscosity from20 to 200 cP
Set time varies fromminutes to hours
Prepol ymer is flammabl e

Ur ea- For mal dehyde Rarely used due to high cost
WIl gel with an acid or neutral salt
Gel time control is good
Low vi scosity
Consi dered permanent (good stability)
Sol ution toxic and corrosive
Rel atively inert and insol uble

Epoxy In use since 1960
Useful in subaqueous applications
Vi scosity variable (nol ecul ar wei ght dependent)
In general, set time difficult to regulate
Good durability
Resi stant to acids, alkalis, and organic chenicals

Pol yest er Useful only for specific applications
Vi scosity 250 to several thousand cP
Set time hours to days
Hydrol yzes in al kaline nedia
Shrinks during curing
Conponents are toxic and require special handling

Li gnosul fonat e Rarely used due to high toxicity

Li gnin can cause skin problens and hexaval ent chrom um
is highly toxic (both are contained in these
mat eri al s)

Cannot be used in conjunction with portland cenent;
pH*s confli ct

Ease of handling

Loses integrity over tine in noist soils

Initial soil strengths of 344-1378 KPa (50-200 psi)
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(2) Suspension grouts are for the npst part either portland cenent,
bentonite, or a mxture of the two. Utra-fine cement grouts are al so
available. Their primary use is in sealing voids in materials with rather
hi gh perneabilities, and they are often used as “pregrouts” with a second
injection of a chem cal grout used to seal the fine voids. |If a suspension
grout is injected into a nediumthat is too fine, filtration of the solids
fromthe grout will occur, thus elimnating its effectiveness. Portland
cenent, when mixed with water, will set up into a crystal lattice in |less than
2 hours. For grouting, a water-cement ratio of 0.6 or less is nore effective.
The small est voids that can be effectively grouted are no smaller than three
times the cement grain size. For this, it is clear that a nore finely ground
cenent nakes a nore watertight grout. Portland cement is often used with a
variety of additives that nodify its behavior. Anong these are clay, sand,
fly ash, and chem cal grouts.

(3) O the clay nminerals used for grouting, bentonite is by far the
nost comon. Oher locally available clays, especially those of marine or
river origin, may be used but nust be extensively tested and often chemically
nodi fied. Bentonite, however, because of its extrenmely small particle size
(one micron or less), is the nost injectable, and thus the best suited for
grouting into materials with |l ower perneabilities. Medium to fine-textured
sands, with pernmeabilities of around 103-10* cnfsec, can be sealed with a
bentonite grout. Dry bentonite is mixed with water onsite at a rate of 5 to
25 percent by dry weight. |In these ratios, bentonite will absorb |arge
amounts of water and, with time, forma gel. This gel, although it inparts
little if any structural strength, is an extrenely effective water barrier

(4) Placenment of a grout curtain downgradient fromor beneath a
hazardous waste site requires consideration of the conpatibility of the grout
to waste | eachate or other extrenes of ground-water chemi stry. Little
information is avail able concerning the resistance of grouts to chem ca
attack. Should a case arise where grout nust contact |eachate or ground water
of extreme, field tests should be performed to verify grout resistance.

(5) Quality control is a difficult issue since even small voids or
breaks can greatly |l essen the effectiveness of a grout curtain. By
definition, a grout curtain is not anenable to inspection

c. Design and Construction Considerations.

(1) Pressure grouting is a high technol ogy endeavor. As with slurry
trenching, extensive geotechnical and hydrol ogic testing nust precede the
pl acenent of a grout curtain. Boring, punping, and | aboratory tests wll

determ ne whether or not a site is groutable and will provide the necessary
ground-water, rock, and soil information to allow for the choice of the best-
suited grout or grouts. They will further provide the designer with the

i nformati on needed to plan the pattern and procedure for injection

(2) For all grouts the closer the viscosity is to that of water (1.0
cP), the greater the penetration power. Gouts with a viscosity |less than 2
cP, such as many of the chemical grouts, can penetrate strata with
permeabilities less than 10°° cmisec. Higher viscosity grouts, like
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particul ate and sone chemical grouts with a viscosity greater than 10 cP, can
only penetrate coarse strata having perneabilities greater than 102 cni sec.
For suspension particulate grouts, the particle size will also influence the
ability to penetrate voids.

(3) Short-termdeterioration of the grout can be caused by rapid
chemnical degradation or by an incorrect setting time. The effect on setting
time can be caused by a mscal culation of the grout formulation, dilution of
the grout by ground water, or changes caused by chenicals contained within the
grouted strata.

(4) Once a grout has set in the voids in the ground, it nmust be able
to resist hydrostatic forces in the pores that would tend to displace it.
This ability will depend on the nechanical strength of the grout and can be
estimted by the grout*s shear strength. The shear strength of a grout will
depend not only on its class, but also on its fornulation. Thus, a class of
grouts, such as silicates, can possess a w de range of mechanical strengths
dependi ng on the concentration and type of chemicals used in its formulation
The strength of the gel, then, can be adjusted, within limts, to the specific
situation.

d. Advant ages and Di sadvant ages.

(1) The advantage of grout curtain enplacenent is the ability to
inject grout through relatively small dianeter drill holes at unlinmited
depths. The size of the pod or grouted colum is a function of pore space
vol une and vol ume of grout injected. G out can incorporate and/or penetrate
porous materials in the vicinity of the injection well such as boul ders or
voi ds. Variable set tinmes and | ow viscosities are al so advant ages.

(2) The mjor di sadvantages of grouts are the linmitations inposed by
the permeability of the host material (soil or rock) and the uncertainty of
conplete cutoff, Specifically with particulate grouts only the nost perneabl e
units are groutable.

3-18. Sheet Pile Cutoff Walls. Sheet pile cutoff walls may be used to
contai n contam nated ground water, divert a contaninant plune to a treatnent
facility, and divert ground-water flow around a contam nated area. They
constitute a perneabl e passive barrier conposed of sheet piling pernmanently
placed in the ground. Each section interlocks with an adjacent section by
means of a ball/socket (bowl) union. The connection (union) may initially be
a pathway for ground-water mgration which nay abate or cease if the

bal | / socket section is naturally or artificially filled with inmperneable
material. Sections of pilings are assenbl ed before being driven into the
ground (soil conditions permtting).

a. Description.

(1) Various sheet piling configurations are available. Application of
specific configurations and fittings can be used for site-specific needs such
as partitioning different sections of a waste-contam nated area or comnbi nation
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of areas. Piling weight may vary from 1054 to 1820 Pa (22 to 38 I b/ft?
dependi ng upon the driving depth and soil materials.

(2) Keying in to a subsurface inperneable barrier is linited by depth
to the barrier and conposition of the barrier. Pile driving to a relatively
shal  ow cl ay deposit and keying in to the clay w thout driving conpletely
through the clay is relatively comon in construction practices. However
keying in to a rock unit such as shale or other sedinentary unit is difficult.
The physical tightness of such a bedrock/piling key is poor and nmay require
addi tional sealing (grout, etc.). Pile testing and borings to an inperneabl e
hori zon can be used to determ ne the effectiveness of the barrier and piling
i nterlock (ball/socket) danmage.

b. Applications.

(1) As a renedial action at a hazardous waste site, sheet piling
cutoff walls can be used to contain contam nated ground water. Piling driven
to an inperneabl e layer can retain an existing contanminant(s) that may be
rel eased during cl eanup actions.

(2) If ground-water flow rates and vol une noving toward a hazardous
waste site are sufficient to potentially transport a contani nant plune or
i npede site cleanup operations, a piling barrier can be used to divert the
ground-water flow.

(3) Installation of sheet pilings at a hazardous waste site nmay
present special problens related to buried tanks or druns that may be
ruptured, unless care is taken to investigate the proposed piling alignnment
wi th magnetonmeters or other netal -locating devices. Druns at depth nay not be
det ected and pose special probl emns.

c. Design and Construction.

(1) Maxinum effective depth is considered to be 14.9 m (49 feet).
Al t hough under ideal conditions, pile sections have been driven up to depths
of 29.9 m (98 feet).

(2) Steel sheet piling is npst frequently used. Concrete and wood
have al so been used. Concrete is expensive but is attractive when exceptiona
strength is required, and, although |ess expensive, wood is relatively
ineffective as a water barrier

(3) Sheet piles are typically used in soils that are | oosely packed,
and predom nantly sand and gravel in nature. A penetration resistance of 13
to 33 blows/m (4 to 10 bl ows/foot) for medium to fine-grained sand is
recormended. Cobbl es and boul ders can hinder pile placenent.

(4) Piling lifetime depends on waste characteristics and pile
material. For steel piles pHis of particular inportance. A pile life up to
40 years (dependi ng on other |eachate characteristics) can be expected where
pH ranges between 5.8 and 7.8. A pH as low as 2.3 can shorten the lifetine to
7 years or |ess.
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d. Advantages and Di sadvant ages.

(1) Sheet pilings require no excavation. Thus, the construction is
relatively economcal. |In npbst cases, no maintenance is required. The
di sadvant ages of sheet pilings are the | ack of an effective seal between
pilings and problens related to piling corrosion

(2) At hazardous waste sites, corrosion of sheet pilings can be a
severe problem Many sites contain mneral acids that react readily with
iron. Standard cathodic protection may not be effective if |oca
concentrations of acid materials are present. Any reaction of nmetal with acid
can produce hydrogen gas that may diffuse fromthe soil and create a fire or
expl osi on hazard at the surface.

3-19. Menbranes and Synthetic Sheet Curtains. Menbranes and ot her synthetic
materi al s have been used extensively as pond and | agoon liners. The

i mpervi ous nature of the liner and its general resistance to corrosive
chemnical s have been proven to exceed the qualities typical of clay |iner
material used in landfills. The key factor in the use of nmenbrane liners is
to produce an effective seal between adjacent sheets of nenbrane.

a. Description. Synthetic nmenmbrane materials (PVC, butyl rubber
pol yet hyl ene) may be used in a manner sinmilar to clay or sheet pile cutoff
wal | s. The menbrane can be inserted in a slit or a V-shaped trench to
facilitate anchoring at the top of the trench. Menbrane liners require sone
special handling for effective use. Menbrane materials are usually not laid
with any stress on the menbrane. All seans are heat- or sol vent-wel ded using
manuf act ur er - approved techni ques to ensure the seans are as strong as the
material itself.

b. Applications. Menbrane curtains can be used in applications sinilar
to grout curtains and sheet piling. The menbrane can be placed in a trench
surroundi ng or upgradient (ground water) fromthe specific site, thereby
encl osing the contam nant or diverting the ground-water flow Placing a
menbrane liner in a slurry trench application has also been tried on a linted
basi s.

c. Compatibility. Compatibility of the nenmbrane material with
cont am nated ground water or soil should be considered before enpl acement of
t he menbrane.

d. Design and Construction. Enplacenent of the liner in conventiona
style requires a trench of sufficient size and slope that crews can lay the
liner and transverse the liner with sealing equipnment. The trench needs to be
excavated to an inpervious zone wherein the nmenbrane is keyed in and sealed to
prevent | eakage at the nenmbrane bottom In conditions of contaninated,
unstabl e, or saturated soils, special safety and construction practices mnust
be established. Lowering a prepared liner into a narrow vertical trench is
not feasible. The narrow trench in nost cases will not be able to remain open
wi t hout caving debris interfering with keying in conditions. Suspending the
lines may cause stretching or tearing.
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e. Advant ages and Di sadvant ages.

(1) The nenbrane provides an effective barrier if it can be enpl aced
wi t hout puncture or inperfect sealing. Sealing is a difficult process that
requires material handling and nmani pul ati on not afforded by trench
enpl acenent. Keying the nenbrane adequately to the inmpervious layer is also
difficult. The key zone nust be disturbed and nmenbrane material may not be
conduci ve to adhering to concrete or other sealing materi al

(2) Installation of liners is also restricted to climatic conditions.
Li ner menbranes generally should not be installed at tenperatures col der than
about 45°F. Soil tenperature as well as atnospheric tenperatures affect the
flexibility as well as sealing character of the nenbrane. Adverse noisture
conditions also may inhibit successful sealing of seamns.

3-20. Conbination Barrier/Punping Systems. Barrier and punping systens can
be used in conbination to ensure contai nment of contani nated ground water.
When used in conbination, the general approach is to use the barrier systemto
m nimze the quantity of ground water that nmust be punped and treated. The
nost common application of a conbination barrier/punping systemis the use of
a circunferential slurry wall, keyed into an underlying aquicl ude, conbined
with an interior punping systemto maintain an inward hydraul i c gradient.
Design criteria are sinmilar to those previously discussed for the individua
syst ens.

3-21. Subsurface Drains and Drai nage Ditches.

a. Backaground.

(1) Subsurface French drains are trenches filled with gravel that are
used to manage surface or ground-water flows in shallow subsurface materials.
At nost hazardous waste sites, standard French drains are of linited use
because cl ose control of ground-water flow is required, and care nust be
exercised in preventing contamnmi nated water fromreaching | ower aquifers.

(2) Well-designed underdrains that can intercept ground water flow ng
into a waste site have been hel pful in reducing the water treatnment problem
where extraction systens are enployed. Were the water table is relatively
shal l ow (30 feet below the surface or less), a waste site can be isol ated by
trenching down into the water table and introducing a barrier and a vertica
permeabl e | ayer with a drain at the bottom This systemacts to intercept
smal | springs or seepage that may enter a buried waste pit. By diverting the
ground water before it enters the site, the growth of the pollution plunme
exiting the site is reduced w thout punping.

(3) When applicable, the barrier/underdrain systemis a permanent | ow
cost renedial option. It requires small maintenance efforts to ensure the
drains are clear. The intercepted ground water is usually tested periodically
to ensure that no pollutant is discharged. The only di sadvant ages observed
with this systemrelate to possible movenment of contam nant through the
ground-water barrier and into the drains. |If this occurs, all of the
di scharge fromthe underdrains may require treatment before discharge. This
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probl em can be mnimzed by having the systembuilt in unconnected segnents
with separate outfalls.

b. Applications.

(1) Subsurface drains can be used to intercept |eachate or
infiltrating water in any clay or silty clay soil where the perneability is
not adequate to maintain sufficient flow and at sites where the | eachate is
not too viscous or gunmy to prevent flowto the drains. Qher conditions,
such as a deep frost zone, may also restrict the use of underdrains in certain
soils.

(2) Drainage ditches can be an integral part of a | eachate collection
systemin that they may be used as collectors for surface water runoff,
col l ectors | eading from subsurface drains, or as interceptor drains.

(3) Surface drainage nay be essential for flat or gently rolling
landfills underlain by inmperneable soils where subsurface drai nage may be
i mpractical or unecononi cal

(4) Open ditches may be used as interceptor drains to collect latera
surface seepage, thus preventing it frompercolating into ground water or
flowing laterally to an area that should be protected. The choice between
using an open drain or subsurface drain depends upon the sl ope of the flow
For steep sl opes, open drains are generally nore desirable. An open ditch may
be used in certain circunstances to intercept subsurface collectors and carry
the | eachate to its ultimte disposal

(5) Drains or trenches may be useful in collecting contam nants
floating on the ground-water surface. Where the ground water is shallow, and
t he sl ope adequate, drains nay be nore economnical and effective than
extraction wells.

c. Design and Construction Considerations.

(1) Subsurface drains.

(a) Subsurface |eachate collection systens (Figure 3-22) have been
proposed or constructed at several existing landfills. The drai nage systens
are generally constructed by excavating a trench and laying tile or pipe sec-
tions end to end in strings along the bottom The trench is then backfilled
with gravel or other envelope material to a designated thickness; the rest of
the trench is then backfilled with soil. Oten the gravel is |lapped with
geotextile fabric to prevent fine soil fromentering the gravel and cl oggi ng
the drain. The front view of a subsurface |eachate collection systemis
illustrated in Figure 3-23.

(b) In some instances, gravel-packed wet wells nay be used. Wells are
constructed simlarly to trenches.
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IN THE LITERATURE; SOLID LINES APPLY TO MORE TYPICAL APPLICATIONS

Figure 3-22. Subsurface Leachate Collection (Source: EPA 1979)

(c) An inperneable Iliner may be required on the downgradi ent end of
t he subsurface drain to prevent flowthrough of intercepted and contani nated
ground water if the surrounding materials have a noderate to high
permeability.

(d) The nmmjor design problem for subsurface drains is to determ ne the
opti mum spaci ng, depth, and hydraulic capacity. Determ nation of these
criteria is usually based on practical experience, experimental data, and
cal cul ati ons using drainage formula. Spacing between drain |lines and wet
wel | s depends upon the depth of the drain below the surface, the hydraulic
conductivity of the soil, the amount of subsoil to be drained, and the
potential for constructing underdrains beneath the landfill. Orientation of
the trenches perpendicular to the flow lines would make spacing irrel evant,
provided the trenches capture the flow at all required depths.
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Figure 3-23. Typical Design Plan for Leachate Collection System

(e) Design equations that have been devel oped for flow to a drai nage
pi pe indicate that a greater depth allows for w der spacing. These formul ae
are considered in relation to spacing. The sinplest fornmula for estimting
drai n spaci ng assunes honogeneous soils and one-di mensional flow. Drain
spaci ng can be estimted from Hooghoudt*s formula as foll ows:

5= [ em?- @ n] G-D

wher e
S = drain spacing, m (feet)
k = hydraulic conductivity, mday (feet/day)

Q= design flowto the drain, nt/day/mof ditch (cubic feet per day per

f oot
D = depth of flow | ayer beneath the drains, m(feet)
H = height of ground-water table above the plane through the drains

and m dway between two drains, m(feet)

h = height of water level in the drain, m (feet)
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(f) The cone of depression observed around a well becones a trough
along the Iine of the drain. The spacing of the drains nust be such that the
water table at its highest point between drains intercepts all |eachate-
generating wastes, and does not interfere with plant growh or zone of
aeration, if these factors play a part in proper operation of the fill.

(g) In actual practice, spacing of underdrains nay be restricted by
t he boundaries of waste in such a way that the conposite cones of depression
of the drains do not conpletely overlap and sone | eachate escapes the
collection system This may occur where ideal spacing requires that
underdrai ns be constructed beneath a waste site. Since the drain spacing is
i nfl uenced by depth and hydraulic conductivity, it may be possible to increase
spacing and still intercept all |eachate by increasing drain depth and by
adj usting envel ope thickness to increase hydraulic conductivity so that
underdrai ns beneath the site are not necessary.

(h) Horizontal drilling is now avail able wi thout the need to jack or
drill froma pit. This drilling technique allows drilling to start fromthe
surface (at an oblique angle) and then turn horizontal at a certain depth.
Though linted to depths of greater than about 6.1 m (20 feet), this
technol ogy shows prom se for placing drains under landfills, |agoons, and
t anks.

(i) Mninmumgrade or slope is deternmined on the basis of site
conditions and size of the drains. Sone designers wi sh to specify a m nimum
velocity rather than a mininumgrade. It is generally desirable to have a
slight slope in order to obtain a velocity sufficient to clean the drain
during discharge and to speed up enptying of a drain after a discharge period.
Sl opes of about 0.1 percent can be obtained with present trench digging
equi pment accurate to within 1 centineter of the prescribed depth.

(j) Drains have a relatively small area of inflow, causing an entrance
resi stance. Failures of tube drains are often due to the high resistance of
approach of the envelope material and soil; the type of tube is usually |ess
critical. Application of the proper envelope material in sufficient
quantities can significantly reduce the effect of resistance. The nopst
conmonl y used envel ope materials include sand and fine gravel, and to a | esser
extent straw, woodchips, and fiberglass. Reconmendations for drain envel ope
t hi ckness have been made by various agencies. The Bureau of Reclamation
recomends a mini mum thickness of 10 centineters around the pipe, and the Soi
Conservation Service recomends a mininumof 8 centimeters for agricultura
drains. In actual practice, much thicker envel opes may be used to increase
hydraulic conductivity. An 203 mm (8-inch-diameter) perforated pipe used for
| eachate collection at Love Canal is surrounded with about 0.61 m (2 feet) of
gravel .

(k) After the trench is backfilled with the appropriate thickness of
envel ope material, it my be desirable to wap the gravel with a fabric to
prevent clogging of the gravel and drains with soil. One such available
material is Typar, a strongly woven fabric that allows |liquids to pass through
but prevents soil fromgetting into the pipeline.
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(1) The design and construction of |eachate collection systens can be
exenplified by the Love Canal (Figure 3-24). The heart of the collection
system at Love Canal is a series of drains with 152 to 203 mm (6- to 8-inch-

di anmeter) perforated, vitrified clay pipe backfilled with about 2 feet of
gravel envelope. The ditches run roughly parallel along the north and south
borders of the canal, as shown in Figure 3-24. The trenches are approxi mately
3.7 m (12 feet) bel ow grade, dropping to a maximumof 4.6 m (15 feet). Wth a
gradient of 0.5 percent, they enpty | eachate into precast concrete wet wells.
Leachate is punped fromwet wells by vertical subnersible punps to an 203 mm
(8-inch-diameter) gravity main, fromwhich it descends into concrete hol ding
tanks. Drains of different elevations are connected by nanholes. To hasten
dewatering fromthe canal, |ateral trenches have al so been dug between the
canal boundaries and the main drainage system

(2) Drainage ditches.

(a) Open ditches are on the order of 1.8 to 3.7 m (6 to 12 feet) deep
When they are connected to subsurface drains, they nust be deep enough to
i ntercept the underdrains.

(b) The water level in a ditch is determ ned by the purpose the ditch
has to serve. Surface drains require sufficient freeboard when running at
full capacity. The flow velocity should be kept within certain [imts in view
of scouring of the bed and side slopes and of sediment deposition. |nportant
factors governing the desired flow velocity are soil type, type of channel

TREATMENT PLANT
LEACHATE STORAGE |

CANAL BOUNDARY

w
LEGEND
—— - — GARAVITY AND FORCE MAINS
BARRIER DRAINS
- — - L ATERAL

[ J MANHOLES
@ WETWELLS

Figure 3-24. Leachate Collection System for Love Canal,

Transverse View (Source: Glaubinger et
al. 1979)

Reprinted by special perm ssion from CHEM CAL ENG NEERI NG (1979) Copyright (c)
1979, by McGrawHi Il, Inc., New York, NY 10020.
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wel | roughness, and sedi nent |oad. The size of the ditch necessary to carry
the estimated quantity of water can be determined fromthe Manning velocity
equation and i s dependent upon the slope, depth, and shape of its cross
section.

(c) The selection of side slopes is based on stability of soil and on
t he hazard of scour, taking into account possible ground-water pressures and
vegetative cover. The stability of side slopes nay be inproved by tanping or

rolling. Trapezoidal cross sections are generally nost efficient. 1In fine-
grai ned soils such as heavy clays, %to 1 slopes (0.15to 0.3 m (0.5 foot to 1
foot vertical)) and 1-1/2 to 1 are comon. |n coarser textured soils, 1 to 1

or 2to 1 may be advisabl e.

(d) Ditch bottonms at junctions should be at the sane elevation to
avoid drops that may cause scour. Right-angle junctions encourage |ocal scour
of the bank opposite the tributary ditch, and the smaller ditch should be
designed to enter the larger at an angle of about 30 degrees. The scour wll
al so occur at sharp changes in ditch alignment, so |ong radius curves shoul d
be used where change is necessary.

(e) An open ditch can be kept in efficient working condition by
careful maintenance. A drain allowed to beconme obstructed by brush, weed
growm h, or sedinent can no |longer be efficient; it should be cleaned to its
original depth when efficiency is curtailed.

d. Advantages and Di sadvantages. The advantages and di sadvant ages of
subsurface drains and drai nage ditches are summari zed bel ow

Advant ages Di sadvant ages

Subsurface Drains

Operation costs are relatively Not well suited to poorly perneable
cheap since flow to underdrains soils
is by gravity
In nost instances it will not be
Provi des a nmeans of collecting feasible to situate underdrains
| eachate wi thout the use of beneath the site

i mpervious liners
System requires continuous and carefu
Considerable flexibility is nonitoring to ensure adequate
avai |l abl e for design of under- | eachate collection
drai ns; spacing can be altered to
some extent by adjusting depth or
nodi fyi ng envel ope materia

Systens fairly reliable, providing
there is continuous nonitoring

(Conti nued)
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Advant ages Di sadvant ages

Drai nage Ditches

Low construction and operating cost Requi res extensive mai ntenance to
mai ntai n operating efficiency
Useful for intercepting |andfil
si de seepage and runof f General ly not suited for deep
di sposal sites or inmpoundnents

Useful for collecting |leachate in May interfere with use of |and
poorly perneable soils where sub-
surface drains cannot be used May introduce need for additiona

safety/security measures
Large welted perinmeter allows for
hi gh rates of flow
Section Ill. Surface Water Controls

3-22. Surface Water Diversion

a. Backaground.

(1) A mmjor consideration at any hazardous waste site is water
managenment. M nim zing the anmount of water noving through a site reduces the
spread of potentially toxic materials and the requirenents to treat |eachate
or drainage fromthe area. Mny sites are in |lowlying areas adjacent to
natural watercourses. In sone instances, it has been necessary to divert
drai nage around a landfill or reinforce or dike streanmbanks to prevent the
wast e from bei ng washed into the stream and contam nating the water
downstream Run-on is generally controlled using ditching, channelization, or
construction of berns and dikes.

(2) Run-on diversion can be inplemented at a hazardous waste site by
using many of the same renmedi es used to control run-on at a construction site.
This remedial activity is applicable when it can be denonstrated that water is
entering the disposal site from adjacent slopes or that streans noving across
the site are contributing water to the site or washing wastes out of the site.

(3) Where mnimzing ground-water infiltration is inmportant to prevent
the water table under the site fromrising, |lined trenches should be
considered in drainage design. Lined trenches typically are constructed of
concrete, shotcrete, asphaltic concrete, netal culvert (half sections), or
synthetic menbrane materials (polyvinylchloride or polyethylene).

(4) The data requirements for design of drainage systems on or around
a hazardous waste systemare sinmlar to those required for construction
drai nage, including area to be drained, type of drain proposed, grade of the
proposed drai nway, and maxi mum capacity based on rainfall and snowrelt
records. Additional considerations would be the lifetine of the system Sone
systens will be required only until wastes can be excavated and transport ed;
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at other sites, the waste will remain in place, and the surface water contro
systemw || have to be maintained indefinitely.

(5) Design criteria for drainage systens at landfills are not
specifically provided in regulations. The performance requirements are for
nost conpl ete diversion of water possible. The Department of Agriculture and
EPA gui dance for sizing diversion drai nage systens around a waste di sposa
area calls for carrying capacities equal to at |east the peak run-off froma
10-year, 24-hour storm |In npbst cases, carrying capacities should be greater

(6) Design procedures are typically undertaken in nuch the same way as
t hose for drainage or diversion planning--fromestimtion of carrying capacity
requirements to specific requirements as to the type of drainage and specific
types of material (sod, riprap, concrete, etc.) to be enployed. Mddels, such
as Storage Treatnment Overfl ow and Run-off Mddel (STORM) fromthe Corps*
Hydr ol ogi ¢ Engi neering Center (HEC), Chemi cal Runoff and Erosion from
Agricul tural Managenent Systens Hydrol ogi c Model (CREAMS) fromthe Departnent
of Agriculture, and Hydrol ogi c Evaluation of Landfill Performance (HELP) from
t he Corps* Waterways Experinent Station can be hel pful in determning the
quantity and quality of run-off from areas surrounding a waste site. Severa
wel | - establ i shed construction techni ques are available for diverting and
handl i ng surface water flowin critical areas. Those nmethods nost applicable
as remedi al neasures at uncontrolled disposal sites are addressed bel ow

b. Dikes and Bernms.

(1) Description and applications.

(a) Dikes and berns are well-conpacted earthen ridges or |edges
constructed i medi ately upslope fromor along the perineter of disturbed areas
(e.g., disposal sites). These structures are generally designed to provide
short-term protection of critical areas by intercepting stormrun-off and
diverting the flow to natural or nman-nmade drai nageways, to stabilized outlets,
or to sedinent traps. The terns “di kes” and “berns” are generally used
i nterchangeably; however, dikes may al so have applications as fl ood
cont ai nnent | evees.

(b) Dikes and berns may be used to prevent excessive erosion of newy
constructed sl opes until nore pernanent drainage structures are installed or

until the slope is stabilized with vegetation. Dikes and bernms will help
provide tenporary isolation of uncapped and unvegetated di sposal sites from
surface run-off that may erode the cover and infiltrate the fill. These

tenmporary structures are designed to handle relatively small amounts of
runof f; they are not recomended for unsloped drainage areas larger than 5
acres.

(2) Design and construction considerations.
(a) Specific design and construction criteria for berns and di kes will
depend upon desired site-specific functions of the structures. An interceptor

di ke/ berm may be used solely to shorten the I ength of exposed sl opes on or
above a disposal site, thereby reducing erosion potential by intercepting and
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diverting run-off. Diversion dikes/bernms may be installed at the top of the
st eeper side slopes of unvegetated di sposal sites to provide erosion
protection by diverting runoff to stabilized channels or outlets.

(b) Dikes and berns ideally are constructed of erosion-resistant, |ow
permeability, clayey soils. Conpacted sands and gravel, however, may be
suitable for interceptor dikes and berns. The general design life of these
structures is on the order of one year maxi num seedi ng and mul ching or
chemical stabilization of dikes and bernms may extend their |ife expectancy.
Stone stabilization with gravel or stone riprap i nmedi ately upsl ope of
di version dikes will also extend performance life.

(c) Al earthen dikes should be machi ne conpacted. In addition

1 Di verted runoff should discharge directly onto stabilized areas,
grassed channel, or chut e/ downpi pe.

1 Peri odi ¢ inspection and mai ntenance shoul d be provi ded.

1 Di versi on di kes must be seeded and mul ched i nmedi ately after
construction.

(3) Advantages and di sadvantages. Advantages and di sadvant ages of
di kes and bernms are sumarized bel ow

Advant ages Di sadvant ages
Uses standard construction Peri odi ¢ inspections and mainte-
t echni ques and equi pnment nance required to ensure
usual ly already on site structural integrity
Required fill dirt usually May i ncrease seepage if
avail abl e on site installed inproperly, increas-
ing soil instability and
Tenmporary control of erosion | eachat e generation
until further
stabilization Only suitable for small drai nage
areas (less than 2 hectares
Runon wat er reduced, and (5 acres))

t herefore | eachate
production

c. Ditches. Diversions, and WAt erways.

(1) Description and applications.

(a) Ditches (or swal es) are excavated, tenporary drai nageways used
above and bel ow di sturbed areas to intercept and divert runoff. They may be
constructed al ong the upslope perinmeter of disposal areas to intercept and
carry stormrun-off into natural drainage channels downsl ope of the site.
Ditches may al so be installed downsl ope of covered disposal sites to collect
and transport sedinment-laden flow to sedinent traps or basins. Ditches should
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be left in-place until the disposal site is sealed and stabilized with cover
veget ati on.

(b) Diversions are permanent or tenporary shall ow drai nageways
excavated al ong the contour of graded sl opes and having a support earthen
ridge (di ke or bern) constructed al ong the downhill edge of the drai nageway.
Essentially, a diversion is a conbination of a ditch and a di ke. Diversions
are used primarily to provi de nore pernmanent erosion control on |ong slopes
subj ect to heavy flow concentrations. They may be constructed across |ong
sl opes to divide the slope into nonerosive segments. Diversions may al so be
constructed at the top or at the base of |ong graded slopes at disposal sites
to intercept and carry flow at nonerosive velocities to natural or prepared
outlets. Diversions are recommended for use only in slopes of 15 percent or
| ess.

(c) Gassed waterways (or channel s) are graded drai nageways that serve
as outlets for diversions or berms. Witerways are stabilized with suitable
vegetati on and are generally designed to be wide and shallow in order to
convey run-of f down sl opes at nonerosive velocities. Wterways nmay be
constructed al ong the perinmeter of disposal sites located within natura
sl opes, or they may be constructed as part of the final grading design for
di sposal areas that have been capped and reveget at ed.

(2) Design and construction considerations.

(a) Ditches, diversions, and waterways are generally of V-shaped,
trapezoi dal, or parabolic cross-section design. The specific design will be
dependent on | ocal drainage patterns, soil perneability, annual precipitation
area | and use, and other pertinent characteristics of the contributing
wat ershed. | n general, such drainageways shoul d be designed to accommdate
flows resulting fromrainfall events (storms) of 10- or 25-year frequency.
More inmportantly, they should be designed and constructed to intercept and
convey such flows at nonerosive velocities.

(b) Figure 3-25 depicts the effect of drainage channel shape on
relative velocity of conveyed flows. |In general, the wi der and shallower the
channel cross section, the less the velocity of contained flow and therefore
the less the potential for erosion of drainageway side slopes. Were |oca
conditions dictate the necessity of building narrower and deeper channels , or
where slopes are steep and flow velocities are excessive, the channel will
require stabilization through seeding and nul ching or the use of stone riprap
to line channel bottoms and break up fl ow

(c) Table 3-6 presents nmaxi mum perni ssible design velocities for flow
in ditches and grassed waterways, based on the channel grade and stabili zing
cover nmteri al

(d) These structures are designed for short-termapplication only, for
upsl ope drai nage areas of less than 2 hectares (5 acres). A mninum grade of
1 percent, draining to a stabilized outlet such as a grassed waterway or,
where necessary, to a sedinment basin or trap, is reconmended for tenporary
ditches. For channel slopes greater than 5 percent, stabilization with
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Figure 3-25. Effect of Drainage Ditch on Velocity

grasses, mulches, sod, or stone riprap will be necessary. As with all
temporary structures, periodic inspection and maintenance are required to
ensure structural integrity and effective perfornmance.

(e) Figure 3-26 presents general design features of parabolic and
trapezoi dal diversions. A formal design is not required for diversions used
as tenmporary water-handling structures. General design and construction
criteria for permanent diversions and waterways include the follow ng:
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Table 3-6. Permissible Design Velocities for Stabilized
Di versi ons and WAt erways
Maxi mum desi gn vel ocity
Veget ati on Channel grade (%  (ft/sec) (m sec)
Ber muda grass 0-5 6 1.8
5-10 5 1.5
10 4 1.2
Reed canary grass 0-5 5 1.5
Tal |l fescue 5-10 4 1.2
Kent ucky bl uegrass 10 3 0.9
Grass-|l egune m x 0-5 4 1.2
5-10 3 0.9
Red fescue 0-5 2.5 0.8
Redt op, sericea | espedeza
Annual s; small grain (rye, 0-5 2.5 0.8

oats, barley); ryegrass

o N
FREEBOARD L1

l WIDTH | \_

TRAPEZQIDAL CROSS SECTION

' FREEBOARD o=~ .
D/4 —"l WIDTH
r~ T

PARABOLIC CROSS SECTION

Figure 3-26. General Design Features of Diversions
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1 Di version location will be determ ned on the basis of outlet
condi tions, topography, soil type, slope |ength, and grade.

I Constructed diversion will have the capacity to carry peak di scharge
fromthe 25-year design storm

I The maxi mum grade of the diversion nay be determ ned by using design
velocity of the flow based on stabilization by cover type (Table 3-6).

I The diversion channel will be parabolic or trapezoidal in shape,
with side slopes no steeper than 2:1.

1 Each diversion will have a stable outlet such as a natural waterway,
stabilized open channel, chute, or downpi pe.

1 For channels that carry flow during dry weather (base flow) due to
ground-wat er di scharge or del ayed subsurface run-off, the bottom should be
protected with a stone center for grassed waterways. Subsurface drainage with
gravel / stone trenches may be required where the water table is at or near the
surface of the channel bottom

(3) Advantages and di sadvant ages.

(a) When they are carefully designed, constructed, and naintained,
di t ches, diversions, and grassed waterways will control surface erosion and
infiltration at disposal sites by intercepting and safely diverting stormrun-
of f to downslope or offsite outlets. Wien situated at the base of disposa
site slopes, they function to protect offsite habitat from possible
contam nation by sedi ment-laden run-off. These structures are generally
constructed of readily available fill, by well-established techniques.

(b) Temporary ditches and diversions, however, entail added costs
because they require inspections and maintenance. G assed waterways nust be
periodically nowed to prevent excessive retardation of flow and subsequent
pondi ng of water. Also, periodic resodding, renulching, and fertilizing may
be required to maintain vegetated channels.

(c) If fertilization is used, an additional disadvantage is introduced
in that nitrogen and phosphorus are added to drai nage wastes, which then
contribute to the problem of accel erated eutrophication in receiving water
bodi es.

(d) It may al so be necessary to install tenporary straw bal e check
dans, staked down at 15.2 to 30.5 m (50- to 100-foot) intervals, across
ditches and waterways in order to prevent gulley erosion and to all ow
veget ati ve establishment.

(e) Permanent diversions and waterways are nore cost-effective
techni ques than tenporary structures for controlling erosion and infiltration
on a long-termbasis at inactive disposal sites.



EM 1110- 1-502
30 Apr 94

d. Terraces and Benches.

(1) Description and applications.

(a) Terraces and benches are relatively flat areas constructed al ong
the contour of very long or very steep slopes to slow run-off and direct it
into ditches or diversions for offsite transport at nonerosive velocities.
These structures are also known as bench terraces or drai nage benches.

(b) Although benches and terraces are slope-reduction devices, they
are generally constructed with reverse or natural fall to divert water to
stabilized drai nageways. Benches and terraces may be used to break up steeply
graded sl opes of covered disposal sites into |less erodible segnents. Upsl ope
of disposal sites, they act to slow flow and divert stormrun-off around the
site. Downslope of landfill areas, they act to intercept and divert sedinent-
| aden run-off to traps or basins. Hence, they may function to hydrologically
i sol ate active disposal sites, to control erosion of cover materials on
conpleted fills, or to collect contani nated sedi ments eroded from di sposa
areas. For disposal sites undergoing final grading (after capping and prior
to revegetation), construction of benches or terraces may be included as part
of the integrated site closure plan.

(2) Design and construction considerations.

(a) Benches and terraces generally do not require a formal design
plan. Figure 3-27 presents the design for a typical drainage bench | ocated on
the slope of a covered landfill. This particular bench is designed with a
natural fall. It is intended for long-termerosion protection as the
associ at ed V-shaped channel is asphalt-concrete lined. Diversions and ditches
i ncluded in bench/terrace construction nmay be seeded and nul ched, sodded,
stabilized with riprap or soil additives, or stabilized by any conbi nati on of
these nethods. Lining the channels with concrete or grouted riprap is a nore
costly alternative.

(b) The width and spaci ng between benches and terraces will depend on
sl ope steepness, soil type, and slope length. [In general, the |longer and nore
erodi bl e the cover soil, the |less the distance between drai nage benches shoul d
be. For slopes greater than 10 percent in steepness, the maxi num di stance
bet ween drai nage benches shoul d be approximtely 30.5 m (100 feet), i.e., a
bench every 3 m (10 feet) of rise in elevation

(c) When the slope is greater than 20 percent, benches should be
pl aced every 20 feet of rise in elevation. Benches should be of sufficient
wi dt h and height to withstand a 24-hour, 25-year storm

(d) Bench terraces do not necessarily have to be designed with
di versions or ditches to intercept flow. Reverse benches and sl ope benches
may be constructed during final site grading on well-stabilized slopes (e.qg.
veget ated) to enhance erosion control by reducing slope | ength and steepness.
At sites where an effective cap (e.g., clay or synthetic liner) has been
constructed, or for sites located in arid regions, these nondrai nage benches
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FINAL SOIL COVER

Figure 3-27. Typical Drainage Bench

will function to slow sheet run-off and allow greater infiltration rates,
which will aid in the establishment of a suitable vegetative cover. For nopst
di sposal sites in wet clinmates, however, where | eachate generation and cover
erosion are nmmjor problens, benches and terraces should be designed in

associ ation wi th drainage channels that intercept and transport heavy,
concentrated surface flows safely offsite.

(e) As with other earthen erosion control structures, benches and
terraces should be sufficiently conpacted and stabilized with appropriate
cover (grasses, mulches, sod) to accomopdate |ocal topography and clinmate.
They shoul d be inspected during or after major storms to ensure proper
functioning and structural integrity. |If bench slopes become badly eroded or
if their surfaces beconme susceptible to ponding fromdifferential settlenent,
regradi ng and soddi ng may be necessary.

(3) Advantages and di sadvant ages.

(a) In areas of high precipitation, drainage benches and terraces are
proven effective in reducing velocity of stormrun-off and thereby controlling
erosion. For excessively |long and steep sl opes above, on, or bel ow di sposa
sites, these structures are cost-effective nethods for slowi ng and diverting
run-of f. They may al so be used to manage downsl ope washout of disposal site
sedi nents that may be contam nated wi th hazardous waste conponents. Terraces
and benches are easily incorporated into final grading schenes for disposa
sites and do not require special equi prment or materials for their
construction.

(b) If inproperly designed or constructed, bench terraces will not
performefficiently and may entail excessive mmintenance and repair costs. It
is important that these structures be stabilized with vegetati on as soon as
possi bl e after gradi ng and conpaction, or they nmay becone badly eroded and
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require future resoddi ng or chem cal stabilization. Benches and terraces al so
require periodic inspections, especially after major rainfall events.

e. Chutes and Downpi pes.

(1) Description and applications.

(a) Chutes and downpi pes are tenporary structures used to carry
concentrated flows of surface runoff fromone level to a |lower |evel wthout
erosi ve damage. They generally extend downsl ope from earthen enbanknments
(di kes or berns) and convey water to stabilized outlets |located at the base of
terraced sl opes.

(b) Chutes (or flunes) are open channels, normally lined with
bi tum nous concrete, portland cement concrete, grouted riprap, or simlar
nonerodi ble material. Tenporary paved chutes are designed to handl e
concentrated surface flows from drai nage benches | ocated near the base of the
| ong, steep slopes at disposal sites.

(c) Downpipes (downdrains or pipe slope drains) are tenporary
structures constructed of rigid piping (such as corrugated nmetal) or flexible
tubi ng of heavy-duty fabric. They are installed with standard prefabricated
entrance sections and are designed to handle flow from drai nage areas of 5
acres or less. Like paved chutes, downpipes discharge to stabilized outlets
or sedinent traps. Downpipes may be used to collect and transport run-off
fromlong, isolated outslopes or fromsnall disposal areas |ocated al ong steep
sl opes.

(2) Design and construction considerations.

(a) Chutes and downpi pes are tenporary structures that do not require
formal design.

(b) Paved chute construction considerations include the follow ng:

I The structure will be placed on undisturbed soil or well-conpacted
fill.

' The lining will be placed by beginning at the | ower end and
proceedi ng upslope; the lining will be well conpacted, free of voids, and

reasonabl y snoot h.

I  The cutoff walls at the entrance and at the end of the asphalted
di scharge aprons will be continuous with the lining.

I An energy dissipator (riprap bed) will be used to prevent erosion at
the outlet.

(c) For downpipes, the maxi mum drai nage area will be deternined from
the diameter of the piping, as follows (U S. EPA 1976):
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Pi ne/ Tube di aneter, D Maxi mum dr ai nage area

(i nches) (mm (acres) (hect ar es)
12 300 0.5 0.2
18 460 1.5 0.6
21 530 2.5 1
24 610 3.5 1.4
30 760 5.0 2

(d) General construction criteria for both rigid and flexible
downdr ai ns include the foll ow ng:

I The inlet pipe will have a sl ope of 3 percent or greater

1 For the rigid downpi pe, corrugated netal pipe with watertight
connecting bands will be used.

1 For the flexible downdrain, the inlet pipe will be corrugated netal;
the flexible tubing will be the sanme dianeter as the inlet pipe, securely
fastened to the inlet with netal strapping or watertight connecting collars.

I Ariprap apron of 152 nm (6-inch-di aneter) stone will be provided at
the outlet.

I  The soil around and under the inlet pipe and entrance sections wll
be hand-tanped in 102 mm (4-inch) lifts to the top of the earth dike.

1 Fol | ow-up inspection and any needed nai ntenance will be perforned
after each storm

(3) Advantages and di sadvantages. The advantages and di sadvant ages
associ ated with the construction and mai nt enance of chutes and downpi pes are
summari zed bel ow

Advant ages Di sadvant ages
Construction nmethods are inexpen- Provide only tenporary erosion contro
sive and quick; suitable for whil e slopes are stabilized with

for emergency neasures vegetative growth

No special materials or equip-

ment are required Entail extra cost for periodic inspec-
tions and mai ntenance and ultimte
Ef fective in preventing erosion renova

on long, steep slopes
I f inproperly designed, nmay over-
Can be used to channel storm run- fl ow and cause severe erosion in
off to sedinment traps, drainage concentrated areas
basi ns, or stabilized waterways
for offsite transport

(Conti nued)

3-76



EM 1110-1-502

30 Apr 94
Advant ages Di sadvant ages
Can be key el ement in conbined Downpi pes are suitable for drai nage
surface control systens areas 2 hectares (5 acres) in size

limted applications in genera

f. Levees and Fl oodwalls.

(1) Description and applications.

(a) Levees are earthen enmbanknents that function as fl ood protection
structures in areas subject to inundation fromtidal flow or riverine
flooding. Levees create a barrier to confine flooding waters to a fl oodway
and to protect structures behind the barrier. They are nost suitable for
installation of flood fringe areas or areas subject to stormtide flooding,
but not for areas directly within open fl oodways.

(b) Flood contai nment | evees nay be constructed as perineter
embankment surroundi ng di sposal sites located in floodplain fringe areas, or
they may be installed at the base of landfills along slope faces that are
subj ect to periodic inundation.

(c) Levees are generally constructed of conpacted inpervious fill
Speci al drainage structures are often required to drain the area behind the
embankment. Levees are normally constructed for long-termfl ood protection
but they require periodic inspection and mai ntenance to ensure proper
functioning. They nmay be costly to build and maintain, but if properly
designed on a site-specific basis, levees will reduce flooding hazards at
critical waste disposal areas.

(2) Design and construction considerations.

(a) To provide adequate flood protection, |evees should be constructed
to a hei ght capable of containing a design flood of 100-year nagnitude.
El evati on of 100-year base flood crests can be deternined from fl oodplain
anal yses typically perforned by state or local flood control agencies. A
m ni mum | evee el evation of 0.6 m (2 feet) above the 100-year flood level is
recomrended.

(b) Figure 3-28 presents design features of a typical |evee
constructed at the toe of a landfill slope. This design is appropriate for
new or inconplete disposal sites; filled wastes may eventual ly be placed on
t he i nboard sl ope of the |evee.

(c) ldeal construction of levees is with erosion-resistant, |ow
permeability soils, preferably clay. Mdst |evees are honpbgeneous embanknents;
but if inpermeable fill is lacking, or if seepage through and bel ow the | evee

is a problem then construction of a conpacted inpervious core or sheet-pile
cutof f extendi ng below the | evee to bedrock (or other inpervious stratum may
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Figure 3-28. Typical Levee at Base of Disposal Site

be necessary. Excess seepage through the | evees should be collected with
gravel -filled trenches or tile drains along the interior of the |evee. After
drai ning to sunps, the seepage can be punped out over the |levee. Levee bank
sl opes, especially those constructed of |ess desirable soils (silts, sands),
shoul d be protected agai nst erosion by sodding, planting of shrubs and trees,
or use of stone riprap

(d) Stormrun-off fromprecipitation falling on the drainage area
behi nd the | evee may cause backwater fl ooding.

(e) Because of the relatively long, flat side slopes of |evees, an
embankment of any considerable height requires a very large base width. For
locations with limted space and fill material, or excessive real estate
costs, the use of concrete floodwalls is preferred as an alternative to | evee
construction.

(f) Floodwalls are designed to withstand the hydrostatic pressure
exerted by water at the design flood level. They are subject to flood | oading
on one side only; consequently, they need to be well founded. Figure 3-29
presents typical floodwall sections. Like |levees, floodwalls may require
subsurface cutoffs and interior drainage structures to handl e excessive
seepage or backwater fl ow.

(3) Advantages and di sadvantages. The advantages and di sadvant ages
associated with flood protection | evees at waste di sposal sites are sunmarized
bel ow

Advant ages Di sadvant ages
Can be built at relatively | ow Fl oodi ng from storm runoff behind
cost frommaterials avail able | evee may be a problem
at site
(Conti nued)
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Di sadvant ages

Loss of flow storage capacity,

with greater potential of down-
stream fl oodi ng

Levee failure during major flood

will require costly energency
nmeasures (emergency enbanknents;

sand bags) and rebuil di ng of
structure

Requi re peri odi ¢ mai nt enance
and inspections

Speci al seepage cutoffs or
i nterior drainage structures
(e.g., pressure conduits) wll
add to construction costs
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g. Seepage Basins and Ditches.

(1) General description and applications. Seepage or recharge basins
are designed to intercept run-off and recharge the water downgradient fromthe
site so that ground-water contamnination and | eachate probl ens are avoi ded or
m ni m zed.

(2) Design and construction considerations.

(a) There is considerable flexibility in the design of seepage basins

and ditches. Figures 3-30 and 3-31 illustrate possible design variations.
Were seepage basins are used (Figure 3-30), run-off will be intercepted by a
series of diversions, or the like, and passed to the basins. As illustrated,

t he recharge basin should consist of the actual basin, a sedinent trap, a
bypass for excess run-off, and an emergency overflow. A considerabl e anount
of recharge occurs through the sidewalls of the basin, and it is preferable
that these be constructed of pervious material. Gabions are frequently used
to make sidewalls. An alternative design for a seepage basin is shown in
Figure 3-31; it is usually used where the aquifer is shallow

(b) Seepage ditches (Figure 3-32) distribute water over a larger area
than can be achieved with basins. They can be used for all soils where
permeability exceeds about 2.94 x 105 cmsec (0.9 inch per day). Run-off is
di sposed of by a systemof drains set in ditches of gravel. Depth and spacing
of drains depend on soil perneability. A mininumdepth of 1.2 m (48 inches)
is generally recommended, and ditches are rarely less than 3 m (10 feet)
apart. The ditches are backfilled with gravel, on which the distribution line
is laid. Sedinment is renmoved prior to discharging run-off into the seepage
ditches by use of a sedinment trap and distribution box.

(3) Advantages and di sadvantages. Advantages and di sadvant ages of
dr ai nage systens are |isted bel ow

Advant ages Di sadvant ages

Cost-effective neans of intercepting Seepage basins and ditches are

run-off and allowing it to recharge susceptible to cl ogging
Systens can performreliably if Deep basins or trenches can be
wel | mai nt ai ned hazar dous

Not effective in poorly perneable
soils

h. Sedi nentation Basi ns/Ponds.

(1) General description and application. Sediment basins are used to
control suspended solids entrained in surface flows. A sedinmentation basinis
constructed by placing an earthen dam across a waterway or natural depression,
or by excavation, or by a conbination of both. The purpose of installing a
sedi nentation basin is to inpede surface run-off carrying solids, thus
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allowing sufficient time for the particulate matter to settle. Sedinmentation
basins are usually the final step in control of diverted surface run-off,
prior to discharge into a receiving water body. They are an essential part of
any good surface flow control system and should be included in the design of
renedi al actions at waste di sposal sites.

(2) Design and construction considerations.

(a) The renoval of suspended solids fromwaterways is based on the
concept of gravitational settling of the suspended materi al

(b) The size of a sedinmentation basin is determned from
characteristics of flow such as the particle size distribution for suspended
solids, the inflow concentration, and the volunetric flowrate. To calculate
the area of the sedinmentation basin pond required for effective renoval of
suspended solids, the follow ng data on the flow characteristics are needed:

I  The inflow concentration of suspended solids.

I  The desired effluent concentration of suspended solids. The desired
ef fluent concentration is usually regulated by | ocal and/or Federal governnent
authorities. For exanmple, for coal nines, the proposed EPA “Effl uent
Gui delines and Standard” limts are as follows: total suspended solids
concentration maxi mum for any one day shall not exceed 70 milligranms per
liter, and average daily values for 30 consecutive days shall not exceed 35
mlligrans per liter.

I  The particle-size distribution for suspended solids.

I The water flowrate (Q to the pond. For a pond receiving direct
run-of f, the run-off volume over a certain period of tine must be determn ned.
As an exampl e, EPA has chosen the 10-year, 24-hour precipitation event as a
design criteria for the overflow rate determ nation

(c) A typical installation of a sedinentation basin enmbankment is
illustrated in Figure 3-33. As shown, the pond consists of a di ke which
retains the polluted water flow. For water drawdown purposes, a principa
spillway is al so needed.

(d) Energency spillways are al so suggested in the design of a sedi nent
basin. They are provided to convey large flows safely past an earth
embankment, and they are usually open to channel s excavated in earth, rock, or
rei nforced concrete.

(e) The efficiency of sedinentation ponds varies considerably as a
function of the overflow rate. Sedinmentation ponds perform poorly during
peri ods of heavy rains and cannot be expected to renmove the fine-grained
suspended solids. |If the sedinentation pond is expected to renmove sedi nents
that may have been contam nated by waste materials, consideration should be
given to inproving renmoval efficiencies by nodifying basin or outlet design
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Figure 3-33. Typical Design of a Sediment Basin Embankment

(f) The quantity of material to be stored is also an inportant
consideration in the construction of the sedinmentation basin. The required
storage capacity can be calculated by nmultiplying the total area disturbed by
a constant sedinent yield rate.

(3) Advantages and di sadvantages. The advantages and di sadvant ages of
the sedimentation basin in the control of water flow contam nated with
suspended solids are listed bel ow

Advant ages Di sadvant ages

Easy to design and install, proven I neffective on dissolved solids
t echnol ogy
Faulty design or structural failure
Require | ow operational and nmai ntenance may result in extensive damages
effort

Renove suspended solids very effectively

3-23. Surface G ading.

a. Backaground.

(1) Gading is the general termfor techniques used to reshape the
surface of covered landfills in order to manage surface water infiltration and
run-of f while controlling erosion. The spreading and conpaction steps used in
grading are techniques practiced routinely at sanitary landfills. The
equi prent and methods used in grading are essentially the same for al

landfill surfaces, but applications of grading technology will vary by site.
Grading is often perfornmed in conjunction with surface sealing practices and
revegetation as part of an integrated landfill closure plan

(2) The mmjor goals in surface grading of an uncontrolled waste site
are to:
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(a) Reduce ponding on the site and consequently nminimze infiltration
of water into any buried wastes.

(b) Reduce the rate of contam nant |eaching fromsoils.
(c¢) Reduce erosion of cover soils that isolate any buried waste.

(3) Proper site grading is in alnost all cases an advantage in the
control of the potential contam nants. Since standing water in a waste site
will |each contam nants fromthe surface materials, it is generally nore
likely to create a treatnment problemthan water collected running fromthe
area. Ponding also creates aesthetic and trafficability problens.

(4) Finished grades at waste sites are designed on the basis of
natural site topography, soil type, slope stability, rainfall intensity, size
of the site, and type of final vegetative cover proposed.

b. Description and Applications.

(1) G ading techniques nodify the natural topography and run-off
characteristics of waste sites to control infiltration and erosion. The
choi ce of specific grading techniques for a given waste disposal site wll
depend on the desired site-specific functions of a graded surface. A graded
surface may reduce or enhance infiltration and detain or pronote run-off.
Erosion control may be considered a conplicating variable in the design
performance of a gradi ng schene.

(2) For disposal sites in wet climates (i.e., where precipitation
annual | y exceeds evaporation and transpiration) and where subsurface hazardous
| eachate generation is a major problem control of surface water infiltration
is of primary inportance. Manipulation of slope |length and gradient is the
nost common gradi ng techni que used to reduce infiltration and pronote surface
water run-off. A slope of at least 5 percent is recommrended as sufficient to
promote run-off and decrease infiltration w thout risking excessive erosion

(3) At landfill and dunp sites where an effective surface sealing has
been applied (e.g., clay cap or synthetic menbrane and a topsoil I|ayer),
various gradi ng techni ques can be used to prepare the covered surface for
revegetation. The grading nmethods- -scarification, tracking, and contour
furrowi ng- -create a roughened and | oosened soil surface that detains run-off
and maxim zes infiltration. Such techniques are especially inmportant for
establ i shing vegetation in arid regions.

c. Design and Construction Considerations.

(1) The design of graded slopes at waste disposal sites should bal ance
infiltration and run-off control against possible decreases in slope stability
and increases in erosion. The design of specific slope configurations, the
choi ce of cover soil type, the degree of conpaction, and the types of grading
equi prent used will all depend on |ocal topography, climte, and future |and
use of the site.
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(2) Inproperly graded slopes may deformor fail, opening cracks,
exposi ng waste cells, and allowi ng | ateral seepage of |eachate. Soils used to
cover graded sl opes should be selected on the basis of shear strength and
erodibility. Soils highin silt and fine sand and low in clay and organic
matter are generally nost erodible. Also, the |onger and steeper the sl ope
is, and the sparser the vegetation cover, the nore susceptible it is to
erosive forces.

(3) In grading a landfill surface before construction of a seal, two
i mportant considerations apply. First, bulky and heavy waste objects shoul d
not be filled near the surface of the site because they may settle unevenly
and deform or crack graded cover. Also, to provide a firm subgrade and
prevent seal failure, existing cover material should be conmpacted to a Proctor
density of 70 to 90 percent of nmaximum

(4) The equi pnent types used to construct graded sl opes consist of
both standard and specialized landfill vehicles. Excavation, hauling,
spreadi ng, and conpaction of cover materials are the najor elenments of a
conpl ete gradi ng operation.

(5) Specialized landfill vehicles include conpactors and scrapers.
St eel -wheel ed |l andfill conpactors are excellent machi nes for spreading and
conpacting on flat to noderate slopes. Scrapers are effective in excavating,
haul i ng, and spreadi ng cover materials over relatively |ong distances.

d. Advant ages and Di sadvant ages.

(1) Surface grading of covered di sposal sites, when properly designed
and constructed to suit individual sites, can be an econonical nethod of
controlling infiltration, diverting run-off, and mnimzing erosion. A
properly seal ed and graded surface will aid in the reduction of subsurface
| eachate formation by minimzing infiltration and pronoting erosion-free
drai nage of surface run-off. Grading can also be used to prepare a cover soi
capabl e of supporting beneficial plant species.

(2) There may be certain disadvantages associated with grading the
surface of a given site. Large quantities of a difficult-to-obtain cover soi
may be required to nodify existing slopes. Suitable sources of cover nateria
may be | ocated at great distances fromthe disposal site, increasing hauling
costs. Also, periodic regrading and future site naintenance may be necessary
to elimnate depressions formed through differential settlement and conpac-
tion, or to repair slopes that have slunped or becone badly eroded.

3-24. Surface Sealing.

a. Backaground.

(1) Landfill covers or caps prevent water fromentering a | andfill
t hus reduci ng | eachate generation, and also control vapor or gas produced in
the water. Landfill covers can be constructed fromnative soils, clays,
synt heti ¢ menbranes, soil cement, bituni nous concrete, or asphalt/tar
materials. |In nost cases, the cap is constructed using the sane equi pnent
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used in construction and grading. The cap should be designed to have

sufficient thickness to accommpdate the anticipated settlenents, deformations,

desi ccation cracking, and constructibility. Where native soil is used for the

cap, soil additives or specialized construction techniques may be necessary to

obtain the required plasticity and pernmeability. A perneability of 107 to
10-® cmsec is considered appropriate.

(2) A cover is a useful option at sites where the nmjor pathway for
contam nant transport is percolation of infiltrating precipitation or in cases
where control of gases or volatile conpounds in the waste is a serious
consi deration. Wen a cap is designed for toxic or flammable gas control, gas
venting and di sposal systens should be considered an integral part of the
cappi ng system

(3) Capping systens are an advantage at any site where incom ng
precipitation can be ninimzed and | each rates reduced. In areas where the
wastes are buried below the water table and |lateral flow of ground water is
evi dent, capping may not be conpletely effective in reduci ng contam nant
transport. In a capped landfill at Wndham CT, that was partly bel ow the
water table, a definite decrease in the degree of contam nation in ground
wat er downgradi ent fromthe site was noted. Capping is usually an econonica
system and because the top of the landfill is accessible, the cap can be
mai nt ai ned and repaired.

b. Description and Applications.

(1) days and soils.

(a) Cover soils are spread over waste |layers at npst operating
landfills on a daily or intermedi ate basis prescribed by state and | oca
standards in order to control vectors, odors, and w ndbl own rubbish. These
soils are generally supplied fromonsite excavated fill and are not sel ected
for special qualities. Soil used for final cover on conpleted fills or for
cappi ng uncontrol |l ed waste sites, however, nust be relatively inperneable (I ow
permeability coefficient, k) and erosion-resistant. Fine-grained soils such
as clays and silty clays have | ow k values and are therefore best suited for
cappi ng purposes because they resist infiltration and percol ati on of water.
These fine-grained soils, however, tend to be easily eroded by wi nd,
especially in arid climtes where coarse, heavy-grained gravel s and sands
provi de nore suitable cover

(b) Blending of different soil types broadens the grain-size
distribution of a soil cover and mnimzes its infiltration capacity. Well-
graded soils are | ess perneable than those with a small range of grain sizes,
and m xing of local coarse and fine-grained soils is a cost-effective nethod
of creating stronger and | ess porous cover soil. For exanmple, when fine soils
are not available locally, the addition of gravel or sand to fine-grained
silts and cl ays enhances strength and reduces percol ation

(c) Simlarly, additions of clay to sandy or silty cover material wll
lead to dramatic reductions in the k value of the soil. Blending can often be
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acconplished in place using a blade or harrow to turn and nmix the soil to
sui tabl e dept hs.

(d) The Atterberg |limts are a good first approxi mation of the
mechani cal behavior of a clay-type soil. The linmits are defined by the water
content of the soil that produces a specified consistency. |In thenselves the
Atterberg limts nmean little; however, when used as indexes to the relative
properties of a clay-type soil they are very hel pful

(e) The npst inportant soil property that will affect the performance
of a cover is its perneability. Mechanical conpaction is used to alter the
soi|l properties and develop a perneability suitable for the cover being
constructed. Design paraneters for conpaction are based on a unique density
val ue (maxi mum density) and a correspondi ng noi sture content (optinmum noisture
content). GCenerally it can be assuned that the nore granular the soil (the
nore sandy it is), the higher the nmaxi mum density and the | ower the optimum
noi sture content. Also the finer the soil (the nore clayey it is), the less
defined the maxi mum density is as a function of the noisture content.
Typically soils used for covers will have a clay content in excess of 25-30
percent which will have a poorly defined maxi mum density.

(f) Density quality control in the field is very inportant and
requires a great deal of attention and skill. Wen conpacting a cover
material on the relatively soft base of the refuse, problenms in obtaining the
proper conpaction can result. Also, the possibility of penetrating a cap with
| arge pieces of refuse upon conpaction should be considered. For these
reasons a strict field testing and quality control program should be foll owed
during construction.

(g) When constructing the final landfill cap, normal construction
techniques will apply. It is very inportant that the buffer |ayer between the
refuse and barrier be thick and dense enough to provide a stable base and
prevent | arge pieces of refuse frompenetrating the barrier. The barrier
| ayer should be covered i mediately after conpaction is conplete to prevent
drying and crack formation. The final top soil layer should not be conpacted
and shoul d be seeded and nul ched as soon as possible to prevent erosion.

(2) Asphalt and adm xed materi al s.

(a) There is a variety of adm xed materials that can be fornmed in-
place to fabricate a Iiner and cover. These materials include asphalt,
concrete, soil cenent, soil asphalt, catalytically blown asphalt, asphalt
emul sions, lime, and other chem cal stabilizers. Many of these materials can
be sprayed directly on prepared surfaces in a liquid form This material then
solidifies to forma conti nuous menbrane.

1 Hydraulic asphalt concrete is a hot m xture of asphalt cenent and
m neral aggregate. It is resistant to the growh of plants and weat her
extremes and will resist slip and creep when applied to side slopes. The
mat eri al should be conpacted to | ess than 4 percent voids to obtain the | ow
pernmeabil ity needed.
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I Soil cement is a conpacted m xture of portland cement, water, and
sel ected in-place soils. The soil used should be nonorganic and well graded
with | ess than 50 percent silt and clay. The soil should al so have a maxi num
size of 0.75 inch and a maxi mum cl ay content of 35 percent. Soil cenment has
t he di sadvant age of cracking and shrinki ng upon drying.

I Soil asphalt is simlar to soil cement; however, the soil used
should be a low plasticity, gravelly soil with 10-25 percent silty fines. The
menbr ane nmust be waterproofed with a hydrocarbon or bituni nous seal

1  Catalytically blown asphalt is manufactured from asphalts with high
softening points by blowing air through the nolten asphalt in the presence of
a catal yst such as phosphorus pentoxide or ferric chloride. The material can
then be sprayed on a prepared surface regardl ess of cold or wet weather. As
with soil asphalt the menbrane nmust be waterproofed with a hydrocarbon or
bi t um nous seal

I Asphalt enul sions can al so be sprayed directly on prepared surfaces
at tenperatures above freezing. These menbranes are | ess tough and have | ower
softening points than hot air-blown asphalt. However, the toughness and
di mensional stability can be increased by spraying onto supporting fabrics.

(b) A sunmary of spray-on chenical stabilizers for cover soils is
shown in Table 3-7.

(c) Sprayed-on liners and covers require a nore carefully prepared
subgrade than other |iner and cover nmenbranes. |If a smooth surface cannot be
obtained with the subgrade, a fine sand or soil padding may be necessary.
Even with a properly prepared subgrade, care nust be taken in placing the
material to make it pinhole free.

(d) Cover soils treated with [ine, which contributes pozzol anic
(cementing) properties to the resulting mxture, optimze the grain-size
di stribution and reduce shrink/swell behavior. Linme applied as 2 to 8 percent
(by weight) cal cium oxide or hydroxide is suitable for cenenting clayey soils.
Rotary tiller mixing foll owed by water addition and conpaction is the genera
application sequence for these mxtures. Also, additions of linme are
recommended for neutralizing acidic cover soils, thereby reducing the |eaching
potential of heavy nmetals. |If a synthetic liner is present, liner life can be
prol onged by line addition to supporting soil

(e) Oher cover soil-chemcal additives may include chenica
di spersant and swell reducers. Soluble salts such as sodium chloride,
t et rasodi um pyrophosphat e, and sodi um pol yphosphate are added primarily to
fine-grained soils with clay mnerals to deflocculate the soils, increase
their density, reduce perneability, and facilitate conpaction. Additives are
nore effective with montnorillonite clay than with kaolinite or illite.
Because soils in the northeast and m dwest continental United States are
usually lowin nontnorillonite, site-specific testing should be undertaken
before using additives with soils in these areas.

(3) Synthetic menbranes.
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Table 3-7.

Summary of Chemical Stabilizers for Cover Soil

Soil Mulch  Erosion resistance
Name stabilizer Mulch tack Water Dust/wind Description Product information

Aerospray® 52 X X X Water dispersible, American Cyanamid Co.,
alkyd resin emul- Industrial Chemicals
sion; forms hard and Plastic Div.
crust; nontoxic; Wayne, NJ 07970
nonphytotoxic, pH
8-9; $0.75/¢
(~$2.85/gal)

Aerospray® 70 X X X X Water dispersible American Cyanamid Co.,
polyvinyl acetate Industrial Chemicals
resin emulsion; and Plastic Div.
effective in sand; Wayne, NJ 07970
$0.66/t ($2.50/gal)

Aquatain X x b Water dispersible, Larutan Corp.,
concentrate of Anaheim, CA 02805
chemicals and
pectin; forms
fragile crust;
nontoxic; non-
flammable;
$0.61/14
(§2.30/gal)

Curasol® AE X X X X Water dispersible, American Hoechst Corp.,

polyvinyl acetate
latex emulsion;
hard crust; non-
toxic; nonphyto-
toxic; pH 4-5;
$0.69/1 ($2.60/
gal)

(Continued)

Bridgewater, NJ 08876
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Table 3-7. (Concluded)
Soil Mulch Erosion resistance
Name stabilizer Mulch tack Water Dust/wind Description Product information

Curasol® AH X X X Water dispersible; American Hoechst Corp.,
high polymer syn- Bridgewater, NJ 08876
thetic resin; flex-
ible crust; non-
toxic; nonphyto-
toxic; pH 4-5

DCA - 70 X X X X Water dispersible; Union Carbide Corp.,
polyvinyl acetate Chemicals and
emulsion; can be Plasties New York,
reinforced with NY 10017
fiberglass fila-
ments; nontoxic;
nonphytotoxic;
nonflammable; pH
4-6

Petroset® X X X X X Water dispersible Phillips Petroleum Co.
oil emulsion; Chemical Dept.,
effective in par- Bartlesville, OK
ticles below 74003
gravel size; non-
toxic:; nonflamma-
ble; pH 6 £ 0.5;
$0.42/¢ ($1.60/gal)

(Sources: Lutton et al. 1979 and EPA 1976).
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(a) The use of synthetic nmenbrane in surface water control is new, and
a wide variety of synthetic materials and conpounds are bei ng manufactured,
tested, and marketed. The various nenbranes being produced vary not only in
physi cal and chemi cal properties but also in installation procedures, costs,
and chenical conpatibility with waste fluids. Not only are there variations
in the polymers being used but also with the conpoundi ng agents such as carbon
bl ack, pignents, plasticizers, crosslinking chenicals, antidegradients, and
bi oci des. The sheeting is then joined or seamed together into panels as |arge
as 30 m (100 feet) by 61 m (200 feet) depending on wei ght and handling
[imtations. The various seam ng techniques include: heat seam ng, dielectric
seam ng, adhesive seam ng, and solvent wel ding. The four types of polyners
general ly considered for use in nmenbranes are vul cani zed rubbers, unvul cani zed
pl astics such as PVC, highly crystalline plastics, and thernoplastic
el astomers. The thicknesses of the polynmeric nenbranes used in | andfil
applications range fromO0.5 to 3 nm (20 to 120 nmil), with nost in the 0.5 to
1.5 mm (20- to 60-nil) range. Mst nenbrane liners and covers are
manuf act ured from unvul cani zed pol ynmeric (thernopl astic) conmpounds. The
t hernopl asticity allows the material to be heated for fusing or seam ng wth-
out losing its original properties when cool ed.

(b) One of the nobst inportant conmponents in the installation of a
synthetic menbrane is the preparation of the subgrade. The subgrade nust
provi de even support for the nmenbrane, or the unsupported nmenbrane could very
easily fail. The in-situ soil that will be used for the subgrade shoul d be
tested for its physical, mechanical, and chemical character. These tests
shoul d determ ne, anobng ot her things, the shrink/swell properties of the soi
and the density, strength, settlenent, and perneability of the subgrade*s
soil. Soils with high shrink/swell characteristics will tend to weaken
earthen structures or cause void spaces which will cause menbrane failure.
Organic matter in the subgrade can cause nenbrane failure by |eaving void
spaces or by generating gases during the decaying process which collect under
t he menbrane and cause a ball ooning effect. Surface diversion ditches should
be used to prevent the erosion of cover material on a nenbrane cap
Tenperature extrenes can make nenbrane placenment difficult. Low tenperatures
can nmake a nmenbrane brittle while high tenperatures can cause a nenbrane to
stretch easily.

(c¢) Anchoring a nmenbrane can be acconplished in two ways. The |iner
can be anchored to a concrete structure, or a nore econom cal and sinpler
method is the trench-and-backfill nmethod. In this method the nenbrane is
tenmporarily secured in the anchor trench while the seam ng takes place, and
then the trench is backfilled.

(d) Field seaning is the nost critical factor in nmenbrane
installation. The nmenbrane manufacturers have recommended seal i ng procedures
and adhesives. |If there are no reconmended bondi ng systens, then the use of
that specific material should be questioned. As with the nenbrane materi al
the integrity of the seam depends on the conpatibility of the finished seam
with the waste fluids with which it conmes in contact. As a general rule,
field seans should run vertically on side slopes where possible w thout
decreasi ng panel size or increasing field seaming. Field seam ng should not
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be done during precipitation, and the nunber of panels placed in one day
shoul d not exceed the nunber of panels seaned that day.

(4) \Waste materials. Another class of available cover materials
i ncl udes waste materials such as nonhazardous industrial residues, dredged
sedi nents, and wood chips. Fly ash and lime/fly ash m xtures have al so been
consi dered for cover materials; however, the hazardous contamni nants in nost
fly ash have discouraged its use. Furnace slag and incinerator residue are
two additional waste martials of gravelly and sandy size that may be suitable
for blending into soil cover for slope erosion protection. Rocky overburden
fromm nes, quarries, and sand and gravel pits may also be locally useful as
soil cover substitutes. Heavy applications of durable crushed stone, gravel
or clinkers (overcooked bricks) may be used to stabilize contani nated surface
soils at landfills and dunps. Nontoxic industrial sludges such as paper mll
sl udge, dredged materials such as reservoir and channel silt, and conposted
sewage sludge are other waste materials that nay be applied as substitutes or
suppl enents to conventional cover material. Dried sludge can al so provide
ni trogen and organic plant nutrients in a final capping situation which wll
aid in establishing a vegetative cover

c. Design and Construction Considerations.

(1) The design and inplenmentation of a cost-effective capping strategy
i nvol ves first the selection of an appropriate cover material. Site-specific
cover functions- -control of water infiltration and gas mgration, water and
wi nd erosion control, crack resistance, settlement control and waste
contai nnent, side slope stability, support of vegetation, and suitability for
further site use- -may be ranked in order of inportance to facilitate this
sel ection. For soils that may potentially be used in capping, |aboratory and
field testing of physical and chemi cal properties may be necessary when the
choice is not clear-cut. Void ratio, porosity, water content, liquid and
plastic limts, shrinkage Iimt, pH and nutrient |evels, shear resistance,
conpaction, perneability, shrink/swell behavior, and grain size are sone of
the properties that may have to be determ ned for conpeting soil types.

(2) \Where soil erosion control is a major consideration, the USDA
Uni versal Soil Loss Equation (USLE) may be useful for conparing the predicted
ef fecti veness of different cover soils.

(3) For information regarding soil sanmpling and testing, for |oca
data on soils and climate, or for any form of technical assistance regarding
sel ection of cover materials, regional and county Soil Conservation Service
(SCS) offices should be consulted.

(4) Placenment and conpaction of cover materials are techni ques

affected by site-specific considerations such as the type of cover materials
bei ng applied and the local availability of equipnent and manpower. For cover
soils, conpaction is generally desirable in order to increase the strength and
reduce the perneability of the cap. Conpactor vehicles include rubber-tired

| oaders and various rollers. For conpaction of nost solid waste covers, the
conventional track-type tractor is effective. The number of passes over the
surface required to achieve sufficient conpacti on depends on the equi prent
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type (size, weight, and wi dth of conpactor), the water content of the soi
cover, and the base density and resilience of the covered refuse.

(5) Layering is an effective, but underutilized technique for fina
cover at waste disposal sites. This technique is essentially a cover system
t hat combi nes several |ayers of different materials that serve integrated
functi ons——support of vegetation protection of barrier layers of nenbranes
control of water infiltration and gas exfiltration, filtering, etc., depict
exanpl es of two-layered covered systens. A typical |ayered cover system may
be conposed of the follow ng | ayers:

(a) Topsoil - usually |oose, unconpacted surface |ayer of |oanms for
veget ative support; may be treated with fertilizers or conditioners.

(b) Barrier layer or nenbrane - usually clayey soil with |ow k val ue
or a synthetic nenbrane; restricts passage of water or gas.

(c) Buffer layer - above and/or below barrier layer; protects clays
fromdrying or cracking, synthetic nenbranes from punctures or tears; provides
snoot h, stable base; often a sandy soil

(d) Water/gas drainage |ayer or channel - poorly graded (honogeneous)
sand and gravel; channels subsurface water drainage; intercepts and laterally
vents gases.

(e) Filter - internediate grain-size layer to prevent fine particles
from penetrating the coarser layer; controls settlenent, stabilizes cover

(6) A menbrane and geotextile system may be used as the barrier and
drai nage | ayers under appropriate conditions. |In this systema geotextile
(nonwoven filter fabric) is used under a synthetic menbrane to provide venting
and a suitable base for nmenbrane pl acenent.

d. Advant ages and Di sadvant ages.

(1) An evaluation of selected cover materials and cover systens mnust
be made on a site-specific basis. However, certain general advantages and
di sadvant ages of different surface-sealing techniques can be nmentioned here.

(2) Fine-grained soils conmposed predoninantly of clay are well suited
for final cover in humd climtes because of their |ow perneability. However
such soils tend to shrink and crack during dry seasons. The construction of a
two- | ayer cover system may be useful in solving such problens.

(3) Local soils generally are much | ess expensive than non-native
cover materials that have to be transported to the site. Where |local soils
are poorly graded (honpgeneous grain size), blending is an effective technique
for creating nore suitable cover soils.

(4) Soil additives and cenents have relatively high unit costs and may

require special mxing and spreadi ng nethods. Also, soils nodified by
addi ti ons of cenent, bitunen, or |ine becone rigid and nore susceptible to
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cracking due to waste settlenent or freeze-thaw stresses. Patching repairs
may becone necessary to seal cracks that allow for escape of volatiles and

all ow surface water infiltration. Also, cenented soil systems may deteriorate
upon extended exposure to corrosive organic and sul furous waste products in

[ andfill environnents.

(5 Rigid barriers such as concrete and bitum nous nmenbranes are al so
vul nerabl e to cracking and chenical deterioration, but the cracks can be
exposed, cleaned, and repaired (sealed with tar) with relative ease. Concrete
covers may have a design |life of about 50 years, except when applied to
chemically severe or physically unstable [andfill environnments.

(6) Synthetic menbranes are vulnerable to tearing, sunlight, exposure,
burrowi ng animals, and plant roots. They also require special placenent and
covering procedures. Anobng the comrercially available synthetic Iiners,
pol yet hyl ene nay be the nost econonical, based on both performance and cost.
Local |y generated waste materials such as fly ash, furnace slag, and
i nci nerator residue may be i nexpensive (or free) and, therefore, useful as
cost-effective cover materials or additives. However, such materials may
| each soluble trace pollutants (e.g., sulfur, heavy netals) and may actually
contribute to environmental contanination.

3-25. Revegetation. The establishnent of a vegetative cover nay be a cost-
effective method to stabilize the surface of hazardous waste disposal sites,
especi al |y when preceded by surface sealing and grading. Vegetation reduces
rai ndrop inpact, reduces run-off velocity, and strengthens the soil nass with
root and |leaf fibers, thereby decreasing erosion by wind and water.
Revegetation will also contribute to the devel opnment of a naturally fertile
and stable surface environment. Although the soil*s infiltration capacity is
i ncreased by vegetation allowi ng considerable water to enter the di sposa
site, this increased infiltration is offset at |least partly by vegetative
transpiration. The relative inportance of these offsetting processes is a
conplicated question that has not been conclusively answered (Lutton et al
1979). Revegetation can also be used to upgrade the appearance of disposa
sites that are being considered for re-use options. Short-term vegetative
stabilization (i.e., on a sem annual or seasonal basis) can also be used as a
renmedi al technique for uncontrolled disposal sites.

a. Applications and Desi gn Consi derations.

(1) Revegetation may be part of a long-termsite reclamation project,
or it may be used on a tenporary or seasonal basis to stabilize internediate
cover surfaces at waste disposal sites. Revegetation nmay not be feasible at
di sposal sites with high cover soil concentrations of phytotoxic chenicals,
unl ess these sites are properly sealed and vented and then recovered with
suitable topsoil. A systematic revegetation plan will include: (a) selection
of suitable plant species, (b) seedbed preparation, (c) seeding/planting,

(d) mul ching and/or chem cal stabilization, and (e) fertilization and
mai nt enance.

(2) Long-termvegetative stabilization generally involves the planting
of grasses, |egunes, and shrubs. The establishment of short-term seasona
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vegetative cover is linmted principally to species of grasses. The selection
of suitable plant species for a given disposal site depends on several site-
speci fic vari abl es.

(3) Gasses such as fescue and | ovegrass provide a quick and | asting
ground cover, with dense root systems that anchor soil and enhance
infiltration. Legunmes (| espedeza, vetch, clover, etc.) store nitrogen in
their roots, enhancing soil fertility and assisting the growth of grasses.
They are also readily established on steep slopes. Shrubs such as bristly
| ocust and autumm olive al so provide a dense surface cover, and certain
species are quite tolerant of acidic soils and other possible disposal site
stresses. Trees are generally planted in the | ater stages of site
recl amati on, after grasses and | egunes have established a stable ground cover
They hel p provide long-termprotective cover and build up a stable, fertile
| ayer of decaying | eaves and branches. A well-ni xed cover of grasses, shrubs,
and trees will ultimately restore both econom c and aesthetic value to a
reclaimed site, providing suitable habitat for popul ations of both humans and
wildlife.

(4) Seedbed preparation is necessary to ensure rapid germination and
grom h of the planted species. Applications of lime will help neutralize
highly acidic topsoils. Sinmilarly, fertilizers should be added for cover
soils low in essential plant nutrients. Optinmumsoil application rates for
l[ime and fertilizers should be determined fromsite-specific soil tests.

VWere required, lime should be worked to 152 nm (6-inch) depths into the soi
by di scing or harrowi ng. For dense, inpervious topsoils, |oosening by tillage
i s recomended.

(5) Seeding should be performed as soon as possible after fina
gradi ng and seedbed preparation. The nost common and efficient nethod of
seedi ng | arge areas of graded slopes is with hydroseeders. Seed, fertilizer,
mul ch, and |ine can be sprayed from hydroseeders onto steep outslopes and
other areas of difficult access. Rear-nounted bl owers can be attached to |inme
trucks to spread seed and fertilizers over such areas. Grass or grain drills
may be used to apply seed on gently rolling or level, stone-free terrain.
Hand planting, a time-consunming and costly project, nmay be required for trees
and shrubs.

(6) Milches or chem cal stabilizers may be applied to seeded soils to
aid in the establishnent of vegetative cover and to protect it from erosion
before the plants becone established. O ganic nulches such as straw, hay,
wood chi ps, sawdust, dry bark, bagasse (unprocessed sugar cane fibers),
excel sior (fine wood shavings), and nanure protect bare seedbed sl opes from
erosion prior to germnation. Also, thin blankets of burlap, fiberglass, and
excel sior can be stapled down or applied with asphalt tacks to form protective
mul ch mats for germ nating seedbeds.

(a) Ml ches conserve soil noisture, dissipate raindrop energy,
noderate soil tenperatures, prevent crusting, increase infiltration, and
generally control wind and water erosion. Milches are usually applied after
seeding and fertilization, although certain mulch materials (e.g., wood
fibers) may be applied as hydroseeder slurries mxed with seed, fertilizer,
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and lime. Milch application rates will vary depending on local climte, soi
characteristics, and sl ope steepness.

(b) Loose straw and hay nul ches are the npost common and npost cost-
effective tenporary soil stabilizer/nulching materials available. These
mul ches are best applied using a mulch blower, at rates from 1120 to 8960
kg/ hectare (0.5 to 4 tons) per acre. Straw hay mul ches can be anchored to the
soi|l by asphalt, chem cal binders, or jute netting.

(c) Chemical stabilizers are binders and tacks that are sprayed on
bare soils or mulches to coat, penetrate, and bind together the particles.
Stabilizers reduce soil water |oss and enhance plant growth by tenporarily
stabilizing seeded soils against wind and water erosion. They can al so be
used to stabilize graded soils in the off-season until spring seeding.
Stabilizers are used extensively in arid regions to help dry, perneable soils
retain soil noisture.

(7) Chemical soil stabilizers include |atex emul sions, plastic firnmns,
oil-in-water emul sions, and resin-in-water enulsions. Table 3-7 sunmarizes
pertinent characteristics of seven comrercially available stabilizers,

i ncludi ng cost data (where avail able).

(8) Infield tests conparing the effectiveness of these chenica
additives in controlling erodibility of several regional soil types in
Virginia, none of the stabilizers tested were deternmined to be as cost-
ef fective as conventional mulches of straw and asphalt-emul sions.

(9) Periodic relimng and fertilization may be necessary to naintain
optimum yearly growth on seeded plots. Soils with poor buffering capacity may
require frequent linmng to achieve suitable pH levels; these are generally
soils high in organic matter or clay content. Annual fertilization of

ni trogen-, phosphorus-, or potassiumdeficient soils will also aid reclamation
efforts. Fertilizer application rates will vary with the nutrient content and
pH | evel of the seeded cover soil. Twi ce yearly nowing and the judicious use
of selective herbicides will help control undesirable weed and brush speci es.

Grass soddi ng and renul ching or planting new shrubs and trees are reconmended
for sparsely covered, erosion-prone areas.

(10) The selection of suitable plant species for purposes of
revegetating a given disposal site will depend on cover soil characteristics
(grain size, organic content, nutrient and pH |l evels, and water content),
local climate, and site hydrol ogy (sl ope steepness and drai nage

characteristics). |Individual species nust be chosen on the basis of their
tol erance to such site-specific stresses as soil acidity and erodibility and
el evated |l evel s of landfill gases or phytotoxic waste components (e.g. ,
heavy nmetals, salts) in cover soil. Oher inportant considerations include

the species conpatibility with other plants selected to be grow on the site,
resi stance to i nsect danage and di seases, and suitability for future |l and use.

(11) The optimumtine for seeding depends on local climatic

consi derations and the individual species adaptations. For npst perennia
species in nost localities, early fall seeding is recommended. Annuals are
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usual | y best seeded in spring and early sunmer, although they can be pl anted
for quick vegetation whenever soil is danp and warm In nmild climates (e.qg.
sout heastern United States) the growh of both sumrer and wi nter grasses wll
extend the range of evapotranspiration and erosion resistance for cover soils.

b. Advantages and Di sadvantages. A well-designed and properly
i mpl enented revegetation plan--whether for long-termreclamtion or short-term
renmedial action--will effectively stabilize the surface of a covered disposa
site, reducing erosion by wind and water, and will prepare the site for
possi bl e reuse. Evapotranspiration and interception of precipitation by
vegetative cover will also control |eachate generation at landfills by drying
out the water near surface |layers of refuse and soil. This effect, however
is more or |ess offset by enhanced soil infiltration capacity due to the
i ncreased detention of surface flow by the vegetation and to effects of the
root systens on the cover soil (increased perneability). |f subsurface liners
of clay or synthetic nmenbranes are constructed, infiltration of water into
buri ed wastes (and subsequent |eachate production) will be greatly reduced.
This illustrates the inportance of a |ayered surface sealing system and
properly graded sl opes, which, in conbination with suitable vegetative cover
will isolate buried wastes from surface hydrol ogi ¢ input.

Section VI. Gas Control

3-26. Gas Ceneration and Mgration. Uncontrolled hazardous waste sites are
unusual in that they can contain a wide variety of materials that can generate
toxic or explosive gases (HS, H, CH,, HCN) and nany organic conpounds with

| ow vapor pressure that volatilize, fornming toxic, flammble, or explosive
vapors. Gas generation and migration from di sposal operations can be grouped
with two categories: nethane generation and toxic vapor generation.

a. Gas Ceneration.

(1) Methane.

(a) The deconposition of any organic material in an anaerobic
environnent results in part in the production of nethane gas. Typically,
muni ci pal solid waste (MSW is |argely degradable organic materials (50 to 80
percent). Since MSWis quite porous when placed and conpacted in a | andfil
environnent, |arge anbunts of air (with 20 percent oxygen) are present. The
result of the initial aerobic deconposition phase is the devel opment of an
anaerobic environnent with a wide variety of cellul ose- -glucose and organic
aci d breakdown products. This phase of refuse deconposition will last froma
few nonths to a year. The nethane-form ng bacteria or methogens then use the
organi ¢ acids as substrate to produce nethane and carbon di oxi de. The
transition in landfill gas conposition is illustrated in Figure 3-34.

(b) The nethogens are sl ow grow ng organi sns and are very sensitive to
environnental conditions. The aerobic deconposition phase produces a great
deal of heat which will usually bring the internal tenperature of a |andfil
within the optimum tenperature range for methane production (29° to 37°C).

The opti mum nmoi sture content for gas production in MSWis greater than
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Figure 3-34. Landfill Gas Composition Transition
60 percent (on a weight basis). If the landfill is not in an arid
environnent, the refuse will usually becone wet and the internal environnent
of the landfill will nmeet the conditions required for nethane-form ng
bacteri a.
(c) Landfills over two years old will usually contain methane in
substantial concentrations in the interstitial gases. The tine required for
net hane generation to begin in substantial quantities in a typical landfill is

site specific and generally unpredictable. Environnental conditions such as
tenmperature and precipitation and the conposition of the refuse, especially
the initial moisture content and density, as placed, are very inportant in

det erm ni ng when net hane generation will begin. Also the node of construction
at the landfill and the type of final cover can significantly affect the tine
for an anaerobic environnent to develop in the landfill and support

nmet hanogenic activity. The volume of gases produced in any particul ar

landfill is very difficult to predict.

(d) On a wet-weight basis, the theoretical cubic feet of gas generated
per pound of solid wastes was deternmined to be 6.5 for CO and CH,, and 3.3 for
CH, al one. Studi es assum ng constant gas |oss rates have estimated the

duration of the methane-formng stage in landfill deconposition to be as short
as 17 years. Oher studies based the nethane-generating capability on the
rate at which carbon | eaves the landfill, assuming that the initial amount of
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carbon in the refuse was “avail able.” These studies estimted that it would

take 57 years for 50 percent of the carbon to | eave the landfill and 950 years
for 90 percent to leave. Wth the uncertainties involved one should assune
the active biological deconposition in a landfill to continue indefinitely.

(2) Toxic vapor.

(a) Organic compounds in hazardous industrial waste will volatilize
under favorable conditions to produce toxic vapors. Waste volatilization can
occur at landfills, surface inmpoundnments, and |and treatnment sites. Since the
vol atilization and degradati on processes are very slow, the em ssion of
hazardous vol atil e organi ¢ conmpounds may persist for many years. GGas
generation rates at landfills containing industrial wastes have not been
studi ed because of the conplexity and characteristic variation to be found in
the wastes. While the waste conposition is the nost inportant factor
affecting the rate of gas generation, other factors affecting gas generation
are the surrounding climte and soil

(b) The principal nechanisns of toxic vapor generation at di sposa
sites are waste volatilization, biological degradation, and chem cal reaction
The toxic property of the waste will inhibit biological activities, and nost
toxi c organic wastes such as chlorinated hydrocarbon are relatively inert.
Therefore, the amobunt of toxic vapor production in hazardous waste landfills
resulting from bi ol ogi cal and chem cal processes appears relatively small
conpared with volatilization. For this reason estimtes of toxic vapor
generation are usually based on waste volatilization or vapor |oss of organic
conpounds and treated as a diffusion controlled process.

b. Gas Mgration.

(1) Landfill-generated nethane and toxic-vapor nmigration are the
result of two processes, convection and diffusion. Convection is the novenent
of landfill gas and toxic vapors in response to pressure gradi ents devel oped
in the landfill, while diffusion is the nmovenent of gas and vapors from high
to |l ower concentrations. The normal landfill construction practice of
alternating layers of refuse with 152 nm (6-inch) soil layers and finishing
the landfill with a conpacted clay cap of 305 mm (1 foot) or nore can present

substantial barriers to vertical migration and can increase |ateral gas

m gration. Gas and vapor nmigration is also restricted by the relative
insolubility of the gas in water. The presence of a high or perched water
table, which is relatively comon under |andfill sites, can inhibit the depth
of gas migration and increase |ateral gas novenent.

(2) Natural and man-made corridors for gas and vapor migration are

quite common around landfill sites. Mst landfill explosions are fuel ed by
these corridors. Sewers, drainage culverts, and buried utility lines running
near landfills can all provide corridors for gas and vapor migration. In

addition, breaks in subsurface utility structures such as manhol es, vaults,
catch basins, or drainage culverts near landfills not only provide corridors
for gas and vapor migration but also provide areas for potentially dangerous
concentrations of gas to accurmul ate. Natural corridors for gas mgration
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i ncl ude gravel and sand | enses and voi d spaces, cracks, and fissures resulting
fromlandfill differential settlenent.

3-27. Passive Gas Control Systems. Passive control systens include gravel -
filled trenches, perinmeter rubble vent stacks, and/or conbinations of these.

Passive systens will wusually incorporate inpernmeable barriers. Passive
venting systens shoul d be deeper than the landfill to make sure they intercept
all lateral gas flow |If possible the systemshould be tied into an

i mper neabl e zone such as the permanent water table or continuous inperneable
geologic units. The systens should be backfilled with crushed rock, gravel
sand , or simlar material that is graded to prevent infiltration and cl oggi ng
by adjacent soil carried in by water. Passive systens w thout an inperneable
[ iner can control convective gas flow, however, they are less effective in
controlling diffusive gas flow.

a. Application.

(1) Vent stacks. These can be enployed to control lateral and
vertical migration for both nmethane and volatile toxics. The basic
configurations in Figure 3-35 cover, or can be nodified to cover, nost of
t hese applications. Atnospheric vents, both nushroomand “U’ type, are used
for venting nmethane at points where gas is collecting and building up
pressure. Control of lateral mgration of methane by an array of atnospheric
vent stacks is believed to have little success unless vents are |ocated very
cl ose together.

TO ATMOSPHERE
= OR TREATMENT
1 .
2 2 YO TREATMENT
- LOW
PERMEABILITY | - I_\ [ d
soiL —f
]
4-6" SLOTTED
PYC PIPE >4 4L
GRAVEL
{a) ATMOSPHERIC (b} ATMOSPHERIC {c) FORCED {d} VERTICAL PIPE VENTS CONNECTED TO FORCED
VENT VENT VENTILATION VENTILATION MANIFOLD SYSTEM
MUSHROOM TOP U TOP

Figure 3-35. Design Configuration of Pipe Vents
(2) Trench vents.

(a) Trench vents are used primarily to attenuate |ateral gas or vapor
mgration. They are nost successfully applied to sites where the depth of gas
mgration is limted by ground water or an inpervious formation. |If the
trench can be excavated to this depth, trench vents can offer full containnent
and control of gases and vapors.
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(b) As with pipe vents, the applicability of different trench vent
systens depends on whet her nethane generation is occurring or whether the
problemat the site is limted to the control of toxic vapors. Passive open
trenches (drawings (a) and (b) in Figure 3-36) may be applicable to the
control of toxic vapors in an enmergency situation where inmediate relief is
required. They also can be enployed as a permanent control for nethane
m gration; however, their efficiency is expected to be low. An inpervious
liner can be added to the outside of the trench to increase contro
efficiency. Open trenches are nore suitable for sparsely popul ated areas
where they will not be accidentally covered, planted over, or otherw se
pl ugged by out siders.

(c) Passive trench vents may be covered over by clay or other
i mpervious materials and vented to the atnosphere. Such a system ensures
adequate ventilation and prevents infiltration of rainfall into the vent.
Al so, an inmpervious clay |layer can be used as an effective seal against the
escape of toxic vapors.

b. Design and Construction Considerations.

(1) Vent stacks.

(a) When designing installations of atnospheric pipe vents for nethane
control, proper placenment of vent stacks is the chief consideration
Prelim nary sanpling should be conducted to determ ne gas collection points
for proper vent placement. Methane concentrations vary w dely dependi ng on

the specific landfill configuration. The highest methane concentration (70
percent is the theoretical limt) is expected in the nost anaerobic section of
the filled material. |In many cases, this is at the bottomof the landfill.
Optinmum ef fectiveness will be obtained if vents are placed at naxi mum
concentration and/or pressure contours. To ensure proper ventilation, vent
depth shoul d extend to the bottomof the fill material

(b) Proper spacing of vents is inportant to ensure adequate
ventilation of |arge areas where nmethane is concentrated. The distance
bet ween vents will depend on soil perneability; however, this distance can be
estimated for a typical soil

(c) A general rule to ensure adequate ventilation would be to |ocate
wells 15.2 m (50 feet) apart. Atnospheric vent wells are not reconmended for
control of lateral mgration of gas.

(d) Pipe wells are usually constructed of 100 to 150 mm (4- or 6-inch)
PVC perforated pipe. Oher material, such as gal vanized iron, may be required
if PVCis not conpatible with the waste materials. A surrounding |ayer of
gravel pack should be installed to prevent clogging. The pipe vent should be
seal ed off fromthe atnopsphere with a cenent or cenent/soil grout so that
excess air is not introduced into the system and nmethane or volatile toxics
cannot be | eaked. Pipe vents may be installed through a clay cap, as shown in
Figure 3-36(c and d) to prevent em ssion of gases or vapors to the atnpsphere.
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Figure 3-36. Design Configuration of Trench Vents
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(2) Trench vents.

(a) Open vents are subject to infiltration by rainfall run-off and
coul d beconme cl ogged by solids. Hence, they should not be located in an area
of lowrelief. It is advisable to construct a slope with some of the exca-
vated soil to direct run-off away fromthe trench as in drawings (a) and (b)
of Figure 3-36. Also, if possible, open trenches should be constructed within
controll ed areas to prevent any safety or vandalism probl enms.

(b) The gravel pack in the trench will be perneabl e enough, relative
to the surrounding strata, to transport the gas adequately. Also, in areas of
relatively high pernmeability or wherever safeguards are needed, a liner should
be installed on the outside of the trench to prevent bypass.

(c) In passive closed trench vents, good ventilation can be ensured by
proper design of laterals and risers. One successful design consisted of 300
nm (12-inch) perforated corrugated lateral pipe with 2.4 m (8-foot) corrugated
risers spread at 15.2 m (50-foot) intervals.

(d) There are three types of inpervious liners for containing gas
flow. synthetic liners, adm xed materials, and natural soil. Synthetic liners
are manufactured using rubber or plastic conpounds. Polyvinyl chloride liners
are frequently used because they are nore inperneable to nethane when conpared
to polyethylene and are rel atively inexpensive. The nenbranes nust be put
down as to avoid punctures , and usually layers of soil or sand nust be placed
on both sides. Adm xed materials such as asphaltic concrete have the
advant ages of being universally available, relatively inexpensive, and can
maintain their integrity under structures. However, they are nore perneable
than synthetic menbrane liners, and they have a tendency to crack under
differential settlement. Natural soil, particularly clay, can be used as a
barrier to gas novenment. Clay |liners are inexpensive and readily avail abl e
however, the soil nust be kept nearly saturated to be effective. Cay
barriers like adm xed materials have a tendency to crack under differentia
settlenent and if exposed to air for prolonged periods will dry, shrink, and
crack.

c. Advantages and Di sadvantages. Passive vent stacks are an effective
means of control when used in situations where gases freely nigrate to a
collection point and there is little or no lateral mgration. Passive trench
vents without a barrier are not very effective in controlling migrating gases.
The addition of an inperneable liner may offer the required degree of
ef fecti veness; however, the installation of a liner will generally be
econom cal only if the required depth is 3 m (10 feet) or less. Trench vents
may becone pl ugged by soil particles with tine, thereby reducing their |ong-
term effectiveness.

3-28. Active Control Systens. Active gas control systems can be divided into
extraction and pressure systens. Both systems will usually incorporate sone
type of inpernmeable gas barrier system Extraction systens usually
incorporate a series of gas extraction wells installed within the perineter of
the landfill. Extraction wells are sinilar to gas nonitoring wells, only

| arger, and construction and materials are the sane. The nunber and spacing
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needed for the extraction wells for any particular landfill are site
dependent. Oten a pilot systemof only a fewwells will be installed first

to deternine the radius of influence in the area of the wells. Once the wells
are installed, they are connected using gas val ving and condensation traps to
a suction system A centrifugal blower creates a vacuum on the manifold,
drawi ng gas fromthe wells and causing the gas in the refuse and soil to flow
toward each well. Depending on the location, the gas is either exhausted to
t he atnosphere, flared to prevent mal odors, or recovered and treated. A
pressure gas control systemis sonetinmes considered when structures are built
or already exist on abandoned |andfills. The systemuses a blower to force
air under the building*s slab to flush away any gas that has collected and
devel op a positive pressure to prevent gas frommgrating toward the
structure.

a. Application.

(1) Methane migration control can be nore effectively acconplished by
installing forced-ventilation systens in which a vacuum punp or blower is
connected to the discharge end of the vent pipe. A drawdown with a radius of
i nfluence of 45.7 m (150 feet) can be acconplished with a punping rate of 23.6
liter/sec (50 cubic feet per m nute) dependent upon soil type, conpaction, and
other site conditions. Such a systemis applicable for controlling both
vertical and lateral novenent of methane in the landfill by installing vents
along the perimeter of the site. The collected gas and vapor can be vented to
t he atnosphere, flared, or recovered and treated.

(2) Inlandfills containing volatile toxics, a closed forced-
ventilation systemis required to prevent any toxic vapors frommigrating
laterally or vertically through the cover material to the atnosphere. Figure
3-36, section (d), depicts a series of pipe vents installed in a trench
connected to a manifold that leads to a blower and finally to gas treatnent.
Such a configuration can be used to prevent em ssion of toxics to the
at nosphere across the entire area of the site. A forced-ventilation system
utilizing a series of extraction wells is illustrated in Figure 3-37.

(3) Another type of forced ventilation in a trench for nethane
mgration control is air injection; in this nethod, air injected into the
trench by a blower forces the gas or vapor back. This system should work wel
in conjunction with pipe vents installed close to the landfill and inside the
circunferences of the trench.

b. Design and Construction Consi derations.

(1) Forced ventilation is a nore effective nmeans of controlling the
| ateral and vertical nigration of nethane or toxic vapors. The flow rate for
venting shoul d be high enough to collect all gases being generated, i.e., it
shoul d be at |least equal to the gas generation rate. Also, the flowrate
shoul d be high enough to ensure a fairly large radius of influence, so as to
m ni mze the nunber of wells needed to vent the area. Blowers, punps, etc.
shoul d be expl osi on-proof for this type of application.
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Figure 3-37. Forced-Ventilation System for Landfill Gas Control

(2) Studies at three nunicipal landfills in California indicated a
range in gas production rates from22 to 45 nmilliliters per kil ograns of
refuse per day. Assuning a bulk density of 250 kil ograns per cubic neter for
ground donestic garbage, these values convert to a range of 5.5 to
11.25 liters per cubic neter per day. |f the average anaerobic |ayer of the
fill is assumed to be 10 nmeters, then 55 to 113 liters of nethane per day per
square meter of fill area can be expected. This translates to a ventilation
requi rement of at least 6 to 11 cubic feet per mnute per acre. 1In an actua
denonstration for recovering nmethane froma nunicipal landfill, a steady state
fl ow was obtained at 23.6 (/s (50 cubic feet per mnute) with the radius of
i nfluence at about 39.6 m (130 feet). This translates to a ventilation rate
of 128 (/s/hectare (107 cubic feet per minute) per acre, which neans a
substantial portion of excess air was introduced into the system However, it
was determ ned that methane producti on was not inhibited by this anount of
air, and maxi mum oxygen levels in the gas were only 4 percent.
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(3) Diffusion rates for volatile toxics can be calculated to determ ne
requi rements for ventilation of hazardous waste landfills. However, these
esti mates need nore field verification

(4) \When designing a forced ventilation systemfor a trench, pipes can
probably be placed at greater distances than extraction wells since the trench

fill is conmposed of very permeable material. |If a liner is used, the spacing
can be at even greater distances since the normal radial influence of the
pi pes will be channel ed al ong the trench

d. Advantages and Di sadvantages. Atnospheric vents are effective means
of control when used in situations where gases freely nmgrate to a collection
point and there is little or no lateral migration. Forced ventilation is a
very effective method for controlling migration of gas and toxic vapors. |If
forced ventilation is used, the flow rate can be increased or decreased as the
gas generation or vapor flux rate increases or decreases. This offers a great
deal of flexibility of control inherent in the system At a hazardous waste
site where volatile toxics are present, the mass flux rate will decrease with
time as the volatiles are dissipated. Thus, ventilation rates can be reduced
with time and operating costs will decrease. It is expected that gas vents
fromforced ventilation are nore apt to clog after tine, and will need to be
repl aced. Also, it is expected that nore maintenance will be required for
forced ventilation than for passive atnospheric vent systemns.
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CHAPTER 4

TREATMENT TECHNOLOG ES

4-1. Applicability. This chapter provides descriptive information on state-
of -t he-art design nmethodol ogy for the treatnment of industrial and hazardous
waste. The information presented is applicable for the planning | evel design
of remedial action treatnment systenms. The process designs described nust be
adjusted for site-specific conditions to ensure appropriate technol ogy
application.

4-2. Techni gues. Because hazardous waste treatnent nust consider so many
materials and conditions, good reliable treatability data are essenti al
Consi derable information is available in the literature that can be used in
pl anni ng | evel designs and should be extracted and conpil ed under one cover
However, final designs nust be based upon field data ascertained from bench
and/ or pilot plant scale testing of specific waste streams. EPA Gui dance
Manual Guide for Conducting Treatability Studies under CERCLA gives an
excel | ent coverage of this area.

Section |. Treatnent of Liquid Waste Streans

4-3. Definitions. Liquid waste streans include |eachates, ground water,
surface water, concentrated hazardous wastes, and effluents resulting from
ot her treatnment technol ogies such as incineration or soil washing. The tech-
nol ogi es presented in this section are comonly used for the treatnment of
liquid waste streans.

4-4. Air Stripping. Air stripping renoves volatile contam nants from an
aqueous waste stream by passing air through the wastes. This process can be
acconpl i shed either in a stripping |lagoon or in a packed colum. \When air is
passed through the waste the volatile dissolved gases are transferred to the
air streans for possible collection and treatment in the case of a packed
colum, if the air streamis considered hazardous. Figures 4-1 and 4-2
illustrate both processes. The mmjor factors affecting perfornmance and design
i ncl ude pH, tenperature, Henry*s |aw constant of the chenmicals to be stripped,
airflow, hydraulic |oading, and colum packing depth and spacing. The process
requires a high pH,£ 10.8 to 11.5 for ammonia stripping, and increased airflow
as the tenperature of the influent stream decreases.

a. Applications. Air and steam stripping have been used to renove
vol atil e organic conpounds (phenol, vinyl chloride, etc.) and conpounds with
rel atively high vapor pressure and | ow solubility such as chlorinated hydro-
carbons fromwaste streans. Air stripping has been directly applied to
ground-water treatment in renoving trichloroethylene (TCE), trihal onethane
(THM, and hydrogen sulfide. Renmpoval rates as high as 99 percent for TCE from
ground wat er have been seen. Air stripping has been widely used to renove
amoni a from wastewaters with renoval efficiencies exceeding 90 percent.
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AIR SPRAYING OF RECYCLED POND WATER
CLARIFIED LIME
TREATED WASTEWATER
pH=110 £
A\
l OUT pH = 10.8%
Figure 4-1. Ammonia Stripping Lagoon (Source: EPA 1978)

b. Advant ages/ Di sadvant ages.
stripping are summari zed bel ow.

The advant ages and di sadvant ages of air

Advant ages

Di sadvant ages

Can reduce levels of volatiles by
over 90 percent

Process is relatively independent
of volatile concentration

Can reduce TCE concentrations
by 99 percent

Cost prohibitive to operate at
t enper atures bel ow freezing

Sensitive to pH, tenperature, and
fluxes in hydraulic | oad
May pose potential air pollution

probl ems requiring permitting,

recovery, and treatnment if hazardous
vol atil e organi c conpounds are
present in waste stream

c. Data Requirements. An air stripping systemrequires the follow ng

dat a.

(1) Feed streamcharacteristics.

(a) Average water flow, Q nfd (ngd)

(b) Peak water flow, nfd (ngd).

(c) \Water tenperature, T, °C (°F).

(d) Contam nant concentration in water, Xo, ng/(

(e) pH of water.

(2) Effluent stream characteristics (contanm nant concentration, X,
ng/ () .

(3) Design decisions.
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Figure 4-2. Ammonia Stripping Tower
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(a) Liquid loading rate, L, Ib HOhr/sq ft (Kg HJ hr/n%).
(b) Gas loading rate, G Ib air/hr/sq ft (Kg/hr/n¥).

(c) Tower width, W or dianeter, D, ft (m.

(d) Excess capacity factor.

(4) Packing characteristics (from manufacturer).

(a) Packing height of a transfer unit versus gas/liquid ratio (GL),

ft (m.

(b) Height of a transfer unit for cooling versus gas and liquid
| oading rates, ft (m.

(c) Pressure drop characteristics as function of gas | oading.
(5) Henry*s law. Constants for chenmicals to be stripped, H atm

d. Design Criteria.

(1) Air stripping can be carried out either in a stripping |agoon or
in a packed colum. The major factors affecting performance and design
i nclude pH, tenperature, airflow, hydraulic |oading, and tower packing depth
and spacing. Cost and performance are relatively independent of influent
amoni a concentrations. For materials |ike amonia, the pH nmust be raised to
a point where all or nearly all ammonia is converted from ammoni umion NH, to
NH, gas. The pH for efficient operations varies fromabout 10.8 to 11.5.
VWere line precipitation is part of a treatnment schene, it is advantageous to
| ocate the ammonia stripping unit after linme precipitation to take advantage
of the high pHin the clarifier effluent.

(2) As water tenperature decreases, it beconmes nore difficult to
renove vol atiles by stripping. The ampunt of air per gallon (nf) must be
increased to nmaintain renmoval as tenperature decreases. It is inpractical to
heat stripping units when the tenperature reaches freezing.

(3) The hydraulic loading rate in a packed tower is a critical factor
in determning performance. |f hydraulic |oading becomes too high, good drop-
let formation needed for efficient stripping is disrupted. If the rate is too
| ow, packing nmay not be properly wetted, resulting in poor perfornmance and
formation of scale. To determ ne the packing height required in an air strip-
pi ng col um use equation 4-1

L r /¥ * (R-1) + 1 4-1
Zy = 3 *®T 1n - (4-1)




wher e

wher e

wher e

Z; = packing height, m(ft)

L =1liquid loading rate, kg/hr/n?¥(lb HO hr/sq ft)
Xy = contam nant influent concentration, ng/¢
Xg = contam nant effluent concentration, ng/¢
K. = mass transfer coefficient
K., (L 1-n (g 0.5
¥ EH
Mg, = liquid viscosity, kg/mhr (Ib/ft/hr)
D, = density of liquid, kg/n? (lb/ft?)
D = dianmeter of colum, m(ft), determ ned experimentally
R = stripping factor
_GxP/M, H
T+EM, P
G = air loading rate, kg/hr/nf (lb/hr/sq ft)
P,= air density, 1.205 g/nt @20 °C (0.075 I b/ft®*@70°F)
M, = nol ecul ar wei ght of air, 28.84, gmw
P, = liquid density, 998.2 kg/nt @20 °C (62.3 Ib/ft*@70 °F)
M, = nol ecul ar wei ght of water, 18, gmw
H = Henry*s | aw constant, atm

P, = operating pressure, atm 1.0 at sea | evel

(4)

VWhere ammoni a concentrations are high (in excess of 100 ng/l),
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it

may be attractive both economcally and environnentally to recover the amonia

in an

adsorption tower. Wth good countercurrent contact,

90 to 95 percent of
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t he amoni a can be transferred to the adsorption solution. Figure 4-3 illus-
trates the ammoni a renoval and recovery process.

MOTOR
= PUMP
GAS STREAM WITH AMMONIA INCREASED —D\—{ ]
WASTEWATER CONTAINING w —DUCTING (TYPICAL)
DISSOLVED AMMONIA (NH3) 1 ACID AND
ri-- Lwazes makeue
RECYCLED
TR ABSORBENT
STRWPPING ABSORPTION LIQuUID
= _UNIT UNIT P, PUMP
——————— —— A
w >
*GAS STREAM-AMMONIA {

REDUCED BY ABSORPTION
- AMMONIA SALT BLOWDOWN
b WASTEWATER STRIPPED OF NEARLY OR DISCHARGE TO STRIPPER
ALL OR PART OF AMMONIA (NH ;)

Figure 4-3. Ammonia Stripper and Recovery System

(5) When used for treatnent of waters containing volatile organics,
air stripping results in off gasses that nay exceed regulatory criteria. Of
gas treatnent systems such as activated carbon or thernmal destruction using
i ncineration or catal ytic oxidation nay be required.

4-5. Biological Treatnment.

a. Backaground.

(1) The nmjor objectives of biological treatnent of |eachate and con-
tam nated ground water are to reduce the dissolved organic content, to renove
heavy nmetal s and nutrients such as nitrogen and phosphorus, and to coagul ate
and renove colloidal solids. The major treatnment effects are caused by incor-
poration of these materials into m croorgani snms* tissues. The m croorganisns
can either be attached to nmedia (trickling filters, rotating biol ogica
contactors, or anaerobic filters), or settled out and di scarded (| agoons and
stabilization ponds), or recycled (activated sludge systens). The biol ogica
unit processes are listed in Table 4-1

(2) Most organic chemicals are bi odegradabl e, although the relative
ease of biodegradation varies widely. Wth properly acclimted m crobia
popul ati ons, adequate detention tine, and equalization to ensure uniformfl ow
bi ol ogi cal treatment can be used to treat many organics. There is consider-
able flexibility in biological treatnment because there are several available
processes, and m croorgani sns are remarkably flexible. Several generaliza-
tions can be nmade about the biological treatnment of organics:
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Table 4-1.

Sumary of Biological Treatment Processes

Treatment Feed stream requirements Major design and Environmental Technology

method and_limitations performance criteria impact status Reliability
Activated Can handle BODs of Detention time Generates excess sludge Highly developed; Process reliability is

sludge 10,000 mg/t (10,000 ppm) containing refractory widely used very good in absence

Pure oxygen-
activated
sludge

Required low level of sus-
pended solids--usuatly
1 percent

0il and grease should be
less than 50 mg/¢

Effective for readily
degradable organics or
organics to which it can
be acclimated

Sensitive to heavy metals

Requires suspended solid
levels of about 1 percent
or less

Can handle higher organic
loads than conventional
activated sludge and is
more tolerant of shock
loads

Sensitive to heavy metals
and oil and grease

Organic load

Food-to-microorganism

ratio

Aeration

Detention time

Organic load

Food-to-microorganism

ratio

Oxygen requirements

organics and metals that
have been sorbed

Generates sludge containing Relatively new tech-

refractory organics and
sorbed metals

(Continued)

nology but demon-
strated for some
industrial
wastewaters

of shock loads

Reliability fully
established; complex
and requires high
level of maintenance
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Table 4-1. (Continued)

Treatment Feed stream requirements Major design and Environmental Technology
method and limitations performance criteria impact status Reliability
Aerobic, Requires very low suspended Detention time May create odors; may Well demonstrated for High if proper Ph main-
anaerobic, solids (0.1 percent) release volatiles, HZS, stabilization of tained and organic
aerated, or Depth and methane if anaerobic; organics but not load is low; sensitive
facultative Requires low strength must be Llined to prevent widely used to shock loads since
organic wastes (except Organic load seepage into ground water no sludge recycled

anaerobic)

Sensitive to heavy metals
and oil and grease

Rotating Suitable for treatment of
biological readily degradable
contactor organics; can handle

higher organic loads

than trickling filter but
lower than activated
sludge

Better suited to treatment
of suspended or colloidal
organics rather than
soluble

Sensitive to oil and grease
and metals

Ph

Oxygen levels

Detention time

Hydraulic load

Organic load

Temperature

Number of stages and
trains

Generated sludge containing Process is relatively Moderate in the absence

refractory organics and neW, not widely used of high organic loads
sorbed metals; may cause but gaining in and temperatures below
odors popularity 12.8 °C (55 °F)

(Continued)
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Table 4-1. (Concluded)

Treatment Feed stream requirements Major design and Environmental Technology
method and limitations performance criteria impact status Reliability
Trickling Can handle only very low Media type Generates sludge that con- Widely used as a Fair for secondary
filter organic loads as compared tains refractory organics roughing filter for treatment; moderate
to activated sludge Hydraulic load and sorbed metals; causes industrial wastes as a roughing filter
odors

Better suited to treating
suspended and colloidal
organics rather than
soluble ones

Sensitive to metals and oit
and grease

Organic toad

Bed depth

Temperature

Recirculation
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(a) nonaromatic (noncyclic) hydrocarbons are nore easily treated than
aromati cs;

(b) materials with unsaturated bonds, such as al kenes, are nore easily
treated than materials with saturated bonds;

(c) stereochenmistry affects the susceptibility of certain conpounds to
attack

(d) soluble organics are usually nore readily degraded than insol uble
materi al s; dissolved or colloidal naterials are generally nore readily
degraded than insoluble materials. Dissolved or colloidal materials are nore
readi ly attacked by enzynmes; and

(e) the presence of key functional groups at certain |ocations can
af fect the degradation rate of conpounds; al cohols, for exanple, are nore
easily degraded than their al kane or al kene honol ogues. On the other hand,
addition of a C group or an NGO, group increases resistance to bi odegradation

(3) Although nany conmpounds in | eachate and contam nated ground water
may be resistant at first to biological treatment, microorgani sns can be
acclimated to degrade many of these. Similarly, while heavy nmetal s hinder
bi ol ogi cal treatment, the biomass can also be adjusted, within lints, to
tol erate higher concentrations of metals. Concentrations of netals above
which the treatment efficiency of biological processes nmay | essen are as
fol |l ows:

I nhi bitory
t hreshol d
Mat er i al (mg/ 0)

Anmoni a 480
Arsenic 0.1
Cadni um 1to5
Cal ci um 2500
Chrom um ( +3) 10
Chrom um ( +6) 1to 10
Copper 1to 10
[ron (+3) 15
Lead 10
Manganese 10
Mer cury 0.1to 5
Ni ckel 1to 2.5
Silver 0.03
Vanadi um 10
Zi nc 1to 10
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b. Suspended Growth (Activated Sludge). Activated sludge is a hetero-
geneous suspended grow h m crobial culture conposed | argely of bacteria,
protozoa, rotifers, and fungi. The bacteria are responsible primarily for
assimlating nost of the organic material fromthe waste; the protozoa and
rotifers conplete the process by renoving the dispersed bacteria that other-
wi se woul d escape in the plant effluent, giving high COD and suspended soli ds.
Aeration can be by air or by pure oxygen. Activated sludge systens are
usual |y made up of several unit processes, including primary sedi nentation, an
aerated reactor with sludge recycle, and clarification in a settling tank. A
di agram of a typical activated sludge systemis presented in Figure 4-4.

WASTEWATER INFLUENT E E - WASTEWATER EFFLUENT

h WP W \/J CLARIFIER
~®"  AERATOR

SLUDGE RESIOUE
RECYCLED SLUDGE

Figure 4-4. Typical Activated Sludge System (Source:
Arthur D. Little, Inc. 1976).

(1) Applications.

(a) The air-activated sludge process has proven effective in the
treatment of industrial wastewaters fromrefineries and coke plants, or
pharmaceuti cal wastes, PVC wastes, and food processing wastes. Conventiona
activated sludge has treated petrol eumwastes with a BOD;as high as 10, 000

ppm

(b) The process has al so been reasonably well denonstrated for the

treatment of |eachate fromnnunicipal landfills. At the GROAS landfill in
Bucks County, Pennsylvania, BOD renoval of over 98 percent was achieved for an
i nfl uent concentration of alnost 5,000 nilligrans per liter. Treatnent

i ncl uded physical/chenical as well as biological treatment. Experinments have
shown that activated sludge is generally well suited to treatnent of high
strength | eachates containing high concentrations of fatty acids. As the
landfill stabilizes, the ratio of BOD/ COD decreases and the wastes becone |ess
amenabl e to bi ol ogi cal treatnent.

(c) The activated sludge process is sensitive to suspended solids and

oil and grease. It is recomended that suspended solids be | ess than one
percent. G and grease nmust be less than 75 mlligrans per liter, and
preferably |l ess than 50 mlligrams per liter, for effective treatnent.

(2) Advant ages/di sadvant ages. The advantages and di sadvant ages of
both air- and pure-oxygen-activated sludge treatnment are summari zed bel ow
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Advant ages Di sadvant ages
Activated sludge has been widely Capital costs are high
used in industrial waste water
t r eat ment Process is sensitive to suspended

solids, fats and oils, and netals
Nuner ous process variations which

al l ow for high degree of Gener at es sl udge which can be high
flexibility in metals and refractory organics
Process reliability is good Subj ect to upsets from shock | oads
(al though not well known for
pur e- oxygen-acti vat ed sl udge) Fairly energy intensive
Can tol erate higher organic Q&M i nt ensi ve

| oads than nost biol ogica
treat ment processes

(3) Data requirenents. Principal data requirenments for the design of
a activated sludge systemincl ude:

(a) Specific BOD reaction rate coefficient (for retention tine).
(b) Oxygen coefficients (for oxygen requirenments).

(c) Sludge coefficients (biodegradable fraction).

(d) Biodegradabl e sludge fraction.

(e) Oxygen transfer coefficient.

(f) Standard oxygen transfer efficiency.

(g) Oxygen saturation coefficient.

(h) Tenmperature correction coefficient.

(i) Average and maxi mum i nfluent fl ow.

(j) Influent tenperature.

(k) Extrenme anbient tenperature, summer and wi nter

(1) Average and nmaxi mum i nfl uent BOD

(m Influent suspended solids.

(4) Design criteria.

(a) Key design parameters for activated sludge include aeration period

of detention tine; BOD | oadi ng per unit volune, usually expressed in terns of
pounds BOD applied per day per g BOD/nt (1,000 cubic feet) of aeration basin;
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and the food-to-microorganismratio (F/ M, which expresses BOD | oading with
regards to mcrobial mass (M.VSS). There are several nodifications of the
activated sludge process that may be used dependi ng upon the BOD | oadi ng and
the required treatnment efficiency. Table 4-2 sunmarizes the |oading and oper-
ational paraneters for aeration processes that may be applicable to treatnent
of hazardous | eachate.

(b) Even though conventional treatnent has linitations such as poor
tol erance for shock | oads, a tendency toward produci ng bul ki ng sl udge t hat
results in high suspended solids in the effluent, and | ow acceptabl e BOD | oad-
i ngs, these problens can be alleviated to varying extents with variations in
process design. The conpletely mixed activated sludge (CMAS) nodification of
the process (Table 4-2) is the nost widely used for treatnment of waste-waters
with relatively high organic | oads. The advantages of this systemare:

1 Less variation in organic loading, resulting in nore uniform oxygen
demand and effluent quality.

1 Dilution of the incom ng wastewater into the entire basin, resulting
in reduced shock | oads.

1 Uses the entire contactor contents at all tines because of conplete
m xi ng.

(c) The extended aeration process involves |long detention tines and a
low F/Mratio (0.1). Process design at this low F/Hratio results in a high
degree of oxidation and a m ni mum of excess sludge. The contact stabilization
process--in which biological solids are contacted with the wastewater for
short periods of tine, separated, and finally aerated to degrade absorbed
or gani cs- - has shown sonme success for industrial wastes with a high content of
suspended and col | oi dal organics. Pure oxygen systens have resol ved severa
maj or drawbacks of conventional treatment. Pure oxygen systens show i ncreased
bacterial activity, decreased sludge vol une, reduced aeration tank vol ume, and
i mproved sludge settling. The pure oxygen process has been denonstrated to be
applicable to a wide range of wastes at high F/Mratios. Such wastes streans
i ncl ude: petrochem cal, dye, pharmaceutical, and pesticide wastes.

(d) In addition to process variations, there are several neasures
avail able for mnimzing process upsets and maxim zing stability:

I  The deleterious effects of hydraulic and organic |oad variations can
be m nim zed by equalization preceding biol ogical treatnent.

I A commonly used method for providing increased biodegradation is to
i ncrease the inventory of biological solids in the aeration basin by
i ncreasing the sludge-recycle ratio or reducing sludge wastage. However there
is usually a tradeoff to such an approach. Higher sludge quantities lead to
i ncreased need for food and air. Also, old heavy sludge tends to becone
m neralized and devoid of oxygen, creating a |less active floc. The rate of
return sludge may vary from 35 to 50 percent in systenms carrying a | ow M.SS
concentration (approximtely 2,000 mlligrans per liter) and from75 to 100
percent in systems carrying hi gher MSS.
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(Continued)

Table 4-2. Summary of Operating Parameters for Air-Activated Sludge
and Pure-Oxygen-Activated Sludge
FM ratio
BOD loading g BOD/day Mixed liquor
g BOD/w® g MLVSS suspended
Process Aeration (1b BOD (1b BOD/day solids
mobilization system 1,000 f£2) 1b MLVSS) (mg/8) Applications and limitations
Conventional Diffused air, 320-640 0.2-0.4 1,500-3,000 Low strength wastes; subject to
mechanical (20-40) (no conver- shock load
aerators sion
required)
Step aeratiom Diffused air 640-960 0.2-0.4 2,000-3,500 Flexible and generally applicable
(40-60) to a wider range of wastes than
conventional treatment. Uses
lower volumes of air and shorter
detention times than conven-
tional processes, but can handle
higher BOD loads
Complex-mix Diffused air, 800-1920 0.2-0.6 3,000-6,000 Resistant to shock loads, gener-
mechanical (50-120) ally applicable
aerators
Extended Diffused air, 160-400 0.05-2.0 3,000-6,000 Requires long detention times and
aeration mechanical (10-25) low organic load; produces low
aerators volume of sludge; available as
package plant
Contact Diffused air, 960-1200 0.2-0.6 1,000-3,0001 Low aeration requirements; not
stabilization mechanical (60-75) 4,000-10,0002 suitable for soluble BOD

T Contact unit.

2 Solids stabilization unit.

(Source:

Hammer 1975, Metcalf

and Eddy, Inc.

1972, Nemerow 1978).

ldy o€
Z20S-T-0TTT W3

v6



ST v

Table 4-2. (Concluded)

FM ratio
BOD loading g BOD/day Mixed liquor
g BOD/m3 g MLVSS suspended
Process Aeration (1b BOD (1b BOD/day solids
mobilization system 1,000 ft°) 1b MIVSS) (mg/¢) Applications and limitations
High rate Mechanical 1280+ 0.5-1.0 4,000-10,000 Well suited to shock loads;
aerators (80+) (no conver- requires little supervision.
sion However, requires long detention
required) times, requiring three times as
much air as conventional
treatment
Pure-oxygen Mechanical 1920+ 0.6-1.5 6,000-8,000 High efficiency possible at
aerators (120+) increased BOD loads and reduced
aeration
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1 Suspended solids should be reduced as nuch as possi bl e by sedi nent a-
tion or filtration.

I Since kinetics of biological degradation are concentration-
dependent, dilution can mininize process upsets under sone conditions.

I Sludge bul ki ng, which | eads to poor effluent quality, can be con-
trolled by pH adjustment, sufficient aeration, and adequate nutrient supply.
An inmportant consideration for |eachate treatnent is that nmicrobial growh is
a function of the limting nutrient. Sonme |eachates may be phosphorus or
nitrogen limted. Requirenents for nitrogen and phosphorus are generally

N

5 kg/ 100 kg BOD; (5 I'b/100 | b BOD,) renoved

P

1 kg/ 100 kg BOD; (1 | b/100 BOD;) renoved

(e) Equiprment used for activated sludge treatnment varies considerably,
but the major types of aerators are nechanical surface, diffuse air, and
sparged turbine aerators.

1 Mechani cal surface aerators are npst econom cal but have the | owest
transfer rates.

I Compressed air diffusers: Coarse air diffusers have | ower energy
requi rement and | ower gas transfer efficiency. Fine air diffusers have higher
energy requirement and higher gas transfer efficiencies.

I Sparged turbine aerators use nost energy but have best gas transfer
efficiency. This formof diffused air is very fine and benefits from i nproved
gas transfer kinetics.

(f) Secondary clarifiers are used to separate activated sludge solids
fromthe mxed |liquor and to produce concentrated solids for the return flow
required to sustain biological treatnent. Average hydraulic |oading varies
from1l.6 to 3.3 nt/day/nt (400 to 800 gall ons per day per square foot) and
peak | oadings range from2.9 to 4.9 n¥ day/n? (700 to 1,200 gallons per day
per square foot), depending on MSS concentration and percent sludge recycle.
Average solids loading of 2.9 to 5.9 kg/hr/nf (0.6 to 1.2 pounds per hour per
square foot) and peak | oadings of 6.1 to 9.8 kg/hr/nf(1.25 to 2.0 pounds per
hour per square foot) are typical for activated sludge plants. Depths are
normally 3.7 to 4.6 m (12 to 15 feet).

c. Fixed Film(Trickling Filter). Trickling filters are a form of
bi ol ogi cal treatnent in which a Iiquid waste of |ess than 10,000 ng/(
suspended solids is trickled over a bed of rocks or synthetic media upon which
a slime of microbial organisns is grown. The nicrobes deconpose organic
matter aerobically; these conditions are maintained at the outer sline surface
by updrafts of air. Sone anaerobic deconposition may occur at the interior
surface adjacent to the trickling bed nedia. Periodically, the sline |ayer
sl oughs off due to the weight of the microbial growh or the hydraulic fl ow
rate of the effluent. A schematic diagramof a typical trickling filter
treat ment system appears in Figure 4-5.
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Figure 4-5. Trickling Filter Recirculation (Source:
Hammer 1975, EPA 1982)

(1) Applications.

(a) Trickling filters are well suited to treatment of |ow fl ow waste
streans and are often used as roughing filters to reduce organic loads to a
| evel suitable for activated sludge treatnent. Trickling filters are cur-
rently used in conjunction with other treatment nmethods to treat wastewaters
fromrefineries, pharmaceuticals, pulp and paper nmills, etc. Efficiency of
trickling filters in the treatnent of refinery and petrochenical wastes ranges
from10 to 20 percent when used as a roughing filter to 50 to 90 percent when
used for secondary treatment. The process is nore effective for renoval of
col I oi dal and suspended materials than it is for renoval of soluble matter.

(b) Because of the short hydraulic residence tine on the filter mate-
rial, biodegradation along the filter media is generally insufficient as the
sol e neans of biological treatnent. For concentratrated wastes, a high rate
of recirculation would be required for significant reduction of organics. The
short residence tinme, however, has the advantage of allow ng greater varia-
tions in influent waste conposition as conmpared with activated sl udge or
anaerobic digestion. By placing a trickling filter in sequence with activated
sludge treatment, the filters could be used to equalize |oading variations
while the activated sludge woul d achi eve the high renoval efficiencies needed.

(2) Advant ages/di sadvant ages. Advantages and di sadvant ages of trick-
ling filters as conpared to other biological treatnent nethods and nonbi ol ogi -
cal nethods for removal of organics are as foll ows:
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Advant ages Di sadvant ages
Because of short hydraulic Vul nerabl e to bel owfreezing
resi dence times, process is not t emper at ur es

hi ghly sensitive to shock | oads

Limted treatnent capability in a
Suitable for renpval of suspended si ngl e- st age operation
or colloidal matter
Potential for odor problem
Has good applicability as a
roughing filter to equalize Has limted flexibility and
organi ¢ | oads control

Requires long recovery tine if
di srupted

Requires |l arge surface area
conpared with ot her biol ogica
treatment systens

(3) Data requirenents. The data required for trickling filter design
are generally the sane as for activated sludge with the exception of no
requi rements for biodegradabl e sludge fraction, average M.VSS, and nonbi o-
degradabl e fraction. Summer and wi nter anbient conditions are required, these
i ncl ude:

(a) Temperature.

(b) Wnd velocity.

(c¢) Insolation-solar radiation.
(d) Relative humdity.

(4) Design citeria.

(a) The variables that influence design and performance of the trick-
ling filter include: organic and hydraulic |oad, nedia type, nature of the
waste, pH, and tenmperature. Trickling filters are classified according to
their ability to handle hydraulic and organic | oads. Typical design criteria
for low and high rate filters are shown in Table 4-3. Use of plastic nedia
filters with |l ow bulk density has resulted in increased organic and hydraulic
| oadi ng rates over those achieved with rock nedia filters. Plastic nedia
filters have generally shown good perfornmance under high BOD | oadi ng condi -
tions that would not be tolerated by a conventional -type system because of
cl oggi ng probl ens.
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Table 4-3. Design Criteria for Trickling Filters
Desi gn Pl astic nedia Hi gh rate, rock Low rate, rock
Par anet er filter nmedi a nmedi a
Hydraulic | oading, 2.9-5.7 (700-1, 400) .94-3.7 0.1-.37
n¥/ day/ nt (secondary) (230-900) (25-90)
(gal / day/ft?) 9.4-18.9 (2, 3000-
4, 600) (roughing
filter)
Organi ¢ | oadi ng 10-50 (secondary) 20- 60 5-20
| b BOD/ day/ 100-500 (roughing
1, 000 ft filter)
Bed depth, ft 20- 30 3-6 5-10
Medi a type Pl astic 1- to 5-in. 1- to 5-in.
rock rock

(Source: EPA 1982).

(b) Recirculation is generally required to provide uniform hydraulic
| oading as well as to dilute high-strength waste waters. However, there is a
limt to the advantage achievable with recirculation. Generally, recircul a-
tion rates greater than four tinmes the influent rate do not increase treatnent
efficiency. Several recirculation patterns are avail able. One of the nost
popul ar is gravity return of the underflow fromthe final clarifier to a wet
wel | during periods of low flow and direct recirculation by punmping filter
di scharge back to the influent as shown in Figure 4-5.

(c) Several fornulas have been proposed which predict BOD renmoval effi-
ci ency based on waste type, influent BOD, hydraulic |oad, and other factors
related to performance. Problens with these nodels include the need to deter-
mne treatability on a case-by-case basis and the fact that the nodels are
usual |y applicable for only very specific conditions.

(d) The National Research Council (NRC) fornulation to predict BOD
renoval efficiency was the result of an extensive analysis of operationa
records fromstone-nmedia trickling filter plants at nilitary installations.
The NRC data anal ysis is based on the fact that the anpunt of contact between
the filter nedia and organic matter depends on the filter dimensions and the
nunber of passes, and that the greater the effective contact, the greater wll
be the efficiency. However, the greater the applied |load, the lower wll be
the efficiency. Therefore, the quantity that primarily determ nes efficiency
inatrickling filter is a conbination of effective contact and applied | oad.
The efficiency through the first or single stage (E) and through the second
stage (E,) can be predicted fromequations 4-2 and 4-3.
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" Wl (4-2)
1
1+ O'OOBS(VFJ
100
E,= I
L+ o.ooss[&)'z' (4-3)
1-E, \VF
wher e
E, = percent ROD renpoval efficiency through the first-stage filter and

settling tank

W = BOD loading (I b/day; 1 Ib/day = 0.45 Kg/day) to the first- or
second-stage filter, not including recycle

V = volume (acre-ft; 1 acre ft = 1,233.5 nf) of the particular filter
stage (surface area tines depth of nedia)

F = nunber of passes of the organic material, equal to
(1 + Rl +(1 - PRI]

where R/I equals the recirculation ratio (recirculated flow pl ant
influent flow), and P is a weighting factor which, for nilitary
trickling filter plants, was found to be approxinmately 0.9

E, = percent BOD renoval efficiency through the second-stage filter and
settling tank

W = BOD |loading (I b/day) to the second-stage filter, not including
recycl e

(Note: Enpirical equations, can only be used with English units - to use
with metric, nust convert to English before putting in Equation.)

(e) If recirculation is not being used, F will equal 1. It should be
renmenmbered that the NRC fornul ati on was based on mlitary waste water which is
characteristically nore concentrated than average donestic waste water. This
could make the NRC formul a nmore applicable to hazardous waste treatnent. The
ef fect of tenperature on performance was not considered since nost of the
plants studied were in the nmiddle |atitudes of the United States.

d. Rotating Biological Disks. A rotating biological disk (RBD) is a
fixed filmbiological nethod for treating effluent containing organi c waste,
simlar in operating principle to trickling filters. A series of disks (1.8
to 3.0 in (6 to 10 feet) in dianmeter), or druns in sone configurations, coated
with a microbial film rotate at 0.5-15 revol utions per mnute through troughs
containing the effluent; 40-50 percent of the disk surface area is imrersed in
the effluent while the uncovered portion of the di sk exposes the mcrobia
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filmto the atnosphere during each rotation. Supplenmental aeration is some-
times beneficial. The shearing notion of the disk through the effluent keeps
t he biol ogical floc from becom ng too dense. Periodic reversing of drum
rotation is often used to control biological gromh. The disks are usually
arranged in series in groups of four. A schematic of a RBD is shown in Figure
4-6.

810-SURF UNITS

PRIMARY TREATMENT SECONDARY CLARIFIER

» | (=
RAW (up » EFFLUENT
WASTE

Ll
$

SOLIOS DISPOSAL

Figure 4-6. Rotating Biological Disk Treatment Schematic

(1) Applications. Rotating biological disks are currently being used
at full scale to treat waste waters fromthe manufacture of herbicides, phar-
maceuti cal s, petroleum pulp and paper, and pignents and may have application
for ground-water or |eachate treatnment at hazardous waste sites. They also
have found use for donestic waste-water treatment. The process has only been
used in the United States since 1969. Its nodul ar construction, |ow hydraulic
head | oss, and adaptability to existing plants have resulted in grow ng use.
The process can be used for roughing, nitrification, or secondary treatnent.

(2) Advantages and di sadvantages. Avantages and di sadvant ages of
rotating biological disks as conpared to trickling filters and activated
sl udge are sumari zed bel ow.

Advant ages Di sadvant ages
Process has consi derably nore Vul nerable to climte changes if not
flexibility than trickling fil- cover ed
ters; both the intensity of
contact between bi omass and waste Hi gh organic | oads may result in
wat er and the aeration rate can be first-stage septicity and supple
easily controlled by the rota- nmental aeration may be required

tional speed of the disks

(Conti nued)
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Advant ages

Di sadvant ages

Waste-water retention tine can be
control |l ed by sel ecting appro-
priate tank size; thus higher
degrees of treatnment can be
obtained than with trickling
filters

In contrast to the trickling
filter, biological disks rarely
cl og since shearing forces con-
tinuously and uniformy strip
excess growth

As conpared with activated sl udge,
rotating biological disks can
handl e | arge fl ow vari ati ons
and hi gh organi c shock | oads

Modul ar construction provides
flexibility to nmeet increased
or decreased treatnment needs

Low O&M and energy requirenents
Requires small surface area when

conpared with ot her biologica
syst ens

Qdor may be a problemif septic
condi tions devel op

As with trickling filters, biomass
will be slowto recover if disrupted

Can handle only relatively | ow
strength wastes as conpared with
activated sl udge

(3) Data requirements. The data required for the design of rotating
bi ol ogi cal disks are generally the same as for trickling filter design

(4) Design criteria. For adequate treatment it is recommended that the
process include four stages (disks) per train and the use of at |least two
parallel trains. Based on the design criteria, rotating biological disks can
handl e organic loads simlar to a high-rate trickling filter. Typical design

criteria include:

(Without nitrification)

Organic Loading: 480-960 g BOD/m* (30-60 1b
BOD/1,000 ft3 media)

Hydraulic Loading: 3 x 107 to 6.1 x 107 m’/
day/m? (0.75 to 1.5 gal/

(With nitrification)

240-320 g BOD/m® (15-20 1b
BOD/1,000 ft® media

1.2 x 107 - 2.5 x 103 m?¥/
day/m? (0.3-0.6 gal/

day/£t?) day/ft?)
Detention Time: 40-90 min 90-230 min
e. Lagoon Treatnent. Lagoons or waste stabilization ponds are systens

in which the processes of mcrobia

oxi dation, photosynthesis, and sonetines
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anaer obi ¢ digestion conbine to break down hazardous organi ¢ conpounds. They
are simlar to activated sludge units wi thout sludge recycling. Aeration may
be supplied passively by wind and al gae or, in aerated | agoons, by nechanica
aerators or diffused air. The ecol ogy of |agoons closely resenbles a natura
eutrophic | ake, a nore conpl ex systemthan other biological treatnment systens.
A secondary benefit of |lagoons is clarification. Physical and chenical treat-
ment processes may al so be carried out in |agoons. Figure 4-7 shows a fl ow

di agram of an aerated | agoon, with a secondary clarifier. A separate
clarifier may not be required with other | agoon designs, e.g., facultative

| agoons, if the design includes a separate baffled settling conpartment, two
or nore |lagoons in series, or other special features.

NUTRIENT FEED

MECHANICAL AERATORS
{OPTIONAL)

=L JQUID EFFLUENT

SECONDARY CLARIFIERS (CONCRETE)

EXCESS SLUDGE
Figure 4-7. Aerated Lagoon (Polymeric-Lined Earth Construction)

(1) Applications. Wiste stabilization ponds have been used to treat
lowstrength industrial wastes, landfill |eachate, and as a polishing step for
certain waste types. This treatment nodule is enployed in food processing
i ndustries, paper and pulp mlls, textile mlls, refineries, and petrochenica
pl ant s.

(2) Advant ages/di sadvantages. The advantages and di sadvant ages of
stabilization ponds and aerated | agoons are as foll ows:

Advant ages Di sadvant ages
Operating costs are | ow conpared Tol erate | owstrength wastes only
wi th ot her biol ogical treatnent
nmet hods I nt ol erant of suspended solids and
netal s

Cost-effective treatnent for

pol i shing effl uent Require large | and areas
Waste stabilization ponds require Performance markedly affected
m ni mal energy by tenperature, and treatnment nethod

is not suitable for freezing
t emrper at ur es
(Conti nued)
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Advant ages Di sadvant ages

Systemhas limted flexibility

Vol atil e gases may be emitted from
processes

(3) Data requirements. The data requirenents are generally the sanme as
those for activated sludge systens. The nonbi odegradabl e fracti on and average
M_LVSS are not required; however, the sunmer and w nter anbient conditions wll
af fect performance.

(4) Design criteria.

(a) Each subtype of waste stabilization pond utilizes a different type
of bacteria but is of similar construction, with an earthen pit and earthen
side levees. Treatnent of |eachates requires that the pond be lined. The
desi gns of various waste stabilization ponds and anaerobic | agoons differ
significantly. Table 4-4 summarizes the major design criteria. The criteria
i ndicate that, in general, |lagoons can treat only | owstrength waste and
therefore will be best suited as a polishing step used in conjunction with
ot her treatnent methods.

(b) As Table 4-4 indicates, the aerobic |agoon requires the greatest
surface area to treat an equivalent waste | oad. Oxygen transfer depends on
the rati o of |agoon surface area to volune (length-to-width ratio should be
| ess than 3:1), tenperature, turbul ence, and bacterial oxygen uptake. The
system has the | east tolerance for high organic | oads but benefits froma
short detention time. Anaerobic stabilization ponds require significantly
| ess surface area and can handl e substantially higher organic | oads. Deep
| agoons benefit frombetter heat retention, and an effluent |ength-to-w dth
ratio of 2:1 is reconmrended.

(c) Sludge buildup is nuch | ess for the anaerobic pond than that for
t he aerobic; for every Kg (pound) of BOD destroyed by the anaerobic process,
about 0.1 Kg (pound) of solids is formed, as conpared to 0.5 Kg (pound) for
t he aerobic | agoon. The major disadvantage of the anaerobic |agoon is that it
produces strong odors unless the sulfate concentration is maintained bel ow 100
mlligrans per liter.

(d) The facultative | agoon benefits from having an aerobic |ayer that
oxi di zes hydrogen sulfide gas to elinnate odors. It can handl e BOD | oads
intermttently between the anaerobic and aerobic | agoon.

(e) Artificial aeration with nmechanical or diffused aerators allows for
deeper basins and hi gher organic | oads than those obtained in aerobic |agoons.
The basins are designed for partial mixing only, and anaerobic deconposition
occurs on the bottom Operating costs are significantly |l ess than those for
activated sludge, but the system cannot withstand the organic | oads tol erated
by activated sludge. |In general, the use of several |agoons in series is nore
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Table 4-4. Design Criteria for Waste Stabilization Ponds'

Design parameter Aerobic Facultative Anaerobic Aerated
Depth, m (ft) 0.27 to 0.55 0.55 to 1.4 2.3 to 5.5 9.1 to 5.5
(0.9 to 1.8) (1.8 to 4.5) (7.5 to 18) (3 to 18)

Organic load, 100 to 200 10-to 100 200 to 2000 10 to 31

kg/ha/day
(1b BOD/acre/day)

(89.3 to 178.6)

(8.93 to 89.3)

(178.6 to 1786)

(8.93 to 267.9)

Detention time 2 to 6 7 to 30 30 to 50 3 to 10
typical, days

Influent BOD, 200 200 to 500 500 and up 200 to 500
mg /4

Flow Intermittently Mixed surface Not mixed Completely mixed
regime mixed layer

Principal conver- Algae, CO,, Algae, CO,, CH,, Go,, CH,, C0,, bacteria
sion product bacteria bacteria bacteria

Algal concen- 40 to 100 10 to 80 0 to 5 --
tration, mg/!¢

Operating pH 6.5 to 10.5 6.5 to 9.0 6.8 to 7.2 6.5 to 8.0

Effluent suspended 10 to 140 40 to 100 80 to 160 80 to 250
solids, mg/¢

T Adapted from EPA (1979), Liptak (1974), and Metcalf and Eddy, Inc. (1979).
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efficient than one | agoon since it can reduce short-circuiting and lead to
i ncreased organic removal efficiency.

4-6. Carbon Adsorption.

a. Process Descri ption.

(1) Activated carbon, granular or powdered, when contacted with water
containing organic material, will renove these conpounds selectively by a
conbi nati on of adsorption of the |ess polar nolecules, filtration of the
| arger particles, and partial deposition of colloidal material on the exterior
surface of the activated carbon. Adsorption results fromthe forces of
attraction between the surface of a particle and the soluble organic materials
that contact the particle. As a result of the activation process, activated
carbon has a |large surface area per unit weight, making it a very efficient
adsorptive material. It has |long been used to renpve taste and odor-causing
inmpurities frompublic water supplies. More recently, activated carbon
adsorption has been used in waste-water treatment as a tertiary process
foll owi ng conventional secondary treatnent or as one of several unit processes
conpri sing physical -chenmical treatment. Pesticides and other |ong-chain
organi cs have excellent adsorption characteristics on activated carbon

(2) The nost efficient and practical use of activated carbon in waste-
wat er treatnent has been in fixed beds of granular activated carbon. A typi-
cal adsorption system consists of several adsorption trains operated in paral -
lel. Each train contains two adsorbers arranged for series flow. The waste
water is applied to the adsorbers at a flowrate ranging from1.6 x 102 to
3.3 x 102 nf/min/nt (4 to 8 gallons per mnute per square foot). Contact tine
(enpty bed residence tine) ranges from 15 to 35 mi nutes dependi ng on the
desired effluent quality. Countercurrent flow systens allow systens to
approach activated carbon i sotherm capacity and are recomended.

(3) To minimze suspended solids collection which can clog the pores
and reduce adsorber capacity, the carbon adsorption system should be preceded
by media filtration. Provisions must be made to regul arly backwash the
adsorption systemto flush out accumul ated suspended solids and bi ol ogi ca
gromh. A good design practice is to allow for a bed expansion of up to 50
percent. Flow rates during backwash should range from®6.2 x 102 to 8.2 x
102 m¥/ min/n? (15 to 20 gallons per minute per square foot). Biologica
grom h can be controlled effectively by chlorination of the influent to the
adsorber or by chlorination during the backwash operati on.

(4) When the active sites on the carbon particles have been filled, the
effluent quality deteriorates and the carbon nmust be regenerated or replaced.
It is not economical to have onsite regeneration for systens requiring regen-
eration of |ess than about 91 kg (200 pounds) of carbon per day. For |arger
systens, a regeneration system should be provided. A typical regeneration
system includes: (a) hydraulic transport of the carbon to the regeneration
unit, (b) dewatering of spent carbon, (c) heating of carbon to oxidize or
volatilize the adsorbed inpurities, (d) water cooling of the carbon, (e) water
washi ng and hydraulic transport back to the adsorbers, and (f) scrubbing of
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furnace off-gasses. The nbst common type of furnace in use is the nultiple
heart h furnace.

(5) Input such as the m nimum contact time, optinmumflow rate, head
| oss at various flows, backwash rate, and required carbon dosage should be
obtained fromonsite pilot plant carbon colum tests. Were this is not
possi bl e, accepted design criteria should be used to generate the required
i nput data. Static isothermtests conducted in the |aboratory are not
sufficient.

b. Applications.

(1) The suitability of carbon adsorption for treatnment of waste water
associ ated with disposal sites depends upon the influent characteristics, the
extent of pretreatment, and the required effluent quality. The highest con-
centration of solute in the influent streamthat has been treated on a
conti nuous basis is 10,000 ng/¢ (10,000 ppm TOC), and a 1 percent solution is
currently considered as the upper limt.

(2) Concentrations of oil and grease in the influent should be linted
to 10 ng/¢ (10 ppn). Concentrations of suspended solids should be |ess than
50 ng/ 0 (50 ppn) in upflow systenms; downfl ow systens can handl e concentrations
as high as 2,000 ng/¢ (2,000 ppm, although frequent backwashi ng woul d be
requi red. Renopval of inorganics by carbon generally requires concentrations
of less than 1,000 ng/¢ (1,000 ppm) and preferably |less than 500 ng/¢ (500

ppm .

(3) The suitability of using activated carbon for renmpoval of a specific
sol ut e depends upon its nol ecular weight, structure, and solubility. Table 4-
5 summari zes the influence of nolecular structure and other properties of
organi cs on their adsorbability. Table 4-6 summarizes the potential for
renoval of inorganics by activated carbon

(4) As would be expected fromthe information in Table 4-5, activated
carbon has been proven effective in the renoval of a variety of chlorinated
hydr ocar bons, organi ¢ phosphorus, carbonates, PCBs, phenols, and benzenes.
Speci fic hazardous organics that are effectively renoved include aldrin, diel-
drin, endrin, DDD, DDE, DDT, toxaphene, and two aroclors. A granular acti-
vated carbon system was used as part of the treatment systemfor the
Bri dgeport, New Jersey, renedial action. Modbile carbon systens have al so been
used successfully for several years.

(5) Activated carbon treatnment has not been shown to be suitable for

treatment of municipal landfill |eachates fromyoung |andfills; carbon shows
poor adsorption capacity for fatty acids, which are preval ent in nunicipa
andfill leachate. Carbon adsorption is generally not effective for wastes

wi th high BOD) COD and COD/ TOC rati os.

C. Advant ages/ di sadvant ages. The advantages and di sadvant ages of
carbon absorption are sumari zed bel ow.
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Table 4-5. Effects of Molecular Structures and Other Factors on
Adsorption by Activated Carbon

1. Aromatic compounds are generally more adsorbable than aliphatic compounds
of similar molecular size.

2. Branched chains are usually more adsorbable than straight chains,

3. Substituent groups affect adsorbability:

Substituent group Nature of influence
Hydroxyl Generally reduces adsorbability,; extent of decrease

depends on structure of host molecule

Amino Effect similar to that of hydroxyl but somewhat
greater. Many amino acids are not adsorbed to any
appreciable extent

Carbonyl Effect varies according to host molecule; glyoxylic
and more adsorbable than acetic but similar
increase does not cccur when introduced inta
higher fatty acids

Double bonds Variable effect

Halogens Variable effect

Sulfonic Usually decreases adsorbability
Nitro Often increases adsorbability

4. An increasing solubility of the solute in the liquid carrier decreases its
adsorbability.

5. Generally, strongly ilonized solutes are not as adsorbable as weakly
jonized ones; i.e., undissociated molecules are, in general, preferentially
adsorbed.

6. The amount of hydrolytic adsorption depends on the ability of the
hydrolysis to form an adsorbable acid or base.

7. Unless the screening action of the carbon pores intervenes, large
molecules are more sorbable than small molecules of similar chemical nature.
This is attributed to more solute carbon chemical bonds being formed, making
desorption more difficult.
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Table 4-6. Potential for Removal of Inorganic Material
by Activated Carbon

Constituents

Metals of high sorption potential
Antimony

Arsenic
Bismuth
Chromium
Tin

Metals of good sorption potential
Silver

Mercury
Cobalt
Zirconium

Elements of fair-to-good sorption
potential
Lead

Nickel
Titanium
Vanadium
Iron

Elements of low or unknown
sorption potential

Copper

Cadmium

Zinc

Beryllium

Barium

Selenium

Molybdenum

Manganese
Tungsten

Miscellaneous inorganic water
constituents
Phosphorus
P, free element

PO}~ phosphate

Potential for
removal by carbon

Highly sorbable in some solutions
Good in higher oxidation states
Very good

Good, easily reduced

Proven very high

Reduced on carbon surface
CH3HgCl sorbs easily,
metals filter out
Trace quantities readily sorbed,
possibly as complex ions
Good at low pH

Good

Fair

Good

Variable

Fe¥* good, FeZ' poor, but may
oxidize

Slight, possibly good if complexed

Slight

Slight

Unknown

Very low

Slight

Slight at pH 6-8, good as complex
ion

Not likely, except as MnO

Slight

Not likely to exist in reduced
form in water

Not sorbed but carbon may induce
precipitation Caz(P0,),

(Continued)
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Table 4-6.

Constituents

Free halogens
F, fluorine
Cl, chlorine
Br, bromine
I, iodine

Halides
F~ Fluoride
Cl™, Br™, I°

(Continued)

Potential for
removal by carbon

Will not exist in water
Sorbed well and reduced
Sorbed strongly and reduced
Sorbed very strongly, stable

May sorb under special conditions
Not appreciably sorbed

Advantages

High flexibility in operation and
design

Suitable for treatment of a wide
range of organics that do not
respond to bioclogical treatment

Has high adsorption potential for
some highly hazardous inorganics
(e.g., Cr, Cn)

Tolerant of some fluctuations
in concentrations and flow

Disadvantages

Intolerant of high suspended solids
levels

Carbon can be "poisoned" by high
heavy metals concentrations which
will affect organic adsorption

Requires pretreatment for oil and
grease removal where concentrations
are greater than 10 mg/f (10 ppm)

Not suitable for removal of low
molecular weight organics, highly

soluble or highly ionized organics

Limited to wastes with less than
10,000 mg/2 (10,000 ppm) organics

0O&M costs are high

d. Data requirenents. Data requirenents are as follows:

(1) The waste stream average daily fl ow

(2) The waste stream contani nant concentrations.

(3) Carbon physical properties (bulk density) and the anmount | ost
during one regeneration cycle (if regeneration is included in design).

(4) Hydraulic loading rate (usually 8.2 x 10®* to 3.3 x 102 n¥/mn/nt (2
to 8 gallons per minute per square foot)).
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(5) Organic renoval rate, adsorption efficiency, and adsorption rate
const ant .

(6) The backwash hydraulic |oading (if backwashing is included in
design) .

e. Design criteria.

(1) Critical design criteria are organic |oad, hydraulic | oad,
contacting nmethod, contact tinme, and regeneration requirements. The
approxi mate carbon requirements for a specific organic |oad, and the residua
organi c |l evels can be roughly estimated from adsorpti on renoval Kkinetics
conducted on a batch basis. An isothermcan be used as a functiona
expression for variation of adsorption with concentration of adsorbate in bul k
solution. The Freundlich isothermis expressed in ternms of renmpval of
i mpurity (i.e., BOD, COD, or color).

X - goim (4-4)
M
wher e
X = inmpurity adsorbed
M = wei ght of carbon
C = equilibriumconcentration of inmpurity
K,n = constant (Culp et al. 1978)
(2) Isotherms are a useful approxinmation of treatability, but

generally give a falsely high estimte of continuous carbon performance. A
continuous-flow pil ot carbon treatnment systemis generally a prerequisite of
desi gn except on an energency basis.

(3) There are four basic ways that waste streans can be contacted, and
the choi ce of the appropriate nethod depends upon influent characteristics,
effluent criteria, flow rate, and econonics. Table 4-7 sunmarizes these
avai | abl e met hods, and Figure 4-8 illustrates them Figure 4-9 illustrates a
process flow diagramw th upfl ow carbon contactors and regeneration. Typica
operating paraneters for carbon adsorption systens are summarized in Tabl e
4-8. The paraneters are based on system operations for physical/chem cal and
tertiary treatnment systens.

(4) The decision to regenerate and reuse granul ar carbon or to use it
on a once-through basis is made primarily on economics. Toxicity of the
absorbed chem cals can al so affect this decision; however, for plants requir-
ing less than 91 kg (200 pounds) per day of carbon (less than approxi mately
3032 nt/day (0.8 million gallons per day)), regeneration is probably not



EM 1110- 1-502
30 Apr 94

Table 4-7. Summary of Activated Carbon Contacting Methods

Met hod

Downf | ow adsorbers in paralle

Downf | ow adsorbers in series

Movi ng bed

Upf | ow expanded series

Comrent s

For high vol une applications
Can handl e hi gher than average sus-
pended solids (65-70 ng/(
(~65-70 ppm)
Rel atively | ow capital costs
Ef fl uents from several colums
bl ended, therefore |less suitable
where effluent linitations are | ow
8.2 x 1034.1 x 102 n¥ m n/ n¥
(2-10 gpm ft?) flowrate

Large vol ume systens

Count ercurrent carbon use

Ef fl uent concentrations relatively
| ow

Can handl e hi gher than average sus-
pended solids (65-70 ng/(
(~65-70 ppm)) if downfl ow

Capital costs higher than for
paral | el systens

8.2 x 103%-4.1 x 102 n¥ mi n/ nt
(2-10 gpm ft?)

Countercurrent carbon use (nost
efficient use of carbon)

Suspended solids nust be | ow
(10 mg/ ¢ (<10 ppm)

Capital and operating costs rel a-
tively high

Can use such beds in parallel or
series

4.1 x 1032.9 x 102 nf/ m n/ nt
(1-7 gpm ft2) flowrate

Countercurrent carbon use (if in
series)

Can handl e hi gh suspended solids
(they are allowed to pass through)

High flows in bed (6.2 x 102 n¥#
mn/in2—-5 gpmft?))

M ni mum pr et r eat ment

M ni mum headl oss
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Figure 4-8. Most Common Configuration of Activated Carbon
Adsorber Systems

MAKEUF CARBON < REGENERATEQ CARBON
El FEED — SPENT CARBON
> |SCREW DEWATERING
2 ~— % TANK
[ o
MAKEUP CARBON ﬂ A S 1
WASH TANK z 5 L REGENERATED
z 2 @ CARBON
MAKEUP CARBON 23 & d WASH TANK
I3 s 1 _
(R INFLUENT ¥ CARBON
] — REGENERATION
| FURNACE
WASTE REGENERATED
WASH CARBON SLURRY QUENCH TANK
WATER PUMPS

Figure 4-9. Process Flow Diagram with Upflow Carbon Contactors
and Regeneration



EM 1110-1-502

30 Apr 94
Table 4-8. Operating Paranmeters for Carbon Adsorption
Par anet er Requi rement s
Contact tine Generally 10-50 min; may be as high as
2 hr for sone industrial wastes
Hydraulic | oad 8.2 x 103-6.2 x 102 n¥ m n/n¥
(2-15 gpm ft?) depending on type
of contact system see Table 4-7
Backwash rate Rates of 8.2 x 103%4.1 x 102 n¥#
m n/ n¥ 920-30 gpm ft?) wusually
produce 25-50 percent bed expansion
Carbon | oss during 4-9 percent
regeneration 2-10 percent
Wei ght of COD 0.2-0.8
renoved per wei ght
of carbon

Car bon requirenments

PCT pl ant 60- 216 ng/ ¢ (500-1, 800 | b/10° gal)
Tertiary plant 24-60 ng/ ¢ (200-500 | b/ 10° gal)
Bed depth 3-9.1 m (10-30 ft)
econom cal. Most | eachate and ground-water treatnent facilities will fal

within this range. Use of electric furnaces, rather than nultiple-hearth
furnaces, may nake it possible to regenerate activated carbon economically for
plants using | ess than 200 pounds per day. Regeneration needs can be deter-
m ned on the basis of COD adsorbed per pound of carbon or required carbon
dosage in ternms of total flow

4-7. Cheni cal Oxidation.

a. Process Description.

(1) Oxidation reactions are anong the nost inportant chem cal reactions
with which the engi neer deals. They are involved in a wi de range of | abor-
atory anal yses as well as water and waste-water treatment. No oxidation reac-
tion occurs wthout a concomtant reduction reaction and vice versa.

(2) Chenmical oxidation is a process in which the oxidation state of a
substance is increased. Conversely, chem cal reduction is a process in which
the oxidation state is reduced.

(3) Even though redox reactions are applicable to nmetals and nonnetal s,
organi cs and i norganics, the discussion here will be directed largely to
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organi cs and nonnetals. Applications of oxidation are at present |argely
limted to potable water treatnment, specialized industrial water and waste-
water treatnent, and high-level tertiary waste treatnent.

(4) Due to the costs involved, oxidation reactions are usually carried
out only for pretreatnment or post-treatment. For pretreatnment, the objective
is usually to remove specific compounds or groups, cleave organic nol ecul e
chai ns, and/or detoxify such as to make the waste suitable for biologica
treatment. Post-treatnent operations are usually carried out to renove resid-
ual BOD to nmeet stringent effluent requirenents.

(5) Oxidizers nost often used in waste-water treatnent include the
fol |l owi ng:

(a) Oxygen or air (21 percent oxygen).
(b) Ozone.

(c) Chlorine and hypochlorites.

(d) Chlorine dioxide.

(e) Hydrogen peroxide.

(f) Potassium permanganat e.

(6) Oxygen-nol ecul ar oxygen is a weak oxidizing agent when conpared to
others nentioned. It is nentioned here primarily due to its attractive cost.
The use of nolecular oxygen may be limted to the oxidations of certain netals
such as iron and nmanganese. However, it is sonmetinmes reported to renmove BOD
by cheni cal oxidation. These reductions are probably the result of a strip-
pi ng action as opposed to actual oxidation. Air sparging would be expected to
renove vol atil e gases such as carbon di oxi de, hydrogen sul fide, nethane, and
certain other |ow boiling organic conpounds.

(7) Ozone is a powerful oxidizing agent, as illustrated by the foll ow
i ng redox potentials:

O + 2H + 2e° -> O,+H,0 E, = 2.07v
1/2 d, + e -> a- E,=|.36v

It is sufficiently strong to break many carbon-carbon bonds and even to cl eave
aromatic ring systems, e.g., conversion of phenol to three nolecules of oxalic
acid. Conplete oxidation of some organic species to CO and HO can be
expected if ozone dosage is sufficiently high. However, sone materials show
al nost conplete resistance to ozone attack. A Refractory Index (RFl) has been
defined so as to provide pertinent information on the relative reactivity of
ozone with a variety of materials. The RFlI is defined as the pounds of ozone
per pound of contam nant that would be required to bring about 50 percent
conversion of oxidation in one hour. RFlI values for a cross-section of
conpounds are shown in Table 4-9. Several conmpounds are resistant to ozone,

4-35



EM 1110- 1-502
30 Apr 94

Table 4-9. Resistance of Selected Species to Ozone Oxi dation

Conpound 0.t _WI02
KCN 0.41 -
Col or (units) 0. 66 -
Conpl exed Cd- cyani de 0. 96 -
Phenol 4.4 -
Ammoni um i on 8 -
d ycine 19.7 6.0
Amoni um pal mitate 27.3 7.2
G ycerol 112 7.4
Et hanol 245 41.0
Conpl exed ferricyani de 270 8.6
Acetic acid 1, 000 47.0

!Pounds of ozone per pound of contam nant required for 50 percent conversion
2Pounds of ozone per pound of contam nant with addition of ultraviolet |ight
required for 50 percent conversion.

acetic acid for exanple. Carboxylic acids, in general, are resistant to chem
ical oxidation. Typical treatment efficiencies are listed in Table 4-10.

(a) Typically, oxidation reactions will not be carried out to conple-
tion due to physical restraints on the ozone-contam nant system and due to
econom cs involved. Since only partial oxidations will occur, it is inportant

to know the types of end products remmining. Sone expam es are given in Table
4-11.

(b) Ozone is not stable in either the gaseous formor in solution
Deconposition in the gas phase generally increases with tenperature and is
catal yzed by solid alkalies, netals, nmetal oxides, carbon, and npisture.

(c) Many redox reactions are pH dependent. However, ozone is an
exception and is relatively insensitive to pH  One exception is that of
converting cyanide to carbon dioxide. This reaction requires a pH of about 9
bef ore ozonati on.

(d) Utraviolet Iight has been shown to provide a powerful synergistic
action with ozone. The result of this phenonmenon is also shown in Table 4-9.
Conpounds that showed essentially no reactivity with ozone showed at | east
partial degradation with the addition of ultraviolet light. Utraviolet Iight
can al so generate ozone from oxygen in the air
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Table 4-10. COD Reduction by Ozone

LE -V

Volume $COD reduction for given hours
Concentration treated 0z of treatment time

Compound (g/0) (liters) (g/hr) _2 3 6 _8 12 16
Acetic acid 1 3 2.45 0 0 0 0 0 0
Benzyl alcohol 1 1 0.5 10 26 -- 58 -- --
Diethylene glycol 1 3 1.47 18 27 27 30 30 30
Ethylene diamine 1 1 0.5 7 26 -- 33 -- --
Ethylene glycol 1 1 0.5 9 17 -- 31 -- --
Formalin 5.0 3 2.28 10 20 29 36 44 48
Glycine 1.0 3 1.0 10 0 0 0 0 0
Hydroquinone 1 1 0.5 25 46 -- -- -- --
Hydroxylamine sulfate 1 3 1.88 41 58 67 72 77 78
Maleic acid (not_given) 3 2.44 62 73 79 83 89 92
Menthol 1 3 2.12 8 13 17 21 27 31
Potassium ferricyanide 11.0 2 4.0 1 2 3 4 6 7
Sodium formate 2.0 3 1.4 42 63 75 83 93 98
Sodium thiocyanate 1 1 0.5 88 90 90 -- -- --
Sodium thiosulfate 1 1 0.5 94 97 -- -- -- --

35

53

95

37
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Table 4-11. Products of Ozonation of Various Conpounds
Species Ozonation product Comments

Chromium (III)
cr+?

Cyanide
CN™ (free)

Ferrocyanide
Fe(CN)g*

Ammonia
NH,
Dimethyl sulfide

CH3SCH,4
Amine
(CH3CH,CH,CH,) 3N
Alcohol
CH,O0H

Aldehyde
CH,0

Carboxylic acid
CH3GO0H
Phenol
CgHs OH

Alkene

Chromium (VI)
Cr03

Cyanate
CNO™

Ferricyanide
Fe (CN)g3

Nitrate
NO;”
Dimethyl sulfoxide

0
CH,SCH,

Amine oxide
(CH;CH,CH,CH,) ;NO
Aldehyde

CH,0

Carboxylic acid
HCOOH

No reaction
Oxalic acid

COOH

I
COOH

Aldehydes, ketones,
carboxylic acids

R,C = O RCOOH
RHC = O

Cyanate can be further
degraded to CO,

Used in regeneration of
photo bleach

Fairly slow

Reduces or eliminates
odor problems

Evidence for stepwise
oxidation is clear

By way of quinone and
intermediate, unsatu-
rated acids
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(8) Hydrogen peroxide.

(a) Hydrogen peroxide is a noderate strength chemnical oxi dant conpared
to chlorine. It does not produce chlorinated oxidation products species,
however, and nay be preferable to chlorine in many instances. Its |ower
oxi di zing potential can result in selective reactions to oxidize a specific
pol lutant (e.g., HS) wi thout oxidizing a wide spectrum of other organic and
i norgani ¢ compounds al so present in the mixture. Consunption of hydrogen

peroxi de can be significantly |less than many ot her common oxidants. |In dilute
solution (<30 percent), the deconposition of hydrogen peroxide is accel erated
by the presence of nmetal ion contami nants. Industrial strength hydrogen

peroxi de (>30 percent) can catalyze these contanmi nants in violent
deconposi ti on.

(b) Hydrogen peroxide can oxidi ze many chenicals present in contam -
nated ground water and | eachates. Exanples of these chenicals are: hydrogen
sul fi de and mercaptans, phenol in liquid or gas, ferrous iron, photo waste-
silver, thiosulfate, cyanide, and hypochlorite (chlorine residual). Mercap-
tans and sul fides are usually the cause of odor conplaints, may be toxic, and
can result in corrosion of metals and concrete. Hydrogen peroxi de can det ox-
i fy specific conpounds by organic ring cleavage, stripping substituent groups,
or oxidizing specific itens such as sulfur. Treatnment nmay al so i nprove the
bi odegradability of wastes.

(c) A sunmary of the primary oxidants used in waste-water treatnent
and their identified applications is presented in Table 4-12.

b. Advant ages/Di sadvant ages. Advantages and di sadvant ages of cheni ca
oxi dation are shown bel ow

Advant ages Di sadvant ages
Ef fective on dilute waste Hi gher treatment costs than conparable
st reans bi ol ogi cal treatnent systens
Can be used to detoxify and Sone organics are resistant to nost
i mprove bi odegradability and oxi dant s

adsorption characteristics
I norgani cs such as chloride wll
interfere with the oxidation reaction

Partial oxidation nay generate toxic
conpounds

c. Data Requirements. Data requirements for the chem cal oxidation
process wi |l depend upon the objective of the treatment and the oxidation
potential and reactivity of the waste. |n general, the necessary data can
only be determi ned by bench or pilot scale testing. Typical data needs are
i sted bel ow
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Tabl e 4-12.

Waste Treatnent Applications for Sel ected

Oxi dant s

Oxi dant

Oxygen or air

Ozone

Chl ori ne and
hypochl orites

Chl ori de di oxi de

Hydr ogen peroxi de

Wast e

Sul fites (SGJ)

Sul fides (&)

Ferrous iron (Fe*)
very sl ow

Manganese ( Mh*")

Car bon di oxi de (CQO)

Met hane (CH,)

Cyani des (CN)
Col or
OH
Pheno
Ammoni a ( NH,)
fairly slow
Chrom um ( Cr *%)
Anmi nes
Al cohol s
Al dehydes
Al kenes

Sul fides (S)

Mer capt ans
Cyani de (CN)

Lead (Pb)

Nitrite (NG
Manganese ( M*")
Ferrous iron (Fe*)

Cyani de (CN)

Di quat pestici des
Par aquat

Sul fide (S

Al dehydes

Am nes (tertiary)
Mer capt ans

Pheno

Pheno

Cyani de

Sul fi des

Sul fites

Lead

Ferrous iron
Sul f at es

Hypochl orite

Mer capt ans
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(1) Effectiveness of various oxidants for the specific waste to be
oxi di zed.

(2) Reaction tinme required and dosage of oxidant necessary to produce
adequat e destruction.

(3) Optinum pH

(4) Interfering species in the waste.

(5) Pretreatment requirenents.

(6) Resulting product toxicity.

(7) Requirement for catal ysts.

(8) Light absorption characteristics in ultraviolet (UV) area

d. Design Criteria.

(1) The UV-ozone chem cal oxidation system shows prom se for hazardous
waste treatnent due to its high reaction potential. UV-ozone will oxidize
nost organics, cleave carbon-carbon bonds, oxidize substituent groups, and
open aromatic rings.

(2) There are several critical characteristics associated with the use
of UV light. Short-wavelength UV light is required to provide sufficient
energy to properly excite the nolecule to be oxidized. Al nost any nedi um
t hrough which the light passes will attenuate the light energy. The [anp and
sl eeves must be constructed froma special quartz to transmt the short wave-
| engths. The depth of the fluid being treated should be mninized. |n order
for the nolecule to be excited and oxidized, it nust be capabl e of absorbing
light in the UV band.

(3) The surface of the quartz sleeves in contact with process fluid
tends to becone foul ed. Sone manufacturers provide a traveling rake to
continuously cl ean these surfaces.

(4) Areaction tinme of 30 minutes to 1 hour is usually sufficient for
nost designs but this nmust be confirned through pilot plant testing. Agita-
tion increases effectiveness and shoul d be provided where feasible.

(5) The dose of ozone or other chenical oxidant can be estimted by
t heoretical calculations sufficient for planning-level calculations. A 10 to
20 percent excess is recomrended. Calcul ations nmust address all of the
oxi di zabl e materials in the waste.
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4-8. Resin Adsorption.

a. Process Description.

(1) Resin adsorption is a process for the renmoval of organic chenicals
fromliquid waste streans. It is somewhat simlar to adsorption on activated
carbon. Perhaps the nost significant difference between the two is that
resins are always chenically regenerated through the use of caustic, steam or
organi ¢ solvents while carbon nust be thermally regenerated because of the
strong adsorptive forces. Synthetic resins generally have a | ower adsorption
capacity, a higher initial cost, and a | onger operating life.

(2) Resin adsorption should be given serious consideration:

(a) For the treatnment of col ored wastes; ROD and COD may be high
(b) When material recovery is practical

(c) \Where selective adsorption is desired.

(d) \Where |low | eakage rates are required.

(e) \Where carbon regeneration is not practical

(f) \Where there are high levels of dissolved inorganic solids.

(3) Process flow sheets vary depending on the nature of the solute and
t he regenerant used. Organic solvents such as acetone, nethanol, and isopro-
panol have been used for regeneration purposes. The solvent overcones the
adsorbent resin*s attractive forces which allows the adsorbed organic to dif-
fuse into the sol vent phase. A systemused for the recovery of phenol using
acetone as a regenerant is shown in Figure 4-10.

(4) Inorganic solvent systens used for regeneration purposes include
steam aqueous caustic solutions for renoving adsorbed weak aci ds, and aqueous
acids for renoving adsorbed weak bases. A systemused for the recovery of
chl ori nated hydrocarbon using steam as a regenerant is shown in Figure 4-11

(5 Resin lifetinmes may vary considerably depending on the nature of
the feed and regenerant streams. Regeneration with caustic is estimated to
cause a loss of 0.1 to 1 percent of the resin per cycle; replacenent of resins
at such installations my be necessary every 2 to 5 years. Regeneration with
hot water, steam or organic solvent should not affect the resins, and, in
this case, lifetines will be linmted by slow fouling or oxidation resulting in
a |l oss of capacity; actual experience indicates that lifetines of nore than 5
years are obtainable.

(6) Synthetic resins are available comrercially fromthree manufac-
turers. A summary of the properties of some available resins is shown in
Table 4-13. One of the nore inportant physical properties is that of pore
size. This factor may all ow sel ective adsorpti on based upon nol ecul ar si ze.
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Table 4-13. Properties of Some Commercially Available Resin Absorbents

Bulk
Void Particle density Surface Average
Specific volume size kg/m3 area pore size
Resin Name' Base gravity (wet) % mm (pef) w /g A’
XAD-1 1.02 37 20-50 -- 100 200
XAD-2 Styrene-divinylbenzene 1.02 42 20-50 640-704 300 90
(40-44)

XAD-4 1.02 51 20-50 624 780 50
(39)

XAD-7 1.05 55 20-50 656 450 90
(41)

XAD-8 Acrylic ester 1.09 52 20-50 688 140 235
(43)

DOW XFS 4256°  Styrene-divinylbenzene -- 40 10+ 432 400 110
(27)

DOW XFS 4022 -- 35 20-50 -- 100 200

DOW XFS 4257 -- -- 40 20-50 -- 400 100

Duolite S-30 1.11 35 16-50 480 128 --
(30)

Duolite S-37 1.12 35-40 16-50 640 -- --
(40)

Duolite ES-561 Phenol-formaldehyde® 1.12 35-40 18-50 640-720 -- --

(40-45)

Duolite A-7D -- -- -- -- --

Duolite A-7 1.12 35-40 16-50 640 -- --
(40)

T XAD resins manufactured by Rohm and Haas Company; DOW XFS manufactured by Dow Chemical USA; Duolite
resins manufactured by Diamond Shamrock Chemical Company.

Z This resin is designed for use in vapor phase adsorption applications.

3 Functional groups, such as phenolic hydroxyl groups and secondary and tertiary amines, are present on
the basic phenol-formaldehyde structure. Physical form of these resins is granular as opposed to a bead
for the other brands.
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b. Applications.

(1) Polyneric adsorbent resins can be selected for specific applica-
tions. The surface area and pore structure can be controlled over a w de
range of values. These factors are nost inportant when the selective renoval
of a particular contam nant, perhaps hazardous, is desired. Also, when
coupled with the weak attractive forces between solute nol ecul es and resin
product recovery may become a practical consideration. Even though overal
capacities of synthetic resins may be | ess, capacity for a specific pollutant
may be greater. This has been denonstrated for a nunber of pesticides.

(2) Polyneric adsorbents have been used to renpve and recover a
variety of toxic organic chemcals. These are as foll ows:

I Chlorinated pesticides.

1 Phenol s.

I  Aliphatic chlorinated hydrocarbons.

I Aromatics (benzene, toluene, and xyl ene).

(3) Oher reported uses include renpval in dyestuff, renoval of fat
from nmeat packi ng operations, recovery of antibiotics, and renoval of organics

from brine.

c. Advant ages/Di sadvantages. Advantages and di sadvantages of resin
absorption are summari zed bel ow

Advant ages Di sadvant ages

Resi n can be desi gned for Resin costs are higher than carbon
sel ective adsorption
Resi n cannot tolerate strong
Leakage rates are nuch | ower oxi di zi ng agents
than for carbon
Usual | y have smaller system
Regeneration is acconplished capacity than carbon
in situ with solvents
Pretreatment such as filtering is
Resin can tolerate high |levels of ten necessary
of inorganic solvents
Vol ume of sul vent needed for
Resi n can operate over a wide backwash may be significant
pH range

d. Data Requirenents

(1) Data requirenents for resin adsorption will be rmuch the sane as
those for carbon adsorption. Data concerning the resin itself are available
fromthe manufacturers.
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(2) As with carbon, isothernms nust be available for the particular
wast e or contam nant under consideration. Fromisotherm data, capacity of the
resin can be cal cul ated. These data provide an estinate of the |level of
treatability that can be expected.

(3) Due to the fact that resin adsorption is relatively new and does
not presently enjoy wi de applications, pilot scale colum studies are also
recommended. These studies are used to confirm batch studi es and provide
i nformati on on optimum col umm hei ght, flow rates, |oadings, and potentia
operational problens.

(4) Unlike carbon adsorption, data nust be generated to deternine the
regeneration of the resin and the ultinmte disposal of solute renoved. Regen-
eration can be acconplished using a variety of materials including caustic,
hot water, steam and organic solvents. |[|f organic solvents are used, a dis-
tillation step is typically included.

e. Design Criteria. As aresult of linited applications, design crite-
ria for resin adsorption are not well defined. However, some suggestions are
gi ven bel ow

(1) Columm shoul d be operated in the downfl ow node.

(2) Suspended solids in the influent should be naintained | ess than 10
mlligrans per liter. (A sand filter may be required to pretreat the
i nfluent.)

(3) pH may be varied between 2 and 11 dependi ng upon adsorption
characteristics.

(4) COperating tenperature nmay be as high as 80°C but will reduce
capacity of resin.

(5) High total disolved solids (TDS) in the influent do not detract
from normal operations.

(6) Influent concentration of organics (G) should be limted as
fol | ows:

capacity of resin
Co < 0.1 ——Fea~oTume

(7) Strong oxidants will attack the resin and rmust be renoved.

(8) A mninmumof two colums in parallel should be used; i.e., one on
I ine and one regenerating.

(9) Flowrates through the bed should be 3.3 x 102 to 0.27 n# mi n/n?
(0.25 to 2 gallons per mnute per cubic foot) of resin or 2 to 16 bed vol unes
per hour.
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(10) Contact times are on the order of 3 to 30 m nutes.

4-9. Cheni cal Reducti on.

a. Process Description.

(1) Chemical reduction is of interest because heavy netals in solution
can often be reduced to their elenental formfor potential recycling or can be
converted to |l ess toxic oxidation states. One such nmetal is chromum (Cr),

whi ch, when present as chromum (VI), is a very toxic material. In the
reduced state, chromium (I11), the hazards are | essened and in this form can
be precipitated for renoval. At present, chenical reduction is applied

primarily to the control of hexavalent chromumin the plating and tanning
i ndustries and to the renmoval of mercury fromcaustic/chlorine electrolysis
cell effluents.

(2) Reduction-oxidation, or redox, reactions are those in which the
oxi dation state of at |east one reactant is raised while that of another is
| owered. In the reaction

2H,Cr O, + 3S0, -> Cr,(SO) . + 2H,0

t he oxidation state of Cr changes from6* to 3* (Cr is reduced); the oxidation
state of sulfur (S) increases from2* to 3* (S is oxidized). This change of
oxi dation state inplies that an electron was transferred fromS to Cr(Vl).

The decrease in the positive valence (or increase in the negative val ence)
with reduction takes place sinultaneously with oxidation in chenically equiva-
lent ratios. Reduction is used to treat wastes in such a way that the reduc-
ing agent |lowers the oxidation state of a substance in order to reduce its
toxicity, reduce its solubility, or transformit into a formthat can be nore
easi |y handl ed.

(3) The base netals are good reducing agents. Iron, alumnum zinc,
and sodi um conmpounds are often used for the reduction treatnents. In addi-
tion, sulfur conmpounds are al so some of the nore conmon reduci ng agents.

(4) Table 4-14 lists the nore common reduction reactions for chrom um
(M) treatnent and their reaction products.

(5) The first step of the chenical reduction process is usually the
adj ustrment of the pH of the solution to be treated. Wth sul fur dioxide
treatment of chromium (VI), for instance, the reaction requires a pHin the
range of 2 to 3. The pH adjustnent is done with the appropriate acid
(sulfuric, for exanple). This is followed by the addition of the reducing
agent. Mxing is provided to inprove contact between the reduci ng agent and
the waste. The agent can be in the formof a gas (sulfur dioxide) or as a
sol ution (sodi um borohydri de) or perhaps as a finely divided powder if there
is adequate m xing. Reaction tinmes vary for different wastes, reducing
agents, tenperatures, pH, and concentration. For conmercial -scal e operations
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Tabl e 4-14. Conventional Chrone Reduction Reactions

(1) Cr*® to Cr*® using sul fur dioxide

4SO, + 4H,O -> H,S0, + 2Cr G + 3H,S0, -> Cr,(SO), + 3H.0
sul fur wat er sul furous chrom c sul furous chrom c
di oxi de acid aci d aci d sul fate

(2) Cr® to Cr*® using bisulfites

4Cr0, + BNaHSO, + 3H,SO, -> 20,(S0), + 3Na,SO, + 6H0

chrom c sodi um sul furic chrom c sodi um
aci d bisulfite aci d sul fate sul fate

(3) Cr*® to Cr*® using ferrous sulfate

2Cr0, + 6FeSO, + 6HSO, -> 3Fey(S0)s + Or,(S0), + 6HO

chrom c f errous sul furic ferric chrom c
aci d sul fate aci d sul fate sul fate

for treating chrom umwastes, reaction tinmes are on the order of minutes.
Additional tine is usually allowed to ensure conplete mixing and reduction
Once reacted, the reduced solution is then generally subjected to some form of
treatment to settle or precipitate the reduced material. A treatnment for the
renoval of what renmains of the reducing agent may be included. This can be
unused reduci ng agent or the reducing agent in its oxidized state. Unused

al kali netal hydrides are deconposed by the addition of a small quantity of
acid. The pH of the reaction nediumis typically increased so that the
reduced material will precipitate out of solution. Filters or clarifiers are
often used to inprove separation

b. Applications.

(1) The principal application of reduction has been chrom um treatnment
and renmoval. Reduction reactions are typically pH dependent and will-* likely
requi re pH adj ustnment.

(2) A second application of reduction is the renoval of residuals of
oxi dants such as ozone, chlorine, chlorine dioxide, hydrogen peroxide, etc.
Al so, any off-gases from ozone generation and application require reduction
bef ore di scharge to the atnosphere.

(3) Some specialized reduction reactions use hydrogen gas.

c. Advant ages/Di sadvant ages. Advant ages/ di sadvantages of reduction
reacti ons are summari zed bel ow
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Advant ages Di sadvant ages
Reducti on can reduce the Reduction reactions usually require
toxicity of sone materi al pH adj ust ment as pretreat ment
Reducti on can provide favorable Can cause the precipitation of sone
conditions for precipitation net al s

of sonme netals

d. Data Requirenents. Typical data requirenents are |isted bel ow

(1) Influent and peak flow rates.

(2) Variability of influent volumes and concentrations.

(3) pHconditions favorable to reduction reaction.

(4) Concentrations of chem cal species that require reduction.

(5) Effectivness of the reducing agent to effect the desired reaction.
(6) Presence of interfering or conpeting chemicals in the waste.

e. Design Criteria.

(1) If wide fluctuations in flow and concentration are expected,
equal i zati on shoul d precede this step.

(2) pH adjustnent should be used as a pretreatment step to bring the
solution to the desired pH.

(3) A stirred tank should be used to carry out the reduction. A chem
ical feed systemis required to continuously charge the reduci ng agent. An
oxi dation reduction potential (ORP) control systemmy be used to control the
quantity of reduci ng agent added.

(4) Detention tinme to acconplish chem cal reduction will vary from 15
to 45 mnutes and will be dictated by the particular reaction invol ved.
Chrom um reduction will require approximately 30 ninutes but depends upon the

pH and reduci ng agent used.

4-10. Precipitation.

a. Process Description.

(1) Precipitation is a widely used (in industrial practice),
relatively | ow cost physical chenical technique in which the chem cal
equi libriumof a waste is changed to reduce the solubility of the undesired
conponents. These conponents precipitate out of solution as a solid phase,
often in the formof small, colloidal particles, and are renoved by one of
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several possible solids renmoval techniques. Precipitation is nost conmonly
used to treat heavy-nmetal -containi ng wastes.

(2) Precipitation can be induced by one of the foll owi ng neans:

(a) Adding a chenmical that will react with the hazardous constituent
in solution to forma sparingly sol ubl e conpound.

(b) Adding a chenmical to cause a shift in solubility equilibrium
reducing the solubility of the hazardous substance.

(c) Changing the tenperature of a saturated or nearly saturated sol u-
tion in the direction of decreased solubility.

(3) Chemical additives are nost conmonly used. Typical reagents are:
(a) Sodi um hydroxi de, sodi um sul fide.

(b) Hydrated lime (Ca(OH),).

(c) Iron salts such as iron sulfide, ferric sulfate.

(d) Phosphate salts (especially for heavy netals such as As, Cd, Cr,
Zn, Cu, Pb, Hg, Ni).

(e) Al um (Al ,(SO,)s).

(4) The theoretical renoval linmt for many netal species is very |ow,
particularly with sulfide precipitants. Figure 4-12 shows theoretical curves
as a function of waste pH  Sone organic species, for exanple, aromatic com
pounds and pht hal ates, can also be treated. Renpval in practice often is one
to two orders of magnitude |ess than the theoretical limt. Conplexing
agents, such as cyanide or ethyl enediam ne tetra-acetic acid (EDTA), may com
pete with the precipitant and hold the species in solution.

(5) Conventional precipitation processes are performed in the
followi ng three steps:

(a) Rapid mxing of precipitating chenicals and waste water.

(b) Slow mixing of treated waste water in a flocculation tank to allow
settleable flocs to form

(c) Sedinentation of solids in a clarification tank.
(6) The solids are renoved by either:

(a) Sedinentation, which separates the phases by the gravitational
settling of the precipitate to the bottom of the sedinentation tank.
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(b) Filtration, which separates the phases by passing the
precipitation effluent through a granular or cloth barrier, retaining the
particles and allowi ng the clear effluent to pass through

(c) Centrifugation, which separates the two phases in an encl osed
vessel using centrifugal force to cause the solids to mgrate through the
['iquid.

b. Applications.

(1) Precipitation is a process that finds its primary application in
the area of nmetals renmoval. However, it may al so be used to precipitate |ong
chain or high nolecular weight organic materials.

(2) Typically, nmetals are precipitated as the hydroxide and renoved by
sedi nentation. Renovals are linmited by the physics of the system Solubili-
ties of metal sulfides and netal xanthates are much | ower than the hydroxide
and consequently may be used in situations where very |ow concentrations are
required.

c. Advant ages/Di sadvantages. The technique of precipitation is wdely
used for treating waste containing nmetals. This concept enjoys a technol ogy
based upon thernodynani cs which provides a theoretical base for the consider-
ation of a multitude of operations. Limtations are also defined by thernody-
nami cs.

(1) The extent of renoval is governed by the physics of the system

(2) High TDS reduces performance, requiring the use of activity
coefficients.

(3) Chelating agents can drastically reduce performance.
(4) A variety of anions may be used to inprove performance.

(5) Precipitate will usually require a coagul ation and/or floccul ation
st ep.

d. Data Requirements. In npost cases, data will be available in the
literature for pure single conmponent systenms wi thout interferences. These
data shoul d be adequate for planning | evel design. However, this should be
confirmed by bench or pilot plant testing.

e. Design Criteria. Solubility relationships are generally nuch nore
conpl ex than indicated in the preceding discussion. |In natural waters or
waste waters , several other factors nust be considered in order to make a
realistic solubility product calculation. The ionic strength of the solution
affects ion activity and nust be considered if nore exact cal cul ations are
desi red.
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4-11. Flocculation and Sedinentation. Flocculation and sedinentation are
wel | - devel oped waste-water treatnment processes currently being applied to the
full-scale treatment of many industrial waste waters containing particul ates
and/ or soluble heavy netals. The operating paraneters and econom cs associ -
ated with the application of flocculation and sedimentation to the treatnent
of specific industrial waste-water streams are well defined and well docu-
mented (refer to CAPDET for design considerations).

a. Process Description.

(1) Historically, the ternms “flocculation” and “coagul ati on” have been
used rather indiscrimnately and interchangeably to describe the process by
which small, unsettleable particles suspended in a |iquid nediumare made to
aggl omerate into larger, nore settleable particles. For the purpose of this
manual , the term “floccul ati on” shall be defined so as to enconpass all of the
mechani sns by whi ch suspended particles agglonmerate into |arger particles. No
distinction will be nade between coagul ati on and fl occul ation

(2) A variety of mechanisns are involved in the process of
floccul ati on whereby snall particles are made to formlarger particles. Most
of these nechani sns involve surface chem stry and particle charge phenonena.
In sinple terns, these various phenomena can be grouped into two sequentia
mechani sns:

(a) Chemically induced destabilization of the repul sive surface-
rel ated forces, thus allowi ng particles to stick together when contact between
particles is nade.

(b) Chemical bridging and physical enmeshnment between the now
nonrepelling particles allows for the formation of |large particles.

(3) Typical chemicals used to cause flocculation include alum Iine,
and various iron salts (ferric chloride, ferrous sulfate). Organic flocculat-
ing agents, often referred to as “polyelectrolytes,” have cone into w despread
use. These materials generally consist of |ong-chain water-soluble polyners
such as pol yacryl ami des. They are used either in conjunction with the inor-
ganic floccul ants such as alumor as the primary floccul ati ng agent al one.

(4) The inorganic flocculants, such as alum line, or iron salts, make
use of precipitation reactions. Al um (hydrated alum numsulfate) is typically
added to aqueous waste streans as a solution. Upon nixing, the slightly
hi gher pH of the water causes the alumto hydrolyze and formfluffy, gelati-
nous precipitates of alum num hydroxi de. These precipitates, partially due to
their large surface area, act to ennesh small particles and thereby cause
| arger particles. Line and iron salts, as well as alum are used as floccu-
lants primarily because of this tendency to formlarge fluffy precipitates or
“floc” particles. Mny precipitation reactions, such as the precipitation of
nmetals fromsolution by the addition of sulfide ions, do not readily formfloc
particles, but rather precipitate as very fine and relatively stable colloida
particles. In such cases, flocculating agents such as alum and/or polyel ect-
rol ytes nust be added to cause floccul ation of the nmetal sulfide precipitates.
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(5 In the flocculation process, it is essential that the slow nixing
step be very gentle and be given sufficient time, as newy aggl onerated parti -
cles are quite fragile and can be broken apart by shear forces during niXxing.
Once suspended particles have been flocculated into | arger particles, they can
usual ly be renpved fromthe liquid by sedinentation, provided, of course, that
a sufficient density difference exists between the suspended matter and the
['iquid.

(6) Sedinentation is a purely physical process whereby particles
suspended in a liquid are made to settle by neans of gravitational and iner-
tial forces acting on both the particles suspended in the liquid and the
liquid itself. The fundanmental elenments of npbst sedimentation processes are:

(a) A basin or container of sufficient size to maintain the liquid to
be treated in a relatively quiescent state for a specified period of tine.

(b) A means of directing the liquid to be treated into the above basin
in a manner which is conducive to settling.

(c) A means of physically removing the settled particles fromthe
liquid (or the liquid fromthe settled particles, whichever the case may be).

(7) darifiers are gravity separation devices and are usually the type
of equi pment used in applications that involve precipitation and floccul ation
in addition to sedinmentation. Very often, all three processes take place
within the sane piece of equipnment (clariflocculator) since many clarifiers
are equi pped with separate zones for chem cal m xing and precipitation, floc-
culation, and settling. Certain clarifiers are equipped with low lift tur-
bi nes which mx a portion of the previously settled precipitates with the
incoming feed, as this practice has been shown to enhance certain precipita-
tion reactions and pronote favorable particle gromh. (This type of clarifier
is often used in water-softening applications involving the precipitation of
cal cium as cal ci um carbonate.)

b. Applications. The processes of flocculation and sedinentation are
sui tabl e treatnent nethods whenever it is necessary to renove suspended parti -
cul ates and/or soluble heavy netals. The nost common applications suitable
for hazardous waste sites will include:

(1) Settling of suspended solids fromsurface water run-off.
(2) Removal of soluble and insoluble toxic netals.
(3) Rempval of soluble inorganics natural to ground-water supplies.

Many toxic metals, including cadmium |ead, arsenic, and chromum are renoved
to some degree fromwaste waters by these processes. There is no upper limt
on the concentrations that can be treated by these processes. The lower limt
for renoval of soluble species is generally governed by the solubility product
of the particular ion, although this nmethod of predicting renmoval efficiency
is not very reliable.
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c. Advant ages/Di sadvant ages. The major advantages and di sadvant ages of
floccul ati on and sedi mentation as applied to hazardous waste sites are suma-
rized bel ow.

Advant ages Di sadvant ages
Can be economically applied to very Oten yields inconplete renmoval of
| arge vol unes of |eachate or ground many hazardous compounds

wat er

W dely used, equipnent is relatively Large quantities of hazardous sl udges
simpl e may be generat ed

Very | ow energy consunption Equi prent may be difficult to obtain
for flows of less than 37.9 n#/ day
(-10, 000 gpd)

No upper limt to concentrations that Because of continually changing

can be treated | eachate quality, required dosages
of coagulants will continuously
change

d. Data Requirenents.

(1) The required dosage of coagul ant depends upon pH, alkalinity,
phosphate | evel s, and node of mixing; dosage can be determ ned by jar tests
and zeta potential tests. Typical chem cal dosages used in industria
treatment processes are listed in Table 4-15. The hydraulic |oading, also
listed in Table 4-15, is used as a basis for determ ning suspended solids
renoval efficiencies. The hydraulic |oadings shown are intended to achieve 80
to 90 percent suspended solids renoval .

Tabl e 4-15. Chemical Treatnent of Industrial Waste Water by Coagul ation

Criteria Fed , Al um Ca(OH),

Dose, ng/ ! 80- 120 100- 150 350- 500
Hydraul i ¢ | oadi ng,

n¥/ m n¥ 1.2x10® to 1.6x10%* 8.2x10* to 1.6x10®* 2x10%*to 3.3x10°3

(gpm'sqg ft?) (0.3-0.4) (0.2-0.4) (0.5-0.8)
Cheni cal sl udge

production, ng/¢ 42- 84 30-60 480- 839

(I'b/mllion gal) (350- 700) (250-500) (4, 000- 7, 000)

W thout use of polyelectrolytes.

(2) Oher data required to size the settling basins will include:
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(a) Waste streamdaily and peak flows.
(b) Settling velocity.

(c) \Waste stream analysis for size distribution and solids and liquid
specific gravity.

e. Design Criteria.

(1) The effectiveness of a particular flocculant varies in different
applications, and in a given application each floccul ant has an opti mum con-
centration and pH range. The process of flocculation requires rapid m xing
followed by a slow and gentle nixing to allow contact between small particles
and aggloneration into larger particles. Rapid mxing for coagul ants
especi al ly inorgani c coagul ants such as alumis required to conpletely
di sperse the coagulant into the water imrediately. Rapid mixing is usually
acconplished in 10 to 60 seconds. A nean tenporal velocity gradient in excess
of 91 ms (300 feet per second per foot) is recommended. After achieving an
effective m x, pronmotion of particle growh by flocculation during the sl ow
mx step is next. Flocculation is acconplished in 15 to 30 mnutes with a
mean tenporal velocity gradient of 40 to 80 neters per second per nmeter (40 to
80 feet per second per foot). The lower value is for fragile floc (alum num
or iron), and the higher value is for a lime floc (Azad 1976).

(2) Sedinentation may be carried out in a separate basin from
flocculation or it may be carried out in the same basin with both floccul ation
and precipitation. Figures 4-13 and 4-14 present schematics of an “in-line”
system and a sl udge-bl anket type unit in which all three processes are carried
out in a single unit. Criteria for sizing settling basins are overflow rate
(surface settling rate), tank depth at the side walls, detention time which
usual |y averages 1 to 3 hours, and surface |oading rates which average 1.5 to
2.5 nf/d/ n? (360 to 600 gallons per day per square foot) for alumfloc, 2.2 to
4.9 nt/d/n? (540 to 1,200 gallons per day per square foot) for lime floc, and
2.9 to 3.3 n¥/d/nf (700 to 800 gallons per day per square foot) for Fel, In
sel ecting the particular tank shape, proportions, equipnment, etc., the
desi gner shoul d:

(a) Provide for even inlet flow distribution in a manner that
m nimzes inlet velocities and short-circuiting.

(b) Mninize outlet currents and their effects by Iimting weir |oad-
i ngs and by proper weir placenent.

(c) Provide sufficient sludge storage depths to pernit desired
t hi ckeni ng of sludge. Solids concentrations of two to seven percent should be
obt ai ned.

(d) Provide sufficient wall height to give a mnimum of 457 nm (18
i nches) of freeboard.

(e) Reduce wind effects on open tanks by providing wi nd screens and by
l[imting fetch of wind on tank surface with baffles, weirs, or |aunders.
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Figure 4-13. Representative Configuration Employing Precipitation, Floccu-
lation, and Sedimentation
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Figure 4-14. Typical Solids Contact Chemical Treatment System
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(f) Consider econony of alternative |layouts that can be expected to
provi de equi val ent performance.

(g) Maintain equal flowto parallel units. This is npst inportant and
often forgotten. Equal flow distribution between settling units is generally
obt ai ned by desi gning equal resistances into parallel inlet flow ports or by
flow splitting in symretrical weir chanbers.

4-12. Neutralization

a. Process Description.

(1) The neutralization process described herein is intended for use in
two different ways. The word “neutralization” inplies a neutral pH of 7.0.
However, in the present context, the process will be used to describe the
adj ustment and control of pH at a specified |evel

(2) Many manufacturing processes generate waste streans that are
acidic or alkaline in nature. Before such wastes can be di scharged to the
environnent, the pH nust be adjusted to be within the EPA-specified range,
usually 6 to 9.

(3) Adjustnent of pH nay also be desirable to control chem ca
reaction rates and to effect precipitation. For exanple, in the reduction of
chromum (VI) to chromium (I11), the pH nust be lowered to 3.0 or less in
order for the reaction to proceed at a satisfactory rate. In order to
precipitate the chromum (I111), the pH nust be raised to between 8 to 8.5.

(4) The basic principle behind the process is sinple: the mxing of an
acid or a base with a process streamto bring about the desired pH  Typi-
cally, the process is carried out in a conpletely stirred reactor (CSTR)

(5) The addition of appropriate quantities of neutralizing agent is
noni tored and adjusted by pH neasurenents and control. Generally, these
systens are of a continuous flow variety and use automatic pH nmonitors to
check the acidity or alkalinity and control the feeding of neutralizing agent.
The nunber of neutralization units and the [ ocation of pH sensors are deter-

m ned by the stability of the waste stream pH  Were widely varying pH |l evels
are experienced, several reaction units plus additional nonitoring equipnent
may be required. A streamwth large fluctuations in pH m ght al so be pre-
ceded by an equilization basin which would yield a nore consistent feed with a
limted pH range.

(6) The choice of a neutralizing agent is dictated by a nunmber of
factors such as economcs, availability, and process conpatibility. Commonly,
the choice of an acid for neutralizing al kaline waste is sulfuric acid,
whereas the choice for an acid stream may be |ine or caustic.

b. Applications. Neutralization is a treatment process of denobnstrated
techni cal and economic feasibility industry wide. Two primary applications
are intended here and are as foll ows:
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(1) Neutralize a waste streamto a suitable |evel such that it can be
di scharged to the environnent.

(2) Adjust pH of a waste streamto a specified | evel that woul d be
suitable for carrying out chem cal reactions or further treatnent.

c. Advant ages/Di sadvant ages. Advantages and di sadvant ages of neutral -
i zation are summuarized bel ow

Advant ages Di sadvant ages

Proven and sinple process Does not remove or degrade pollutants,
rather adds them
Sone waste may be di scharged

directly follow ng pH controllers require frequent
neutralization mai nt enance
Can provi de favorable conditions May require equilization as
for oxidation/reduction pretreat ment
reactions

May generate | arge amounts of heat
Can provide conditions favorable
to precipitation of netals

d. Data Requirenents. Data requirenents include:

(1) Average daily flow, peak flow.

(2) pHrange of influent stream

(3) Desired control pH

(4) Equivalents per liter of alkalinity or acidity to be neutralized.

e. Design Criteria.

(1) If the influent hydraulic flow is expected to vary significantly,
equal i zati on should be considered for pretreatnent. This approach is al so
true for wide fluctuations in the influent pH

(2) A CSTRwith 10 to 20 minutes residence tinme should suffice in nost
cases. Neutralization reactions are typically very fast. There may be, how
ever, extenuating circunstances that would nake it desirable to increase or
decrease this time. A larger volume would tend to stabilize the contro
system On the other hand, if pH adjustnent is being carried out in a number
of stages, retention tine may be reduced to a m ni mum

(3) Feed systenms and storage tanks must be provided for acid and/or
base for neutralization. |If line is used, a slurry tank nay be required.
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(4) If strong acids require neutralization with strong bases, care
nmust be exercised to consider the potential for a violent exotherm c reaction

This situation should be avoided if at all possible.

4-13. Ol -Water Separation

a. Process Description.

(1) Ol-water separators may be of several different types that
utilize either gravity or nechanical acceleration to separate phases of
varying density. Gavity separators are nore conmonly called APl (Anmerican
Petroleum Institute) separators. This term nology stens froma hydroneter
scale in °APlI that is used by the petroleumindustry to specify the specific
gravity of petrol eum products.

(2) An APl separator consists of a settling chanber that allows o0il to
separate from an aqueous phase and rise to the surface, a baffle and oil skim
m ng device that prevents the loss of the oil phase to the effluent while con-
tinuously renmoving the surface oil, and a hol ding basin that collects and
stores the oil until final disposal is desired.

(3) Gavity separators should be used only for gross oil-water separa-
tors. They are not intended for renovals to |ow parts per nillion |evels.
Al so, they should not be used for emulsified oil and grease.

(4) Lowlevel oil removal may require a menbrane process, centrifuga-
tion, chenical coagul ation, or carbon adsorption. One or nore of these
processes may be used after the APl separator. A flow diagramfor an API
separator is presented in Figure 4-15.

CHEMICALS
{OPTIONAL)

BAFFLE
EFFLUENT

OIL SKIMMER

oL

INFLUENT

CHEMICAL MIX' TANK BOTTOM SLUDGE COLLECTCR
OFTEN INCLUDED

Figure 4-15. Flow Diagram for API Separator

b. Application.

(1) APl are gravity separators which are technically sinple oil-water
separators that have found wi de usage at manufacturing facilities. They are
used to separate residual oil fromwashing down floors, equipnment, parts,
conpressor bl owdown, and spill age.
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(2) Gavity separators are typically used as a pretreatnent step
before further processing of the waste water. Gl is automatically skimred
and collected in a holding basin where it is held for final disposition.
Residual oil in the effluent may be renoved in subsequent treatnment steps, or
specific processes may be required in the process train for total renoval,
per haps car bon adsorption.

c. Advant ages/Di sadvant ages. Advantages and di sadvantages of oil/water
separators are sunmarized bel ow

Advant ages Di sadvant ages
Provi de excell ent gross Cannot treat emulsified oil or oi
oi | renoval droplets smaller than

0. 015 centineters

Proven, inexpensive Separated oil requires disposal and
t echnol ogy wat er phase may requre futher
t r eat ment

Variety of proprietary units
are readily avail abl e Short-circuiting may be a problem

Sensitive to shock | oadings

d. Data Requirements. Data requirenments are as follows:

(1) Hydraulic flow, average and peak
(2) Size of oil droplet to be renoved.
(3) APl or density of oil

(4) APl or density of water phase.

(5) Viscosity of fluid.

(6) Expected operating tenperature.

e. Design Criteria.

(1) Gavity separators are based upon the rise rate of oil droplets of
a specified size and density. These droplets rise to the surface or to a
baffle and then to the surface within the retention tine provided. A skinmng
devi ce then physically renoves the oil to a holding facility.

(2) Rise rates are anenable to theoretical considerations through a
rather sinple force balance on the system These forces include drag,
buoyant, and gravitation forces. The design of o0il separators as devel oped by
the American PetroleumlInstitute is based upon renoving oil droplets that are
| arger than 0.015 centineter in dianmeter. The Reynol ds nunber for this situa-
tion can be shown to be less than 0.5. This says that, for spherica
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particles, |lanm nar flow can be assumed with little error and Stoke*s lawis
appl i cabl e.

(3) Stoke*s |aw describes the terminal settling velocity of a particle
as a function of the particle and nmedium density, particle dianeter, and drag
characteristics. Stokes equation is as foll ows:

v, = f;j';)_g[)_: (4-3)
u
wher e
V, = term nal settling velocity, cnisec
P, = density of particle, g/cnt
P = density of fluid, g/cn?
g = gravitational constant, cnfsec?

D, = diameter of particle, cm
u = viscosity of fluid, dyne-sec/cnt

(4) The API design procedure nust consider short-circuiting and turbu-
| ence for best performance.

4-14. Dissolved Air Flotation

a. Process Description.

(1) Flotation is a solid-liquid separation process. Separation is
artificially induced by introducing fine gas bubbles (usually air) into the
system The gas-solid aggregate has an overall bulk density less than the
density of the liquid; thus, these aggregates rise to the surface of the
fluid. Once the solid particles have been floated to the surface, they can be
coll ected by a skimm ng operation

(2) Air flotation systens may be classified as dispersed air flotation
or dissolved air flotation. |In dispersed air flotation, air bubbles are
generated by introducing air through a revolving inpeller or porous nedia.
This type of flotation systemis usually ineffective and finds very linmited
application in waste-water treatnment. Dissolved air flotation may be subcl as-
sified as pressure flotation or vacuum flotation. Pressure flotation involves
air being dissolved into the waste water under el evated pressures and | ater
rel eased at atnospheric pressure. Vacuum flotation consists of applying a
vacuumto waste water aerated at atnospheric pressure. Dissolved air-pressure
flotation considered herein is the nost comonly used in waste-water
treat nent.
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(3) The principal conponents of a dissolved air-pressure flotation
system are a pressurizing punp, air injection facilities, a retention tank, a
back- pressure regul ating device, and a flotation unit. The primary variables
for flotation design are pressure, recycle ratio, feed solid concentration,
detention period, air-to-solids ratio, use of polynmers, and solids and hydrau-
lic loadings. Optimmdesign paraneters nust be obtained from bench scale or
pilot plant studies. A flow diagramfor a dissolved air flotation systemis
presented in Figure 4-16.

SLUDGE REMOVAL MECHANISM

2z SLUDGE BLANKET [7ms 7%

e
!

e

| PR Ve o

Z—L R FLOW ZONE
RECIRCULATION PUMP RECYCLE FLOW

AIR FEED

L SLUDGE DISCHARGE
L INFLUENT

- \
RECYCLE FLOW

RETENTION TANK
AlR DISSOLUTION

EFFLUENT

REAERATION PUMP

Figure 4-16. Flow Diagram for Dissolved Air Flotation System

b. Applications. |In waste-water treatment, flotation is used as a
clarification process to renove suspended solids and as a thickening process
to concentrate various types of sludges. However, high operating costs of the
process generally limt its use to clarification of certain industrial wastes

and for concentration of waste-activated sludge. |In industrial practice, with
wast es containing total suspended solids (TSS) and oil and grease levels up to
900 mIligrans per liter, renoval efficiency of 90 percent has been recorded.

c. Advant ages/Di sadvant ages. Advantages and di sadvantages of dissol ved
air flotation are summari zed bel ow.

Advant ages Di sadvant ages
Requires very little | and Only effective on particles with
area densities near that of water
Wel | documented and avail abl e Varying influent will affect performance

t echnol ogy
Sl udge generated will require di sposa
Air released in unit unlikely
to strip volatile organics

d. Data Requirements. Required design information includes:

(1) Waste streamdaily average fl ow
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(2) Waste streamtenperature.
(3) Waste streamoil/grease or suspended solids concentration
(4) Treatability tests to determne air requirenents and pressure

e. Design Criteria.

(1) Major design variables and correspondi ng operating conditions are

(a) System pressure, 276-413 kPa (40-60 psig) (pounds per square inch

gage) .
A _ 1.3s,(fP - 1)
S Sa
Temp., °C | 0 | 10 | 20 | 30
S,, mL/A | 29.2 | 22.8 l 18.7 | 15.7
wher e

AI'S = air to solids ratio, m (air)/ng (solids)

S, = air solubility, m/

f = fraction of air dissolved at pressure P, usually 0.5
P = pressure, atm
- E—TZL%*Z (U.S. customary units)

_ b+ 101.35 .
101,35 (ST units)

p gage pressure, |b/in%?gage (kPa)
S, = sludge solids, ng/¢?

The correspondi ng equation for a systemwi th only pressurized recycle is

A _ 1l.3s,(fP - )R
s 5.Q

wher e
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R
Q

pressurized recycle, Mal/d (nf/d)
m xed-liquor flow, Mal/d (n¥ d)

In both equations, the numerator represents the weight of air and the

denom nator the weight of the solids. The factor 1.3 is the weight in mlli-
grans of 1 m of air, and the term (-1) within the brackets accounts for the
fact that the systemis to be operated at atnospheric conditions. The
required area of the thickener is determ ned froma consideration of the rise
velocity of the solids, 0.2 to 4.0 gal/m=+ ft2(8 to 160 ¢/nfe mn), depending
on the solids concentration, the degree of thickening to be achieved, and the
solids-loading rate.

(b) Hydraulic loading, 4.1 x 10® - 1.6 x 102 n¥/ mn/nt (1-4 gpm ft?).
(c) Retention period, 20-40 mm

(2) It is comon engineering practice to triple the calculated Ato
provide a safety factor and excess air for high dissolution efficiency.

(3) The hydraulic loading rate (referred to as surface |oading rate
(SLR)) is determ ned by plotting | aboratory experinmental values of effluent
pol | utant concentrations versus surface |loading rates. The rate which is
sufficient to achieve effluent water quality goals is identified fromthe
gr aph.

(4) The retention time equation is

t=_4d (4-7)

where a depth of 1.2 to 2.7 m(4 to 9 feet) is typically chosen (EPA 1980).

4-15. Reverse Osnosis.

a. Process Description.

(1) Osmosis is the nmovenent of a solvent through a nmenbrane which is

i nperneable to a solute. If a salt solution is separated from water by neans
of a seni perneabl e menbrane, there will be a net transport of water in the
direction of the salt solution. This phenonenon devel ops a hydrostatic
pressure known as “osnotic pressure.” It may al so be defined as the excess

pressure that nust be applied to the solution to produce equilibrium

(2) Reverse osnpsis renpves contam nants from aqueous wastes by
passing the waste stream at high pressure, through a seni perneabl e nenbrane.
At sufficiently high pressure, usually in the range of 1378 to 2756 kPa (200
to 400 pounds per square inch), pure water passes out through the nmenbrane
| eaving a nore concentrated waste stream As the waste stream becones nore
concentrated, the osnotic pressure increases and consequently requires addi-
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tional external pressure to maintain the flowin the proper direction, hence
the nane reverse osnosis.

(3) The sem perneabl e nmenbrane itself is perhaps the npost critica
part of reverse osnosis (RO . At present, commercial RO nenbranes are made
fromtwo types of polyners. The first nmenmbranes devel oped were cell ul ose
acetate. The second type of menbranes were devel oped from cel |l ul ose
triacetate. Both menbranes can be prepared in sheet formwi th water fluxes of
4.1 x 102 -8.2 x 102 nf/day/ nf (10 to 20 gal |l ons per day per square foot) at
2756 kPa (400 pounds per square inch). Polyam ne nmenbranes are being
devel oped but, at present, they have no resistance to chlorine.

(4) The design of the nodul es containing the RO nmenbranes is crucia
to the efficient operation of the process. As solute is rejected by the mem
branes, it concentrates at the nenmbrane surface and results in a situation
known as “concentration polarization,” where the concentration at the nenbrane
surface is many tinmes higher than in the bulk feed solution. Since the driv-
ing force for water transport decreases with increasing concentration, polari-
zation can have a very deleterious effect on water fl ux.

(5) Concentration polarization can be mininized by high fluid shear at
t he menbrane surface to aid the back-transport of polarized solute into the
bul k of the process stream This is acconplished by flowing the feed stream
at high velocities in thin channels to pronote |aninar shear, or in w de chan-
nel s to produce turbul ence. RO nmenbranes can be spiral wound, hollow fine
fiber, tubular, or flat menbrane.

(6) One of the difficulties with RO nenbranes is their susceptibility
to fouling by filmform ng organics or insoluble salts. It is comon practice
to preprocess feed water as necessary to renove oxidizing materials, iron, and
magnesi um salts; to filter out particulates; and to renove oils, greases, and
other filmformers. |If there is likelihood of fouling by living organisns,
chlorination or UV treatnment may be enpl oyed as well to ensure that maxi num
flux rates may be obtained. A typical flow sheet for an RO plant is shown in
Figure 4-17.

b. Applications.

(1) RO systens are in extensive use throughout the world in generating
pot abl e water. Over 2.27 x 10° nf/day (60,000,000 gallons per day) in
capacity is now in operation.

(2) The nunber of plants in use to treat industrial waste water is not
clearly defined but appears to be significant. Specific applications include:

(a) Preparation of pure water and process feed water

(b) Preparation of rinse water in sem conductor and el ectronic
manuf act uri ng.

(c) Purification of water for hospital use.
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Figure 4-17. Reverse Osmosis Plant Flow Sheet

(d) Reclamation of electroplating chenicals.
(e) Recovery of sugar wastes by candy manufacturers.

(3) Industrial waste treatnent offers a great potential for RO This
process shoul d be considered when it is desirable or necessary to acconplish:

(a) A reduction in the waste vol ure.

(b) Recovery of valuable or reusable materials.

(c) \Water conservation and recovery.

(d) The concentration of pollutants for further processing.

c. Advant ages/Di sadvant ages. Advantages and di sadvant ages of reverse
osnosis are |isted bel ow
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Advant ages Di sadvant ages

Capabl e of high salt rejection Requi res high operating pressure and
ext ensi ve pretreatnment
Produces high purity sol vent
Subj ect to menmbrane fouling and
Applicable to small conpr essi on
installations
Cannot be used for fractionation
Provi des for water
conservation and use Proportion of reject water may be too
hi gh to be acceptable

d. Data Requirenents.

(1) A variety of proprietary designs for ROunits are available from
nunerous manufacturers. These suppliers will usually supply the follow ng
pertinent information with regard to their particular systemand for a variety
of nmenbranes:

(a) Packing density, n#¥/ n? (ft2/ft?).

(b) Water flux at a specified pressure and tenperature.

(c) Sodiumchloride rejection.

(d) Acceptable pH ranges.

(e) Reconmended operating pressure.

(2) Data with regard to specific waste are also required that nust be
det erm ned experinentally from bench scale studies. Mnufacturers and
suppliers are usually eager to be of help in this area.

(3) One inportant piece of information that nust be determ ned for any
specific application is pretreatnent requirements. |n general, pretreatnent
will always be required and should be carried out to:

(a) Rempve excess turbidity and suspended soli ds.

(b) Adjust pHto desirable |evel

(c) Adjust tenperature of feed.

(d) Control the formati on of conponents that tend to precipitate

(e) Disinfect to prevent slime growth.

(f) Remove oil and grease that may be present.
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(4) Data regarding flux rates nmust be determined experinentally. Flux
decline is a serious operational problemthat nust be given the proper atten-
tion. Menbrane conpacti on and nmenbrane fouling are responsible for reductions
in flux. Menbrane conpaction is a function of nmenbrane type, operating
tenmperature, pressure, and tinme.

e. Design Criteria.

(1) The design of an RO systemis based upon the feed water conposi-
tion, variability, tenperature, and osnotic pressure. Rejection of various
conponents in the feed stream by a specific nmenbrane flow rate usually
di ctates the nunber of units or size of the plant. Product quality is diffi-
cult to predict but can be varied by adjusting product recovery.

(2) When plant capacity and energy requirenments are established, the
menbrane requirenments nust be set. Menbrane considerations include the expec-
tancy, conpaction, fouling, and operating net pressure. |f, for exanple, data
are available for a certain nenbrane that would suggest a flux of 10 gall ons
per square foot per day at 70°F at 500 pounds per square inch is applicable,

t he menbrane requirement for a 100,000 gall ons-per-day facility woul d be

10, 000 square feet of nmembrane. It is common design practice to base the
design flux upon the expected volume after 1 year of operation which may

reduce flux rate by 10-15 percent. Menbrane lifetime is critical

(3) Mninization of concentration polarization is another design con-
sideration. This is done by regulating the brine flow rate through the RO
units. Since product is continuously being taken out, the brine flowis
reduced. To conpensate for this, units are staged in a series-paralle
arrangenent that is simlar to an inverted pyram d.

4-16. Solidification/Stabilization. Solidification/stabilization technology
as applied to wastes uses physical and chemnical processes to produce cheni -
cally stable solids with inproved contam nant contai nment and handling charac-
teristics. Waste solidification is the termused to describe the process of
sorbing a liquid or semliquid waste onto a solid medium such as fly ash,
cenent, kiln dust, or clay, or otherw se incorporating the waste in a solid
matrix. This partial treatnment elimnates any free liquid and reduces the
risk of spillage or escape of contaminants in any |liquid phase. This tech-
nol ogy is discussed in detail in paragraph 4-21

4-17. Utrafiltration.

a. Process Description.

(1) Utrafiltration and RO are simlar processes and sone confusion
exi sts about their distinction. Both involve the transport of a solution
under a pressure gradient through a sem perneabl e menbrane to achi eve at | east
partial separation of solvent nolecules fromsolute nolecules. |In addition
both require a velocity vector parallel to the plane of filtration. The two
processes differ because ultrafiltration is not inpeded by osnotic pressure
and can be effected at | ow pressure differences of 34.5 to 689 kPa (5 to 100
pounds per square inch). Utrafiltration is usually applicable for separation
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of sol utes above a nol ecul ar wei ght of 500, which have very small osnotic
pressures at noderate concentrations. These include such materials as
bacteria, viruses, starches, guns, proteins, clays, and paint pignents. The
upper mol ecul ar weight limt for ultrafiltration is usually defined as

500, 000. Above that nol ecul ar wei ght size, separation occurs by conventiona
m croporous filtrations.

(2) Concentration polarization effects in ultrafiltration are simlar
to those in RO except nore severe. Since mcronol ecul ar diffusion constants
are two to three orders of magnitude snaller than those of salts, back-

di ffusion to the bulk of the liquid is much slower. Figure 4-18 illustrates
t he i npact of concentration polarization

MEMBRANE PERMEABILITY CONTROL

GEL MASS TRANSFER CONTROL

FLUX ——&—

MEMBRANE + CONCENTRATION
POLARIZATION

PRESSURE OR REJECTED SPECIES CONCENTRATION ————&-

Figure 4-18. Effect of Concentration Polarization Upon
Membrane Flux in Ultrafiltration

b. Applications.

(1) The properties of ultrafiltration menbranes lead to a range of
applications quite distinct fromthose of conventional filtrations. \Were
solutes are being separated fromsolution, ultrafiltration can serve as a
concentration or fractionation process for single-phase liquid streanms. Thus,
ultrafiltration conpetes with adsorptive and evaporative separation processes
and has the potential for broader applicability than conventional filtration.
Usually, it will not performthe entire task because it produces a concentrate
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rather than a solvent-free product, and the concentrate requires further
processing if a pure solute is to be recovered.

(2) Application of ultrafiltration may fall into one of three
cat egori es:

(a) Concentration, where the desired conponent is rejected by the
menbrane and taken off as a fluid concentrate.

(b) Fractionation, for systems where nore than one solute is to be
recovered, and products are taken fromboth the rejected concentrate and
per neat e.

(c) Purification, where the desired product is purified solvent.

(3) Table 4-16 summarizes nmajor existing ultrafiltration applications.
Al so shown is the function of ultrafiltration processing for the specific
application.

(4) Table 4-17 sumari zes devel opmental applications of ultrafiltra-
tion. These represent areas which are likely to be comrercial within the next
5 years. Table 4-16 indicates conmercial applications and the nature of their
t echnol ogy.

Table 4-16. Commercial Applications of Utrafiltration

Appl i cation Functi on
El ect r ocoat Fracti onation
Pai nt rejuvenation and rinse water Concentration and fractionation
Protein recovery from cheese whey Concentration and fractionation
Met al machining, rolling, and Purification

dr awi ng- - oi
Emul si on treat ment Purification
Textile sizing (PVA) waste Fractionation

El ectroni cs conmponent manufacturing Purification
washwat er treat ment

Phar maceuti cal s manuf acturing Purification
sterile water production

c. Advant ages/Di sadvantages. Utrafiltration is a concentration
process that is in conpetition with other nenbrane processes as well as evapo-
rati on processes. |Its advantages and di sadvantages are sunmmari zed bel ow.




Advant ages

Operates at | ower pressure
t han RO

Can be used for fractionation
Does not require pretreatnent as
RO, but can be used as pre-

treatnment for RO

Requires less capital than RO
or evaporative processes

Highly suitable for small flows
and small installations

Tabl e 4-17.
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Di sadvant ages

Requi res menbr anes t hat
are subject to fouling

Limted range of particle sizes for
for which it is effective

Devel opment Applications of Utrafiltration

Application

Dye waste treatnment

Pulp mill waste treatnent

I ndustrial laundry waste treatnent
Protein recovery from soy whey

Hot al kal i ne cl eaner treatment

Power pl ant boiler feedwater
t r eat ment

Sugar recovery from orange
juice pulp

Product recovery in pharmaceutica
and fernentation industries

Col l oi d-free water pollution
for beverages

Functi on

Concentration and purification
Concentration and purification
Purification and fractionation
Concentration

Fractionation and purification

Purification

Fracti onati on

Concentration

Purification

d. Data Requirenents.

(1) A variety of proprietary designs for ultrafiltration units are

avail abl e from numer ous manuf acturers.

These suppliers will usually supply

the followi ng pertinent information with regard to their particular system and

for a variety of nenbranes:
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(a) Packing density, 1.5 n¥/ nf (5 ft#ft?).

(b) Water flux at a specified pressure and tenperature.

(c) Molecular weight cutoff or rejection

(d) Acceptable pH ranges.

(e) Reconmended operating pressure.

(2) Data with regard to specific waste are also required that nust be
determ ned or verified experinentally. Mnufacturers and suppliers wll
usual |y provide assistance in this area. Flux rates and rejection should be

det erm ned experinmentally.

e. Design Criteria.

(1) The approach to the design of an ultrafiltration systemis sinmlar
to that for RO In ultrafiltration design, concentration polarization effects
are magni fi ed, and care nmust be exercised to alleviate this problem Typi-
cally, channels are designed for m nimum height, and the unit is operated at a
hi gh parallel surface velocity.

(2) Operating pressures for ultrafiltration systens are in the range
of 68.9 to 689 kPa (10 to 100 pounds per square inch) with 413 to 551 kPa (60
to 80 pounds per square inch) being typical. As is the case with RO
tenmperature plays a significant role in the flux rate of ultrafiltration mem
branes. Fluxes are expected to double for a 15° to 25°C rise in tenperature.
Operating tenperatures are limted by econom cs and the material from which
the nmenbrane is constructed. Menbranes produced fromcellulose are linmted to
the 50° to 60°C range, while other nenbranes may be operated at tenperatures
as high as 100°C.

(3) Utrafiltration menbranes are specified in terns of nol ecul ar
wei ght cutoff or a rejection of a specific nolecular weight compound. This is
not an absol ute neasure of rejection. |In actuality, rejection is a function
of nmol ecul ar shape, size, and flexibility as well as the operating conditions.

Section Il. Treatnment of Sludges and Soils

4-18. Biological Treatnment.

a. Bioslurry Reactors.

(1) Process description.

(a) Bioslurry reactors (BSRs) (also referred to as liquid/solids reac-
tors) are an innovative biological technology for rapid treatnent of sludges
and excavated soils. BSRs offer treatnent conditions that are conducive to
the optimal biotreatnment of contam nated soils by slurrying contaninated soils
in water using liquid-to-solid ratios ranging from?20 to 50 percent. The
soil/water slurries are usually kept in suspension using mechanical m xers,
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injected air, recircul ati on punps, and/or raker arms scraping the reactor
bottom Typically, BSRs are operated under aerobic conditions; however, BSRs
can be configured for anaerobic treatnment if warranted. BSRs can be operated
in batch or continuous nodes. Continuous flow systens are usually operated

using multiple reactors in series. Figure 4-19 shows a typical schematic of a
BSR system

CONTAMINATED RECYGLE WATER
MoisT SOt > TROMMEL SCREEN gt —— CLLAMWATER _ 2
t RECYCLE WATER OR &=
SCALPING SCREEN | COMISE 29
* ‘ MATERIAL _l 5%
E 2
CLEAN SAND w O
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~__ ___ ___/ ~at— CLEAN WATER @
1OT-WASHER OR
ATTRITION MILL
S
-<t—————1 4 |
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RECYCLE WATER i 1 M 4
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Figure 4-19. Typical Bioslurry Treatment System

(b) Many of the Iimting conditions associated with other soi
bi otreat ment technol ogies are substantially reduced in the BSRs. Oxygen
transfer, usually a magjor linmting factor with the other soil treatnment bio-
technol ogi es, especially in situ treatnent, is inproved due to increased
m xi ng efficiency. Oxygen is supplied by the addition of air or oxygen via
submerged gas spargers. Nutrients and co-nmetabolites may al so be added
dependi ng on the required treatment conditions, usually determ ned through
bench treatability studies. BSRs usually contain both attached and suspended
grom h consortia allow ng for contam nant destruction in both phases. M cro-
bi al popul ations in BSRs are nmuch hi gher than those found in other soil bio-
treatment systenms due to the inproved treatnent conditions, thereby maxini zing
t he degradation rate of contam nants due to inproved m crobe/contam nant con-
tact and increased contam nant desorption rates.

(2) Applications.
(a) BSRs have proven effective in treating soils contam nated with
petrol eum hydrocarbon and wood preserving wastes. Some systens incorporate

soi|l screening techniques prior to BSR treatnment because the najority of the
contam nants are sorbed to the finer fraction of the soils. BSR technol ogy
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can be applied in customfabricated, stock commercially avail able, or earthen
reactor units. Soil residence times will vary greatly depending on the con-
tam nant type, concentration, and sorption characteristics.

(b) Various additives can be provided to i nprove process performance.
Surfactants have been proposed to increase the desorption rate of contam -
nants. Nutrient additive requirenments, typically presented as the carbon
ni trogen: phosphate ratio (C:N:P), are usually on the order of 100:20:5; how
ever, recent research indicates that increased ratios may increase contam nant
degradation rates. Mst contam nated soils contain native m croorgani sns
capabl e of degrading the target contaminants that sinply require stinmulation
by the addition of a Iimting chem cal species such as oxygen and/or nutri -
ents. Treatnent of sludges and soils which are devoid of native mcrobia
popul ations may require the addition of a mcrobial inoculum

(c) Residuals fromBSRs are the soil/water slurry that may require
separation (i.e., dewatering). The ampbunt of dewatering required will be
di ctated by di sposal plans for the treated soils. Aqueous solutions usually
do not contain organic constituents due to the ease of degradati on of the
contami nants in solution.

(d) Potential waste streans froma BSR are off-gasing of volatile com
pounds and heavy-netal s-contam nated soil/water slurries if the soil was al so
contam nated with heavy nmetals. Gas streans froma BSR can be either elini-
nated or reduced by use of pure oxygen or possibly an alternate electron
acceptor. Gas streans can also be treated using activated carbon canisters.

(3) Advant ages/di sadvant ages. The advantages and di sadvant ages of
BSRs are summarized in bel ow

Advant ages Di sadvant ages

Rapi d decont ani nati on of Fairly energy intensive.
cont ami nant s.
Capital costs can be high.
Nuner ous process variations which
al l ow for high degree of Q&M i nt ensi ve.
flexibility.
Requires soil excavati on.
Cont am nat ed of f-gasi ng can be

easily controlled for conplete May require soil dewatering.
elimnation of contamn nant
rel ease into the environment. Few full-scale inplementation

verification data avail abl e.
Hi gher contam nant concentrations
conpared to other soil biotreat-
ment technol ogi es can be treated
due to higher mcrobia
popul ati ons.

Process can be inplenented in a
variety of reactor systens.
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(4) Data requirenents. Principal data requirenments for design of BSRs
are determ ned t hrough bench scale studies due to the lack of enmpirically
based design formulas. The follow ng factors should be evaluated in a
properly planned bench study:

(a) Whether the target contam nants are best degraded under aerobic or
anaer obi c conditions.

(b) Benefits of co-netabolite addition.

(c) Benefits of surfactant addition.

(d) Optimum C:N: P ratios

(e) Potential for production of toxic chem cal internediates.

(f) Effect of addition of an exotic mcrobial inoculum

(g) Retention tine required to reach target contam nant |evels.

(h) Optinumsoil/water ratio.

(i) Potential for excessive foam ng.

(5) Design criteria. Since there are few design criteria due to the
[imted eval uati on and usage of this technol ogy, the follow ng design consid-

erati ons nust be addressed:

(a) Reactor volunme - Reactor volunme is dependent on soil retention
time and required process flow.

(b) Soil screening - Required for soils containing either |arge coarse
fractions or large debris that may damage the reactor

(¢) Mxing efficiency - High mxing efficiencies nust be supplied to
optim ze the degradation rate of the target conpound(s).

(d) Soil dewatering - May be required dependi ng on soil disposa
requirenents.

(e) Oxygen requirenents - Dependent upon the oxygen demands of the
system det ernmi ned during the bench study.

b. Conposting.

(1) Composting is a biological treatnent method which takes advant age
of the heat of reaction during netabolismof organic carbon to sustain rapid
deconposition. It is primarily used in treatnment of sludges. There are three
broad cl assifications of conposting systens in use today. They are:

(a) Wndrow system
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(b) Aerated static piles
(c¢) In-vessel, nmechanically agitated

(2) The windrow systemis the sinplest of the three and relies on
natural aeration or periodic mxing as a neans of supplying oxygen to the
system and reduci ng excessive heat buil dup. Specially designed w ndrow
form ng and turni ng machi nes have found application in |arge-scal e operations.

(3) Aerated static piles provide an increased |evel of process
control. Waste to be conposted is typically placed in piles on top of
channel s or piping through which air may be bl own or sucked through the piles.
In sinpler systens, a tiner is used to periodically aerate the pile, the cycle

of aeration is deternmined by trial. |In nore sophisticated systens,
tenmperature feedback control is utilized to aerate the piles, maintaining a
preset tenperature. In nost instances, tenperature control through aeration

provi des greater than the required oxygen for metabolism

(4) The third system the in-vessel, nechanically agitated system is
t he nost conplex of the three and provides the highest degree of process con-
trol. Various designs have been devel oped. All allow conposting in sone form
of vessel such as a tank, silo, or trench. Mechanical mxing of the conpost
t hrough direct agitation or indirect tunbling is performed. Sone systens
i ncorporate forced aeration capabilities. As with aerated static piles, tem
perature is typically the control variable. In-vessel, nmechanically agitated
systens can be operated on a continuous basis. Figure 4-20 provides an
exanpl e of the three types of systens.

(5) The primary objectives in sewage sludge treatnment with conposting
are pat hogen destruction, dewatering, and volune reduction. In some cases,
the final product can be marketed as an agricultural additive. Essentially,

t he high tenperatures achievable in conpost systens are sufficient for patho-
gen destruction. Typically, 3 days at a tenperature of 55 °C are required for
pat hogen destruction. Dewatering occurs as water in the conpost nass is evap-
orated at the increased tenperature. |In aerated systens, water |loss is even
greater due to the transport out of the conpost by the aeration stream

Vol ume reduction occurs as netabolismof the organic carbon wi th subsequent
dewat eri ng causes | oss in mass and breakdown of internal structure. Addition
of an anendnment (additional organic carbon, nutrients, or inoculant) as wel

as bul ki ng agents (wood chi ps, sawdust, hay, etc.) are often required to all ow
conposting. |In addition, water may be required as an additive during conpost-
ing to maintain active conditions.

c. Applications.

(1) Composting is being used extensively in treatnent of sewage sl udge
at munici pal waste treatnment plants. As optinmm water content in the conpost
falls between 40 and 60 percent, conposting usually does not involve a
dewatering step prior to the process.

(2) Composting has been applied to a linted extent to process waste
streans. Typically, it is nore anmenable to solid substrate treatnent.
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a. Typical windrow composting operation.
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b. Typical aerated static pile composting system.
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c. Typical in-vessel composting operation,

Figure 4-20. Typical Composting Systems
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(3) Composting has recently been suggested for use in treatment of
hazardous solid wastes. These include contam nated soils and sediments as
wel | as hazardous solid waste from process industries.

d. Advant ages/Di sadvantages. The advantages/ di sadvant ages of
conposting are summari zed bel ow

Advant ages Di sadvant ages
No dewatering required Treatment | evels may be insufficient
Not energy intensive Qdors may present probl ens
Product may be agriculturally Vol ume i ncrease possi bl e based
benefi ci al on anendment requirenents
Low capital investnent for Operation requires experienced
simlar systens per sonne

Exi sting systens denpnstrate
reliability

e. Data Requirenents.

(1) Principal data requirenents for the design of a conpost system are
very much dependent on the type of operation, either sewage sludge treatnent,
muni ci pal / process waste treatnent, or hazardous waste treatment. The differ-
ence cones in the objectives to be obtained. Sone paraneters required for al
types incl ude:

(a) Throughput (for sizing).

(b) Nitrogen and phosphorus levels (as nutrients).

(c) Bulk density (determ nes need for bulking).

(d) Water capacity (determ nes water requirenents).

(e) Anbient tenmperatures (insulation).

(f) CNratio (anmendrment sel ection).

(2) For sewage sludge, the above should all ow design estinmates to be
made as the conpost nmust be maintained at 55 °C for 3 days. Dewatering and
vol une reduction of the conpost nass can then be eval uated as required.

(3) For nunicipal/process waste treatnment, sonething should be known
about the kinetics of the thernophilic degradation of the particular waste

stream Half-life estimates or rate expressions are used to determ ne |l ength
of time required at the controlled tenperature for conpletion
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(4) For hazardous waste treatnment, kinetics of degradation rmust also
be known for design. Contanminant availability in ternms of desorption
characteristics as well as solubility and vapor pressure becone inportant
paranmeters. |f the hazardous waste is volatile at conpost tenperatures, neans
to control fugitive em ssions nust be incorporated.

f. Design Criteria.

(1) Key design parameters for conposting include bulk density; carbon
to nitrogen ratio (C:Nratio); water content; pile formation and shape; and
m xi ng. Bulk densities of 1000 are considered optimum (this is for the com
posted material, bulking agent, and amendnment m xture). Carbon to nitrogen
ratios of 30 to 1 are considered opti mum Phosphorus |levels are al so inpor-
tant but are not felt to be as nmuch an inpact as nitrogen levels. A water
content of between 40 and 60 percent may be necessary for good conposti ng.
The mi xi ng of the compost matrix and subsequent formation into piles can play
a large role in the effectiveness of composting. Bringing the ingredients
into intimate contact within the solid matrix to allow nicrobial digestion
requires good mixing. Pile design incorporates requirenents for aeration and
tenmperature distribution.

(2) Experience plays a large role in conpost operations. Oten, |oca
reci pes are used to construct the conpost matrix based on experinmentation on
site. As conposting is typically a longer term process, upsets can often be
corrected before system performance degrades substantially.

(3) The pH of the conmpost material may play a role in operations, how
ever; conflicting reports in the literature concerning the inpact of changes
in pH make prediction of the effect difficult. Wthin a range of 6 to 8 there
appears to be no problemw th pH CQutside this range site-w se determ nations
woul d I'ikely have to be nade.

(4) The finished conmpost may have val ue as an agricul tural anendnent.
Level s of hazardous chem cals and elements play a key role in the fina
conpost products disposal options or retail value.

(5) Selection of the type of system between wi ndrows, static piles,
and in-vessel mechanically agitated systens is dependent on many factors. The
capital costs increase dramatically fromthe windrow to the nmechanically
agitated, in-vessel system |If levels of control are not necessary (including
odor control and tenperature) then a w ndrow system woul d be applicable. The
capital cost of the nechanical system should be carefully wei ghed agai nst the
need for this level of process control. |Insufficient data on increased
reaction rates in these systenms make selection difficult. |[If possible, pilot
scal e tests of the wastes to be conposted shoul d be conducted prior to select-
ing this form of conposting system

(6) Mbdst conpost systens do not require a | arge ampbunt of specialized
equi prent. The backhoe and shovel appear as the npst frequent equi pment item
necessary to conduct operations. Solids handling equi pnent to include con-
veyors are often used to increase throughput.
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4-19. Encapsul ation.

a. Process Description.

(1) Encapsulation is the process by which hazardous wastes are physi-
cally enclosed by a synthetic encasenent to facilitate environnentally sound
transport, storage, and disposal of the wastes. As a renedial action, encap-
sulation nay be used to seal particularly toxic or corrosive hazardous wastes
t hat have been renpved from di sposal sites. Encapsulation processes can be
divided into two categories- -thernoplastic mcroencapsul ation, and
macr oencapsul ation (jacketing systens).

(2) Thernopl astic m croencapsul ati on has been successfully enployed in
nucl ear waste di sposal and can be adapted to special hazardous wastes. The
technique for isolating the waste involves drying and di spersing the nmateria
t hrough a heated, plastic matrix. The mixture is then permitted to cool to
forma rigid but defornable solid. |In nost cases it is necessary to use a
contai ner such as a fiber or nmetal drumto give the material a convenient
shape for transport. The nost common nedi um for waste incorporation is
asphalt; but other materials such as pol yethyl ene, pol ypropyl ene, wax, or
el enental sul fur have been tried.

(3) Macroencapsul ati on systems contain potential pollutants by bondi ng
an inert coating or jacket around a mass of cenented waste. This type of
waste stabilization is unusual because the jacket or coating of the outside of
the waste block is primarily responsible for isolating the waste fromits
surroundi ngs.

b. Applications.

(1) Waste types that may require encapsul ation include the follow ng:

(a) Solid hazardous wastes in bulk or particulate form(e.g., severely
cont am nat ed sedi nents).

(b) Dewatered hazardous sl udges.

(c) Containerized hazardous wastes (solids, sludge, or liquid) in
damaged or corroded druns.

(d) Hazardous wastes which have been stabilized through
solidification/cenentation.

(2) TRWSystens Group has successfully devel oped bench-scal e processes
to aggl omerate and encapsul ate toxic and corrosive heavy netal sludges and
sol ubl e heavy netal salts, and to encapsul ate containerized wastes. The
aggl omer ati on/ encapsul ati on process involves mxing dried sludges (containing
such hazardous heavy nmetals as arsenic, |ead, nercury, selenium beryllium
cadmi um zinc, and chromum) with a binder resin (nodified 1, 2-pol ybutadi ene)
and thernposetting the mxture in a special nold, while applying noderate
mechani cal pressure. The agglonerated material is a hard, tough, solid block
Encapsul ati ng the waste/bi nder agglonerate with a 1/4-inch seam ess jacket of
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hi gh density pol yet hyl ene (HDPE) is acconplished by packi ng powdered pol yet h-
yl ene around the block and then fusing the powder in situ with a second net al
sl eeve mold. A schematic diagram of the apparatus used to encapsul ate the
aggl omerate is shown in Figure 4-21. A commerci al -scal e encapsul ate produced
by this nethod is expected to be a solid cube, 2 feet on edge, weighing 800 to
1,000 pounds. It would require approximately 8 percent (by weight) of poly-
but adi ene resin for its fabrication. Additional jacket sizes will be avail-
able in the future.

(3) The second TRW macroencapsul ati on process is designed to encl ose
and seal waste containers such as 55-gallon drums (subject to corrosion
rupture, |eaks, and spills) using the same basic nold and fusion apparatus.
To provide | oad-bearing ability, a 1/8-inch-thick interior casing of fiber-
glass is used to reinforce the 1/4-inch-thick HDPE jacket that encapsul ates
the container. A comrercial-scale, fiberglass-reinforced HDPE encapsul ate is
envi sioned to provide up to 284 ¢ (75 gallons) of capacity. The cylindrica
jacket and casing would conprise about 5.3 percent (by volune) of the tota
encapsul ate volunme. Commercially, 7 mm (1/4-inch-thick) HDPE jackets can be
fabricated in 30 seconds.

(4) Comprehensive | aboratory testing of bench-scal e encapsul ates has
denonstrated their ability to withstand severe mechani cal stresses and biol og-
i cal and chem cal degradation. Encapsul ates containing wastes of various
solubility were exposed to | eaching solutions of various corrosivity; results
i ndi cate that the encapsul ated wastes were conpletely isolated from and
resistant to, simulated disposal environment stresses. The encapsul ates were
al so found extrenely resistant to nmechanical deformation and rupture. They
exhi bit high conpressive strength and outstanding ability to withstand inpact,
puncture, and freeze-thaw stresses.

c. Advant ages/Di sadvant ages. The maj or advantage of encapsul ation
processes is that the waste material is conpletely isolated from | eaching
solutions, and sol ubl e hazardous materials such as heavy netal ions and toxic
salts can be successfully encapsul ated. The inpervious HDPE jacket elimnates
all leaching into contacting water (which may infiltrate or flow over disposa
sites) and effectively contains hazardous waste substances that mnight other-
wise mgrate offsite. The advantages and di sadvant ages of encapsul ati on
processes are as foll ows:

Advant ages Di sadvant ages

Cubic and cylindrical encapsul ates Bi ndi ng resins required for
all ow for efficient space aggl omer ati on/ encapsul ati on (poly-

utilization during transport, but adi ene) are expensive

storage, and di sposa
Requires | arge expenditures of

Hazard of accidental spills during energy in fusing the binder and
transport is elimnated form ng the jacket
(Conti nued)
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Advant ages Di sadvant ages
HDPE is low in cost, comrercially Requires large capital investnents
avai |l abl e, very stable chenically, i n equi pment
nonbi odegr adabl e, nechanically
tough, and flexible Skilled labor is required to operate
nol di ng and fusing equi prent
Encapsul ated waste materials can
wi t hstand t he nechani cal and Dryi ng/ dewat eri ng of
chemical stresses of a w de noncont ai neri zed waste sludges is
range of disposal schenmes (e.g., requi red for aggl oneration/
landfill, ocean disposal) encapsul ati on

Process has yet to be applied on a
commerci al scal e under actua
field conditions

d. Data Requirenments. Data requirenents are sinlar to those required
for solidification/stabilization described in paragraph 4-21

e. Design Criteria.

(1) It is inportant to enphasize that encapsul ati on techni ques have
only recently advanced fromthe devel opmental and testing stages, and no | arge
conmer ci al -scal e encapsul ation facilities have been desi gned and operated as
yet. It is likely that, as a renedial action, encapsulation will not be an
econom cally feasible alternative conpared to other direct waste treatnent
met hods. However, a central solidification/encapsulating waste processing
facility may be technically and economi cally feasible as a predi sposal opera-
tion at hazardous waste storage and disposal facilities in the near future.

(2) The fabrication of comercial -scal e encapsul ates of containerized
wast es under actual field conditions would require an encapsul ation unit that
is readily transportable to the storage or disposal site where containerized
wastes reside. \Where containerized wastes are of volumes smaller than the
desi gn capacity of the encapsulation unit, sand or soil may be used to fil
voi ds between the contai ner and encapsulate walls. Were very |arge vol une
wast e containers require encapsul ation (greater than 208 ¢ (55 gallons)), it
may be necessary to install conpaction operations at the site.

4-20. Low Tenperature Thernal Desorption.

a. Process Description.

(1) Low tenperature thermal treatment is a process of heating contam -
nated soil only enough to vaporize volatile organic conpounds (VOCs). The
gases enitted fromthe soil are then treated by a subsequent unit operation
The process described here as an exanple (Patent No. 4,738,206) uses indirect
heat to separate the VOCs fromthe soil and incineration to destroy the VOCs
in the gas phase. Maxinmum soil tenperature for this process is 150 °C. The
process was devel oped by the U.S. Army Environnental Center to treat soils at
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mlitary installations contami nated with trichloroethyl ene, dichloroethylene,
tetrachl oroet hyl ene, xyl ene, and other components of solvents and petrol eum
fuels.

(2) The thermal processor for this systemis a Holo-Flite screw con-
veyor heated by Dowt herm HT hot oil circulating through the shaft, bl ades, and
jacket of the conveyor. A schematic diagramof the systemis illustrated in
Figure 4-22. Larger scale nodels nmay include two thermal processors operated
in series with the first processor nounted on top of the second. Maxinmum
temperature for the oil is 350 °C

Hot Oil
Resaervoir

-

Alr Containing
Stripped VOC's ~——1

Combustion Air
Blower

\ Qil Heating Ve

System Air in Air
Preheater

Figure 4-22. Schematic Diagram of a Low Temperature
Thermal Treatment System

(3) The vapor stream fromthe thernmal processor consists of the
contam nants being renmoved, water vapor fromthe soil, and exhaust gases from
the hot oil heater. This streamexits at approximately 150 °C (maxi mun) and
flows through a fabric filter, condenser, afterburner, and caustic scrubber
system The fabric filter renmoves particulate carried over fromthe
processor. The vapor streamthen passes through an air-cool ed condenser which
reduces the tenperature to approxi mately 52 °C. Water and organi cs condensed
reduce the | oad on the afterburner. The afterburner is a gas-fired, vertical
fume incinerator operating at 980 °C. The afterburner is operated at a
m ni mum of 3 percent excess oxygen. Exhaust fromthe afterburner is quenched

4- 86



EM 1110- 1-502
30 Apr 94

to approximately 80 °C. It then passes through a packed bed absorber where
acid gases produced in the afterburner are neutralized with a caustic
sol uti on.

(4) Aliquid streamis produced by the condenser which is water rich
but does contain some hydrocarbons. The aqueous phase is separated fromthe
organi ¢ phase in an oil-water separator. The aqueous phase is processed
through a water treatment system consisting of fabric filters foll owed by
granul ar activated carbon. This water is then used as makeup water for the
scrubber and for dust control on processed soil. The organic phase fromthe
separator may be either drumred for off-site disposal or injected into the
af terburner.

(5) A system capable of processing 10 netric tons of soil per hour is
nobil e and can be transported to a site and assenbled. Uilities required for
operation are propane or natural gas, electricity, and process water.

Di scharges fromthe systeminclude the scrubber stack exhaust, the processed
soil, the granular activated carbon, and filter cake, and the organic phase
fromthe water separator. Operation requires eight persons for continuous
operation, including a site nanager and an instrunentation technician.

b. Applications. Low tenperature thermal treatment is capable of rene-
diating soils contaminated with volatile and senmivolatile compounds. Greater
than 99 percent renoval from soils has been denonstrated for trichloro-
et hyl ene, dichl oroethyl ene, and tetrachl oroethyl ene, 1, 2-dichl orobenzene,

I, 3-di chl orobenzene, |, 4-dichl orobenzene, toluene, naphthal ene, and xyl ene.
It has potential for application to a nunber of other volatile and senivol a-
tile organic contamnants in soil

c. Advantages and Di sadvantages. Advantages of |ow tenperature thernal
treatment are summuarized bel ow

Advant ages Di sadvant ages
Fully mobile systemfor on-site Limted applicability to higher
t r eat ment boi Il i ng point organi ¢ conmpounds

such as PCBs
I ndi rect heating provides greater

thermal efficiency and reduced I ncreased noi sture content of soi
em ssion control requirenments i ncreases costs
Afterburner destroys contam nants Particle size reduction and debris

renoval may be required

d. Data Requirements. Design experience for application of this
process to a wi de range of soil types and contanmi nants is |limted because of
its recent devel opnent. Laboratory testing to deternine optinmumtenperatures
and retention tinmes for the thermal processor should be conducted to devel op
the process design for the system |Inportant soil characteristics are grain
size, noisture content, and contami nant concentrations.
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4-21. Solidification/Stabilization.

a. Process Description.

(1) Solidification/stabilization technology as applied to wastes uses
physi cal and chem cal processes to produce chemically stable solids with
i mproved cont ani nant contai nnent and handl i ng characteristics (Figure 4-23).
Waste solidification is the termused to describe the process of sorbing a
liquid or semliquid waste onto a solid medium such as fly ash, cenment, kiln
dust, or clay, or otherwi se incorporating the waste in a solid matrix. This
partial treatnent elininates any free liquid and reduces the risk of spillage
or escape of contami nants in any |iquid phase.

(2) Solidification may involve the addition of cementing agents so
that the solid material (with the sorbed liquid) can be formed into a free-
standi ng i nperneabl e nmonolith. This part of the waste treatnment process
reduces the surface area across which transfer or |oss of pollutants can
occur. Stabilization of waste refers to chemical alteration of the waste so
as to reduce the potential for escape of contam nants or to lower the toxicity
of specific waste conponents. Both solidification and chenical stabilization
result in transformation of liquid or sem solid wastes to an environnental |y
safer form For exanmple, nmetal-rich sludge would be considered solidified if
it were mxed with a dry absorber such as fly ash or dry soil. The benefits
of solidification could be carried further if the sorbent and waste were
cenented into a perneable, nmonolithic block. The waste would be consi dered
chemically stabilized if the chem cal conposition of the sludge were altered
by the addition of Ilinme (Ca(OH),) to raise the pH so that the potentia
contam nants (toxic netals) were | ess soluble and hence | ess easily |eached.
An absorbi ng nedium can be formulated to take up free liquid and maintain
conditions of lowered solubility for the potential contam nants. Cenenting
agents (organic polyners, pozzolanic materials, or portland cenment) can be
added to bind the stable, solid waste into a free-standing, relatively
i mperneabl e nmonolith that represents a substantially reduced environnent al
threat.

(3) Waste solidification/stabilization systens that have potentially
useful application in remedial action activities discussed in this paragraph
are: sorption, line-fly ash pozzol an, and pozzol an-portland cenent systens.
Encapsul ati on processes such as thernoplastic mcroencapsul ati on and nmacr oen-
capsul ati on were addressed in paragraph 4-19.

(a) Sorption. Mst waste materials considered for solidification/
stabilization are liquids or sludges (semsolids). |In order to prevent the
| oss of drainable liquid and i nprove the handling characteristics of the
waste, a dry, solid sorbent is generally added to the waste. The sorbent may
interact chemically with waste or nay sinply be wetted by the liquid part of
the waste (usually water) and retain the liquid as part of the capillary
liquid. The nbpst compn sorbents used with waste include soil and waste
products such as bottom ash, fly ash, or kiln dust from cement manufacture.
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STABILIZATION

TREATMENT TO REDUCE
SOLUBILITY

L1QuUID

—rw] —— EX. pH ADJUSTMENT,CHEMICAL
OXIDATION,OR REDUCTION

SOLIDIFICATION

SORBTION TO PRODUCE
A SOLID WITH NO

FREE L1QUID MIXING WITH FLY ASH
OR CLAY SORBENTS
—— EX. ADDITION OF PORTLAND
FORMATION OF CEMENT
MONOLITH WITH (MAY BE ADDED ALONG
REDUCED SURFACE WITH SORBENTS)
AREA

Figure 4-23. Steps in Stabilization/Solidification of
Hazardous Wastes

In general, selection of sorbent materials involves tradeoffs between chem ca
ef fects, costs, and ampunts required to produce a solid product suitable for
burial. Table 4-18 summarizes chenical binding properties of natural sorbents
for selected waste | each liquids. Were the ability of a sorbent to bind
particul ar contam nants is inportant to contai nnent, sorbents with specific
chemical affinities can be selected. The pH of the waste strongly affects
sorption/waste interactions, and pH control is an inportant part of any
sorption process.
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Tabl e 4-18

Cont am nants from Li quid Phases

. Natural

Sorbents and their Capacity for

of Neutral, Basic,

Renpval
and Aci di c Wastes

of Specific

Cont am _nant

Neutral waste
(cal cium fluoride)

Ca

Zn

N

Total CN

Zeolite (5054)*
Kaolinite (857)
Zeolite (8.2)
Kaolinite (6.7)
Acidic F. A ** (2.1)
Basic F. A (155)
Ilite (175)
Kaolinite (132)
Acidic F. A (102)
Acidic F. A (690)
Ilite (180)

Basi ¢ waste (netal
finishing sludge)

Aci di c waste
(petrol eum sl udge)

Ilite (1280)
Zeolite (1240)
Kaolinite (733)
Zeolite (85)
Kaolinite (24)
Acidic F. A (13)
Zeolite (1328)
I1lite (1122)
Basic F. A (176)
Zeolite (13.5)
Ilite (5.1)
Acidic F. A (3.8)
Kaolinite (2.6)
Ilite (2.2)
Ilite (1744)
Acidic F. A (1080)

Vermiculite (244)

Zeolite (1390)
Ilite (721)
Kaolinite (10.5)
Zeolite (5.2)
Acidic F. A (2.4)
Kaolinite (0)
Zeolite (746)
I1lite (110)
Basic F. A (1.7)
Zeolite (10.8)
Vermiculite (4.5)
Basic F. A (1.7)
Ilite (9.3)
Acidic F. A (8.7)
Kaolinite (3.5)
I1lite (12.1)

Vermiculite (7.6)
Acidic F. A (2.7)

Vermiculite (6654)
Ilite (4807)
Acidic F. A (3818)

* Val ues represent sorbent capacity in nicrograns of contani nant

gram of s
> F A =

or bent used.
fly ash.

Acidic F. A

= Class F; Basic F. A
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(b) Lime-fly ash pozzolan. Solidification/stabilization of waste
using |linme and pozzolanic material requires that the waste be mxed with a
carefully selected, reactive fly ash (or other pozzolanic material) to a pasty
consi stency. Lime (calciumhydroxide) is blended into the waste-fly ash
m xture. Typically 20 to 30 percent |line is needed to produce a strong
pozzolan. The resulting noist material is packed or conpressed into a nold to
cure or is placed in the landfill and conpact ed.

(c) Pozzolan-portland cement. There are a wide variety of treatnent
processes that incorporate portland cement as a binding agent. Pozzolanic
products (materials with fine-grained, noncrystalline, reactive silica) are
frequently added to portland cement to react with any free cal ci um hydroxi de
and thus inprove the strength and chemical resistance of the concrete-like
product. In waste solidification, the pozzolanic materials (such as fly ash)
are often used as sorbents. Mich of the pozzolan in waste processing may be
waste coated and relatively unreactive. Any reaction that does occur between
the portland cement and free silica fromthe pozzol an adds to the product
strength and durability. WAste solidifying formulations based on portland and
pozzol an-portland systens vary widely, and a variety of materials have been
added to change performance characteristics. These include soluble silicates,
hydrated silica gels, and clays such as, bentonite, illite, or attapulgite.
Approxi mate reagent requirenents for some exanple applications are given in
Tabl e 4-19.

Tabl e 4-19. Approxi mat e Reagent Requirements for Various Waste Types
Using a Portland Cerment/Fly Ash Solidification?

Ki | ograms of reagent

WAst e per liter of waste
Spent brine 3.8
Met al hydr oxi de 2.4
sl udge
Copper pickle 1.9

i quor sludge

Fed , pi ckl e 3.5
liquor sludge (1.5 percent HC)

Sul furic acid 3.8
pl ati ng waste
(15 percent (H,SO)

Oly netal 0. 96
sl udge

IAfter Stanczyk, Senefelder, and C arke (1982). The proportion of portland
cenent to fly ash was not given.
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b. Applications.

(1) Most large, hazardous waste landfills are currently enploying
sorption to satisfy requirenents prohibiting burial of liquids. N neteen
mllion liters (five mllion gallons) of oil sludge froma forner refinery
site was landfilled onsite after treatnent with cement kiln dust. The process
required 3.71 x 107 kg (40,939 tons) of kiln dust.

(2) Lime-fly ash solidification/stabilization systens have been
successfully used in managi ng hazardous waste, but generally the contai nnment
performance is such that a hazardous waste after processing would still be
cl assed as hazardous. Line-fly-ash-pozzol an-based |andfills have been estab-
lished using Iiner and nonitoring systens to ensure safe disposal. There have
been cases where | ead wastes were judged nonhazardous after treatnent, but in
nost cases a pozzolan-treated waste is not delisted.

(3) Pozzol an-portl and-cenent -based systens are anong the nopst versa-
tile. They can neutralize and seal acids and can handl e strong oxidizers such
as chlorates and nitrates. These nmethods are al so good for solidifying many
toxic netals, since at the pH of the cenment (pH 9-11), many netals are
i nsol ubl e carbonates and hydr oxi des.

c. Advant ages/ Di sadvant ages.

(1) Sorption has been widely used to elinmnate free water and inprove
handl i ng. Sone sorbents have been enployed to Iimt the escape of volatile
organi ¢ conpounds. Sorbents may al so be useful in waste containnment when they
nodi fy the chemnical environment and nmaintain the pH and redox potential to
[imt the solubility of the waste. Although sorption elimnates the bulk flow
of wastes fromthe site, in nany cases | eaching of waste constituents fromthe
sorbent can be a significant source of pollution.

(2) The nmmjor advantages of the Iline-fly ash solidification/
stabilization technique include the ready availability and | ow cost of nate-
rials, and the famliarity of commonly used equi pnent. A disadvantage is that
the solid mass resulting fromline-based solidification is porous. As such
it must either be sealed or placed in a secure landfill to prevent |eaching of
cont ai ned wastes. Another mmjor disadvantage is that sludge or wastes con-
tai ning organi cs cannot be treated.

(3) Provided pozzol an-portland cenment based systems are used on
conpati bl e wastes, the short-termeffectiveness can be expected to be quite
good. The equi pment for cement mxing is commonpl ace and the process is quite
tol erant of chemical variations. However, because cenent is a porous solid,
cont ani nants can be | eached out of the matrix over time and, therefore, these
systens are usually not effective for organic wastes. Although it is possible
to seal the outside of a block of cement-solidified wastes using styrene,
vinyl, or asphalt to prevent |eaching, no commercial systens are available to
do this.

d. Data Requirements. The principal data requirenments for
solidification/stabilization techniques include:
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(1) Waste characteristics (binding agent sel ection).
(a) pH

(b) Buffer capacity.

(c) \Water content.

(d) Total organic carbon.

(e) Inorganic and organic constituents.

(2) Treatability tests (cure tine, mXx)

(a) Leachability.

(b) Strength.

e. Design Criteria. The key design paraneters for solidification/
stabilization techniques include:

(1) Solidification mxing ratios.
(2) Curing tine.
(3) Volune increase of solidified product.

f. Evaluation. The evaluation of these factors is dependent on the
solidification technol ogy and the specific waste being treated.

4-22. Thermal Destruction.

a. Process Description. Incineration conbusts or oxidizes organic
material at very high tenmperatures. The end products of conplete incineration
are CO, HO SO, NO, and HC gases. Emi ssion control equipnment (scrubbers,
el ectrostatic precipitators) for particulates, S NQ, and products of
i nconpl ete oxidation are needed to control em ssions of regulated air pollu-
tants. Common types of incinerators nost applicable to hazardous waste
i ncl ude:

(1) Rotary kilns.
(2) Miltiple hearth.
(3) Fluidized bed.
(4) Liquid injection.

The key features of incineration nmethods cited previously are sumrarized in
Tabl e 4-20.
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Table 4-20. Key Features of Major Types ot Inclnerators

Type Process principle Application
Rotary Slowly rotating cylinder Most organic wastes;
kiln mounted at slight incline well suited for solids
to horizontal. Tumbling and sludges; liquids
action improves efficiency and gases
of combustion
Multiple Solid feed slowly moves Most organic wastes,
hearth through vertically stacked largely in sewage
hearths; gases and liquids sludge; well suited
feed through side ports for solids and sludges;
and nozzles also handles liquids
and gases
Liquid Vertical or horizontal Limited to pumpable
injection vessels; wastes atomized liquids and slurries
through nozzles to increase (750 SSU Saybolt
rate of vaporization Seconds Universal) or
less for proper
atomization)
Fluidized Wastes are injected into a Most organic wastes;
bed hot agitated bed of inert ideal for liquids,

granular particles; heat
is transferred between the
bed material and the water
during combustion

also handles solids
and gases

Combustion temp.

810-1,640 °C
(1,500-3,000 °F)

760-980 °C
(1,400-1,800 °F)

650-1,650 °C
(1,200-3,000 °F)

750-870 °C
(1,400-1,600 °F)

sidence time

Several seconds
to several
hours

Up to several
hours

0.1 to 1 sec

Seconds for gases
and liquids;
longer for
solids

ldy o€
Z20S-T-0TTT W3
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b. Applications.
(1) Incineration is used for reduction of sludge volume, thereby
reduci ng |l and requirenments for disposal. Incineration can also be used to

destroy nost organi c wastes whet her they be gas, liquid, or solid.

(2) Mobile incineration systens have been considered for onsite treat-
ment at hazardous waste sites. The EPA*s O fice of Research and Devel oprent
has conpl eted construction and is in the testing phase of a nobile incinera-
tion system The system was designed to EPA*s PCB destruction specifications
to provide state-of-the-art thernmal detoxification of |long-lived, refractory
organi ¢ conpounds, as well as debris from cl eanup operations. Hazardous
subst ances that could be incinerated include conmpounds containing chlorine and
phosphorous--for exanple, PCB*s, kepone, dioxins, and organophosphate pesti -
cides, which may be in pure form in sludges, or in soils. A typical nobile
incinerator is illustrated in Figure 4-24.

c. Advant ages/Di sadvantages. The advantages and di sadvant ages of
hazardous waste treatment with incineration are summari zed bel ow

Advant ages Di sadvant ages
Can destroy a wi de range of organic Thi ckeni ng and dewat eri ng
wast es pretreatnent nay be required
Can handl e gaseous, liquid, and May not be econom cal for small
solid wastes pl ants

Air pollution control measures are
required

d. Data Requirements. The principal data requirements for the design
of an incineration systemare

(1) Waste constituents and characteristics.

(a) Mbdisture content.

(b) Volatile materials content.

(c) Ash content.

(d) Ash specific level, specific gravity, or bulk density.
(e) Ash particle size range

(f) Carbon, hydrogen, oxygen, halide, sulfur, nitrogen, phosphorus
content.

(g) Waste specific gravity, viscosity, and nmelting point.
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(h) Metal content.

(i) Thernogravinmetric anal ysis.

(j) Suspended and dissol ved solids.

(k) Reactive chenical groups.

(1) Flammbility, stability, detonation

(m Environmental sensitivity.

(n) Toxicity.

(2) Process characterization.

(a) Residence tine.

(b) Temperature.

(c) Destruction efficiencies.

(d) Ash residue.

(e) Gaseous effluent.

e. Design Criteria. The design criteria for a fluidized bed furnace
(FBF) and a multiple hearth furnace (MHF) are presented in Tables 4-21 and 4-
22, respectively. During actual operations sone extensive nmaintenance
probl ems have occurred with air preheaters. Venture scrubbers have al so had
scaling problens. Screw feeds and screw punp feeds are both subject to
jamm ng because of either overdrying of the sludge feed at the incinerator or
because of silt carried into the feed systemw th the sludge. Fluidized bed
furnace systens have had problens with the burnout of spray nozzles or therno-

couples in the bed.
Table 4-21. Design Criteria for Fluidized Bed Furnace

Par anet er Design criteria

Bed | oading rate 245 to 294 kg/n¥/ hr (50 to 60 I b wet solids/
ft2 hr)

Superficial bed velocity 0.12 to 0.18 m's (0.4 to 0.6 ft/sec)

Sand effective size 0.2 to 0.3 mMm (uniformty coefficient = 1.8)

Operating tenperature 760 to 816 °C (1,400 to 1,500 °F) (normal);
1204 °C (2,200 °F (maxinmun))

Bed expansi on 80 to 100 percent

Sand | oss 5 percent of bed volume per 300 hr of operation
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Table 4-22. Design Criteria for Miultiple Hearth Furnace

Par anet er Design criteria

Maxi mum operating tenperature 927 °C (1,700 °F)

Hearth | oading rate 29.4 to 49 kg/n¥/hr ((6 to 10 I b wet solids/
ft2/hr) with a dry solids concentration of
20- 40 percent

Conbustion airfl ow 12 to 13 kg/kg dry (12 to 13 Ib/lb dry
sol i ds

Shaft cooling airfl ow 1/3 to %% of conbustion airflow

Excess air 75 to 100 percent

4-23. Vol unme Reducti on.

a. Process Descri ption.

(1) Volume reduction as applied to sludges can be termed as thickening
or dewatering processes. Thickening of sludge consists of the removal of
supernatant, thereby reducing the volune of sludge that will require disposa
or treatment. Gravity thickening takes advantage of the difference in spe-
cific gravity between the solids and water.

(2) Centrifuges are used to dewater sludges using centrifugal force to
i ncrease the sedinmentation rate of sludge solids. During the process of cen-
trifugation, if a particle is nore dense than the fluid, it will tend to
mgrate in the direction of the centrifugal force, i.e., toward the periphery
of the rotating vessel containing the fluid. |If the particle is |ess dense
than the fluid, there will be a tendency for the particle to remain near the
center of rotation and the fluid to nigrate toward the periphery of the
vessel. Either way, particles that were uniformy dispersed throughout the
fluid prior to centrifugation would now be concentrated in a specific region
of the centrifuge where they can be renoved as a nore concentrated nixture.
In centrifugation, the centrifugal force is anal ogous to gravitational force
in the sedimentation process. In centrifugation, however, forces equal to
several thousand tines the force of gravity are often generated.

(3) Volunme reduction will frequently be required to nmeet regul atory
restraints as applied to disposal of hazardous waste. Disposal costs can be
reduced t hrough the use of volune reduction techni ques by elininating nonhaz-
ardous free liquids froma waste. Before a hazardous waste can be di sposed of

at a chenmical waste landfill, it nust be solidified. Typically the
solidification process will add to the total weight and volume and therefore
the di sposal costs. |If the sane waste can be separated into a reduced vol une

of hazardous solid waste and a nonhazardous |iquid waste, disposal costs can
be | owered significantly.
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b. Applications. Dewatering and thickening processes have been used
primarily to thicken primary, secondary, and digested sludges. Centrifuges
may be used for thickening sludges where space limtations or sludge charac-
teristics make other methods unsuitable. However, if a particular sludge can
be effectively thickened by gravity wi thout chenicals, centrifuge thickening
is not economically feasible. Centrifuges are generally used for dewatering
sludge in larger applications where sludge incineration is required.

C. Advant ages/ Di sadvantages. Gravity thickening is highly dependent
on the dewaterability of the sludges being treated while centrifuga
t hi ckeni ng processes can have significant maintenance and power costs.
Adequat e el ectric power nust also be provided for the large notors that are
required. Depending on the waste, the liquid fraction after centrifugation

may be consi dered hazardous al so and require proper disposal. Typically the
liquid fraction will be relatively high in suspended nonsettling solids.
d. Data Requirenents. The data requirenents for gravity thickening or

centrifugation include:
(1) The waste streamdaily fl ow.
(2) Settling velocity.
(3) Size distribution.
(4) Solids specific gravity.
(5) Liquid specific gravity.

e. Design Criteria.

(1) For gravity thickeners detention times of 1 to 3 days are used,
sl udge bl ankets of at l|east 3 feet are common, side water depths of at |east
10 feet are a general practice, and surface |oading rates can range from5 to
25 pounds per day per square foot depending on the sludge type and pretreat-
ment used.

(2) Each installation of a centrifuge is site specific and dependent
upon a manufacturer*s product line. Maximm capacities of about 9.1 x 10* kg
(100 tons per hour) of dry solids are available in solid-bow units with
di ameters up to 1.4 m (54 inches) and power requirenents up to 130 KW (175
horsepower). Disk-type units are available with capacities up to 1.5 ¥/ mn
(400 gall ons per mnute) of concentrate.

4-24. \Wet Oxi dation.

a. Process Descri ption.

(1) Wet air oxidation (WAO) is truly an oxidation process. Therno-
dynam cally, it is simlar to chem cal oxidation and incineration
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(2) The waste is punped into the system by the high-pressure punp and
mxed with air fromthe air conpressor. The m xture passes through a heat
exchanger and then into the reactor where oxygen in the air reacts with
organic matter in the waste. This oxidation is acconpanied by a tenperature
rise. The gas and |iquid phases are separated after the reactor, and the
liquid passes through the heat exchanger heating the incoming material. The
gas and liquid streans are discharged fromthe systemthrough control val ves.

(3) As would be expected, the operating tenperature is critical
Organic nol ecul es are excited thermally (as opposed to UV light) to a | eve
where a hi gh percentage undergo an oxidi zati on reaction. As expected, various
materials require different energy levels for a significant reaction rate to
take place. Figure 4-25 shows the rel ationship between tenperature and degree
of oxidation for several different materials. At 150 °C, 5 to 10 percent of
the COD may be oxidi zed, whereas at 320 °C, nearly conpl ete oxidation occurs
for many substances.

GAS
WASTE
1
t
g |
SEPARATOR
-
STORAGE ;
TANK i
|
|
AlR OXIDIZED : REACTOR
LIQUID ]
i
AIR i Y
§ COMPRESSOR j
C— -
PUMP HEAT EXCHANGER

Figure 4-25. Flow Sheet of Wet Air Oxidation

b. Applications.

(1) WAO conditions can be controlled to achieve a desired end product
by controlling the tenperature and the reaction tinme. Wth increased tenpera-
ture, the degree of oxidation increases as shown in Figure 4-26. As the
oxi dation condition beconmes nore severe, nore of the nonbi odegradabl e conpo-
nents of the waste are converted to bi odegradable forms. WAO nmay be used as a
treatment to detoxify a waste before biological treatnent. This technique has
been used to treat acrylonitrile wastewaters that are highly concentrated in
cyanide and organic nitrites.
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Figure 4-26. Oxidation Curves for Five Aqueous Fuels

(2) WAO may be well suited for treating hazardous waste. Recent
studi es have focused upon some of the 65 priority pollutants originally
proposed by the EPA. Results are shown in Table 4-23. It should be observed
that operating conditions were fairly stringent (275 to 320 °Cand 6200 to
12,400 KPa (900 to 1800 pounds per square inch) atnmosphere (psia)). However
renoval percentages are inpressive. It is not clear if these reductions
represent a conversion to CO or sinply a nodification to the original nole-
cule. It should be noted that nost of the materials in Table 4-23 are aro-
mati c derivatives. In nmany cases, the toxicity of aromatics is greatly
reduced by sinply opening the ring structure of the nolecules. This would
require only fractional oxidation.

cC. Advant ages/ Di sadvant ages.

(1) WAO is an exciting oxidative process that appears to have w de
application along with versatility and flexibility. Al nost any conbustible
material s, organic or inorganic, can be treated by WAO. The question of
econom cs affects selection of this process since it is energy intensive.

(2) Typically WAO should be considered as a step in the overall waste
treatment process. It is rarely used as the total treatnent. WAO may not be
reasonabl e for waste containing |less than 2,000 nmilligranms per liter COD
Dependi ng upon capital and the nature and treatability of the waste, it may be
desirable to treat by another nethod or to concentrate to reduce the vol une
prior to WAO treatnent.
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Tabl e 4-23. Exanpl es of One-Hour Oxidation of Sel ected Compounds

% Starting material destroyed

Starting 275°C *
Conpound Concentration (g/0) 320°C 275°C Cu*

Acenapht hene 7.0 99. 96 99. 99 -
Acrol ein 8.41 99. 96 99. 05 -
Acrylonitrile 8. 06 99.91 99. 00 99. 50
2- Chl or ophenol 12. 41 99. 86 94. 96 99. 88
2, 4- Di et hyl phenol 8.22 99. 99 99. 99 -
2,4-Dinitrotol uene 10.0 99. 88 99.74 -
|, 2- Di phenyl hydr azi ne 5.0 99.98 99.98 -
4-Ni t rophenol 10. 00 99. 96 99. 60 -
Pent achl or ophenol 5.0 99. 88 81.96 97. 30
Phenol 10.0 99. 97 99. 77 -

* Cupric sulfate was added as a catal yst.

(3) Primary other advantages and di sadvantages are summari zed bel ow

Advant ages Di sadvant ages
May be controlled to deliver a Requi res operation at high pressure and
speci fic degree of oxidation t emper at ur es
Can be used to detoxify toxic Corrosive inorganics can be a problem
materi al s at high tenperatures
No net heating requirement if Initial capital costs are high

the COD is >15,000 ng/¢
Primarily suited for pretreatnment as
reductions of 10 to 15% are typica

d. Data Requirenents. 1In general, bench scale and/or pilot scale
testing will be required for design. The follow ng paraneters should be
det er ni ned:

(1) COD of wastes.

(2) TDS of wastes.

(3) Operating tenperature.
(4) Retention tinme.

(5) Degree of stabilization

(6) Degree of detoxification.
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e. Design Criteria.

(1) Due to the critical nature of the tenperature, the operating system
becormes a prine design paraneter. Not only will the systemrequire specific
design for a specified operating pressure but also the conpressor system nust
be capabl e of delivering air or oxygen at the maxi num operating pressure
expected in the system Table 4-24 presents data on the tenperature-pressure
rel ati onship of steam

Table 4-24. Tenperature/ Pressure Relationship of Saturated Steam

Pressure Tenperat ure Tenperat ure

(psi a) KPa (°0 °(F)
100 689 212 14.7
125 861 257 34
150 1034 302 69
175 1206 347 130
200 1378 392 226
225 1550 437 371
250 1722 482 577
275 1895 527 863
300 2067 572 1248
325 2239 617 1762

(2) As a general rule, the maxi mum operating tenperature will be about

200 °C. Higher tenperatures may be reached but at the expense of a |large
i ncrease in pressure.

(3) If the COD of the waste is |less than 15,000 mlligrans per liter

consi deration should be given to concentrating the waste stream prior to WAO
treat nent.

4-25. Evaporation.

a. Backgr ound.

(1) Evaporation is a technique used for many years in the process

industry. It is also used in waste treatment applications. |n concept, evap-
oration is no nmore conplicated than placing a pot on a stove and evaporating
the contents. It is not a necessary criterion to carry to dryness.

(2) The objective of evaporation is to reduce the volune of waste to
handl e by concentrating a solution consisting of a nonvolatile solute and a
volatile solvent, In the overwhel mMing majority of evaporations applicable to
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toxic waste sites, the solvent is water. Evaporation is conducted by vapori z-
ing a portion of the solvent to produce a concentrated solution or a thick
l'iquor.

(3) Evaporation differs fromdrying in that the residue is often a
hi ghly viscous liquid, rather than a solid; it differs fromdistillation in
that the vapor is usually a single conponent, and even when the vapor is a
m xture, no attenpt is nade in the evaporation step to separate the vapor into
fractions; it differs fromcrystallization in that the enphasis is placed on
concentrating a solution rather than form ng and building crystals. In cer-
tain situations, however (for exanmple, in the evaporation of brine to produce
salt), the line between evaporation and crystallization is not distinct.
Evaporati on sonetines produces a slurry of crystals in a saturated nother
l'iquor.

(4) It appears that evaporation will remain a popular unit operation
for many years to come even though energy requirenments are very significant.
As manufacturing facilities push toward zero di scharge through vari ous
recycling and recovery prograns, evaporation will play an inmportant role in
closing the loop in nmany of these operations.

b. Process Descri ption.

(1) There are many types of evaporators currently in use in the indus-
trial scene. The intent here is to introduce only the nost likely processes
whi ch may be applicable to hazardous waste problems. Evaporator systens nmay
be single or nultiple effect. This is anal ogous to saying they may be single
or multiple stages.

(2) Single-effect evaporators are used where the required capacity is
small, steamis cheap, the vapors or the liquids are so corrosive that very
expensi ve materials of construction are required, or when the vapor is so
contam nated that it cannot be used for steam Single-effect evaporators may
be operated in batch, sem batch, continuous batch, or continuous node. In any
configuration, the single-effect systemis the nost energy intensive with the
| east capital expenditure.

(3) Perhaps the nost wi dely used configuration is the nultiple-effect
schene. The choice of the number is up to the designer. Mst textbooks and

references to nmultiple-effect evaporators will typically show three effects as
shown in Figure 4-27. However, a systemmay theoretically have an infinite
nunber of effects. On the practical side, the nunmber of effects will be

[imted by a bal ance between capital cost and operating cost. Vapor fromthe
first effect is used as steam for the second effect and so on. Steam econony
of a multiple-effect evaporator will increase in proportion to the number of
effects, but will be somewhat |ess nunerically than the number of effects. A
system desi gned for producing pure water from seawater uses a 20-effect
system The steamto-product ratio is 1 to 19. The increased steam econony
is offset by an increase in capital expenditure.
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Figure 4-27. Three-Effect Evaporator.
(4) Energy requirements for evaporation will vary w dely dependi ng on
the nunber of effects used as indicated above. Also, the heat transfer
coefficients for a particular systemw |l influence the energy requirenents.

The normal operating range of energy for evaporation is 6.45 x 102 to 0.71
KWhr/Kg HO0 (100 to 1,100 BTU*s per pound of water) evaporated. The latter
val ue assunmes a single-effect systemwith little heat recovery.

C. Applications. Evaporation is a well-defined, well-established
process that is essentially omipresent in industry. It is being used
currently for the treatnent of hazardous waste such as radioactive |iquids and
sl udges, concentrating of plating and paint solvent waste, and in the pul p and
paper industry, six-effect evaporators are typically used to concentrate bl ack
[iquor while producing nethanol. It is capable of handling liquids, slurries,
and soneti nmes sludges, both organic and inorganic, containing suspended or
di ssol ved solids or dissolved |iquids where one of the conponents is
essentially nonvolatile. It can be used to reduce waste volume prior to
i ncineration or precipitation.

d. Advant ages/ Di sadvant ages. A summary of advantages and
di sadvant ages is presented bel ow
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Advant ages Di sadvant ages
Not a new technol ogy; has been Energy intensive process, offset
used nany years in the chenical somewhat by multiple-effect operation

process industries
Evaporation tubes are easily foul ed,
Large vol une reducti ons can be | owering heat transfer coefficients
realized
Requires a source of steam
Ef fective pretreatnent step
prior to incineration Bottons and condensate nmay require
further treatnment or disposa
Condensat e may be marketabl e

e. Dat a Requirenents. Data requirenents include:

(1) Thernodynam c data for stream being evaporated, i.e., sensible
heat, heat of vaporization over concentration range, heat of crystallization.

(2) Feed flow rate and tenperature
(3) Pressure and/or tenperature of avail able stream
(4) Vacuum or boiling tenmperature of the |ast stage.

(5) Suitability of vapor fromfirst stage as steam for the second
stage, etc.

(6) Quality of water to be evaporated, i.e. extent of concentration
(7) Number of effects or stages to be used.

(8) Heat transfer coefficients as a function of boiling tenperature and

NE

f. Design Criteria.

(1) Evaporation systens are generally designed to bal ance the cost
bet ween capital and operating costs. As additional effects are added to a
system the nore energy efficient the system beconmes. This savings in energy
will be at the expense of capital cost. At sone point, an optinum nunber of
effects will be realized. The nunber of effects is also constrained by the
avai |l abl e steam pressure for the first stage and the vacuum for the |ast
stage. Still another consideration is the quantity of material to be pro-
cessed. For very small volunes, a single stage may be sufficient.

(2) For waste treatment applications, the nunber of effects may be
established on the basis of the available quantity and quality of steam al ong
wi th good engineering judgnent. Heating surfaces in all effects of a multiple
ef fect system shoul d be equal to obtain econonmy of construction. Design
procedures are presented in Badger and Banchero (1955) and DeRenzo (1978).
Metry (1980) should be consulted for heat transfer considerations.
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Section IIl. In Situ Treatnent Technol ogi es

4-26. Biological Treatnment.

a. Process Descri ption.

(1) Organic materials in contam nated soils may be anmenable to bio-
degradation in place, or in situ. The process consists |largely of producing
conditions in the soil mass which pronote the rate of natural degradation by
endogenous organi sms. Conditions favoring bi odegradation include increased
aeration and nutrient concentrations. |In sone cases, seed cultures may
i ncrease the active popul ati on and be beneficial.

(2) The biodegradation process is slow relative to other renedi al
action technol ogies. Conplete degradati on of the waste could take severa
years and may never be conplete if refractory conpounds such as pol ynucl ear
aromatics are present. This is a mjor disadvantage, since additional nmigra-
tion of contam nants can occur during the treatment and even afterwards.

(3) This technique is generally linmted to those situations where the
waste material or contam nated soil is naturally aerated or where artificial
aeration is feasible. Procedures for the addition of nutrients such as nitro-
gen and phosphorus may be necessary if the waste material is deficient in
these constituents. Linme may be required to nmaintain proper pH

b. Applications.

(1) Situations where in situ biorenmediation could be applied are those
where conpl ete m xi ng and/ or aeration can be achieved. A primary application
is a chenmical spill or |andspreading operation where the wastes have not
m grated below tilling depth (about 305 to 610 nm (12 to 24 inches)), or a
surface inpoundment in which the waste is fluid enough to be nechanically
aerated and punped for m xing.

(2) Biodegradation has been used npst widely for treatnent of oily
sludges and refinery waste. Chlorinated solvents such as TCE or PCE are not
degraded effectively using current technol ogy; however, work is continuing on
these materials. Naturally occurring bacteria and special cultures have been
devel oped which are capabl e of degradi ng benzene, phenol, cresol, naphthal ene,
gasol i ne, kerosene, and cyanide, and many of their derivities.

C. Advant ages/ Di sadvantages. |In land treatment, if soils are not wel
aerated, waste degradation will occur only slowy, if at all. Because netals
are not degraded, careful attention should be given to the toxic netal |oad at
the site. Since the process can be very slow, additional mgration of contam
inants may take place during and after treatnent. Also, the possibility of
formng a toxic byproduct as a result of biodegradation should be considered.

d. Dat a Requi renents.

(1) The type, quantity, and distribution of the waste constituents will
have to be determ ned to select a nutrient, and air requirenents.
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(2) Tests must be made to determine if microorganisns are naturally
occurring which will breakdown the target chemicals. |f none are present,
enriching or seed cultures may be required.

(3) The site topography, hydrogeol ogy, and soil physical, chem cal, and
bi ol ogi cal properties are al so necessary to determ ne the injection and wth-
drawal systemrequirements and design

e. Design Criteria. The key factors for biodegradation include:

(1) Nutrient bal ance.

(2) pH maintenance.

(3) Soil aeration and/or oxygen availability.
(4) Degradation rate of waste constituents.
(5) Waste constituents and | ocation.

4-27. Cheni cal Oxidation.

a. Process Description. |In-situ |leachate treatnent introduces a
reactant into the contam nated region to interact with the | eachate plune.
Chemical injection entails injecting chemicals into the ground beneath the
waste (see Figure 4-28) to neutralize, precipitate, or destroy the |leachate
constituents of concern.

b. Applications. Sodium hypochlorite has been used to treat |eachate
containing cyanide (Tolman et al. 1978). Very little field data are avail -
able. The areal spread and depth of the |eachate plume nust be well charac-
terized so that injection wells can be placed properly to intercept all of the
cont am nated ground water.

cC. Advant ages/ Di sadvant ages.

(1) Pollutants may be displaced to adjacent areas when chem cal sol u-
tion is added.

(2) Hazardous conmpounds may be produced by reaction of injected cheni -
cal solution with waste constituents other than the treatnment target.

d. Dat a Requirenents. The principal data requirenments include the
contam nation plune characteristics: depth to bedrock, plume cross section
| eachate or ground-water velocity, and hydraulic gradient. Also the soi
permeability, |eachate conmposition, and reaction rates will have to be
det er ni ned.

e. Design Criteria. Chemical injection systens are in the conceptua
stage of devel opnment. The perneability of the soil beneath the waste nust be
known to determine the ground-water flow through the injected waste and the
reaction time between the contani nated ground-water and chem cal s.
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Figure 4-28. Cross Section of Landfill Treated by
Chemical Injection

4-28. Perneabl e Treatnent Beds.

a. Process Description. Permeable treatment beds use trenches filled
with a reactive perneable nediumto act as an underground reactor (see Figure
4-29). Contami nated ground water or |eachate entering the bed reacts to
produce a nonhazardous sol ubl e product or a solid precipitate.

b. Applications.

(1) Perneable treatment beds are applicable in relatively shallow aqui -
fers since a trench nust be constructed down to the |evel of the bedrock or an
i nperneabl e clay. Perneable treatnent beds often are effective only for a
short time as they may | ose reactive capacity or becone plugged with solids.
Overdesign of the system or replacenment of the perneabl e nedi um can | engthen
the tine period over which perneable treatment is effective.

(2) The materials used for this formof treatment are:

(a) Limestone or crushed shell- -Linestone neutralizes acidic ground
wat er and may renove heavy nmetals such as Cd, Fe, and Cr. Dolonitic |inestone
(MJCQ,) is less effective at renoving heavy netals than cal ci um carbonate
limestone. The particle size of the Iinestone should match a m x of grave
size and sand size. The larger sizes nminimze settling of the bed and
channeling as the |inestone dissolves. The small sizes maximn ze contact.
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PERMEABLE TREATMENT BED

Figure 4-29. 1Installation of a Permeable Treatment Bed

Extrapol at ed bench-scale data indicate contact tine needed to change 1 pH unit
is 8 to 15 days.

(b) Activated carbon- -Activated carbon renoves nonpol ar organic
contam nants such as Cd,, PCBs, and benzene by adsorption. Activated carbon
nmust be wetted and sieved prior to installation to ensure effective surface
sol ution contact.

(c) dauconitic green sand- -This sand, actually a clay, is found
predom nantly on the coastal plain of the Md Atlantic states and has a good
capacity for adsorbing heavy nmetals. Bench-scale studies indicate renoval
efficiencies of greater than 90 percent for As, Cu, Hg, and NI, and 60 to 89
percent for Al, Cd, Ca, Cr, Co, Fe, My, M1, and Zn, for detention tines on the
order of several days.

(d) Zeolites and synthetic ion exchange resins--These materials are
al so effective in renoving solubilized heavy nmetals. Disadvantages such as
short lifetime, high costs, and regeneration difficulties make these materials
econom cal ly unattractive for use in pernmeabl e treatnment beds.
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cC. Di sadvant ages.

(1) Plugging of the bed may divert contam nated ground water and
channel i ng through the bed may occur. Both problens permt passage of
untreated wastes.

(2) Changing hydraulic | oads and/ or contani nant |evels may render the
detention inadequate to achi eve the design renoval |evel

d. Dat a Requirenents. The principal data requirenments include the
contam nation plune characteristics: depth to bedrock, plume cross section
| eachate or ground-water velocity, and hydraulic gradient. Also the soi
permeability, |eachate conmposition, and reaction rates will have to be
det er ni ned.

e. Design Criteria.

(1) A perneable treatnment bed is constructed by digging a trench to an
i nper neabl e | ayer (bedrock or clay), filling the trench with the appropriate
material, and capping to control infiltration. The width of the trench is
determ ned by the pernmeability of the material used for treatment, the ground-
water flow velocity, and the contact tine required for treatnent. These
paranmeters are rel ated as:

W= (V) (o) (4-8)

wher e

barrier width, m

&
1

v, = ground-water flow velocity in the barrier, nfsec

contact time to achieve the desired renoval, sec

—
o
1

Ground-water velocity, v, in turn, is determ ned by Darcy*s | aw

v = ks (4-9)
wher e
s = the gradient or |loss of head per unit length in the direction
of flow (unitless)
k = coefficient of perneability, a soil-specific value, msec

(2) Since the ground-water velocity through the perneabl e bed cannot be
predeterm ned, the trench should be designed for the maxi num ground-wat er
vel ocity through the soil. |If one assumes the hydraulic gradient is equal for
the soil and the permeability bed, the pernmeability of the barrier must equa
that of the soil
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4-29. Soil Flushing.

a. Process Description. Solution mining (extraction) is the applica-
tion of a solvent to a waste solid or sludge, and collection of the elutriate
at well points for the renoval and/or treatnent of hazardous waste constitu-
ents. Typically, solvents used are water, acids (sulfuric, hydrochloric,
nitric, phosphoric, carbonic), ammonia, and/or chel ating agents such as EDTA
whi ch sol ubilize heavy metals and other inorganic ions. As the solvent is
collected, a fraction can be recycled through the landfill with a make-up
solution. The remainder can be treated and di sposed.

b. Applications. Chemical extraction has been used by the chenica
processing and mning industries for many years. The techniques are wel
under st ood, but experience with in-situ treatment of hazardous waste is |ack-
ing. Therefore, very little data are available on the application of this
technology in a renedial action setting. Bench-scale |aboratory studies of
extraction of heavy netals from sludges and plans to conduct full-scale netal
extraction fromindustrial wastes have been made.

cC. Advant ages/ Di sadvant ages.

(1) The advantages of the process are that, if the waste is anmenable to
this technique and distribution, collection, and treatnment costs are rel a-
tively low, solution mning can present an econonical alternative to the exca-
vation and treatnment of the wastes. It nay be particularly applicable if
there is a high safety and health hazard associated with excavation. Also,
the effectiveness and conpletion of the treatnment process can be neasured via
sampling prior to wastewater treatnent.

(2) Disadvantages include an uncertainty with respect to adequate
contact with wastes; that is, because the wastes are buried, it is difficult
to deterni ne whether the solvent has contacted all the waste. Also, contain-
eri zed waste cannot be treated effectively by this nmethod. Another dis-
advantage is that the solution mning solvent or elutriate nay becone a
pollutant itself if the system has been poorly designed.

d. Data Requirenents. Principal data requirenments woul d include
| aboratory testing to determnmine extraction efficiency of the solvents and
wast e anal ysis for presence of constituents not conpatible with the sol vent.
Al so, field testing and a geohydrol ogic site survey to establish potential for
solvent migration into uncontani nated ground water and to establish wel
pl acenent sites for collection of the elutriate are required.

e. Design Criteria. The data requirements will determine the
sel ection of an extraction solvent, the well placenent for collection of the
elutriate, and the injection well |ocations for the extracting sol vent.

4-30. Vapor Extraction.

a. Background. Soils may beconme contanminated in a nunber of ways with
such vol atile organic chenicals as industrial solvents and gasoline conpo-
nents. The sources of contam nation at or near the earth*s surface include
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i ntentional disposal, |eaking underground storage tanks, and accidenta
spills. Contam nation of ground water fromthese sources can continue even
after discharge has stopped because the unsaturated zone above a ground-water
aquifer can retain a portion or all of the contam nant discharge. As rain
infiltrates, chemcals elute fromthe contaminated soil and nigrate toward
ground water.

b. Process Descri ption.

(1) A soil vapor extraction, a forced air venting, or an in situ air
stripping system (Figure 4-30) revolves around the extraction of air contain-
ing volatile chemcals fromunsaturated soil. Fresh air is injected or flows
into the subsurface at |ocations around a spill site, and the vapor-laden air
is withdrawn under vacuum fromrecovery or extraction wells.

Vapor
Treatment

Air/Water
Extraction Separator Biower
Well I
-+ - - - -» -+ - - - f-a L
iniet 1 -
Well
! 7
_.’ J.' T 't Cap
g
e B 1 Qe
G o &
+ T 4 §) Contaminated |2
+ 58 4 2 Soil %
i : T 4
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St Hg
= 1 v £ i 10 Groundwater
- 7 Table

Figure 4-30. Soil Vapor Extraction System (Terravac, Inc.)

(2) In the sinplest soil vapor extraction systens, air flows to an
extraction well fromthe ground surface. To enhance air flow through zones of
maxi mum cont anmi nation, it nay be desirable to include air inlet wells in the
installation. These injection wells or air vents, whose function is to con-
trol the flow of air into a contam nated zone, may be | ocated at numerous
pl aces around the site. Typically, injection wells and air vents are con-
structed simlarly to extraction wells. |In some installations, extraction
wel | s have been designed so they can al so be used as air inlets. Usually,
only a fraction of extracted air comes fromair inlets. This indicates that
air drawn fromthe surface is the predom nant source of clean air

(3) Extraction wells are typically designed to fully penetrate the
unsaturated zone to the capillary fringe. Extraction wells usually consist of
slotted plastic pipe placed in permeabl e packing and seal ed near the surface
to avoid “short-circuiting.” (See al so paragraph 3-13 on well points).
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(4) During renmediation, the blower is turned on and the air flow
t hrough the soil cones to an equilibrium The flows that are finally
established are a function of the equipnment, the flow control devices, the
geonetry of well layout, the site characteristics, and the air perneability of
the soil. At the end of operation, the final distribution of VOCs in the soi
can be neasured to ensure decontam nation of the site. Wlls nay be aligned
vertically or horizontally. Vertical alignnent is typical for deeper contani -
nati on zones and for residue in radial flow patterns. |If the depth of the
contam nated soil or the depth to the ground-water table is less than 10 to 15
feet, it may be nore practical to dig a trench across the area of contam -
nation and install horizontal perforated piping in the trench bottomrather
than to install vertical extraction wells. Usually several wells are
installed at a site.

(5) The neans to verify the success of cleanup is often problematic.
Soil sanpling is difficult to use because of the uncertainties in replicating
the sanpling results at a location. Measuring the soil gas concentrations are
nore repeatable but difficult to relate to regulatory standards, where they
exi st.

C. Applications. Alternatives for decontani nating unsaturated soi

i ncl ude excavation with onsite or offsite treatnent or disposal, biologica
degradation, and soil flushing. Soil vapor extraction is also an accepted,
cost-effective technique to renove volatile organic chemicals fromcontani -
nated soils. Soil vapor extraction can be effectively used for renmoving a
wi de range of volatile chemicals in a wide range of conditions. The design
and operation of these systens is flexible enough to allow for rapid changes
in operation, thus, optimzing the renmoval of chem cals.

d. Advant ages/ Di sadvant ages. Advant ages and di sadvant ages of soi
vapor extraction are sumarized bel ow.

Advant ages Di sadvant ages
M ni mal di sturbance of the There are few guidelines for the
cont am nat ed soil optimal design, installation, and

operation of soil vapor extraction
Systems can be constructed from

st andard equi pnent Theoretically based desi gn equations
defining the linmts of this
Systenms have been denpnstrated at technol ogy are | acking and system
pilot- and field-scale designs are nostly enpirica
Systenms can be used to treat |arger Al ternative designs can only be
vol unes of soil than are practical conpared by the actual construc-
for excavation tion, operation, and nonitoring

of each design
Systens have the potential for
product recovery system

(Conti nued)

4-114



EM 1110-1-502

30 Apr 94
Advant ages Di sadvant ages
Spills can be cleaned up before the Vapors and condensed | i quids
chemnical s reach the ground water collected fromthe wells may
tabl e require treatnent prior to
di scharge to the air
Systenms can be integrated with other
cl eanup technol ogies to provide Extraction of volatile chenicals
conpl ete restoration of contam - fromclays and silts may be
nated sites difficult
Can treat soils at depths greater Det erm ni ng when the site is
than in range of excavation sufficiently clean to cease
operation
e. Data Requirenents. A nunber of variables characterize the

successful design and operation of a vapor extraction system

(1) Site conditions: Distribution of VOCs, depth to ground water,
infiltration rate, |ocation of heterogeneities including paved or seal ed
areas, tenperature, atnospheric pressure.

(2) Soil properties: Pernmeability, porosity, organic carbon content,
soi|l structure, soil noisture characteristics, particle size distribution

(3) Control variables: Air withdrawal rate, well configuration
extraction well spacing, vent well spacing, ground surface covering, inlet air
VOC concentrati on and noi sture content, punping duration.

(4) Response variables: Pressure gradients, final distribution of VOCs,
final noisture content, extracted air concentration, extracted air
tenmperature, extracted air noisture, power usage.

(5) Chenical properties: Henry*s constant, solubility, adsorption
equilibrium diffusivity (air and water), density, viscosity.

f. Design Criteria. The design and operation of soil vapor extraction
systens can be quite flexible; changes can be made during the course of
operation with regard to well placenent, or blower size, or air flows from
i ndividual wells. |If the systemis not operating effectively, changes in the
wel | placement or capping the surface may inprove it. Based on the current
state of the technol ogy of soil vapor extraction systenms, the follow ng design
criteria can be recomended.

(1) Intermttent blower operation is probably nore efficient in terns
of removing the nost chenmical with the | east energy.

(2) Extraction wells are usually screened froma depth of from1.5 to 3
m(5 to 10 feet) below the surface to the ground-water table. For thick zones
of unsaturated soil, maxi mum screen lengths of 6.1 to 9.1 m (20 to 30 feet)
are specifi ed.
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(3) Air/water separators are sinple to construct and shoul d probably be
installed in every system

(4) Installation of a cap over the area to be vented reduces the chance
of extracting water and extends the path that air follows fromthe ground
surface, thereby increasing the volunme of soil treated.

(5) Increnental installation of wells, although probably nore expen-
sive, allows for a greater degree of freedomin design. Mdular construction
where the nost contaminated zones are vented first is preferable.

(6) Use of soil vapor probes in conjunction with soil borings to assess
final cleanup is | ess expensive than use of soil borings alone. Usually a
conplete materials balance on a given site is inpossible because nost sites
have an unknown amount of VOC in the soil and in the ground water.

(7) Soil vapor extraction systenms are usually only part of a site
renmedi ati on system

(8) Although a nunber of variables intuitively affect the rate of
chemical extraction, no extensive study to correlate variables to extraction
rates has been identified.

(9) well spacing is usually based on some estinmate of the radius of
i nfluence of an individual extraction well. Well spacing has ranged from 15
to 100 feet. Well spacing should be decreased as soil bulk density increases
or the porosity of the soil decreases. One of the nmajor differences noted
bet ween systens was the soil boring dianeter. Larger borings are preferred to
m nimze extracting liquid water fromthe soil

(10) Wells should be constructed with approxi mately 20 feet of bl ank
casings between the top of the screen and the soil surface to prevent the
short circuiting of air and to aid in the extraction of deep contani nation.

(11) Initial VOC recovery rates are relatively high, then decrease
asynptotically to zero with tinme. Several studies have indicated that
intermttent venting fromindividual wells is probably nore efficient in termns
of mass of VOC extracted per unit of energy expended. This is especially true
when extracting fromsoils where mass transfer is limted by diffusion out of
i mobi | e water.

(12) Optinmal operation of a soil vapor extraction system may involve
taking individual wells in and out of service to allowtime for liquid
di ffusion and to change air flow patterns in the regi on being vented.

(13) Air injection has the advantage of controlling air noverment, but
i njection systens need to be carefully designed.
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CHAPTER 5
DI SPOSAL TECHNOLOG ES

5-1. Definition. A disposal systemis a properly engineered facility used
for ultimte disposal of hazardous waste into or on |land or water.

5-2. Applicability.

a. Disposal systems have general applicability to all types of waste
streans. The different disposal techniques are collectively capabl e of
handl i ng wastes in solid, semsolid, and liquid forms. As many disposa
systens have shown mgration or dispersion of the contam nants to the
surroundi ng environnent, there is usually strong public resistance to siting a
solid or hazardous waste disposal facility.

b. Disposal is often the nmethod selected for final disposition of a
waste material when available treatnment or recovery options are not
technically or economcally feasible. For any disposal technique sel ected,
care should be taken to ensure that the design, construction, and operation of
a facility are based on sound engineering principles and are within regul atory
gui del i nes.

5-3. Techniques. The specific disposal techniques addressed in this chapter
include landfilling and deep well injection. |Incineration, often considered
as a disposal technique, is covered here as a treatnent technol ogy and has
been di scussed previously in Chapter 4. The follow ng sections address the
di sposal of wastes in offsite and onsite landfills.

5-4. Requlatory Constraints.

a. Severe regulatory constraints are placed on the construction and
operation of both landfills and deep well injection systems. Many of these
regul atory requirenents are subject to the interpretation of the Federal and
state agencies having regulatory authority over the site or facility.

Desi gners nust coordinate with the appropriate agencies to ensure regul atory
conpliance at all steps of the process.

b. O particular inpact on the disposal of wastes are the “land ban”
regul ati ons pronul gated under RCRA. These regul ations effectively ban the
landfilling of specific waste classifications without prior treatnent in
accordance with best denonstrated avail abl e technol ogy (BDAT). Wth respect
to the renediati on of uncontrolled hazardous waste sites, the application of
the I and ban regulations is unclear, especially for soils and debris, and nust
be addressed on a site-specific basis with the appropriate regul atory
aut hority.
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Section |. Onsite Disposa

5-5. GCeneral. Onsite disposal incorporates the construction and subsequent
operation of disposal facilities on or near the site being renediated. The
pri mary advantage of onsite disposal is the reduction of the requirenent for
transporting the wastes, sonetinmes over |ong distances, to an offsite di sposa
facility. The primary di sadvantages of onsite disposal are the conmmtnment to
the I ong-term operati on and mai ntenance of such a facility and the potentia

| oss of the |land productive use.

5-6. Landfills.

a. Description of Techni gue.

(1) Alandfill is defined as a disposal facility or part of a facility
where hazardous waste in bulk or containerized formis placed in or on | and,
typically in excavated trenches or cells. Differentiating between landfills
and surface i mpoundrments may be difficult in certain cases; although surface
i mpoundnments are designed intentionally to hold liquid waste, landfills may
al so accept bulk liquids under certain conditions. Bulk or noncontainerized
liquid waste or waste containing free liquids nmust not be placed in a | andfil
unl ess: (a) the landfill has a liner and a | eachate collection and renoval
system that meet the requirements of 40 CFR 264.310(a), or (b) before
di sposal, the liquid waste is solidified.

(2) The primary restriction on landfilling of hazardous wastes is the
elimnation of liquid disposal. Bulk liquids or sludges with | eachable
liquids nmust not be landfilled at Department of the Arnmy hazardous waste
facilities; disposal of such wastes will be permitted only in surface

i mpoundnents. RCRA regul ations pernmit disposal of liquids in small containers
in an overpack drum (I ab pack), provided that the latter contains sufficient
absorbent material to absorb all of the liquid contents of the inside
containers. The inside containers nmust be nonl eaking and conpatible with the
cont ai ned waste. The overpack drum nust be an open-head, DOT-specification
nmet al shi ppi ng contai ner of no nore than 110-gallon capacity. Batteries,
capacitors, or simlar nonstorage containers which contain free |liquids my be
[ andfill ed.

(3) Landfills should be sited in a hydrogeol ogic setting that provides
maxi mum i sol ati on of the waste fromground water. This is achieved by
vertical separation of wastes fromthe uppernost ground water, and | ow
permeability of the subsurface material providing the hydraulic separation
In addition, the landfill nust be |ocated above the 100-year flood |evel and
not interfere with major surface drainage.

(a) ldeally, the soils in the area should be suitable for daily cover
as well as final cover. |In cold regions where frost penetration is
significant (3 to 6 feet), the cover material should be stockpiled in as dry a
condition as possible to facilitate winterti ne operations.

(b) Location of landfills in karst terrain (or simlar geologic
formations) and in seismc zones 3 and 4 (as defined in Department of the
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Armmy, TM 4-809-10) shoul d be avoi ded whenever possible. However, if landfills
are sited in such areas, the follow ng precautions should be taken:

I An extensive geol ogical investigation nust be perfornmed to ensure
that the facility is not located on or in the near vicinity of sink holes or
caverns and that the soil and rock in the area are suitable for |ocation of
this type of facility.

I After the final site selection has been conpl eted, HQUSACE wi || be
notified of proposed |ocation and geol ogi cal conditions. This notification
will be nmade a mni num of 30 days before design begins.

(4) Disposal by landfilling involves placenent of wastes in a secure
cont ai nnent system that consists of double liners, a | eak-detection system a
| eachat e-col l ection system and a final cover. Wastes delivered to the
landfill are unloaded by forklift or front-end | oaders and placed in the
active waste |lift. Hazardous materials will be segregated in cells or
subcel | s according to physical and chenical characteristics to prevent m xing
of inconpatible wastes. Followi ng their placenent, the hazardous wastes wl|l

be covered with sufficient soil to prevent wi nd dispersal. Successive lifts
will be placed and the cover soil graded so that any direct precipitation is
collected in a sunp. Al direct precipitation collected in the sump will be
tested for contamination. As filling continues, wastes will be placed so as

to direct any run-off toward a tenmporary sunp at the | ower segment of the base
liner. For operations during extrenely wet conditions, tarpaulins my be used
to cover the active area to minimze infiltration of rainfall. 1In high
rainfall regions, sem permanent roof/rainfall protection may be installed over
the entire cell using either rigid or stress-tensioned structures. The
structure should be designed to prevent all rainfall fromentering the cel
until final cover is conpleted; then it is dismantled and erected over the
next cell. Another alternative to operations during extremely wet weather is
to containerize or store wastes until the rainfall season is over. As areas
of the secure landfill are filled to final grade, a final soil cover will be
installed in accordance with the facility*s operation plan. Figure 5-1
illustrates a cross section of a chemical waste landfill with a | eachate
col l ection system

(5) The nmjor design elenments of hazardous wastes landfills are listed
bel ow

(a) Double liners separated by a perneable |ayer such as sand.
(b) A leak detection system between the liners.

(c) A leachate collection and renmoval system above the top liner
(d) Water run-on and run-off control systens.

(e) A final cover to minimze infiltration of precipitation into the
closed landfill.
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Figure 5-1. Cross Section of a Chemical Waste Landfill with Leachate
Collection

(f) The base liner systemis designed and constructed to prevent
m gration of wastes during the active life of the disposal unit into the
liner, and out of the landfill into subsurface soil, ground water, or surface
water. A leak detection system between the double |iners enables the
detection and renoval of any seepage, and eval uation of |iner performance.
Locat ed above the double liners is the | eachate collection and renoval system
whi ch consists of slotted drainage pipes designed to collect |eachate that
flows under the influence of gravity to low points within the landfill. The
| eachate collection and renoval system nust be designed and operated to ensure
that the depth of |eachate over the |iner does not exceed one foot.

(6) Closure of a landfill is achieved by installing a final cover
whi ch has a perneability less than or equal to that of the bottomliner. The
cover should be capable of minimzing infiltration of Iiquids, functioning
wi th m ni mum mai nt enance, pronoting drainage and m nim zi ng erosion of cover,
and accommpdating settling and subsi dence.

(7) Secure landfills require equi pnent for handling wastes and cover
material, perform ng support functions, spill and fire control, and
decont anmi nation. For waste handling, a forklift and a front-end | oader are
typically used to unload and place containers and solid materials in assigned
active waste lifts. Dozers and self-loading scrapers are used to spread and
conpact cover material. For grading final surfaces, the craw er dozer is
effective; it can econonically doze earth over distances up to 300 feet.
Scrapers can haul cover material econom cally over relatively |ong distances
(more than 305 m (1,000 feet)). Since construction equipnent is heavy when
| oaded, precautions nmust be taken in placing initial |lifts of wastes over the
base liner. Subsequent lifts of bulk wastes and soil cover should be consoli -
dated by conpactors to minimze settlenent.
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(a) Support equiprment for a secure landfill may include a road grader
wat er truck, pickup trucks, and vacuumtrucks. The road grader can be used to
maintain dirt and gravel roads on the site, to grade the soil cover, and to
mai ntai n any unlined drai nage channels surrounding the fill. Water trucks
range from converted tank trucks to highly specialized, heavy vehicles that
are generally used in road construction operations. They are used at the
landfill for construction, to control dust, and if necessary, fight fires.

(b) In accordance with 40 CFR 264.32, all facilities must be equi pped
wi th comunication or alarmsystens, fire control equipnent, spill contro
equi prent, and decontam nation equi pnent (unl ess an exenption is obtained from
t he EPA Regi onal Adm nistrator).

(c) Al equipnent used to unload and pl ace wastes nust be
decont ani nat ed before being taken out of the disposal operation and staging
area. Incomng vehicles not used in the unloadi ng operation should be
restricted to staging areas or clean soil areas within the landfill.

b. Applicability of Landfilling.

(1) Landfilling can be expected to undergo close public scrutiny.
Landfilling is considered a suitable nmethod for disposing of nobst wastes with
some exception, including bulk liquids and ignitable or reactive wastes. |If

these wastes are solidified or made nonignitable or nonreactive in conpliance
with 40 CFR 264. 312 through 264.316, then they may be placed in a hazardous
waste landfill. Oher wastes requiring special handling or pretreatnent prior
to landfilling include wastes with free |iquids, inconpatible wastes,

i nfecti ous wastes, and contam nated wastes.

(2) \Wastes containing PCBs are regul ated under the Toxic Substances
Control Act (TSCA) (PL 94-469). Wastes containing PCBs in concentrations
bet ween 50 and 500 parts per nillion can be incinerated or disposed of in a
chemical waste landfill in accordance with 40 CFR 761, Subpart D. These
wastes, if disposed of in a chemical waste landfill, nust also neet all RCRA
regul ations regarding ignitability, reactivity, and free liquid. Wastes
containing PCBs in excess of 500 parts per mllion nust be incinerated.

(3) Radioactive wastes require special landfills and are not included
in this discussion. Radioactive waste disposal is regulated separately by the
NRC and is not regul ated under RCRA and CERCLA.

c. Data Requirements. The data requirenments needed for planning and
desi gni ng a hazardous waste landfill are detailed in 40 CFR Part 264, Subpart
B, Sections 264.13 and 264.18, and Part 267, Subpart B, Section 267. 10,
Subpart C, Sections 267.21 and 267.23, and for TSCA landfills in 40 CFR Part
761 Subpart D. The reader is referred to the specific sections in the CFR for
additional details and requirenents. In general, data requirenents for
specific activities are as foll ows:

(1) CGeneral waste analysis to include a detail ed chem cal and physica
anal ysis of a representative sanple of the waste for disposal (Section
264.13).
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(2) Location standards (Section 264.18).

(a) Seismic information including |ocation and activity of any faults
in the inmediate area.

(b) Floodplain |locations.

(3) Environmental performance standards (Section 267.10), general
design requirements (Section 267.21), and closure and postclosure (Section
267.23).

(a) Proposed vol unme of waste for disposal.

(b) Physical and chemical characteristics of the waste.

(c) Hydrogeol ogi cal characteristics.

(d) Quantity, quality, and direction of ground-water flow.

(e) Gound-water use and withdrawal rates.

(f) Topographic information.

(g) dimtol ogical conditions.

(h) Hydrol ogic data including surface flow patterns.

(i) Anpunt and uses of nearby surface waters, along with associated
wat er quality standards.

(j) Quality of nearby surface waters.

(k) Potential for waste volatilization and wi nd di spersal.
(I) Existing quality of the air.

(m Land use and zoning patterns.

(n) Physical and chemical properties of the soil underlying the
facility that supports an in-place liner.

(o) Perneability of the Iiner material.
(p) Potential pressure head of |eachate on the liner.

(g) Potential for damage to the liner systemduring installation of an
i n-place liner.

(r) Potential volune of |eachate or contam nated run-off that could be
produced at the facility.

(s) Source and characteristics of potential cover naterial.
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(t) Potential for health risks due to human exposure to waste
constituents.

(u) Potential damage to wildlife, crops, vegetation, and physica
structures due to exposure to waste constituents.

d. Design Criteria.

(1) The design criteria as given in the current regulations for both
sanitary landfills and hazardous waste landfills are generally based on
performance standards rather than specific design and construction
requi rements. That is, the owner/operator is responsible for ensuring or
denonstrating to the appropriate regulatory agency that the landfill design
bei ng proposed will meet a nunber of performance standards (given in the
regul ati ons) when constructed and operated according to the design plan

(2) The Part 241 regul ations covering solid waste or sanitary
landfills are structured in sections addressing individual aspects of |andfil
desi gn and operation with each section divided into three subsections
i ncluding: (a) requirenment, (b) recomended design procedures, and (c)
recormended operations procedures. The requirenent subsections generally
address the performance standards with the other two subsections addressing
recormended procedures for design and operation. Therefore, landfills to be
operated in the private sector are required to be designed to neet the
performance standards but are not required to follow the guidelines in detail
In the case of landfills to be operated within the managenent control of a
Federal agency, both the perfornmance standards and the design and operating
gui del i nes are nandatory pursuant to Section 211 of the Solid Waste Di sposa
Act, as amended (PL 89-272 and PL 91-512). |In either case, nmany of the
recommended design procedures are not specific and place the responsibility
for devel oping specific design criteria on the potential owner/operator

(3) Subpart N of Part 264 (264.301) contains the design and operating
standards for landfills used to dispose of hazardous wastes. The basic
requirenents are

(a) Aliner to prevent mgration of wastes out of the landfill and
into subsurface soil or ground water or surface water during the landfill*s
active life.

(b) A leachate collection and renmoval system

(c) Control of run-on and run-off.

(d) Capping the wastes at cl osure and conducting postcl osure care.

(e) To provide flexibility, the design and operating characteristics
required are expressed in ternms of performance standards for system conponents

as a whol e.

(4) The regulations (Part 264 Subpart N) require the systemto
function through schedul ed cl osure and to consist, at a nmnimm of a |leachate
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coll ection and renoval system and at |east one liner. The function of the

| eachate collection and renpval systemis to minimze the head (depth) of

| eachate on the liner. It nmust be capable of achieving a | eachate head of one
foot or less. The liner itself nust be designed and constructed to prevent
mgration of liquids and allow no nore than the mininuminfiltration of
liquids into the liner itself.

(5) The liner system nust be designed and built to achi eve contai nnment
of fluids during the life of the landfill unit, thus preventing the escape of
hazardous constituents to surrounding soils and ultinmately to the ground
water. There must be at |east one liner, and the material used must be
resistant to the chemicals it will encounter in the wastes and in the
| eachate, and be of sufficient strength to withstand the forces it wll
encounter during installation and operation. A base is required to provide
sufficient support to the liner to prevent failure. The liner system nust
cover all areas that are likely to be exposed to the waste and | eachate.

(6) A cap or final cover nmust be designed to minimze infiltration of
precipitation into the landfill after closure. |t nmust be no nore perneable
than the liner system It nust operate with m ni mum nai nt enance and pronote
drainage fromits surface and at the same tinme mnimze erosion. The design
nmust al so accommpdate settling and subsidence to mninize the potential for
di srupting the continuity and function of the final cover as well as prevent
wat er from pondi ng on the site.

(7) Two specific location standards concerning siting of a hazardous
waste landfill are given in 40 CFR, Part 264, Subpart B, Ceneral Facility
Standards. Section 264.18 pertains to seismc considerations and floodpl ai ns.
The reader is referred to this section in the CFR for additional information
and requirenents.

(8) 40 CFR, Part 761, Subpart D, Section 761.75 contains the design
and operation standards for chem cal waste landfills used for disposal of PCB
wastes. The basic requirements are:

(a) A synthetic liner if the in-place or conpacted soil |iner does not
have a perneability equal to or less than 1 x 107 cnf sec.

(b) A leachate collection nonitoring systemto be nonitored nonthly
for quantity and quality.

(¢) Gound-water nmonitoring system
(d) Flood protection.

(9) \Whenever a synthetic liner is used, special precautions will be
taken to ensure that its integrity is maintained and that it is chenmically
conpatible with the waste. Adequate neasures should be provided to prevent
excessive stresses on the liner due to inadequate subgrade preparation
equi prent | oads, or inproper waste/cover placenent nethods. The |iner nust
have a m ni mum thi ckness of .76 mm (30 nils); a 1.02 mm (40-nil) liner is
usual | y recomended.
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(10) If the landfill is located bel ow the 100-year fl oodwater
el evation, surface water diversion dikes around the perimeter of the |andfil
site with a mnimum height equal to 0.6 m (2 feet) above the 100-year
fl oodwater el evation will be provided. |If the landfill is above the 100-year
fl oodwat er el evation, the operators will provide diversion structures capable
of diverting all of the surface water run-off froma 24-hour, 25-year storm

(11) PCB wastes will be placed in the landfill in a manner that wll
prevent danage to containers or articles. Oher wastes placed in the |andfil
that are not chemically conpatible with the PCB wastes including organic
solvents will be segregated fromthe PCBs throughout the waste handling and
di sposal process.

e. Onsite or Ofsite Landfill Considerations. Several considerations
nmust be made when determ ning whether to use an onsite or offsite landfill.
The deternmination will have to be made on a site-specific basis. Onsite
landfilling will require land and | arge capital expenses to prepare a |andfil
for burial of hazardous waste. The problem of public acceptance of onsite
burial of waste that is to be “cleaned-up” is another consideration. Also,
the long-termnonitoring that a landfill will require can become a very
expensi ve operation.

f. Advant ages/ Di sadvant ages.

(1) Landfilling is in many cases the nost expedient, econom cal, and
best understood net hod of disposing of wastes. Landfilling is generally the
nost econom cal nmethod for disposing of |arge volunmes of wastes, especially
those with a | ow hazard to the environnent and public health or where other
options are not technically feasible.

(2) The disadvantages of landfilling are related to the concept of
landfilling as a very long-term storage of waste material. The contam nants
landfilled are not generally destroyed or rendered harm ess. The requirenents
i nposed by the RCRA and TSCA regul ations have significantly increased the cost
of landfilling due to requirenments for nore stringent site security; long-term
noni tori ng, operation, and managenent; and the inposed long-termliability.
The distribution of responsibility for contami nation problens resulting froma
landfilling operation even if it is properly pernmitted has not been totally
defined and thus will probably result in nunerous |egal actions. Local public
resi stance to siting of landfills around high popul ation areas , and even in
some rural areas, has been significant and is expected to continue.

(3) Nevertheless, landfilling in a site that neets RCRA and state
requirements will continue to be a viable and cost-effective di sposal nethod
for both sanitary and hazardous wastes.

5-7. Deep Wll Injection

a. Description. |In general, an underground well injection is sinply
t he subsurface di scharge of fluids through a bored, drilled, or driven well
or through a dug well, where the depth of a dug well is greater than the
| argest horizontal surface dinmension. Injection wells nmust be designed to
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prevent fluid novenent into underground aquifers used for drinking water.
There nust be no significant leak in the casing, tubing, or packer; and no
significant fluid novenent into an underground source of drinking water

t hrough vertical channels adjacent to the injection well bore. Testing for

| eaks can be achi eved through nmonitoring of annulus pressure or pressure test
with liquid or gas. The absence of significant fluid novenent can be

det erm ned through the use of well records denonstrating the presence of
adequate cenment to prevent such migration (class Il wells only) or the results
of a tenperature or noise log. The general requirenments for underground
injection wells are that they shall be |ocated, designed, constructed,
operated, maintained, and closed in a manner that will ensure protection of
human health and the environnent. Underground injection is divided into five
cl asses of wells (see 40 CFR 122.32 and 40 CFR 146.5) under regul ations
promul gat ed under the RCRA. Design and operating criteria for the five
classes of wells are detailed in the RCRA regul ations (40 CFR 146). An
exanpl e of a deep injection well is presented in Figure 5-2.

b. Applicability.

(1) An investigation of all alternate disposal nethods should be
acconpl i shed before deep well injection is considered. Deep well injection
shoul d be considered only when the hazardous |iquid wastes cannot be treated
or disposed of in other econom cal ways.

(2) Subpart C of 40 CFR Part 267 (interim regulations pertains to new
underground injection wells classified as class | wells (40 CFR 122.32) and
are very general in nature. The reader is referred to 40 CFR 146 for nore
detail ed i nformati on about design and operating requirenments. |n addition
the Subparts B, C, D, E, G and H of Part 264 and Part 264.18 apply as well

c. Data Requirenents.

(1) In general, data requirements for deternining and specifying
casing and cenmenting requirenents are as foll ows:

(a) Depth to the injection zone.

(b) Injection pressure, external pressure, internal pressure, and
axi al | oadi ng.

(c) Hole size.
(d) Size and grade of all casing strings.

(e) Corrosiveness of injected fluid, formation fluids, and
t emper at ur es.

(f) Lithology of injection and confining intervals.

(9) Type or grade of cenent.
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(2) 40 CFR 146.12, lists the construction requirenents in detail, and
40 CFR 146.13 lists the operating, nonitoring, and reporting requirenments that
are in addition to the requirenents of 40 CFR 264 and 267. |n general, the
data requirenent are as follows:

(a) General waste analysis to include a detail ed chem cal and physica
anal ysis of a representative sanple of the waste to be di sposed of (40 CFR
264.13).

(b) Data required to support the location standards (40 CFR 264. 18)
i ncl ude:

I  Seismic information including |ocation and activity of any faults in
the imedi ate area

1 Fl oodpl ai n | ocati ons.
(3) Data required to support the environmental performance standards
. , general design requirenents . , and cl osure an

40 CFR 267.10 | desi [ 40 CFR 267.21 d cl d
postcl osure (40 CFR 267.23) include:

(a) Proposed vol une of waste for disposal

(b) Physical and chemical characteristics of the waste.

(c) Hydrogeol ogi cal characteristics.

(d) Quantity, quality, and direction of ground-water flow.

(e) Gound-water use and withdrawal rates.

(f) Potential for health risks due to human exposure to waste
constituents.

(g) Potential damage to wildlife, crops, vegetation, and physica
structures due to exposure to waste constituents.

(h) Hydrol ogic data including surface flow patterns.
(i) Topographic information.
(j) dimtol ogical conditions.

(k) Anmpunt and uses of nearby surface waters, along with associated
wat er quality standards.

(1) Quality of nearby surface waters.
(m Potential for waste volatilization and wi nd di spersal

(n) Existing quality of the air.
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(o) Land use and zoning patterns.

d. Design Criteria. Underground Injection Control (U C) Program
regul ations require all aspects of injection well systens to be reported and
classified, including construction requirenments that pertain to casing type
and cement type, well dinensions, waste characteristics, corrosiveness, and
| eak prevention. The regulations also call for tests and | ogs, including
electric logs on the injection zone formation and integrity of conpleted
wells. In addition, mdcourse evaluation of well performance is required for
the first two years of operation. |In general, all types of materials and
procedures must be specifically described or referenced. As an exanple, stee
and concrete corrosion resistance to the waste stream nust be denonstrated.

Section Il. Ofsite D sposa
5-8. Ceneral

a. Ofsite disposal exploits the use of existing comrercial disposa
facilities. The primary advantage of offsite disposal is the mnimzation of
the responsibility for |long-termoperation and mai nt enance of such a facility.
A secondary advantage is the ability to maintain productive |and uses. The
pri mary di sadvantage of offsite disposal is the requirenent for transporting
the wastes, usually over |ong distances, to an offsite disposal facility.

b. Requirenents for offsite disposal nust be coordinated with the
operator of the offsite disposal facility. Each offsite disposal facility
operates in accordance with facility-specific pernmit requirements. Operators
strictly control waste-disposal operations. |If offsite disposal is
cont enpl at ed, coordi nati on shoul d be acconplished early in the design process.

c. Section 121 of CERCLA states that offsite disposal should be the
| east preferred renedial action alternative. This is not an outright
prohi bi ti on; however, use of the offsite disposal option should be fully
justified and docunented during the planning and design process.

5-9. Landfills. The use of offsite landfills presents problens.
Transportation of hazardous waste requires manifesting procedures and
decont ami nati on of equi pnment and trucks |leaving the site. Haul routes have to
be established, approved, and followed. When bids are being considered, the
contractor*s proposed disposal facilities should be checked to be sure that
they can legally receive and will receive the waste in question. Also, the
transportation of certain wastes such as bul k expl osive solids should be
considered. At the Chem Dyne renedi al action site DOT regul ations required

t hat expl osive solids be drumred before transporting. This resulted in very
expensi ve handling and extra disposal costs. A sinmilar problemwas
experienced with “solids” at the site. In npst cases the “solids” had to be
solidified to neet the landfill*s requirements for disposal. After
solidification with bul king agents (fly ash, corn cobs, etc.) the volunme and
wei ght were greatly increased. Since disposal costs were determ ned on a “as
di sposed of” basis, the costs were much greater than originally estimated. |If
an offsite disposal facility is going to be used, a determ nation of who shal
sign the manifest (contractor, Corps, or EPA) should be nade before the
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project is initiated. Constriction Bulletin (CB) 93-6, Hazardous Waste
Mani f est Signature Policy and Procedures; CB 91-13, Preparation and Signature
of Hazardous Waste Mani fests and Land Ban Certificates on EPA Superfund
Projects; CB 92-1, Asbestos Notification and Waste Shi pnment Record

Requi renments; and EP 200-1-2, Process and Procedures for RCRA Manifesting,
provide current guidance on this topic. Also, a percentage of the paynent to
the contractor should be held back until manifests are received fromthe
landfill indicating that the waste has been ultimately and properly di sposed
of. Ofsite landfill disposal should be considered for disposal of dewatered
cont am nated dredged material and for treated residuals. These options

i nclude sanitary landfills, RCRA landfills, and TSCA | andfills.

a. Sanitary landfills.

(1) sSanitary landfills are facilities designed primarily for the
di sposal of solid wastes on the land. Wastes are usually enptied into cells,
spread, and conpacted, and then covered daily with a 152-mm (6-inch) |ayer of
soil or other suitable material. Solid wastes placed in sanitary landfills
originate fromresidential and conmercial sources. Wastes that nmay pose a
substantial present or future hazard to human health or living organi sns are
excluded froma conventionally designed sanitary landfill. Therefore, as a
di sposal option for renediation of contam nated site, these facilities are
applicable to relatively clean residuals fromother treatnent or pretreatnent
processes.

(2) Disposal of liquid material in a landfill would likely require
elimnation of free-draining water either by dewatering and drying or by
solidification. |Inplenentation and cost are affected by the di stance and cost
for transport to a landfill that would accept the material. Landfill fees are
al so significant. Because landfills are commonly used for nunicipal waste
di sposal, there may a local landfill relatively close to the project area.
However, the demand for landfill capacity has resulted in restrictions on what
many landfills will accept, particularly for |large volumes of materi al

(3) Sanitary landfills are regul ated under the Solid Waste Di sposa
Act as anended by the Resource Act of 1970 and RCRA. Federal regul ations
provi di ng guidelines for |and disposal of solid wastes are presented in 40 CFR
Part 241. These guidelines state that landfills should avoid effects on
ground water and surface water, but design requirements are much | ess
stringent than those presented in nore recent regul ations for RCRA hazardous

waste facilities. Increased awareness of the potential hazards of landfills
is being reflected in nore stringent interpretation of design requirements for
these facilities that will protect the environment.

b RCRA Landfills.

(1) RCRA landfills are permitted for the disposal of certain hazardous
wast es as defined under RCRA. RCRA landfills nust nmeet requirenents specified
in 40 CFR Part 264.
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These requirements include |ining the bottomand sides of the site with two or
nore liners, a |leachate collection systemabove the top liner, and a |l eachate
detection system between the two liners. The top liner is a geosynthetic
material referred to as a flexible menbrane |iner (FM.), and the bottomliner
is an FML or a 3-foot-thick conpacted clay liner. The U'S. EPA currently
favors a bottomliner that is a conposite of an FML underlain by a clay |iner

Closure of a RCRA landfill requires covering with a mninumof a three-I|ayer
cover consisting of a vegetative top cover, a drainage |layer, and a conposite
(FM. over conpacted clay) liner. 1In addition to nonitoring the |leachate

coll ection and renoval system a ground-water nonitoring programis al so
required for a RCRA landfill.

(2) Permitted RCRA facilities are few in nunber, their availability
for contanmi nated dredged material is limted, and the cost for transportation

and di sposal will be large. The U S. EPA regul ations prohibit placenment of
liquids in RCRA landfills. Therefore, liquid wastes will have to be dried or
solidified before the landfill will accept it.

c. Toxic Substance Control Act (TSCA) landfills.

(1) TSCA landfills are defined here as chenical waste landfills
desi gned and constructed to conply with the provision of TSCA as defined in 40
CFR Part 761. This regulation establishes prohibitions of, and requirenments
for, the manufacture, processing, distribution in comerce, use, disposal
storage, and marking of PCBs and PCB itens. In contrast to RCRA regul ations
for hazardous waste, which do not mention dredged material specifically, the
TSCA regul ation states that all dredged materials containing PCBs at
concentrations greater than 50 ng/(¢ (50 ppn) shall be disposed of in an
incinerator (required if the concentration is greater than 500 ng/¢ (500
ppm), in a TSCA landfill, or other nethod subject to the approval of the U.S.
EPA Regi onal Adm nistrator.

(2) Requirements for TSCA landfills include a requirement to | ocate in
thick, relatively inpernmeable formations or to provide a 0.9 n(3-foot-thick)
conpacted clay liner with perneability less than 1 x 107 cmsec. An FML with
a mnimumthickness of 0.76 nm (30 mils) and that has proven chem ca
conpatibility with the waste may be substituted for the clay liner. The
bottom of the site nmust be at least 15.2 m (50 feet) above the historical high
wat er table. Ground-water nonitoring and | eachate collection systens are al so
required. As with RCRA landfills, materials containing free-draining |iquids
cannot be placed in the landfill for final disposal

(3) Landfills designed specifically to neet TSCA requirements have
limted availability. Disposal alternatives considered for dredged nateria
contani nated with PBS at concentrations greater than 50 nmg/( (50 ppm) have
i ncl uded confined di sposal facilities designed to TSCA standards. These
standards are in sone ways |ess stringent than RCRA. However, the requirenent
to locate 15.2 in (50 feet) above the water table would prohibit
i mpl enentation in nmany areas. Cost of this option is expected to be in the
same range as for RCRA landfills.
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5-10. Deep Well Injection. The use of deep well injection for offsite

di sposal presents many of the same problens as offsite landfills. The
techni cal gui dance presented in paragraph 5-7 is also applicable for offsite
wor k.
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APPENDI X B
MODEL STATEMENT OF WORK FOR CONDUCTI NG AN RI/ FS

B-1. Purpose.

a. The purpose of this renedial investigation/feasibility study (RI/FS)
is to investigate the nature and extent of contamination at the (Nane of Site)
and to devel op and eval uate renedial alternatives, as appropriate. The

contractor will furnish all necessary personnel, materials, and services
needed for, or incidental to, performng the RI/FS, except as otherw se
specified herein. The contractor will conduct the RI/FS in accordance with

t he Gui dance for Conducting Renedi al Investigations and Feasibility Studies
Under CERCLA (U.S. EPA, Cctober 1988).

b. This statenent of work (SON has been devel oped for the (Nane of
Site) that operated as a [Briefly Describe Site].

B- 2. Scope.

a. The specific RI/FS activities to be conducted at the (Nane of Site)
are segregated into 11 separate tasks.

(1) Task 1 - Project Planning

(2) Task 2 - Community Rel ations

(3) Task 3 - Field Investigations

(4) Task 4 - Sanple Analysis/Validation

(5) Task 5 - Data Eval uation

(6) Task 6 - Risk Assessnent

(7) Task 7 - Treatability Studies

(8) Task 8 - Rl Report(s)

(9) Task 9 - Renedial Alternatives Devel opnent and Screening

(10) Task 10 - Detailed Analysis of Alternatives
(11) Task 11 - FS Report(s)

b. The contractor will specify a schedule of activities and deliver-
abl es, a budget estimate, and staffing requirenents for each of the tasks
whi ch are described bel ow.

B-3. Task 1 Project Planning.

a. Upon receipt of an interimauthorization nenmorandum (used to
aut horize work plan preparation) and this SOWNfrom [ Engi neer District]

outlining the general scope of the project, the contractor will begin planning
the specific RI/FS activities that will need to be conducted. As part of this
pl anning effort, the contractor will conpile existing information (e.g.

t opogr aphi ¢ maps, aerial photographs, data collected as part of the NPL
listing process, and data collected as part of the drumrenoval of 1982) and
conduct a site visit to becone fanmiliar with site topography, access routes,
and the proximty of potential receptors to site contani nants. Based on this
i nformati on (and any other avail able data), the contractor will prepare a site
background sunmary that should include the foll ow ng:
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(1) Local Regional Sunmary - A summary of the location of the site,
pertinent area boundary features and general site physiography, hydrol ogy,
geol ogy, and the location(s) of any nearby drinking water supply wells.

(2) Nature and Extent of Problem- A summary of the actual and
potential onsite and offsite health and environnental effects posed by any
remai ni ng contam nation at the site. Enphasis should be on providing a
concept ual understandi ng of the sources of contam nation, potential release
mechani sns, potential routes of migration, and potential human and
envi ronnental receptors.

(3) History of Regulatory and Response Actions - A summary of any
previ ous response actions conducted by |local, state, Federal, or private
parties. This summary shoul d address any enforcenment activities undertaken to
identify responsible parties, conmpel private cleanup, and recover costs. Site
reference docunents and their |ocations should be identified.

(4) Prelimnary Site Boundary - A prelimnary site boundary to define
the initial area(s) of the remedial investigation. This prelimnary boundary
may al so be used to define an area of access control and site security.

b. The contractor will neet with [ Nane of Engi neer District] personne
to discuss the follow ng:

(1) The proposed scope of the project and the specific investigative
and anal ytical activities that will be required.

(2) \Whether there is a need to conduct limted sanpling to adequately
scope the project and devel op project plans.

(3) Prelimnary renedial action objectives and general response
actions.

(4) Potential renedial technol ogies and the need for or useful ness of
treatability studies.

(5) Potential ARARs associated with the | ocation and contam nants of
the site and the potential response actions being contenpl ated.

(6) \Whether a tenporary site office should be set up to support site
wor k.

c. Once the scope has been agreed upon with [ Name of Engi neer
District], the contractor will: (1) develop the specific project plans to
neet the objectives of the RI/FS and (2) initiate subcontractor procurenent
and coordination with analytical |aboratories. [At sone sites it may be
necessary to submt an interimwork plan initially until nore is | earned about
the site. A subsequent, nore thorough project planning effort can then be
used to develop final work plans.] The project plans will include: a work
pl an whi ch provides a project description and outlines the overall technica
approach, conplete with correspondi ng personnel requirements, activity
schedul es, deliverabl e due dates, and budget estimates for each of the
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speci fied tasks; a sanmpling and anal ysis plan [conposed of the field sanpling
plan (FSP) and the quality assurance project plan (QAPP)]; a health and safety
plan (HSP); and a comunity relations plan (CRP).

d. The contractor will prepare a sanpling and anal ysis plan (SAP) which
wi Il consist of the foll ow ng:

(1) Field Sanmpling Plan. The FSP should specify and outline al
necessary activities to obtain additional site data. It should contain an
eval uation expl ai ni ng what additional data are required to adequately
characterize the site, conduct a baseline risk assessnent, and support the
eval uation of renedial technologies in the FS. The FSP should clearly state
sanmpl i ng obj ectives; necessary equi pnent; sanple types, |ocations, and
frequency; analyses of interest; and a schedule stating when events will take
pl ace and when deliverables will be subnitted.

(2) Quality Assurance Project Plan. The QAPP shoul d address all types
of investigations conducted and should include the follow ng discussions:

(a) A project description (should be duplicated fromthe work plan).

(b) A project organization chart illustrating the |ines of
responsi bility of the personnel involved in the sanpling phase of the project.

(c) Quality assurance objectives for data such as the required
preci sion and accuracy, conpleteness of data, representatives of data,
conparability of data, and the intended use of collected data.

(d) Sample custody procedures during sanple collection, in the
| aboratory, and as part of the final evidence files.

(e) The type and frequency of calibration procedures for field and
| aboratory instruments, internal quality control checks, and quality assurance
performance audits and system audits.

(f) Preventative maintenance procedures and schedul e and corrective
action procedures for field and | aboratory instrunents.

(g) Specific procedures to assess data precision, representativeness,
conparability, accuracy, and conpl eteness of specific neasurement paraneters.

(h) Data docunentation and tracki ng procedures.

(3) Health and Safety Plan - The contractor will devel op an HSP on the
basis of site conditions to protect personnel involved in site activities and
t he surrounding community. The plan shoul d address all applicable regulatory
requi rements contained in 20 CFR 1910.120(i)(2) - Occupational Health and
Saf ety Admi nistration, Hazardous WAste Operations and Enmergency Response,
InterimRule, December 19, 1986; U.S. EPA Order 1440.2 - Health and Safety
Requi rements for Enpl oyees Engaged in Field Activities; U S. EPA Oder
1440.3 - Respiratory Protection; U 'S. EPA Cccupational Health and Safety
Manual ; and U.S. EPA Interim Standard Operating Procedures (Septenber 1982).

B-3



EM 1110- 1-502
30 Apr 94

The plan should provide a site background discussi on and descri be personne
responsibilities, protective equi pnent, health and safety procedures and
protocol s, decontani nation procedures, personnel training, and type and extent
of medi cal surveillance. The plan should identify problens or hazards that
may be encountered and how these are to be addressed. Procedures for
protecting third parties, such as visitors or the surroundi ng comunity,
shoul d al so be provided. Standard operating procedures for ensuring worker
safety should be referenced and not duplicated in the HSP

(4) Community Relations Plan - The contractor will prepare a conmunity
rel ati ons plan on how citizens want to be involved in the process based on
interviews with community representatives and | eaders. The CRP will describe

the types of information to be provided to the public and outline the
opportunities for community comrent and input during the RI/FS. Deliverables,
schedul e, staffing, and budget requirements should be included in the plan

e. The work plan and corresponding activity plans will be submitted to
[ Name of Engineer District] as specified in the contract or as discussed in
the initial meeting(s). The contractor will provide a quality review of al

proj ect planning deliverables.

B-4. Task 2 Community Rel ations.

a. The contractor will provide the personnel, services, materials, and
equi prent to assist [Name of Engineer District] in undertaking a conmunity
rel ations program This programwill be integrated closely with all renedial

response activities to ensure comrunity understandi ng of actions being taken
and to obtain community input on RI/FS progress. Conmmunity relations support
provided by the contractor will include, but may not be limted to, the
fol |l owi ng:

(1) Revisions or additions to community relations plans, including
definition of comunity relations program needs for each renedial activity.

(2) Establishnent of a comunity information repository(ies), one of
which will house a copy of the administrative record.

(3) Preparation and dissem nation of news rel eases, fact sheets, slide
shows, exhibits, and other audio-visual materials designed to apprise the
conmunity of current or proposed activities.

(4) Arrangenents of briefings, press conferences, workshops, and
public and other informal neetings.

(5) Analysis of community attitudes toward the proposed actions.

(6) Assessnent of the successes and failures of the comunity
rel ati ons programto date.

(7) Preparation of reports and participation in public neetings,
project revi ew neetings, and other neetings as necessary for the normal
progress of the work.



EM 1110- 1-502
30 Apr 94

(8) Solicitation, selection, and approval of subcontractors, if
needed.

b. Deliverables and the schedule for submittal will be identified in
the community rel ations plan discussed under Task 1

B-5. Task 3 Field Investigations.

a. The contractor will conduct those investigations necessary to
characterize the site and to evaluate the actual or potential risk to human
heal th and the environment posed by the site. Investigation activities wll
focus on problemdefinition and result in data of adequate technical content
to evaluate potential risks and to support the devel opment and eval uati on of
renedial alternatives during the FS. The areal extent of investigation wll
be finalized during the renedial investigation

b. Site investigation activities will follow the plans devel oped in
Task 1. Strict chain-of-custody procedures will be followed and all sanple
locations will be identified on a site map. The contractor will provide
managenment and QC review of all activities conducted under this task.
Information fromthis task will be sunmarized and included in the RI/FS report
appendi xes. Activities anticipated for this site are as foll ows:

(1) Surveying and Mapping of the Site - Develop a map of the site that
i ncl udes topographic informati on and physical features on and near the site.
If no detailed topographic map for the site and surrounding area exists, a
survey of the site will be conducted. Aerial photographs should be used, when
avail able, along with information gathered during the prelimnary site visit
to identify physical features of the area. May be conducted under Task 1 as
part of the site visit or limted investigation.

(2) \Waste Characterization - Deternmine the |location, type, and
quantities as well as the physical or chenical characteristics of any waste
remai ning at the site. |f hazardous substances are held in containnent
vessels, the integrity of the containment structure and the characteristics of
the contents will be deternined.

(3) Hydrogeol ogic Investigation - Determ ne the presence and potentia
extent of ground-water contanination. Efforts should begin with a survey of
previ ous hydrogeol ogi ¢ studi es and other existing data. The survey should
address the soil*s retention capacity/nechani sns, discharge/recharge areas,
regional flow directions and quality, and the likely effects of any
alternatives that are devel oped involving the punmping and di sruption of
ground-water flow. Results fromthe sanpling program should estimte the
hori zontal and vertical distribution of contam nants, and the contani nants*
mobility and predict the long-termdisposition of contaninants.

(4) Soils and Sedinents Investigation - Determine the vertical and
hori zont al extent of contam nation of surface and subsurface soils and

sedi nents and identify any uncertainties with this analysis. |Information on
| ocal background | evels, degree of hazard, |ocation of sanples, techniques
used, and nethods of analysis should be included. |If initial efforts indicate
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that buried waste may be present, the probable |locations and quantities of
t hese subsurface wastes should be identified through the use of appropriate
geophysi cal net hods.

(5) Surface Water Investigation - Estimate the extent and fate of any
contam nation in the nearby surface waters. This effort should include an
eval uation of possible future discharges and the degree of contam nant
di l uti on expected.

(6) Air investigation - Investigate the extent of atnospheric
contam nati on fromthose contam nants found to be present at the site. This
effort should assess the potential of the contaminants to enter the
at nosphere, local wind patterns, and the anticipated fate of airborne
cont ami nant s.

B-6. Task 4 Sanple Analysis/Validation. The contractor will develop a data
managenment systemincluding field | ogs, sanple nanagenment and tracking
procedures, and document control and inventory procedures for both | aboratory
data and field neasurenments to ensure that the data collected during the

i nvestigation are of adequate quality and quantity to support the risk
assessment and the FS. Collected data should be validated at the appropriate
field or laboratory QC level to determ ne whether it is appropriate for its

i ntended use. Task managenent and quality controls will be provided by the
contractor. The contractor will incorporate information fromthis task into
the RI/FS report appendi xes.

B-7. Task 5 Data Evaluation. The contractor will analyze all site

i nvestigation data and present the results of the analyses in an organized and
| ogi cal manner so that the relationships between site investigation results
for each nedium are apparent. The contractor will prepare a summary that
describes (a) the quantities and concentrations of specific chemicals at the
site and the anbient levels surrounding the site; (b) the number, |ocations,
and types of nearby popul ations and activities; and (c) the potentia

transport mechani sm and the expected fate of the contam nant in the

envi ronnent .

B-8. Task 6 Ri sk Assessnent.

a. The contractor shall conduct a baseline risk assessment to assess
the potential human health and environnental risks posed by the site in the
absence of any renedial action. This effort will involve four conmponents:
contam nant identification, exposure assessment, toxicity assessnment, and risk
characterization.

(1) Contaminant ldentification - The contractor will review avail able
i nformati on on the hazardous substances present at the site and identify the
maj or contam nants of concern. Contam nants of concern should be sel ected
based on their intrinsic toxicological properties because they are present in
| arge quantities, and/or because they are currently in, or potentially may
mgrate into, critical exposure pathways (e.g., drinking water).
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(2) Exposure Assessment - The contractor will identify actual or
potential exposure pathways, characterize potentially exposed popul ati ons, and
eval uate the actual or potential extent of exposure.

(3) Toxicity Assessment - The contractor will provide a toxicity
assessment of those chenmicals found to be of concern during site investigation
activities. This will involve an assessment of the types of adverse health or

environnental effects associated with chenical exposures, the rel ationships
bet ween magni t ude of exposures and adverse effects, and the rel ated
uncertainties for contam nant toxicity (e.g., weight of evidence for a
chemni cal *s carci nogenicity).

(4) Risk Characterization - The contractor will integrate information
devel oped during the exposure and toxicity assessnments to characterize the
current or potential risk to human health and/or the environment posed by the
site. This characterization should identify the potential for adverse health
or environnmental effects for the chenicals of concern and identify any
uncertainties associated with contaminant(s), toxicity(ies), and/or exposure
assunpti ons.

b. The risk assessnent will be subnitted to [ Nane of Engineer District]
as part of the Rl report.

B-9. Task 7 Treatability Studies.

a. The contractor will conduct bench and/or pilot studies as necessary
to determine the suitability of remedial technologies to site conditions and
probl ems. Technol ogi es that may be suitable to the site should be identified
as early as possible to determ ne whether there is a need to conduct
treatability studies to better estinmate costs and performance capabilities.
Shoul d treatability studies be determ ned to be necessary, a testing plan
identifying the types and goals of the studies, the |evel of effort needed, a
schedul e for conpletion, and the data managenent gui delines should be
submitted to [ Name of Engineer District] for review and approval. Upon [Nanme
of Engineer District] approval, a test facility and any necessary equi prent,
vendors, and anal ytical services will be procured by the contractor

b. Upon conpletion of the testing, the contractor will evaluate the
results to assess the technologies with respect to the goals identified in the
test plan. A report summarizing the testing programand its results should be
prepared by the contractor and presented in the final RI/FS report. The
contractor will inplement all managenent and QC review activities for this
t ask.

B-10. Task 8 Rl Report(s).

a. Mnthly reports will be prepared by the contractor to describe the
technical and financial progress at the (Nane of Site). Each nonth the
following items will be reported:
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(1) Status of work and the progress to date.

(2) Percentage of the work conpleted and the status of the schedul e
(3) Difficulties encountered and corrective actions to be taken

(4) The activity(ies) in progress.

(5) Activities planned for the next reporting period.

(6) Any changes in key project personnel

(7) Actual expenditures (including fee) and direct |abor hours for the
reporting period and for the cunulative termof the project.

(8) Projection of expenditures needed to conplete the project and an
expl anation of significant departures fromthe original budget estinate.

b. Mnthly reports will be submitted to [ Name of Engineer District] as
specified in the contract. |In addition, the activities conducted and the
concl usi ons drawn during the renedial investigation (Tasks 3 through 7) will
be docunented in an Rl report (supporting data and information should be

i ncluded in the appendi xes of the report). The contractor will prepare and
submit a draft Rl report to [Name of Engineer District] for review. Once
conments on the draft Rl report are received, the contractor will prepare a

final R report reflecting these conments.

B-11. Task 9 Renedial Alternatives Devel opnent and Screeni ng.

a. The contractor will develop a range of distinct, hazardous waste
managenment alternatives that will renediate or control any contam nated nedia
(soil, surface water, ground water, sedinments) remaining at the site, as

deenmed necessary in the RI, to provide adequate protecti on of human heal th and
the environnent. The potential alternatives should enconpass, as appropriate,
a range of alternatives in which treatnent is used to reduce the toxicity,
mobility, or volume of wastes but vary in the degree to which |ong-term
managenment of residuals or untreated waste is required, one or nore
alternatives involving containnent with little or no treatment; and a no-
action alternative. Alternatives that involve niniml efforts to reduce
potential exposures (e.g., site fencing, deed restrictions) should be
presented as “limted action” alternatives.

b. The followi ng steps will be conducted to determ ne the appropriate
range of alternatives for this site:

(1) Establish Renedial Action Objectives and General Response Actions
- Based on existing information, site-specific renedial action objectives to
protect human health and the environnent shoul d be devel oped. The objectives
shoul d specify the contam nants(s) and nedi a of concern, the exposure route(s)
and receptor(s), and an acceptable contam nant |evel or range of |evels for
each exposure route (i.e., prelimnary renediation goals). Prelimnnary
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renmedi al action objectives are devel oped as part of the project planning
phase.

(2) Prelimnary renediation goals should be established based on
readily available information (e.g., Rfds) or chemi cal-specific ARARs (e.qg.
MCLs). The contractor should nmeet with [Name of Engineer District] to discuss
the renedial action objectives for the site. As nore information is collected
during the RI, the contractor, in consultation with [Nanme of Engi neer
District], will refine remedial action objectives as appropriate.

(3) CGeneral response actions will be devel oped for each medi um of
i nterest defining contam nant, treatnent, excavation, punping, or other
actions, singly or in conbination to satisfy remedial action objectives.
Vol umes or areas of nmedia to which general response actions may apply shall be
identified, taking into account requirenents for protectiveness as identified
in the remedi al action objectives and the chenical and physica
characteristics of the site.

(4) ldentify and Screen Technol ogi es - Based on the devel oped genera
response actions, hazardous waste treatnent technol ogi es should be identified
and screened to ensure that only those technol ogi es applicable to the
contam nants present, their physical matrix, and other site characteristics
will be considered. This screening will be based primarily on a technol ogy*s
ability to effectively address the contam nants at the site, but will also
take into account a technol ogy*s inplenentability and cost. The contractor
will select representative process options, as appropriate, to carry forward
into alternative devel opment. The contractor will identify the need for
treatability testing (as described under Task 7) for those technol ogi es that
are probabl e candi dates for consideration during the detailed anal ysis.

(5) Configure and Screen Alternatives - The potential technol ogies and
process options will be conbined into nmedi a-specific or sitewi de alternatives.
The devel oped alternatives should be defined with respect to size and
configuration of the representative process options; fine for renediation
rates of flow or treatnment; spatial requirenments; distances for disposal; and
required permts, inmposed limtations, and other factors necessary to eval uate
the alternatives. |If nmany distinct, viable options are avail able and
devel oped, a screening of alternatives will be conducted to linmt the nunber
of alternatives that undergo the detailed analysis and to provide
consi deration of the nost promi sing process options. The alternatives should
be screened on a general basis with respect to their effectiveness,

i mpl enentability, and cost. The contractor will neet with [ Nane of Engi neer
District] to discuss which alternatives will be evaluated in the detail ed
analysis and to facilitate the identification of action-specific ARARs.

B-12. Task 10 Detailed Analysis of Alternatives.

a. The contractor will conduct a detailed analysis of alternatives
which will consist of an individual analysis of each alternative against a set
of evaluation criteria and a conparative analysis of all options against the
evaluation criteria with respect to one anot her
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b. The evaluation criteria are as foll ows:

(1) Overall Protection of Human Health and the Environment addresses
whet her or not a renedy provides adequate protection and descri bes how risks
posed through each pathway are elini nated, reduced, or controlled through
treatment, engineering or institutional controls.

(2) Compliance with ARARs addresses whether or not a renedy will neet
all of the applicable or relevant and appropriate requirenments of other
Federal and state environmental statutes and/or provide grounds for invoking a
wai ver .

(3) Long-Term Effectiveness and Permanence refers to the ability of a
renedy to maintain reliable protection of human health and the environnent
over tine once cleanup goals have been net.

(4) Reduction of Toxicity, Mbility, or Volune Through Treatnent is
the antici pated perfornance of the treatnent technol ogies a remedy may enpl oy.

(5) Short-Term Effectiveness addresses the period of tine needed to
achi eve protection and any adverse inpacts on human health and the environnent
that may be posed during the construction and inplenmentation period unti
cl eanup goal s are achieved.

(6) Inplementability is the technical and adm nistrative feasibility
of a renedy, including the availability of materials and services needed to
i mpl enent a particul ar option.

(7) Cost includes estimted capital and operation and mai nt enance
costs, and net present worth costs.

(8) State Acceptance (Support Agency) addresses the technical or
admi ni strative issues and concerns the support agency may have regardi ng each
al ternative.

(9) Community Acceptance addresses the issues and concerns the public
may have to each of the alternatives.

c. The individual analysis should include:

(1) A technical description of each alternative that outlines the
wast e managenment strategy involved and identifies the key ARARs associ at ed
with each alternative; and

(2) A discussion that profiles the performance of that alternative
with respect to each of the evaluation criteria. A table summarizing the
results of this analysis should be prepared. Once the individual analysis is
conplete, the alternatives will be conpared and contrasted to one another with
respect to each of the evaluation criteria.
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B-13. Task 11 FS Report(s).

a. Monthly contractor reporting requirenents for the FS are the sanme as
t hose specified for the RI under Task 8.

b. The contractor will present the results of Tasks 9 and 10 in a FS
report. Support data, information, and calculations will be included in
appendi xes to the report. The contractor will prepare and subnit a draft FS
report to [ Nane of Engineer District] for review Once comments on the draft
FS have been received, the contractor will prepare a final FS report
reflecting the cooments. Copies of the final report will be nmade and

distributed to those individuals identified by [Name of Engineer District].
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