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10....4.4 U. 4
n
/nun% 4. ...A...44.. .44. 4."..44--44--The Ere,
GLUM DurICY
rlyyram twirl
‘VIRAUt.61119 311..0
and engineering studies at the Radioactive Waste Management Complex (RWMC)
to obtain pertinent site characterization data and to determine potential
remedial corrective actions in response to detected migration of hazardous
chemical and radioactive constituents. The area of evaluation is the
Subsurface Disposal Area (SDA), an 88 acre landfill used from the 1950s to
1970s for the burial of transuranic and other radioactive waste cocontaminated with hazardous chemical substances.

The purpose of this report is to supplement the cleanup technology
scupiny process followiny the process set forth in the EPA guidance on
conducting remedial investigations (RI) and feasibility studies (FS) under
the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA). The end result of the analyses is the idiantifiratinn and
screening of potentially applicable remedial action technologies. The
screened technologies can then be used by EG&G to formulate comprehensive
remedial action alternatives for further evaluation.
Contaminants at the Subsurface Disposal Area
Identification of the contaminants present in each environmentai medium
at the SDA is critical to the identification of applicable or relevant and
appropriate requirements (ARARs) that must be considered in each potential
remedial action and to the idantificatinn and Pvalnatinn nf annrnnrinto
remedial
action
technologies for cleanup of the SDA.
Available
environmental and analytical reports were reviewed to determine what
contaminants have been detected at the SDA in the following environmental
media:
soil, bedrock, interbeds, surface water runoff, groundwater, and
air.
Table ES-1 summarizes the organic, inorganic, and
radioactive
substances found in each of these media and the highest reported
concentration. Organic contaminants have been found in the soils, interbed
sediments, groundwater, and air. Metals and other inorganic contaminants
have been detected in groundwater and in two interbeds (110 ft and 240 ft).
etivit..^^ IVOLCI
R2dionuclides have been AtAtartaA in soil, bedrock, in+almknAe
1OUCIWCUQ, 41.41112%.=
runoff, groundwater, and air. Only carbon tetrachloride has been detected
above a regulatory limit and this has occurred only once in groundwater.
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Identification of Potential ARARs
CDA

guidance on compliance with other laws indicates ♦that remedial
actions taken under the CERCLA process must comply with (1) ambient or
chemical-specific requirements, (2) location-specific requirements, and (3)
action-specific requirements. Action-specific requirements are generally
established
after remedial action alternatives have been
developed,
therefore, this report addressed the identification of chemical-specific and
location-specific ARARs. ARARs can only be identified on a site-specific
basis, i.e., established in connection with the characteristics of the
particular site and the chemicals present at the site.
lark

Federal and Idaho laws and regulations were reviewed to determine ARARs
potentially applicable to the location and contamination problems at the SDA
and the following ARARs were identified:
Chemical-Specific ARARs
Federal Drinking Water Regulations
Federal Ambient Water Quality Criteria
Idaho State Water Quality Standards
Federal Air Quality Standards
idaho State Air Quality Standards
10 CFR 20
Location-Specific ARARš
Floodplains
Activities Proximate to Drinking Water Wells
(Idaho Drinking Water Regulations)
Archaeological Resources and Antiquities
It was determined that ARARs do not exist for all chemicals and that ARARs
do not exist for every medium. There are no ARARs for soil or basalt.
nnr_Tn
nth:ay. requirements such as those outlined 4.
in
givi-- ay
procedures as well as EG&G procedures are additional guidance "to be
considered" (TBC) and will need to be identified and evaluated after the
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CONTAMINANTS BY ENVIRONMENTAL MEDIUM AT THE SDA
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remedial action alternatives are developed and are therefore not included in
this report.
Preliminary Remedial Action Obiectives
General, chemical-specific, and location-specific remedial
action
objectives were identified for the SDA. The general objectives include:
•

Control originating waste constituent source (buried waste) if not
removed

•

Minimize or eliminate precipitation or run-off infiltration at the
SDA

•

Control secondary sources of contaminants (contaminated
basalt bedrock, sedimentary interbeds) to protect the Snake
Plain Aquifer

•

Minimize contaminant migration off the SDA

•

Prevent contaminant migration off the INEL

a
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exposure
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soil,
River

•

vaultilOglect

waste constituents
•

Provide
the RWMC and off-site users (if
sufficient, dependable, and safe potable water

•

Provide a water supply at the RWMC that can meet
demand and fire flow requirements

•

Comply
with
requirements.

Because
modium,

all

applicable

Federal

and

ARARs do not exist for every compound in

necessary)

potable

State

of

with

water

Idaho

every environmental
rrinrontratinne in

a rick-hagad approach was 'mod tn hark-ralrolata

soil and groundwater so that a specified target risk level was achieved
after remediation. In other words, after site cleanup activities have been
ES-4

completed, the residual quantities of contaminants remaining would results
in an acceptable level of risk to an exposed individual or population.
Table Lo-, F.....uts a summary of the preliminary
Arationa LalLulatcd
for soil and groundwater using this method. The methodology used involved
numerous assumptions regarding exposure pathways and the allocation of risk
among pathways and between chemicals and radionuclides. As a result, the
methodology in its current form is extremely conservative and
this
conservatism is reflected in the low concentrations calculated. The major
assumptions in the methodology are as follows:
•

The target risk is 10-6 (1 additional case of cancer in a
population of 1,000,000) - EPA's CERCLA program uses a range of
In-4
.....
1n-7 e,e
4.11. 1A -6
,
LA AA.1
AV
UV IV
711411 IV
Qa LAC
vea; or point of ueparLuve in a risk
analysis.

•

The
target risk is equally divided between
nonradioactive
compounds (0.5x10-6) and radioactive compounds (0.5x10-6).

•

Four exposure pathways are assumed:
1.
2.

Ingestion of contaminated groundwater through drinking water
Inhalation of volatile substances during showering
with
contaminated groundwater
3. Incidental ingestion of contaminated soil dust
4. Inhalation of contaminated soil dust

Tho

•

The target risk within a category of compounds (chemical or
radioactive) is equally allocated between the groundwater exposure
pathway (pathways 1 and 2 above) and the soil exposure pathway
(pathways 3 and 4 above). Within a given exposure route within a
given category of compounds, the risk is further equally allocated
between each compound present in the medium of interest.

•

The population at risk are the workers at the RWMC.

anolvcie
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Noncarcinogenic effects were not considered.
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TABLE ES-2.

PRELIMINARY CHEMICAL-SPECIFIC REMEDIAL ACTION OBJECTIVES

Carcinogenic
Compound

Arsenic
Carbon Tetrachloride
Chloroform
Tetrachloroethylene
Trichloroethylene
Amoririlim-241
Cesium-137
Cobalt-60
Europium-154
Plutonium-238
Plutonium-239
Plutonium-240
Tritium
Strontium-90

Preliminary
Remedial Action
Objective In
Soil

2.26 mg/kg
-5.83 mg/kg
26.9 mg/kg
7:0x10-9 wCi/g
2.0x10-6 uCi/g
3.67x10-6 uCi/g
8.62x10-6 uCi/g
2.02x10-9 uCi/g
1.82x10-9 uCi/g
1.82x10-9 uCi/g
7.05x10-7 uCi/g
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Preliminary
Remedial Action
Objective In
Groundwater

2.83x10-3 ug/1
2.37x10-2ug/1
3.8Ix10-2 ug/i
1.81x10-1 ug/1
4.68x10-1 ug/1

1.33x10-4 uCiji
1.03x10-7 uCi/1

The
following location-specific
formulated for the SDA:
1.

remedial

action

objectives

were

Floodplains
Goal:

Environmental/Facility Protection

Site any new waste management facilities outside the
Ob.iective:
100-year floodplain in accordance with RCRA and State of Idaho
hazardous waste management regulations. [It is reasonable to
expect that new waste management facilities will have to be
constructed at the SDA, which is within the 100-year floodplain.
However, potential fiooding is controlled by the diversion system
to the west of the SDA; therefore, facilities in the SDA may be
considered to be "outside" the 100-year floodplain as long as the
diversion system is adequate to control a 100-year flood on the
Big Lost River with no impact on the SDA. Runon/runoff controls
would be action-specific requirements.]
2.

Proximity of Drinking Water Wells
G al:

Human Health Protection

When in the proximity of a drinking water well,
Ob.iective:
construct any sewer lines, canals, ditches and other specified
ku
ctrurtures in Prcordance with the minimum distances required 61
.1
the Idaho Drinking Water Regulations (IDAPA
16.01.8900,07).
Specified minimum distances from a well for applicable structures
include:
Sewer line
Canals, streams, ditches, lakes

50 feet
50 feet

Any new drinking water wells constructed at the SDA
comply with these minimum distance requirements.
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must

also

3.

Archaeological Resources and Antiquities
Cetml.
yx21•

Dacnurrn Drinteariinn

IVC.O.W41 ,
.•G

Obiective:
Actions should not cause irreparable harm, loss, or
destruction of archaeological artifacts and antiquities. If such
resources are encountered during remedial activities, appropriate
procedures should be followed and actions taken to evaluate and
protect this material.
General Response Action Identification and Preliminarv Remedial
Screening

Technolociv

General response actions represent categories of remedial action
technologies that may be used to mitigate environmental contamination
problems.
Based on a preliminary listing of potential SDA problems, the
following general response actions were identified as applicable:
•
•
•
•
•

Air pollution controls
Leachate and groundwater
controls
Contaminated soil and
sediments containment
Land disposal and temporary
storage
Institutional controls

•
•
•
•
•
•

Surface water controls
Gas migration control
Soil excavation and removal
In-situ treatment
Direct waste treatment
Contaminated water and
sewer line controls

The remedial action technologies within each of these categories were
evaluated and screened to eliminate potentially inapplicable technologies.
Three screening factors were used: effectiveness, implementability, and
cost. No technologies were eliminated solely on cost.
Thirty-six (36) technoiogies invoiving 90 different process options
were screened.
A total of 31 technologies involving 48 process options
passed the screening effort. Table ES-3 summarizes the technologies and
nrnracc nntinnc that n
r accad tha nrcliminmry erraaninn
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TABLE ES-3. REMEDIAL TECHNOLOGIES THAT PASSED SCREENING

NO A CTION
WASTE OR CONTAMINATED SOIL IN-SITU TREATMENT
Institutional Controls
• Access Restriction
Treatment
• In-Situ
- In-Situ Vitrification
- Vapor Flushing
CONTAMINATED SOIL REMOVAL AND TREATMENT
Institutional Controls
• Access Restriction
Removal/Treatment/Disposal
• Complete Removal
- Backhoes
- Cranes
- Dozers
- Loaders
- Scrapers
• Onsite Disposal
- RCRA Permitted Landfill (mixed waste)
• Offsite Disposal
- RCRA Permitted Landfill (mixed waste)
• In-Situ
- In-sitn Vitrifiratinn
- Vapor Flushing
• Treatment of Removed Soil
- Handling
Solidification (cement/asphalt)
• Encapsulation
- Vitrification
- Incineration
▪ Chemical Separation/Fixation
SURFACE WATER CONTROL
Institutional Controls
• Access Restriction
s Monitoring
Collection/Treatment/Discharge
• Capping
- Multi-media
- Soil
• Grading
• Revegetation
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TABLE ES-3.

REMEDIAL TECHNOLOGIES THAT PASSED SCREENING (continued)

• Diversion/Collection
• Dikes/Berms
- Channels
- Terraces
LEACHATE AND GROUNDWATER CONTROL
Institutional Controls
• Access Restriction
a

ATharw.s4n

flIUGSHMUG

IMMYCI

CAInnlw

- Surface Pipeline
- Bottled Water
• Monitoring
• Treatment of Water Supply
- Adsorption
- Air Stripping
Containment
• Capping
-

Mu1ti-Madi2
Soil

• Near-Surface Vertical Barriers
- Slurry Walls
Collection/Treatment/Usage/Discharge
• Pumping
- Extraction Wells
- Extraction/Injection Wells
• Biological Treatment
- Activated Sludge
- Trickling Filter
- Rotating Biological Disk
• Chemical Treatment
- Precipitation/Coagulation/Flocculation
- Neutraiization
- Oxidation/Reduction
- UV/Ozonation
• Physical Treatment
- Sedimentation/Clarification/Gravity ThickPning
- Carbon Adsorption
- Ion Exchange
- Air Stripping
- Steam Stripping
- Reverse Osmosis
• In-Situ Treatment
- Biodegradation
• On-Site Disposal
- Surface Water
- Reinjection
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TABLE ES-3.

REMEDIAL TECHNOLOGIES THAT PASSED SCREENING (continued)

GAS MIGRATION CONTROL
Institutional Controls
• Access Restriction
• Monitoring
Collection/Treatment/Discharge
• Active Extraction (Vapor Vacuum Extraction)
• Gas Treatment
- Carbon Adsorption
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1.

INTRODUCTION

The EG&G Buried waste Program (BWP) is conaucting site investigations
and engineering studies at the Idaho National Engineering Laboratory (INEL)
to obtain pertinent site characterization data and to determine necessary
remedial corrective actions in response to detected miratinn nf hayardrpc
chemical and radioactive constituents from the Subsurface Disposal Area
(SDA) of the Radioactive Waste Management Complex (RWMC). To date,
chlorinated organic chemicals have been detected, on one occasion, above
applicable regulatory standards in the groundwater. The RCRA Facility
Investigation (RFI) studies related to the migration of organic chemicals at
the SDA are being performed under the existing Consent Order and Compliance
Agreement (COCA) between the U.S. Environmental Protection Agency (EPA)
Region X and DOE-ID for the INEL. The ongoing mission of Buried Waste
Program (BWP) has been to address the removal of previously disposed
transHranir and mixed rhpmiral and radinartivA wAste At the SDA; the
migration of radionuclides; and other measures necessary to resolve any
remaining environmental contamination issues. The BWP mission does not
address ongoing disposal of low-level waste in the currently operating lowlevel waste disposal pits. The development of preliminary remedial action
objectives
and technologies follows the CERCLA/SARA
guidelines for
conducting remedial investigation (RI)/feasibility study (FS) corrective
action investigations and engineering studies under the COCA.
The
following sections present an overview
anA nnnma
feasibility study ..
, the nmeinnea 'mew
abvNc vi
organization of this report.
1.1
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CERCLA/SARA
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OVERVIEW OF THE CERCLA/SARA FEASIBILITY STUDY PROCESS

The CERCLA process includes two components: the RI and the FS. The RI
is the data collection mechanism for the FS and is conducted concurrently.
The FS is the mechanism for the development, screening, and detailed
evaluation of potential remedial action alternatives to remedy site
contamination.
The analyses performed in the FS lead to selection of the
remedy to be implemented, a Record of Decision (ROD) on the remedy selected,
remedial action design, and performance of the remedial action.
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The FS process includes scoping activities, development of remedial
action alternatives, screening of remedial action alternatives, and detailed
anaiysis of remediai action aiternatives. The scoping effort is the initiai
planning phase. The analyses conducted in the scoping effort are further
refined in later FS analyses. The scoping process involves the development
nf a conceptual site model that addresses a preliminary understanding nf the
contaminants at the site, the environmental media that are contaminated,
potential contaminant transport pathways, human and environmental receptors,
and potential exposure pathways. This "model" is then used to establish a
preliminary list of potentially applicable or relevant and appropriate
requirements (ARARs), and preliminary remedial action objectives. The focus
of the analysis is a determination, if it can be made at this time, whether
(and to what extent) a threat to human heaith or the environment exists.
Remedial action alternatives are developed and evaluated in relation to this
defined threat.
Figure 1-1 presents an overview of the alternatives
davalnnmant r.
nrnracc in tha Fq
A preliminary Site Management Strategy can also be developed at this
point in the process. This strategy serves to identify:
(1) types of
actions that may be considered in site cleanup or mitigation; (2) interim
actions necessary to mitigate pressing site problems; (3) timing and optimal
sequence of remedial actions; and (4) streamlining of the FS focus or
process based on site-specific considerations (i.e., waste types, volume of
waste or area to be addressed, geologic barriers, etc.). Operable units may
also be established at this time on a preliminary basis. The operable unit
mny be a step in the remediation prarace, a geographic portion of the site,
a specific problem at the site, or an interim action (in support of a later
final action).
Three types of ARARs are identified in the FS process: contaminant- or
chemical-specific; location-specific; and action-specific. Contaminant- or
chemical-specific ARARs are used to define acceptable exposure levels and to
establish preliminary cleanup goals in specific environmental media (e.g.,
concentration
of a specific chemical or chemicals in
groundwater).
Location-specific
ARARs are requirements that in
practice
restrict
activities in certain areas (e.g., location or floodplain requirements).
Action-specific ARARs are used to set controls or restrictions for treatment
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and disposal activities. Location-specific ARARs may also result in actionspecific engineering requirements that can be implemented in lieu of
restricting an activity in a certain location ‘e.y., 4y3t.cm tacisu to meet
seismic requirements in a seismically active area).
In addition, some
action-specific
ARARs are chemical-specific in nature; for
example,
restrictions on air releases of specific compounds.
The ARAR identification process is iterative. It continues throughout
the
FS process as better understanding is achieved regarding
site
conditions, site contaminants, and potential remedial action technologies to
be implemented.
In the scoping process and prior to the development of
alternatives, contaminant-specific and location-specific ARARs are the
•
requirementS priMarilY developed.
Action-speui
fic •ARARs can only
be
identified in general terms based on a range of potential actions.
Actionspecific ARARs can be developed after the remedial action alternatives are
developed; the action-specific ARARs are further refined during
te
h
screening and detailed analysis of the remedial action alternatives.
Throughout the FS process, ARARs are established on a preliminary
basis.
The actual ARARs required to be included in the analysis and the
cleanup or action levels established based on the ARARs must be negotiated
with the cognizant regulatory and lead agencies. Otherwise, the ARARs and
cleanup ieveis identified are only "working" numbers to focus the anaiyses.
The ARARs identified serve as the basis for developing remedial action
oblectives.
These objectives initially define the rlaannp lavalc nr nthar
requirements that remedial action alternatives must meet.
The objectives
identification process is also iterative. As remedial action alternatives
become better developed, the ability of the individual technologies to treat
or contain specific contaminants can be further assessed and used to make
"tradeoffs" in establishing chemical-specific cleanup objectives without
necessarily changing exposure goals. The detailed evaluation of remedial
action aiternatives will also consider how well each alternative can meet
chemical-, location-, and action-specific objectives which are based on
ARARs.
To develop remedial action alternatives, general response actions are
identified.
These actions represent categories of technologies that can
1-4

generally address particular site problems and may also be able to be
combined to address multiple problems or several aspects of one particular
problem.
Potential remediai action technologies in each response action
category are identified and screened based on potential effectiveness,
implementability, and cost. Technology process options are also considered
in this analysis. These options represent specific technologies within a
technology group and may be representative of the group as a whole. These
options are also screened to eliminate any that are impractical or otherwise
inapplicable to site problems and remediation objectives, and to identify
possible options that may be representative.
Once the technologies and technology process options are screened, they
may be assembled into a range of aiternatives. The alternatives can focus
on a particular medium, specific area(s) of the site, or the site as a
whole.
However, the detailed analysis of alternatives must address
21tern2tivec that romprehensively resolve site contamination problems. The
primary objective of the alternatives developed is to protect human health
and the environment. The range of alternatives developed should represent a
range of waste management options: (1) no action; (2) eliminate the
hazardous substances; (3) reduce the hazardous substances present to
acceptable levels (defined based on exposure and risk analyses); (4)
prevention
of exposure (e.g., replacement of water
supply
thereby
eliminating exposure); and (5) a combination of (2), (3), and (4). The
range
may also be expressed in terms of no action, treatment
to
reduce/eliminate hazard, and containment with little to no treatment.
Once the remedial action alternatives are developed, they are screened
based on effectiveness, implementability, and cost. The screening effort
involves more detailed analyses than performed during scoping and addresses
each alternative rather than only a specific technology. The purpose of
this screening process is to minimize the number of alternatives to be
considered for detailed analysis. ARARs are further developed at this stage
and action-specific ARARs can be defined. Remedial action objectives are
further developed at this stage as well, based on refinment of the ARARs.
•..4.. 46. ...• •
.1..4z
Following 4k.
eue
41
/
4
.1CCHIIIV aloCill
reMaining
alGernalwiVeS
ulmergo a
detailed evaluation based on nine criteria: (1) short-term effectiveness;
(2) long-term effectiveness and permanence; (3) reduction of toxicity,
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mobility, or volume; (4) implementability; (5) cost; (6) compliance with
ARARs; (7) overall protection of human health and the environment; (8) State
acceptance; and (9) community acceptance. The outcome of this detailed
analysis is a comparative analysis presenting the relative strengths and
weaknesses of the remedial action alternatives considered. This comparative
ftaftl“.44
G.
eLa
auainsS itorMS WM basis for final selection of buc prcicrJeu rcimuj.
The above discussions represent a summary of information presented in
the EPA Guidance for Conductina Remedial Investiaations and Feasibilitv
Studies Under CERCLA, March 1988 (Ref. 48).
1.2 PURPOSE AND SCOPE OF REPORT
The purpose of this report is to supplement the scoping process and
continue the ARAR analyses and technology analyses to support the
development of remedial action alternatives by EG&G. Data received from
EG&G regarding contaminant concentrations, past technology assessments, and
preliminary evaluations of environmental characteristics and
disposal
ika C.11.2.14mn ftwftl.n.A.
history at the SDA has been used uw nmanwom
pc[twlm
linUljaCJ.
•

Identification of SDA contaminants by medium

•

Development of a conceptual "working" model of contaminant
transport pathways, affected receptors, and exposure pathways

•

Preliminary identification of chemical-specific and locationspecific ARARs

•

Identification of generally applicable action-specific ARARs

•

Development of preliminary chemical-based action levels by medium

•

Development of preliminary remediation objectives (general,
chemical-specific, and location-specific)

•

Identification of general response actions
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•

Identification and screening of potentially applicable
remedial action technology types for the SDA.

Figure 1-2 presents the relationship of these analyses.
The effort has been performed in conformance with the EPA Guidance for
Conductina Remedial Investiaations and Feasibilitv Studies Under CERCLA,
March 1988 (Ref. 48). As previously shown in Figure 1-1, the activities
noted above lead to the development of remedial action alternatives. The
combination of screened technologies from this report into remedial action
alternatives will be performed by the EG&G Buried Waste Program and is
outside the current scope of this report.
Two remediation scenarios are considered in the development of
remediation objectives, target action levels, and remedial action technology
types: (1) remediation of environmental contamination remaining after
buried waste is retrieved; and (2) remediation of the buried waste (in situ)
and other environmental contamination should the waste not be retrieved.
Technologies for retrieval of the buried waste and the management of such
retrieved waste are outside the scope of this effort as those technologies
and related alternatives are being addressed separately within the EG&G
Buried Waste Program. "No action" is a remediation option retained
throughout the analyses. It should be noted that "no action" can include
institutional controls such as monitoring, fencing, limiting site access,
etc.
1.3 REPORT ORGANIZATION
Section 2 identifies the contaminants of potential concern at the SDA
by
medium and presents a conceptual "model" of the environmental
contamination problems, transport mechanisms, and exposure routes used in
this report. Section 3 identifies ARARs that may need to be considered in
m ala..44-1
—1-12—
VI-- Ana., _
q
.
WV011.401.111
pucmslai
t.
1.11t11.1W1b.
Ine AKAKS ioentirieo incluoe
chemical-specific and location-specific requirements. Section 4 presents
remedial action objectives including general response objectives, potential
action or cleanup levels for chemicals and radionuclidps at tha MA, and
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location-specific objectives.
Section 5 identifies potential
general
response actions and categories of technologies that may be applicable to
environmental
contamination at the SOA. Section 6 identifies preliminary
remedial
action technologies and screens the technologies based
on
effectiveness,
implementability,
and
cost.
Section
7
presents
recommendations for additional data, analyses, and other issues pertinent to
the FS process. Section 8 presents the bibliography of information and
references used in this report. Appendix A provides the derivation of
equations used to develop risk-based chemical-specific cleanup objectives in
Ca...4.4a..
A
.Jc1.1.1V11
T.
Appendix 8 provides short, summary descriptions of remeuict‘lon
technologies screened in Section 6.
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2. CONTAMINANTS AT THE SUBSURFACE DISPOSAL AREA
prebent. CIL WC 31.1USLIVIdle U1SpUbd11
Area (SDA) is critical to the identification of applicable or relevant and
appropriate requirements (ARARs) and to the identification and evaluation of
Environmental
appropriate remedial technology(s) for cleanup of this site.
studies at the SDA continue in an effort to better characterize the SDA in
the
terms of its natural geology/hydrogeology, wastes disposed, and
migration of contaminants from the buried waste. These activities include
sampling of the various media at the site (i.e., surface and subsurface
soil, bedrock, groundwater) for the presence of contaminants.
leenLITlUdLlue

UT

We CUULdMincellb

to
Available environmental and analytical reports were reviewed
each
determine what contaminants have been detected at the SDA in
environmental medium.
A summary list of contaminants by medium was then
Aa.fllaflaA
UCVCIUKCY.

Section 2.1 presents a general discussion of the environmental media at
the SDA, the contaminants reported to be found in those media, and the
corresponding highest observed concentrations of those contaminants. Section
transport,
2.2 presents a conceptual "working" model of contaminant
receptors, and exposure routes at the site.
2.1

IDENTIFICATION OF CONTAMINANTS BY ENVIRONMENTAL MEDIUM

As a first step in the process of identifying contaminants by medium at
the SDA, literature related to the site was reviewed to determine the actual
media of relevance at the site. Geological and hydrological studies
Am+n
kmon
ne+.11,14eknA m
limi4emA
eksb.sr+nie.4,m+inft
+him
performed
subsurface environment and the nature and extent of contaminants in the area
of the SDA.
MILO

HQVG

CalegUllallCU

PIMIVCV

Section 2.1.1 presents a general description of the media of concern at
the SDA. Section 2.1.2 discusses the contaminants that have been detected
in the various media at the SDA.
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2.1.1

Media of Concern at the SDA

For purposes of this report, the following media of concern at the
were identified:
•
•
•
▪
•
•

SDA

Soil
Bedrock
Interbeds
Surface water runoff
Groundwater
Air.

Soils as a medium are an important consideration due to the potential
for direct contact with contaminants by workers and animals, surface water
runoff further spreading contaminated soil particles, and wind dispersal of
contaminants adsorbed to soil particles. Soils at the SDA are characterized
as alluvial sediments of Quarternary age that range from zero to 25 feet in
depth above the basalt bedrock although they are typically
shallow
(Ref. 44). Deposited originally by eolian and/or fluvial processes, the
alluvial sediments consist primarily of silt-sized particles, with varying
amounts of clay-sized materials, and grain size distribution ranging from
silt to gravels. In addition, gravels and layered sands are 414V IVUHU In
the local area (Ref. 44). However, the soils within the SDA have been
greatly disturbed by the waste management activities at the site through the
construction of pits, trenches, soil vaults, and an aboveground pad;
applying cover to the waste management areas; and through
periodic
recontouring.
The majority of the remaining original soil at the site occurs between
the SDA waste management units since excavations for waste pits were
generally made to bedrock. For purposes of this study, no distinction has
been made between 'surface soils' and "subsurface soil" since the soils at
the SDA have been greatly disturbed by the waste management and grading
activities at the site. Contaminants found in the SDA soils include organic
vapors and radionuclides.
Beneath the soil horizon at the SDA are extensive flows
tholeiitic olivine basalts interlain with breccia zones
2-2

of fractured
and
clastic

interbeds (Ref. 44). This basalt bedrock is usually found at approximately
25 feet below the ground surface and consists of multiple flows that may
have different flow orientations. The basalt is heavily factured and is
also vesiculated (Ref. 44). Therefore, it serves as a conduit for
contaminants to reach the groundwater. Chemical characterization of the
basalt at the SDA is not presently available.
Geological investigations at the SDA have established the existence of
several interbeds within the basalt formation. Three of these interbeds
occur in the basalt at approximately 30 feet, 110 feet, and 240 feet below
the ground surface. The interbeds vary in thickness and are composed of
silts, sands, and gravels (Ref. 44). Other discontinuous interbeds have
hppn encountered throughout the subsurface hpnpath tha SDA. Analysps of thP
interbed sedimentary materials and vapors have determined the presence of
organic contaminants and radionuclides. A discontinuous perched water zone
has been found in association with the interbed which lies 240 feet below
one area of the SDA. Analysis of water samples taken from this zone
indicates high levels of organic constituents (Ref. 42).
Surface water is iocatea in the vicinity of the SDA.
The SDA is
approximately two miles southeast of the Big Lost River. The Big Lost River
flows to the northeast. The Big Lost River and the INEL are located within
thP Pion00r Ratin, a rlricad drainaga hacin with nn curface wPter outflow
(Ref. 44).
The SDA is located within the 100 year floodplain of the Big
Lost River but dikes and other engineered flood control structures have been
constructed to the west and northwest of the SDA to prevent flooding of the
site and the INEL. Spreading areas are found a mile to the west of the SDA
that are used to divert and dissipate high waters of the Big Lost River.
These areas are not affected by the SDA although periodic infiltration of
water into the subsurface is suspected to influence contaminant migration
and groundwater flow in the area.
rwi
hon
n
!al
w In v

AA.+4,-.Ae

ne precipitation, ponding of water has occurred within
the SDA. In addition, three flooding events have occurred in the past at
the SDA as a result of rapid local snowmelt. These flooding events may be a
cause of contaminant mobilization and migration at the site. SDA runoff is
monitored for radionuclides in the northeast corner of the SDA, then
VC1 1WUJ

.41
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released to the RWMC drainage channel which runs to the northeast and
ultimately leads to the Big Lost River. Characterization of SDA surface
water runoff was not available for this review.
Groundwater at the INEL is part of the Snake River Plain Aquifer which
serves as the source of drinking water and shower water at the RWMC and as a
drinking water and irrigation water source for eastern Idaho. Regional
groundwater flow in the area is to the southwest with an average flow
velocity nf .„..imately 13 feet per day (Ref. 44). However, a local
reversal in flow direction to the northeast is suspected in the area of the
SDA due to the influence of the Big Lost River and the spreading areas.
Groundwater at the SDA is found at approximately 600 feet below the ground
surface although areas of perched water have been found closer to the
surface (240 feet). Contamination of the groundwater by chlorinated
organics at the SDA has been detected. It should be noted that upgradient
groundwater in the vicinity of the CFA (3 to 4 miles to the northeast) has
also been found to be contaminated with chlorinated organic chemicals (Ref.
15). Plumes of contamination from the Idaho Chemical Processing Plant
(ICPP) aiso extend to the vicinity of the SDA. The impact of these sources
of contamination on groundwater quality at the SDA is not known at this
time. However, the potential exists that some of the contaminants observed
ennysene
in the nrn.^A.,..for at the SDA may be from
Emissions to the air from the SDA occur from the volatilization of
organic compounds and dispersal of contaminated soils. Monitoring of
borehole gases has been conducted and ambient air monitoring has also been
performed at the SDA. While borehole gases are generated in the subsurface,
they are released to the atmosphere during drilling and sampling and,
therefore, are a health and safety concern. Organic contaminants have been
detected in borehole gases during drilling.
2.1.2 Contaminants at the SDA
Various
ant/4
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received from EG&G Idaho were reviewed in an effort to identify the universe
of contaminants that have been detected at the SDA to date. For each medium
described in Section 2.1.1., a list of detected contaminants was prepared
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and the highest reported concentration of that contaminant in that medium
was noted. Contaminants were placed into three categories: organics,
inorganics, and radionuclides. Table 2-1 presents the results of this data
review. The sources of all data presented in Table 2-1 are cited and can be
found in the reference list.
Table 2-1 illustrates that organic compounds and radionuclides have
been detected at the SDA in a number of media.
While the information
reviewed to develop this table was not all inclusive, the table does
indicate the types of contaminants that are being detected and the maximum
concentrations that have been observed. It should be noted that the absence
of information for a particular medium or class of compounds does not
necessarily mean that no contaminants are present, but may reflect that the
medium in question has not been sampled.
Organic contaminants have been found in the soils, interbed sediments,
groundwater, and the air at the SDA. Carbon tetrachloride is the organic
contaminant found in the highest concentrations in these media.
Reported
maximum ,
trations include: 1400 ppb •in collected soil gases; 1400 ppb
in perched water; 6.6 ppb in groundwater; and 5800 mg/m3 in borehole vapors.
The carbon tetrachloride concentration of 6.6 ppb observed in groundwater
exceeds EPA's maximum contaminant level (MCL) of 5.0 ppb. The other organic
compounds detected most frequently at high concentrations include: 1,1,1trichloroethane, trichloroethylene, tetrachloroethylene, and chloroform.
Concentrations of tetrachloroethylene and trichloroethylene have
been
detected above the federal drinking water maximum contaminant level goals
(MCLG). Metals and other inorganics have been detected in groundwater and
the 110 ft. and 240 ft. interbeds. Inorganics detected include: chloride,
sodium, and suifide. Metais detected inciude: chromium, barium, arsenic,
selenium, silver, vanadium, copper, mercury, tin, zinc, nickel, lead,
cobalt, cadmium, thallium, and beryllium. Radionuclides have been detected
in all media sampled at the CflA and include isotopes of the following
elements: americium, antimony, cesium, cobalt, europium, plutonium, and
strontium, as well as tritium.
Several limitations exist concerning the data presented in Table 2-1.
The reviewed analytical data were limited to that received from EG&G Idaho
and such data were not available for all media or types of contaminants
2-5

TABLE 2-1.

1

MENIM

CONTAMINANTS BY ENVIRONMENTAL MEDIUM AT THE SDA

ORORNIC

:ompumomATER
<t.. Mete 2
I

:

:3014.
(an Note 4
below)

CONC.

INORGANIC
(Se. Note 1 below)

Carbon tarahloride (16)
1.1.1-Crichlereahor. (7)
hlereethylw. (161
trieroform
Chlo
farechlerathylene (02)
Oichloreflowwwww thane (12)
1.1-0achloreahene (42)
Toluene (301

:1.2

ppb
ppb
ppb
opb
ppb
ppb
ppb
Ppb

Carbon tetrahloride <30)
1.1.1-Triehlerathane 001
Craehlorathylene (30)
Tarahlereethylene (30)
retrachloreethene (30)

:1400
:310
1690
140
140

u4/11
u4/11
u4/11
uq/11
u9/11

15000
:320
'300
162
24
1120
16e

mq/M31
mg/1131
mg/41:
ng/M3:
44/113:
m4/43:
m41131

16.6
:0.9
:1.4
1.0
10.2
10.4

Arsenic (421
Barium (42)
Ch.-Nm1wo (421
Selenium (42)
Siluer (42)
Chlerade <72
Sodium (7)

CONC.

13
119

ppb
ppb
P
:3
ppb
11
Pleh
110'14/-10
ppm
:100 •/-10
ppm

Carbon fetrachlorido (9)e
Chloroform (9).
Trichloreethen. (30)m
: Ietrechlerowthene (101m
tra chl oretri II uor oahane (9)m
1 1-Tri chloroethw. c30).•
3-Trtchl-.
*theme (30,14
mm ler.nel. Naper grid/ sample

:Sr-90 (7)
114..3 <7)

CONC.

:2.3*/-0.35-00

:
:
:

111m-241 COI
:24-154 (0>
ICs-117 (0)

13.1./..1.96-00
13.0./-0.42-07
13.34./-0.06E-05
1110/-7E-11

:Pu-239,240 101 an seal
in sal meter
:Pu...23111 end/or 144-24I (6)
an soil water
11.20”-11.04E-06
:Sr-00 (0)
:Co-60 (M)

•

:AIR

RAMONMLIDE

ICs-13? (71
14b-126 (?)
lAm..241 (7)
:Sr-90 (7)
1P4-230 (7)
:Pv-239,210 (7)

10.7.1-0.22-19
4C(Cml:
/-0.1SE-11 u0i/411
17.27,
:3.6e/-0.75-1?
wCi/41:
mCi/ml:
wCa/41:
11.6,1.0.2E-17
17.2./.0.6C-16
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ppb
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ppb
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3) Comparably background concontratians nor. na a:datable for review end therefore at cr. not be dotormano0 whahor these levels *re eleveted.
4) Inaludee rewats from seal gam analyses
m reference number
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(e.g., organic analyses were not performed or available for review on
bedrock samples). In addition, some of the monitoring results that were
reviewed had not received a QA review. Therefore, this table should be
regarded as preliminary, particularly since characterization of the SDA is
on-going and some of the media have not been characterized for all
contaminant types. In addition, characterization of background conditions
for inorganics in soils and other media was not available and therefore it
cannot be determined at this time if the reported concentrations are
elevated or not. The table can be amended as additional information on
detected contaminants becomes available. In addition, Table 2-1 lists only
contaminants that have been detected above the detection limit for the
analytical method used. Estimated values were not included.
2.2 CONCEPTUAL SITE MODEL
The SDA has been used for the burial of various radioactive, hazardous,
and other wastes in pits and trenches from the 1950s to the 1970s.
Contamination of various environmental media by organic constituents,
...I •
‘VilfllIAAVOLJ,
relllUntkl 1UCS
from these wastes has been
incoryallic
documented at the SDA, as discussed in the previous sections. To determine
the magnitude and consequences of this contamination one must consider the
pathways of migration, the routes of exposure, and the receptors that will
ultimately come in contact with the contaminants. This section discusses a
"conceptual site model" of the contaminant transport mechanisms and the
affected receptors that are present at the SDA and establishes the
environmental media of most and least concern for purposes of this report.
The various media and the mechanisms for exposure of given receptors to
contaminants in those media are discussed below. This discussion is
summarized in Table 2-2.
The SDA is located in a topographic depression that is approximately
^4
CIAJU VI
two miles to the southeast of the Big Lost River and one mile to the emei.
the diversion ponds that have been constructed to dissipate high waters of
the Big Lost River. Alluvial sediments comprise the soil at the SDA and are
found up to a depth of 25 feet. The soil horizon at the SDA is underlain by
an extensive basalt bedrock formation that is comprised of multiple flows.
The basalt is heavily fractured and vesiculated and is interlain with
breccia zones and clastic interbeds. The major interbeds beneath the SDA
2-7

TABLE 2-2. SUMMARY OF SDA ENVIRONMENTAL MEDIA, CONTAMINANT MIGRATION PROCESSES, AND EXPOSURE PATHWAYS

Environmental
Nedium
Soil
(incl. Air)

Suspected
Transport
Mechanism/
Process

Suspected
Migration
Pathway

Suspected
Exposure
Pathway

Comments

Receptors

Vapors to air (0)

Vapor

Inhalation (Air)

SDA workers

Offsite exposure is possitde but hlgh
dilution decreases risk.

Soil particulates to
air (0, R, I?)

Entrainment

Inhalation (Air)
Dermal contact
Ingestion (Air)

SDA workers
SDA workers
SDA workers

Offsite exposure is possitle but hlgh
dilution decreases risk.
Minor pathway.
limited access to site.
Difficult to differentiate! SDA exposure from
INEL exposure.
Range fires are short-term effect - focus is
long-term risk and maximum exposure.
5o11 considered to be limited source of
contamination to groundwater.

Soil contam. uptake
(0, R, I)

Uptake

Plants
Animal ingestion

Animal in food
chain (wildlife)

Organics to grourdwater (0)

Vapor transport
Liquid transport

None

Groundwater

Inorganics to grcwndwater (I)

Mobilizatkm

None

Groundwater

Radionuclides to groundwater (R)

Mobilization

None

Groundwater

Groundwater

Migration (0)

Movement in
groundwater
(advection)

Consumption (ingestion)
Inhalation (showers)
Dermal contact (showers)

SDA workers
SDA workers
SDA workers

Off-site - possible expouwe but most populalation is > 25 mi. regicmally downgradient
(<50 people within 50 mi.); also, current
low conc. at SDA of organics.
Radionuclides not yet in groundwater.

Surface Water

Precipitation run-off
(R, 01, (?)

Liquid transport

Dermal contact
Ingestion

Humans (theoretical)
Wildlife

Monitored and released.
Nay contaminate soils in channel but difficult to differentiate SDA contamination
from RWMC as a whole.

Food

0, i7, R?

Consumption of contaminated plants

Humans (off-slte)
Animals (off-site)

No dairy cattle regionally' downgradient.

Consumption of contaminated animal flesh

Humans (off-site)
Animals (off-site)

hhnimal pathway.

N)
CO

Basalt II
Interbeds

0 = organic; R = radionuclide; I

inorganic

are found at depths of 30, 110, and 240 feet and average 13 feet in
thickness.
A discontinuous perched water zone is associated with the
interbed that is 240 feet below the surface. The soils and basalt bedrock
comprise the vadose zone at the SDA which is approximately 600 feet in depth
where groundwater is found. Groundwater at the SDA is part of the Snake
River Plain Aquifer which serves as the regional drinking water source as
While the
well as the source of drinking and shower water at the RWMC.
regional groundwater flow is generally toward the southwest, it is subject
to local reversals in the vicinity of the SDA due to the recharge from the
Big Lost River and the diversion ponds (Ref. 35).
A wide variety of wastes were disposed at the SDA in pits and trenches
dug into the soil layer, often to the bedrock. Table 2-3 presents a brief
summary of the wastes deposited at the SDA. The wastes were typically
placed just above the bedrock and covered with soil. Migration of waste
constituents at the site has been attributed to the disposal of noncontainerized wastes, breached containers, and several flooding events.
While migration of some waste constituents can be expected in the shallow
soil, the majority of contaminant migration is expected to be downward into
the basait rather than in the soii. Voiatiiization of organic compounds has
been documented and the presence of a "vapor plume" is suspected as a major
contributor to the migration of contaminants at the site. The extent and
maanitude of soil contamination is difficult to determine frnm the nxisting
data. It is also difficult to distinguish between the natural soils and the
disturbed soils at the site. It is assumed that all soils beneath the
wastes are disturbed and therefore would have properties different from the
natural soil or soil cover.
The regionally downgradient, off-site population is quite small and
distant from the RWMC. Figure 2-1 identifies population densities in and
around the Idaho National Engineering Laboratory (INEL); Sectors 10-12 on
Figure 2-1 are the regionally downgradient population. Individuals can be
exposed to contaminants in the soil through ♦the following:
breathing
organic vapors volatilized from the soil; inhaling suspended, contaminated
soil particles; direct contact with contaminated soils; and accidental
ingestion of contaminated soils through contact with windblown particulates.
Soil contaminants can also be taken up by vegetation and enter the food
chain.
Wildlife have been able to access the SDA in the past; however,
2-9

TABLE 2-3. SUMMARY OF POTENTIAL WASTES AT THE SDA

SPECIFIC WASTES OR WASTE MATERIALS

CATEGORY

Metals

Lead (metal and batteries)
NAK piping (small quantity)
Zirconium
Cadniwn
Uranium
Plutonium (weapons grade)
Mercury (metal, solutions, batteries)
Chramium

Sodium
Beryllium
Paint Chips, Cans, Waste (As, Pb, Cr, etc.)
Thallium (oxide)
Scrap steel and vehicles
Radium sources
Lithium (batteries)

Inorganics

Acids (some on absorbent) - HC1, HF, HNO3
Caustic (some on absorbent) - NaOH
Nitrates
Cyanide (very small quantity)

Perchloric filters
Ammonia (bottles)
Tritium
Asbestos

Organics

PCBs (>500 ppm in oil with TRU)
Oils (machining, motor, lubricating)
Polyethylene glycol (Carbo Wax)
Ethylene glycol
Chlorofocm
Alcohols
Scintillation cocktails
Carbon tetrachloride
Trichloroethanea

Trichloroethyleneaa
Perchioroethylene
Etherb
b
Benzene
Gasoline (in absorbent or in vehicles)
Toluene
Kerosene
Xylene (?)

Other

Rafflnate
Sludges:
Sewage
Evaporation
Grinding/polishing
Tank bottoms
Cooling tower
Sump pit
Oil
Basin cleanup

Biological Waste:
Animal carcasses
Feces
Meat with botulinus
Organic resins exposed to acids from
regeneration
Gas cylinders (CO2, fire extinguishers)

rv
o

a

Present as constituents in disposed oils
b Reported as "other organics"

Hospital vaste
University, waste
Radioisotope source manufacturers
Santo Wax

Clark

Custer

Bonneville

'The computer listing of six persons living in this area is erroneous, because
of the program's assumption that persons within a given m12 section are
uniformly distnbuted in that area. No permons isside in this area.
!NEL 4 4892

(outer circle represents 50 mile radius front CM)
source:

Ref. 58

FIGURE 2-1.

MAP OF POPULATIONS SURROUNDING INEL
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fencing has been installed that could limit present and future contact.
Also food crops are not grown in the area. Figure 2-2 indicates those areas
where the grazing of animals is permitted in the INEL area. Vaporization of
organic constituents in soil peaked in 1970 according to current EG&G
modeling results. In addition, the contaminants currently present in the
soil are not suspected as being major contributors to the groundwater
contamination.
Thus, all of these pathways are considered minor for offsite exposures due to the low levels of present contamination and the extent
of natural dilution that would occur before off-site populations would be
exposed to soii and air contaminants. In addition, the contribution of the
SDA contaminants would be masked by the contribution of the entire INEL.
However, the exposure could be significant for on-site workers, especially
during remedial activities.

However, haspd nn present data, it is difficult

to determine whether the soil should be remediated and if so to what extent.
No published information on the chemical characterization of the basalt
at the SDA was available for this review.
However, sampling of the
interbeds has shown that both organic constituents and radionuclides exist
in these media. As a result of its fractured and vesiculated nature, the
basait formation at the SDA serves as a pathway for contaminant migration to
the groundwater either through vapor transport, infiltration, and/or
contaminant mobilization. The exact nature of this transport is not well
estahlished at this time> and milltip1 41 mi4rh2/14 cms are believed to be
occuring. The past disposal of liquid organic compounds and dissolution of
wastes by flood waters may have resulted in significant liquid transport in
this medium. For organic compounds, vapor transport has been assumed to be
the current and future predominant migration process. The basalt and the
interbeds within the basalt must be considered as sources of contaminants to
the groundwater but not a medium to which humans are exposed.
Thus, the
basalt should only be considered for remediation, where cost-effective, as a
means to protect the aquifer since it is not a direct exposure route.
The groundwater at the SDA is contaminated with a variety of organic
compounds and a number of inorganics and radionuclides have also been
detected (the contribution of radionuclides from the SDA as opposed to
upgradient sources is not known at this time). The groundwater, located
approximately 600 feet below the ground surface, serves as a source of
drinking water and shower water for the workers at the RWMC. It is also a
2-12
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MAP OF PERMITTED GRAZING AREAS AT THE INEL
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Ref. 58

source of water for livestock and wildlife and the aquifer itself is the
major source of drinking water in the region. There are five off-site
drinkino water wells within 20 miles and only 33 people live within 50 miles
downgradient of the SDA (see Sectors 10-12 on Figure 2-1) (Ref. 30).
Current modeling of organic transport indicates that the concentrations of
organics in the groundwater at the SDA should increase to a maximum in 2015
and reach a maximum at the INEL boundary in the year 2020.
Upgradient
contamination of the groundwater may also be a contributing factor and this
possibility needs to be investigated further (Ref. 30).
The groundwater
itseif is the primary medium of concern at the SDA since the federal
drinking water standards and guidances have been exceeded and are expected
to be exceeded in the future. While this is not expected at this time to
have an adverse impact on off-site populations, dua tn tha dictanrac
involved and the extent of expected natural dilution, the contaminated
groundwater poses a risk to the SDA workers who use it both for drinking and
showering and therefore are exposed to the contaminants by ingestion,
inhalation (i.e., volatilization of organics), and dermal contact.
Other pathways of potential concern are surface water runoff and the
ingestion of contaminated food. The SDA is located in a topographic
depression and is protected from flooding by a variety of engineered flood
control measures. Surface water runoff from the SDA is collected onsite and
mnnitnrad fnr radinnurlidac nrinr tn release and therefore it is not
expected
to be an exposure pathway for off-site animal and
human
populations.
Dermal contact with potentially contaminated surface water
runoff could pose a risk to on-site workers but this is considered a minor
pathway in comparison with other exposure pathways at the SDA.
Similarly,
the potential exists for the off-site consumption of contaminated plant and
animal tissues by both animals and humans via the food chain. This pathway
is also considered minor or nonexistent since there are no dairy cattle
downgradient in proximity of the SDA, food chain crops are not grown on-site
or in the immediate vicinity of the SDA, nor are many animals expected to
rnma
emme

4n4n
sneer

rnn+er+
evausseu

m4ik
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evaeampaaecu
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3. IDENTIFICATION OF POTENTIALLY APPLICABLE OR
RF1FVANT AND APPROPRTATF RFQUIRFMFNTs
The Comprehensive Environmental Response Compensation and Liability Act
of 1980 (CERCLA) as amended by the Superfund Amendments and Reauthorization
Act (SARA) of 1986 requires the selection of remedial actions at Superfund
hazardous waste sites that are protective of human health and
the
environment, cost-effective, and technologically and
administratively
feasible.
Section 121 of CERCLA specifies that response action must be
undertaken in compliance with applicable or relevant and appropriate
requirements (ARARs) established in Federal and state environmental laws.
The revised National Contingency Plan (NCP) (53 FR 51394) clearly
states that compliance with ARARs is one of the statutory requirements for
remedy selection. Prior to the CERCLA amendments of 1986, thP U.S.
Environmental Protection Agency (EPA) required compliance with all Federal
ARARs, but only consideration of state criteria and standards. The revised
NCP incorporates the new statutory requirement that in addition to Federal
ARARs, remedies must comply with state environmental requirements and
facility siting laws that are more stringent than corresponding Federal
standards.
In addition, the importance of non-promulgated criteria, or
other advisory information Hto be considered" (TBC), is formally recognized
in the NCP in the development of remediation goals or cleanup levels.
T.

4k.

interim guidance published by EPA on compliance with ARARs (S2
FR 32496-32499), and the more recently published guidance document CERCLA
with Other Laws (Ref. 56), several different
Compliance
types
of
requirements are identified with which CERCLA remedial actions must comply:
(1) ambient or chemical-specific requirements, (2) location-specific
requirements, and (3) action-specific requirements. Because situations at
CERCLA sites vary widely, EPA cannot categorically specify requirements that
will be ARARs for every site. ARARs can only be identified on a sitespecific basis (i.e., established in connection with the characteristics of
the particular site, the chemicals present at the site, and the remedial
action alternatives suggested by the circumstances of the site).
LU

40C
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EPA has specified that the different ARARs that may apply to a site and
its remediation should be identified and considered at several points in the
remediation planning process (52 FR 32496), as deiineated beiow:
•

During scoping of the RI/FS, chemical- and location-specific ARARs
may be identified on a preliminary basis

•

During the site characterization phase of the RI when the baseline
public health evaluation is conducted to assess risk at a given
site, the chemical-specific ARARs and advisories and locationspecific ARARs are identified more comprehensively and used to
help determine preliminary cleanup objectives

•

During the development of remedial action alternatives in the FS,
action-specific ARARs are identified for each proposed remedial
artinn altarnativo and aro roncidered along with other APARs and
advisories

•

During the detailed analysis of alternatives, all ARARs for each
proposed remedial action must be examined to establish the
appropriate
level of protection and to comply with
other
environmental laws

•

In selecting the most appropriate alternative, the remedial action
chosen must be able to attain all ARARs, unless one of the six
e+2+ +ory waivers 4 e inuALOA
leswwmcw

•

During
remedial
design, the
technical
specifications
of
construction must comply with appropriate ARARs (primarily actionspecific).

This section presents the scoping-level ARAR evaluation. Section 3.1
addresses chemical-specific ARARs for the SDA. Section 3.2 addresses
location-specific ARARs for the SDA. Section 3.3 provides a preliminary
overview of action-specific ARARs.
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3.1

CHEMICAL-SPECIFIC ARARs
Tk4e.
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that may apply to remedial actions at the SDA and are used later in this
report (Section 4) to develop potential cleanup levels.
Section 3.1.1
provides an overview of the role of chemical-specific ARARs in the FS
process and associated risk assessments. Section 3.1.2 identifies chemicalspecific ARARs for radioactive and nonradioactive compounds present at the
SDA.
3.1.1

Use of Chemical-Specific ARARs in the FS Process

action alternatives
must consider effectiveness, implementability, and cost. Within the context
of the effectiveness evaluation, chemical-specific ARARs assume major
significance
as
each alternative is evaluated with regard to
its
effectiveness in protecting human health and the environment.
Ina

acrecniny

anu

uw‘alicu

analym

remeulal

The ability to protect human health and the environment is the primary
requirement that CERCLA remedial actions must meet (53 FR 51394).
EPA
considers a remedy protective if it "adequately eliminates, reduces, or
controls all current and potential risks posed through each [exposure]
pathway [at] the site."
In accomplishing this, a given remediation
alternative must meet or exceed ARARs or other risk-based levels established
through a risk assessment when ARARs do not exist or are waived.
In the revised NCP (53 FR 51394) and in the recently published draft
guidance manual CERCLA Compliance With Other Laws (Ref. 56), EPA specifies
that when ARARs are not available for a given chemical, or where such
chemical-specific ARARs are not sufficient to be protective, health advisory
levels should be identified or developed in order to ensure that a remedy is
protective.
Carcinogenic and non-carcinogenic effects are both considered
in determining ARARs and evaluating protectiveness.
For carcinogenic
effects, the health advisory or risk-based levels are selected such that the
total lifetime risk to the exposed population of a11 contaminants falls
within the acceptable rangA nf in-4 tn ln-7. Tha 10-6 risk level is
specified by EPA as a goal for remediation. For noncarcinogenic effects,
cleanup levels should be based on acceptable levels of exposure as
3-3

determined by the EPA reference doses (RfDs), taking
effects of other contaminants at the site.

into

account the

Therefore, chemical-specific ARARs serve two primary purposes: (1)
requirements that must be met as a minimum by a selected remedial action
alternative (unless a waiver is obtained), and (2) a basis for establishing
appropriate cleanup levels. The public health risk assessment of a given
remedial action alternative characterizes the actual risk of exposure of
human receptors to contaminants under investigation.
For carcinogenic effects, risk characterization yields a probabilistic
estimate of the additional lifetime risk of cancer in the exposed individual
nr tho inriAnnro nf new rrne Af cancer in populations. For noncar‘;puvvpft.
effects, as noted above, exposure levels or doses for all subject compounds
are evaluated to determine levels or doses if these exceed EPA RfDs. When a
chemical-specific
ARAR is available for all subject compounds of concern
and the chemical-specific ARARs are determined to be protective, these
requirements become the chemical-specific cleanup goals. However, as noted
above, when ARARs are found not to be protective or are not available, the
results of the risk assessment (i.e., health advisory levels) are used to
establish the more stringent target cleanup goals.
---s
Thus, the requirement that a
a1
/
4.1.1U11 al‘crnaulve meet. cflemlUdl specific ARARs does not ensure that the proposed alternative is protective,
and thereby potentially acceptable. This can be determined only by:

1.

Evaluating the combined carcinogenic risk associated with the ARAR
limits for all chemicals at a given site (assuming additivity of
effect in the absence of data on synergism or antagonism);

2.

Establishing that ARARs do not exceed EPA RfDs for noncarcinogenic
effects, and are sufficiently protective when multiple chemicals
are present;

3.

Determining whether environmental effects (in addition to human
health considerations) arp adequatoly addr"c1211 hy the ARARs; 2nd
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4.

Evaluating whether the chemical-specific ARARs
all significant pathways of human exposure
baseline risk assessment.

adequately
identified

cover
in a

The EPA Superfund Public Health Evaluation Manual (Ref. 47) provides
guidance on evaluating multiple exposure to chemicals (both carcinogenic and
noncarcinogenic effects) and on establishing acceptable exposure levels when
no chemical-specific ARARs exist.
3.1.2

Identification of Chemical-Specific ARARs for
Radioactive Compounds at the SDA

Nonradioactive

and

Table 3-1 is a listing of available Federal and Idaho chemical-specific
ARARs for the metals, inorganic compounds, organic compounds, and
radionuclides identified at the SDA. The compounds listed in Table 3-1 have
been identified based on the constituents identified in the wastes (Table 23) and the compounds detected in various environmental media (Table 2-1).
Provided in Table 3-1 is a listing of: (1) the EPA primary drinking water
standards (MCLs); (2) EPA drinking water maximum contaminant level goals
(MCLGs); (3) EPA (Federal) ambient water quality criteria for the protection
of human health (FWQC) for consumption of aquatic organisms and water
adjusted for drinking water only; (4) Idaho State drinking water standards;
(5) Idaho ambient water quality standards; (6) EPA national ambient air
quality standards (NAAQS); (7) EPA national emission standards for hazardous
air pnllotantc (NFSHAps); (A) thp Tdahn Statp Air Quality Replanting; and
(9) 10 CFR 20.
Given the exposure pathways of concern at the SDA identified in
Section 2 (soil, groundwater), the chemical-specific ARARs of primary
importance are the Federal and Idaho water quality criteria and standards.
These are briefly discussed below. Note that neither Federal nor Idaho
ARARs are available for soil.
MCLs are enforceable EPA standards and represent the allowable lifetime
exposure to a contaminant in public drinking water supplies. !He PILL is
and
established
taking into consideration potential health
effects
incorporates a safety factor to provide adequate protection for sensitive
sill:populations. In establishing MCLs. EPA also considers the feasibility of
TIL
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TABLE 3-1. POTENTIAL ARARs FOR CONTA1IINMTS IDENTIFIED AT THE SDA
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a: Proposed MCI. or Eli
0: Radionuclide,' in drinlinq water are liaited to activity levels corresponding
to a total lady dose, or any internal organ dose of 4 'attires/year,
sussed over
radionuclides ;Present.
c: Total trihalimethanes refers tip the sue concentration of chloroform
brosodichlormethane, dibrotrochlormethane, and tromfors.
d: No *Moue - 20.ag7l. is suggested by the state as aa optieue
e: Dross alpha particle activity shall not exceed this value. Includes radium-266
but eicludes radon and tomtits.
1: The average annual concentration of beta particle and photon radiamlivity frog ran-made
radionuclides in drinting water of the state shall not produce an iMPUll dose
equivalent to the total body at any internal organ greater than 104II sillirea
per year. Calculated on tht batQs of a two-liter per day drinang Hater intake.
q: No numerical criteria bare been proposed by the Mate for toxic domicils in
surface waters. Narative guidelines: Waters ol the state oust not contain
'Hazardous materials in concentrations found to he of public health significance or to adversely
affect designated or protected beneficial Ulf.%

ial

10 g 124 HR.)
0.01
URAL Crl .05

la Radionuclides Ira. DOE facilities:: E - - of radlionuclides shall not emceed
those mounts llmt cause a dam equivalent of 25 artm/yr whole body. or
75 aren/yr to tlx critical orqan.
i: No numerical state aabient air quality guidelines are available fw the choices listed.
Narrative criteria far tosic chnicals in alr: 'Calmat/oh toxic to NW or aniaal
life or vegetation shall apt be @pitted in such quantities or concentrations alone or
in combination with other, as to injure or unreasonably alfect halm or aniaal life or
vegetation'.
it Numbers in parenthesis are federat ambient tater quality criteria for potential carcinogens
ccwressumding to the 10-6 per year risk level.
la Use values in 10 CPI 20, Appendix S, fable 11 for the appropriate isotope of Plutonium.
11 Use values in 10 CP020, Appendia 0, labia II fer the appropriatr isotope of Urinals.
11. Secondary Maxim Contaminant level ISMCII. Not an APAR.
II. Wing water guilty criterion based 011 organoleptic properties, not toxicity.
ct. Mbient water quality criterion for halmethanes as a Ells] of coapooda includes chlormethane,
broamethant, dichlormathane laeallene chloride), laromodichlormethane, tribromeethane, dichlordlelvorendEblies
trichlorollummetbane, w combinations of these clitsicals.
th National mblent air quality stamiard for sulfur oxides.
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Acetone
Carbon Tetrachloride
Chlorofors
Dichlorolluorooethane
Dichlorodiflunromethane
1,11lichloroethane
1,1-Dichloroethylene
1,7-Dichloropropane
Methylene Chloride
1,1,2,2-Tetrachlocoethane.
Ietrachloroethylene
Toluene
10,1-Trichloroethane
Trichlorotrifluoroethane
Trichloroethylene

0.005
0.1 c
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1.000421
1.000191

1.00041
1.000191

0.001
0.006 a

0.007

1.0000331

14000331
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0.2
0.005
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1.000191

1.0008131
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1.00001
H.3
RA
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a: Proposed NCt. or 110.0
b: Radionuclides in drinking water are Hailed to activity levels corresponding
to a total body dose. or any internal organ dole of 4 sillireidyear,
added over all radionuclide% present.
c: Total trthalosethanes refers to the su concentration of chlorofors,
brosodichlorosethane, dibroeochloromethane, and broastors.
d: No maxima. - 20.60. is suggested by the state as an optima
e: Dross alpha particle activity shall not exceed this value. Includes radius-266
but excludes radon and uranium.
t: the average annual concentration of beta particle and photon radioactivity from mandiade
radionuclides in drinking water of the state shall not produce ill annual dose
equivalent to the total body or any internal organ greater than lour satirea
per year. Calculated on the basis of a two-liter per day drinling water intake.
q: No nueerical criteria have been proposed by the state for toxic chemicals in
surface waters. Narative guidelines: Waters of the state oust not contain
'Hazardous materials in concidtrations found to be of public hearth significance or to adveraely
affert designated or protected beneficial uses'.

Radionuclides from DOE facilitits: Esission of radionutlidei shall not exceed
those Jaunts that cause a dose equivalent of 25 ares/yr whole body, or
75 mres/yr to the critical organ.
i: No nuaerical state ambient air quality guidelines are available for the chemicals listed.
Narrative criteria for toxic cbesicals in air: lontasinants toxic to husan or arrival
life or ventation shall not be Stied in such quantities or concentrations alone or
in cosbinatimr with other, ea tn injure or unreasonably Wert Inman or anisel life or
vegetation'.
j: Plumbers in parenthesis are federal ambient water quality criteria for potential carcinogens
corresponding to the 10-6 per yoar risk level.
11: Use values in 10 CFR 70, Appendtx 8, Table 11 for the appropriate isotoPe of Plutoniuu.
I: Ilse values in 10 CFR 70, Appendrx D, Table 11 for the appropriate isotope of &mins.
e. Secondary OiltilUO Contisinant level 1SACtl. Not an AftAll
n. Asbient water quality criterion based on organoleptic properties, nut tozicity.
o. Asbient eater quality criterion for halogethanes as a class ot (astounds: incluSes chroromotturne,
brosnmethane, dichlorosethane (*ethylene chloride, brosodichloroserhane, tribromosethane, dichlordiflogrosetbode,
tgrchlorofInorneethane, or combxnations of ttwse chemicals.
p. National ambirot air quality standard for sulfur oxides.
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j: Numbers in parenthesis are federal asbient water quality criteria for potential carcinogens
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p. National ambient air quality standard for sulfur cmides.

attaining such a concentration
treatment techniques, and cost.

given

the

best

available

technology,

As part of the process for developing a final drinking water standard
established
at
(MCL),
maximum contaminant level goals (MCLGs) are
concentrations that are associated with no known or anticipated adverse
health effects.
MCLs are set at concentrations as close to MCLGs as is
feasible.
Federal ambient water quality criteria (FWQC) are guidelines developed
by the EPA Office of Water Regulations and Standards for the protection of
Although these are not
enforceable
aquatic life and human health.
standards, they represent scientific data and guidance to be used by the
states in developing water quality standards. FWQC (adjusted for drinking
water only) may be used in evaluating the significance of concentrations in
groundwater at waste sites.
State environmental quality standards may be applicable or relevant and
appropriate for evaluating remediai actions at waste sites in that state.
The availability of, and numerical values for, these standards may vary
widely from state to state, and may be more restrictive than Federal
r 4.
n,
/Kirin
rlan \ma,
criteria auu ...i. luaruz. Inc lcmcu na4tunal %..unuellycH4.j
that state standards, requirements, criteria, or limitations are to be
and
ARARs only if these have been formally promulgated
considered
consistently applied. Idaho's current drinking water standards and waste
quality standards are not more stringent than the Federal standards,
therefore, the Federal standards are used in subsequent analyses.
-A

TL

•

.A

M

4*

HUI.CZ

The revised NCP identifies MCLs as the relevant and appropriate
requirements for evaluating groundwater and surface water supplies that are
When a
currently, or potentially, used as a source of drinking water.
promulgated MCL exists, the FWQC for that chemical would mi be relevant and
appropriate (53 FR 51394). When MCLs are not available, the NCP specifies
that the FWQC may be relevant and appropriate in water that is a potential
This
mro al.abGa, knwernaw
runre
w4.1-knninyncirco, /n+
unmu
drinking water
modification are not considered relevant and appropriate in selecting
cleanup levels in groundwater, where consumption of contaminated fish is not
4V4.111..C.

IOC

nibnyuk.

Iwr

3-9

a

concern.

FWQC adjusted for drinking water only would be the
rPlaVant and apprnpriato mildromant fnr gronnAwoter cunnliae
3.2

alternate

LOCATION-SPECIFIC ARARs

A number of statutes have requirements related to activities occurring
in particular locations.
For instance, waste management activities in
floodplains are restricted under RCRA and critical habitats of endangered or
threatened
species are protected under the Endangered Species
Act.
Location-specific ARARs are regulatory requirements or restrictions placed
on activities in specific locations that must be met by a given remedial
Inese location-specific •ARARs are used in conjunction
with
chemical-specific and action-specific ARARs to ensure that remedial actions
are protective of human health and the environment by meeting
the
requirements of a11 applicable or relevant and annronriate Fpripral and
state regulations. The location-specific ARARs are also used to establish
remedial action objectives.
This section identifies a preliminary set of location-specific ARARs
that may apply to remedial actions at the SDA. Section 3.2.1 identifies
general location-specific regulatory requirements and Section 3.2.2 presents
an analysis of the applicability of these requirements to the SDA.
3.2.1

Identification of Location-Specific Requlatorv Reauirements

Federal and Idaho statutes and regulations were reviewed to identify
the
universe of potentially applicable
location-specific
regulatory
haTarrinue
mav
annlv
wact0
tn
rpmpdial
requirementc that
activities and now
activities (as a result of remediation) at the SDA. A11 of the requirements
identified in this subsection have a lotation-specific orientation and
restrict or prohibit certain activities at or near a location such as that
occupied by the SDA. Specific characteristics of the SDA considered in this
evaluation are its location in a floodplain, its location in a seismic
region, the presence of endangered species in the area, the proximity of
surface water, the presence of archaeological and historical sites in the
area, and the presence of drinking water wells in the area.
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The following regulatory requirements, with potential applicability to
remedial activities at the SDA, were identified:
•

•

Floodplains (40 CFR 270 & 264; 40 CFR 6, Appendix A [Executive
Order 11988]); Fish and Wildlife Coordination Act (16 USC 661 It
Igg.; 40 CFR 6.302; Idaho Hazardous Waste Management Regulations,
Title 1, Ch. 5, 01.5227,09)
e-J--:JCIbM1‘

IAA
Vtv

ecn
x.rn

nnn

O.

ICA.
CV”,

TA..L..
1UGHU

Hazardous
Management Regulations, Title 1, Chp. 5, 01.5227,09)
&iv

11023LC

•

Activities in the proximity of drinking water
Drinking Water Regulations, IDAPA 16.01.8900,07)

wells (Idaho

•

Wetlands (10 CFR 1022; 40 CFR 230; 33 CFR Parts 320-330; 40 CFR 6,
Appendix A [Executive Order 11988)

•

Endangered
330)

•

Archaeological Resources and Antiquities (Archaeological Resources
M..A...a...4a. A.A.. Al ern 7. la rro Ci'vw+e CC t ocia.
25 CFR 261)

species (50 CFR Parts 17, 200, 402; 33 CFR Parts 320-

/WY,

tall\

II

w/V

Wt.

IA

LOW,

•

National Historic Places (National Historic Preservation Act (16
U.S.C. 470); 36 CFR 800)

•

Fish and Wildlife (40 CFR 6).

3.2.2 Determination of Preliminarv Location-Soecific ARARs for the SDA
requirements
A review of the eight location-specific regulatory
presented in Section 3.2.1 suggests that three of these requirements may be
appropriate as ARARs for the SDA (floodplains, activities in the proximity
of drinking water wells, archaeological resources and antiquities) and five
'von
naitkes." ,nnl4nklei now walatt,n+
the SDA (wetlands,
endangered species, fish and wildlife, seismic, and national historic
places).
A discussion of these various regulatory requirements and their
applicability or relevance and appropriateness to the SDA is provided below.
falc
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Urrldrgiate

to

3.2.2.1

Preliminary Location-Specific ARARs

The identified location-specific ARARs include:
floodplains,
activities in the proximity of drinking water wells, and archaeological
resources and antiquities. The requirements of these location-specific
ARARs are presented in Table 3-2.
The SDA

is located

a
'ia
•
al. a
1 11 ',CI 111 I 1.1..C111.. DL1CQ111 1,11Q1..

in the floodplain of the Big

WCIbbCb

appr VA 1111021.0 lj

4111t; 1111 1 Cb

1.0

Lost River, an
WIC

U1

LUC

site. The SDA is actually situated in a basin that is 30 to 40 feet below
the elevation of the river. Flow in the river is variable with snowmelt and
rains contributing to hioh flows in late spring/early summer. In order to
protect the SDA as well as other INEL areas, an extensive flood control
system has been built at the INEL which utilizes a diversion gate and a
series of spreading areas. The spreading areas are located approximately
one mile to the west of the SDA (Ref. 30). Dikes have also been constructed
near and around the SDA to prevent flooding of the site from runoff or the
spreading areas. Regulatory requirements that apply to activities in
floodplains include RCRA and State of Idaho requirements that restrict
hazardous waste management activities in such areas.
in
the past and the locating and surveying of sites and the preservation of
antiquities continue. Several sites are located in the vicinity of the SDA.
However, no material of archaeological or historical value has been found at
the SDA itself which has been extensively disturbed for over 20 years.
Remedial activities within the SDA are not anticipated to encounter such
materials either. Therefore, the regulatory requirements associated with
the preservation of antiquities and archaeological materials/sites will only
serve as ARARs for any activities conducted in the vicinity of the SDA but
not within it.
A

a n...ka., at a...akaaalaalaal
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al ‘114:1=v Ivy %.4a
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lic=11
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The State of Idaho Drinking Water Regulations include specified minimum
distances from drinking water wells that certain waste management units and
....1.4“444no misc.+
Cne-k .r.‘e.414.1.4ete
aniarkin
lines,
canals, and ditches. If a new production well was to be built at the SDA,
the specified distances must be maintained. Also, if in the course of
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TABLE 3-2. SUMMARY OF PRELIMINARY LCCATION-SPECIFIC ARARs

LOCATION-SPECIFIC ARAR

REGULATORY CITATION

Floodplains

40 CFR Part 270
40 CFR Part 264
40 CFR Part 6
Idaho H.W. Mgmt.
Regs. (01.5227,09)

LOCATION' REQUIREHfNTS
• If within 100 year floodplain,
a new facility must be able to
withstand washout from a 100
year flood

APPLICABILITY TO SDA
• SDA located in 100 year
floodplain

• Facilities must demonstrate capability to either: (1) withstand
washout; (2) remove wastes prior
to flooding; or demonstrate that
no adverse impacts will result
from a washout
(a
'
1—'

Activities in the
Proximity of Drinking Water Wells

Idaho Drinking Water • Specifies minimum distances between drinking water wells and
Regs., IDAPA
16.01.8900,07
various sanitary waste management units or other structures

• The IBIWIC has an on-site drinking water well; relocation of
the RWMC water supply well is
a potential action
• Sewer lines, septic tanks and
fields, ditches, etc. must be
a specified minimum distance
from the drinking water well

Archaeological
Resources and
Antiquities

43
36
36
25

CFR
CFR
CFR
CFR

7
65
296
261

• Establishes conditions for
permits authorizing the excavation and/or removal of
archaeological resources
and antiquities from public
and Indian lands
• Establishes conditions to
prevent disturbance of
archaelogical resources and
antiquities on public and
Indian lands

• Several archaeological sites
exist in the vicinity of the
SDA

remediation, new ditches or other such structures were to be constructed,
the specified distances wimid have tn he maintained against the eXisting
production well.
3.2.2.2 Location-Specific Regulatory Requirements Inappropriate to the SDA
A number of the previously identified location-specific regulatory
requirements do not qualify as being either applicable or relevant and
appropriate to the SDA, including those addressing:
•

Wetlands

•

LIWGITUCICU
•

•

•
•

nicLicz

Fish and wildlife
Seismic
Historic places.

The flood control diversion ponds that are located one mile to the west
of the SDA provide wetlands during wet seasons of the year. When these
areas contain water, they are visited by a number of animal and bird
species, particularly waterfowl. The SDA is isolated from the diversion
ponds by a series of dikes and other engineered structures. Any anticipated
activities at the SDA are not expected to have any impacts on the diversion
ponds.
Inc crIA
JUM
is not known to be lo-‘illoCU
"A ."
N1411111
4"" a ‘rit.ical
.4.
1
habitat of an
endangered or threatened species nor are such species known to frequent the
SDA. However, the bald eagle and the American peregrine falcon have been
observed at the INFL. In addition, eight species of concern to the Idaho
Department of Fish and Game and the Bureau of Land lanagement have been
observed at the INEL (Ref. 30). Remedial activities at the SDA are not
expected to affect any endangered species because activities are anticipated
to be restricted to the immediate area of the SDA itself.
Thn

No fish or wildlife addressed by the Fish and Wildlife Coordination Act
are found at the SDA. Neither do the planned activities at the SDA involve
the modification of a stream as no streams are located on the site and
surface runoff is controlled. Unless significant water discharges along the
RWMC drainage channel to the Big Lost- River occur as part of a remedial
3-14

action, the regulatory requirements associated with the protection of fish
and wildlife would not apply.
The seismic standards contained in the RCRA and Idaho regulations are
only applicable in certain counties specified in the regulations themselves.
The SDA is located in Butte County which is not listed in Appendix VI to
40 CFR Part 264 nor the Idaho regulations and is therefore exempt from
demonstrating compliance with the seismic standard.
There are no historic sites at the SDA. The Experimental Breeder
Reactor No. 1, located approximately two miles to the northeast of the SDA,
is a National Historic Landmark and the only historic site at the INEL.
3.3 ACTION-SPECIFIC ARARs
Action-specific ARARs are performance, design, or other action-specific
requirements that apply as a result of a specific technology or activity or
that are limitations on certain actions involving hazardous or mixed waste.
Action-specific AKAKs are identified during the development of remeaiai
alternatives in the FS, which is outside the current scope of this report.
Specific requirements are triggered by the particular remedial activities
-within e5rh alternative. This section presents 2 preliminary lict nf 15ws
and regulations to be considered in a later effort to develop actionspecific ARARs.
The buried wastes at the SDA include chemicals and other wastes that
would be considered hazardous wastes or radioactive mixed wastes under
today's regulatory definitions. Migration of chemical constituents from the
waste constitutes migration of the waste; therefore„any treatment actions
applied to the waste or to soil, air, or groundwater contaminated by
migrated contaminants may constitute management of hazardous or mixed wastes
or may generate wastes (e.g., treatment residuais) to be managed as
Applicable regulations would include the
hazardous or mixed wastes.
Resource Conservation and Recovery Act regulations (RCRA, 40 CFR 260-264,
268, and 270) and the Idaho Hazardous Waste Management Regulations (Titla 1
Ch. 5). Other guidance to be considered (TBC) include DOE Orders 5480.1A,
5480.1B, and 5820.2.
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Treatment activities resulting in discharges to air, surface water, or
the groundwater may need to comply with:
•

Rules and Regulations for the Control of Air Pollution in Idaho

•

Federal Cle2n Air Art

•

Idaho
Water
Quality Standards
Requirements (Title I, Ch. 2)

•

Licensing Requirements for Land Disposal of Radioactive Waste (10
CFR 61)

•

Federal Clean Water Act

•

rvi
Federal
Regulations.
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Treatment
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Treatment of drinking water or replacement of the existing potable
water system would need to comply with Idaho Drinking Water Regulations and
the Federal Safe Drinking Water Act.
Other requirements can be identified based on specific remedial action
alternatives or technologies being considered for the SDA. This would
include all pertinent DOE-ID and EG&G Idaho requirements for design
A
4.1.unwasuJ
kaciam.A.,
M
operating
requirements,
discharge/exposure limitations as well as compliance with the National
Environmental Policy Act (NEPA).
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4. DEVELOPMENT OF PRELIMINARY REMEDIAL ACTION OBJECTIVES
Remedial
action objectives are established based on
identified
routes, receptors (human
and
contaminants
of concern, exposure
environmental), acceptable contaminant levels or range of levels for each
exposure route, and uther VC4Uirefflelltb that must L. met in mitigating
environmental contamination problems (i.e., ARARs). The remedial action
objectives established throughout the FS process serve as goals that various
remedial action technologies or alternatives must achieve.
Preliminary
remedial action objectives can be developed based on chemical- or locationspecific requirements and preliminary site characterization information.
These objectives are then refined in the development of alternatives at
which time action-specific remedial action objectives can be established.
This section presents preliminary remedial action objectives for the
SDA developed from information reviewed for this report and the analyses
presented in Sections 2 and 3. Section 4.1 presents general remedial action
objectives for the Subsurface Disposal Area (SDA). Section 4.2 presents the
methodology for establishing preliminary chemical-specific cleanup levels or
remedial action objectives. The methodology presented is a risk-based
approach, and uses a spreadsheet program to calculate remedial action
4.3
cleanup levels and to facilitate sensitivity analysis. Section
Action-specific
identifies location-specific remedial action objectives.
remedial action objectives are established in the development of remedial
actions and are not addressed in this report.
4.1 GENERAL REMEDIAL ACTION OBJECTIVES
General remedial action objectives can be established that provide a
framework for future analyses. These objectives are based on the nature of
contamination problems and anticipated migration and exposure routes as well
F
upertivuz 1.1104 Isanuut be disrupted or must be
supplied Fa
d)
)CUVII.C3 Ur
on-going activities in the area. Based on the analyses in Section 2, the
major concerns regarding contaminants at this time are risks to RWMC
workers, the continuing need for a water supplv at the RWMC. and continued
migration of organics, inorganics, and radionuclides from the buried waste.
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The following preliminary general objectives have been identified to address
those concerns:
•

Control originating waste constituent source (buried waste) if it
is not removed

•

Minimize or eliminate precipitation or run-off infiltration at the
SDA

•

Control secondary sources of contaminants (contaminated soil,
basalt bedrock, sedimentary interbeds) to protect the Snake River
Plain Aquifer

•

Minimize contaminant migration off the SDA

•

Prevent contaminant migration off the INEL

•

Minimize on-site worker exposure to chemical
waste constituents

and radiological

•

Provide the RWMC and off-site users (if
suffirient, dependable, and safe nn+skles
pows.cautc taftfaim
mauco

necessary)

•

Provide a water supply at the RWMC that can meet potable water
demand and fire flow requirements

•

Comply with
requirements.

all

applicable

Federal

and

State

of

with

Idaho

4.2 CHEMICAL-SPECIFIC REMEDIAL ACTION OBJECTIVES
EPA has identified nine criteria to be appiied in evaivating and
selecting remedial action alternatives. Of these, overall protection of
human health and the environment and compliance with ARARs are considered
thp twp "thrpchpld rritaria" that must be satisfied in nw.eint* Vow.
alternative to be eligible for selection (Ref. 57). These two "threshold
criteria" are the basis for developing cleanup levels for site remediation.
These remedial action goals are chemical-specific levels established for
WI %ICI
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each chemical in each exposure route of concern and serve as the foundation
for developing and evaluating remedial action alternatives and for
estimating associated costs.
The establishment of chemical-specific remedial action objectives
typically begins during project scoping or concurrent with preliminary RI
activities. Because these preliminary objectives are first established
prior to completion of the baseline risk assessment, they are initially
equated
with
chemical-specific ARARs or other readily available
environmental- or health-based limits. As the FS process progresses, the
results of risk assessment and the subsequent identification of additional
chemical-specific ARARs serve to modify the preliminary chemical remedial
action objectives. Ultimately, remedial action objectives are derived that
ensure that remedial action alternatives both comply with ARARs and are
protective of human health.
Protectiveness of an action or residual contamination is evaluated with
respect to potential for noncarcinogenic and carcinogenic effects. For
a4
‘431‘.111VVC111‘
effea41
icmedic4 lculting in CA‘C33 lifetIMC
Fisk
within the range 10-4 to 10-7 are considered protective (Ref. 57). An
excess risk of 10-6 may be established as the remediation goal. For
noncarcinogenic effects, remediation goals must meet acceptable levels for
each subject chemical, e.g., Reference Doses (RfDs) developed by EPA, and
must be protective for combined exposure.
ARARs do not comprise a uniformly derived set of standards. Chemicalspecific ARARs are developed by the state or Federal government and often by
varying methods and for different environmental media. These ARARs
establish health-based or risk-based limits on the amount of a given
chemical that may be discharged to, or be present in, the environment or a
specific medium. These chemical-specific ARARs are set for a single
compound or ‘IV4C11, ICIa4CU yowup v. %sump...andz. Typically, Isnee
requirements do not incorporate consideration of the effects of combined
exposure to mixtures of chemicals, or the implications of multiple exposure
pathways. In site-specific situations where multiple chemicals or multiple
exposure routes exist, a remedial action alternative may comply with the
chemical-specific ARARs established for the remedial action yet may result
4-3

in an exposure or risk that does not adequately protect human health or the
environment.
Guidance on the development of remedial action goals is provided by EPA
in several key documents: (1) The Superfund Public Health Evaluation Manual
ftirte4
(Ref. 47); (2) the draft Guidance nn Conducting Remedial Investigations 011U
Feasibility Studies under CERCLA (Ref. 48); (3) a recent article by two
senior EPA analysts (Ref. 51); and (4) the revised National Contingency Plan
(NCP). The RI/FS Guidance Document specifies that if a chemical-specific
ARAR is determined to be protective, it should be used to establish
acceptable exposure levels, i.e., remedial action objectives. If a
chemical-specific ARAR is not protective or does not exist for the specific
chemical or pathway of concern or if multiple contaminants may result in an
unacceptable cumulative risk, acceptable exposure levels would be identified
through the risk assessment process. The revised NCP reiterates that in
instances where human or nonhuman receptors are exposed to multiple
chemicals and multiple pathways, remedial action goals may be set below the
chemical-specific ARARs (i.e., at more stringent levels) in order to obtain
a remedy that is pr.t.rtive.
4.2.1

Methodology for Derivation
Obiectives

of Chemical-Soecific Remedial

Action

Currently, the Superfund Public Health Evaluation Manual (Ref. 47)
provides the most detailed overview of methods for derivation of cleanup
levels for site remediation. Based on this document and the additional
guidance presented in the FS Guidance and the revised NCP, an outline has
been developed of the general approach used in this report to develop
preliminary remediai action goais. The basic steps are as follows:
•

Identify subject/indicator chemicals of concern.

•

Assemble a listing of all available ARARs.

•

Identify potential exposure pathways and receptors at risk.
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•

Develop exposure scenarios and characterize environmental
concentrations at the points of exposure using
available
monitoring data and/or the resuits of environmentai fate modeling.

•

chemical-specific ARARs are available for all
subject
esumlum+n +ha nualmll
protectiv.... to human health of
exposure to the chemicals at ARAR levels. Take into consideration
combined exposure across chemicals and multiple pathways.

If

rhamirmle

UOC

WVCIall

•

If the chemical-specific ARAR levels are found to be protective,
adopt these as remedial action goals (cleanup levels).

•

If chemical-specific ARARs are not available for all subject
chemicals, or are not found to be protective of human health,
derive cleanup levels based upon the results of risk assessment.

In the following sections, a detailed discussion is presented of all methods
employed and the results of the assessment.
It is important to recognize that the derivation of cleanup goals
becomes a complex process for any site such as the SDA with numerous
contaminants, multiple exposure pathways, and contaminants for which ARARs
are not available or are not protective of human health. Under these
circumstances, the development of cleanup levels must incorporate all
elements of a comprehensive risk assessment. In essence, an acceptable
target risk level is first established for combined exposure across all
chemicals and all environmental media. Using the risk assessment methods
established by EPA, corresponding acceptable levels of each subject chemical
are then back-calculated for the affected environmentai media.
The chemical-specific cleanup levels derived by the risk assessment
mathnd c2nnnt he ronsidered aksnlute t2rgets for site remediation. Rather,
these risk-based guidelines are used in conjunction with the results of
analysis of remedial action alternatives (engineering feasibility and costs)
to refine the preliminary cleanup goals. Tradeoffs can be developed between
the cleanup goals for specific chemicals based on the ease or difficulty of
their cleanup by different technologies. The overriding objective is to
develop cleanup levels that are protective of human health, technically
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sound, and cost-effective. Thus, the establishment of cleanup levels is
iterative and ultimately requires negotiation with cognizant regulatory or
lead agencies. As noted above, a target risk range must be established and
achieved for selected remedial action alternatives. However, there is
considerable latitude allowed in apportioning risk across chemicals and
exposure pathways in the FS process and in establishing the target risk.
For example, the cleanup levels could vary among remedial
action
alternatives by taking advantage of different technology capabilities to
address specific contaminants.
In order to facilitate the process of apportioning risk and deriving
target limits for each affected environmental medium, a computer-based
"tool" has been developed by SAIC for the analyses in this report. An
integrated LOTUS 1-2-3 spreadsheet has been created ultimately for use by
EG&G in establishing cleanup levels for radioactive and nonradioactive
substances in soil and groundwater at the SDA and to evaluate variations in
the exposure scenarios in relation to engineered actions.
Maximum
flexibility in conducting sensitivity or "what if" analyses has been built
into this spreadsheet by linking exposure assumptions, intake factors,
toxicity measures, target risk levels, and remedial action goals. The
spreadsheet has been constructed such that the influence of changes in
4m+neg+
ugagyimu

eglammvn lesval+
aggcgavvp l'CYCla
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immediately examined. Sections 4.2.2 through 4.2.5 present further
background on the methodology and Section 4.2.6 presents the spreadsheet
analysis.
4.2.2 Risk Assessment Process
To understand the utility of the risk allocation and cleanup goal
calculation spreadsheets developed by SAIC, it is necessary to review the
methods for risk assessment incorporated into the program. These risk
assessment methods closely follow the guidelines developed by EPA and
incorporate the most recent toxicity measures available for evaluating the
radioactive and nonradioactive chemicals present at SDA. An understanding
fa
VP

+km gmegftemovme
VMC

MGMaUIVJ

ftigk A
=HU

ftl nag+4+km+ vemA 4c 4mnnvol.m,4.
MIVW. 141IMJ
g+ gogrvgwgmv

gv Anf4n4ren
mggiggigy

Laic

maglgame4ftl
Fv‘cv6imi

applications of the spreadsheet and in clarifying the inherent uncertainties
in its use.
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The following sections provide a brief discussion of relevant risk
assessment methods for nonradioactive and radioactive chemicals pertinent to
the development of cieanup ieveis for the SDA. Section 4.2.5 provides a
detailed discussion of all variables and assumptions.
4.2.2.1 Nonradioactive Chemicals
The risk assessment process for nonradioactive chemicals involves
integrating the results of exposure and toxicity assessments, i.e.,
comparing estimates of dose with appropriate toxicological endpoints to
determine the likelihood of adverse effects in exposed populations. It is
common
practice to consider risk characterization separately for
carcinogenic and noncarcinogenic effects. This is due to a fundamental
difference in the way organisms typically respond following exposure to
carcinogenic or noncarcinogenic agents. For noncarcinogenic effects,
toxicologists recognize the existence of a threshold of exposure below which
there is only a very smaii likelihood of adverse health impacts in an
exposed individual. Exposure to carcinogenic compounds is not thought to be
characterized by the existence of a threshold. Rather, all levels of
eXpOSUre are considered to Carry a risk of adverse effort,
Carcinogenic Risk
The procedure for calculating risk associated with exposure to
nonradioactive carcinogenic compounds has been established by EPA (Refs. 47,
53, 54). A linear non-threshold, dose-response model is used to calculate a
carcinogenic potency factor. This potency factor mathematically is the
slope of the dose-response curve for each chemical. To derive an estimate
of risk, the carcinogenic potency factor (oil is then multiplied by the
estimated cgrunic daily dobe cApericg‘ed by the exposed individual as shown
below:
R

n x

(1)

where
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R - excess lifetime risk of cancer from chronic exposure
to a specific chemical
D - chronic daily dose (mg/kg body weight/day)
ql* - 95% upper-bound estimate of the slope of the dose-response
curve [(mg/kg body weight/day)-I] for the chemical
Equation (1) provides an explicit estimate of excess lifetime risk for
a given chemical and has a value between 0 and 1. It expresses the
additional probability that an individual will dpvpinp cancer nvpr a
lifetime of exposure at the specified dose level. In evaluating risk of
exposure to more than one carcinogenic chemical, the risk measure (R) for
each compound considered may be summed (in the absence of information on
antagonistic or synergistic effects) to provide an overall estimate of total
carcinogenic risk (Refs. 47, 53). The risk is calculated for each source of
environmental release, associated exposure pathway, and receptor group at
risk of exposure. Population risks may be derived by multiplying the
overall risk level (summed for all chemicals considered) by the number of
people exposed. This would yield a measure of the additional incidence of
devOlOpilly Lauccv (i.c., additimati !later Of new LcibtS) Ill UM exposed
population over a lifetime of exposure (i.e., 70 years).
Equation (11
carcinogenic risk
exposure/dose for
an alternate model

above iš recnmmended nnly fnr quantifying pgrimatpd
levels that are less than 1 x 10-2 (Ref. 54). Where
carcinogens is high and the combined risk exceeds 10-2,
is recommended by EPA for quantifying lifetime risk:
R- 1 - exp (-D x ql*)

(2)

The analysis for the SDA uses equation (1).
Noncarcinoqenic Risk
The traditionally accepted practice of evaluating exposure to
noncarcinogenic compounds has been to experimentally determine a No Adverse
Exposure Level (NOAEL) and to divide this by a safety factor to establish an
acceptable human dose, for example, acceptable daily intake or Reference
Dose (RfD) (Ref. 50). The RfD is then compared to the average daily dose
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experienced by the exposed population to obtain a measure of concern for
adverse noncarcinogenic effects for a given compound as shown below:
HI = D/RfD

(3)

whero
HI = Hazard Index (potential for adverse noncarcinogenic effects)
D = average daily dose for subchronic or chronic exposure
(mg/kg body weight/day)
Rf0 = acceptable intake for subchronic or chronic exposure
(mg/kg body weight/day)
If HI is >1, then adverse noncarcinogenic effects may be anticipated at the
given exposure/dose level for the compound considered.
Evaluating exposure to mixtures of noncarcinogens involves summing the
hazard indices (HI) for a11 chemicals under evaluation (as presented in EPA
1986b). If the sum of the hazard indices is >1, then there is the ootential
for adverse noncarcinogenic effects. Under these circumstances, EPA
recommends segregating the compounds into groups of like or common
toxicological effects and re-evaluating the potential for manifestation of
the various adverse health effects identified.
4.2.2.2 Radioactive Compounds
The methods for risk characterization for radionuclides in soil and at
the SDA is based on guidance provided by the International Commission for
Radiological Protection (Ref. 93). The focus of ♦the oaacaameut ia vu
somatic effects of exposure to the radiouclides with cancer selected as the
endpoint of concern. For the purposes of developing remedial action goals,
the excess or incremental lifetime risk of cancer incidence is considered.
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The 50-year committed effective dose equivalent (hereafter, "dose") is
calculated as follows:
D = (C) (IF) (DCF)

(4)

where
D - effective dose in rem (see Appendix A for details)
r
of radionuclide in pCi/kg or pCi/L
IF = intake
of contaminated material during the period
of
interest; it is the product of the daily intake (kg/day or
L/day) and the period of exposure (days)
DCF = the dose conversion factor (rem/pCi) for the ingestion or
inhalation routes
The incremental lifetime risk to humans associated with exposure to the
radionuclides at the calculated dose (D) is determined as follows:
(D) (CRF)

(5)

where
1...4al lifetime risk of all ,.",...
D - dose (rem) as determined above in Equation 4
CRF = cancer incidence risk factor (per rem)
R

-

cA‘caa

VI

The cancer incidence risk factor is derived from the use of high to low
dose extrapolation models. The EPA is currently using a CRF of 6.2x10-4 per
Paul
rem for low LET radiation (Personal communication, January 1989:
Vollique, SAIC, Radiation Advisory Committee of the EPA Science Advisory
Board). The range of cancer incidence is given as 1.9 x 10-4 to 1.9 x 10-3
per rem.
Identification of Chemicals for Risk Assessment

4.2.3

e
specified by EPA, ♦the first step in the risk .. ament
identification of the chemicals of concern. This is typically accomplished
by reviewing historical records on wastes disposed at the site and by
evaluating all available monitoring data. Often dozens of chemical
A$

I
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contaminants are identified at hazardous waste sites. EPA acknowledges that
it may be both impractical and unnecessarily time-consuming to assess the
risk of each compounu identified. Under these circumstances, EPA recommends
the selection of "indicator compounds" that pose the greatest risk to human
health or the environment. EPA suggests using the indicator selection
prncess for waste sites at which more that 15 chemicals of potential concern
have been identified (Ref. 47).
As presented in the EPA Superfund Public Health Evaluation Manual, the
indicator selection process involves assigning a score to each chemical
identified and ranking the resulting list. Briefly, scores are developed
for a given chemical lad environmental medium by multiplying together two
factors: (1) a chemical- and route-specific toxicity measure identified
specifically for this process; and (2) the quantity or concentration of the
chemical present at the site (or in contaminated environmental media
surrounding the site). For a particular chemical, scores may be developed
for several environmental media/exposure routes (i.e., air, soil, and
water). The overall indicator score for a compound would then be the sum of
the products (toxicity measure times concentration) for all affected
environmental media. EPA recommends the development of separate scores for
noncarcinogenic and carcinogenic effects.
In addition to this quantitative approach to ranking chemicals of
concern, EPA also recommends a more qualitative consideration of mobility
and persistence in refining the selection process. In the final analysis,
the use of professional judgment is advocated to modify the list of scored
chemicals and to include any additional chemicals that are thought to be of
significance.
At the SDA, more than 15 radioactive isotopes and nonradioactive
chemicals have been found in soil, the subsurface, and groundwater.
Although EPA guidance sanctions the use of the indicator chemicals selection
process at this site, the analysis presented in this report does poi exclude
any chemicals at this time. The use of indicator chemicals facilitates the
risk assessment process when dozens of compounds have been identified at a
site by narrowing the list of subject chemicals to those that theoretically
drive the overall magnitude of the risk. Given the limited data set
currently available for the SDA, it would be premature to eliminate any
4-11

compounds at this time. A much larger data set is needed regarding the
specific contaminants and the magnitude of concentrations in each medium.
Once a larger data set is available, selection of indictor compounds may be
pursued and the cleanup objectives re-evaluated.
In developing preliminary cleanup goals for the SDA, it is believed to
be most prudent to include all potentially carcinogenic compounds in the
evaluation. No indicator chemicals have been selected.
In this
developmental phase of the process, noncarcinoeenic effects have not been
considered in derivation of cleanup levels. Criteria for protection against
unacceptable carcinogenic risk are almost always considerably more stringent
than those for noncarcinogenic effects. The development of the computer
spreadsheets for this analysis incorporates consideration
of all
potentially carcinogenic compounds identified in the environment at SDA from
Table 2-1.
Note that chromium and nickel have been found in the environment at SDA
but are not included in the current evaluation of carcinogenic compounds.
fr... sal
ninbal
nft...k.....1
Hexavalent nkr.nminm
unlymomm
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potentially carcinogenic forms of these metals. The specific form of
chromium and nickel have not been determined, but the carcinogenic form of
these compounds are not anticipated to be present in the environment at the
SDA. Nickel subsulfide and nickel carbonyl are produced primarily in
association with pyrometallurgical processing. Trivalent chromium (Cr+3) is
the predominant form of chromium under typical environmental conditions.
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4.2.4 Identification of Potential Exposure Pathwavs
As shown in Section 2.2, there are a wide variety of potential exposure
pathways by which people at the SDA might be exposed to hazardous
constituents from the buried waste at the site. The waste at the SDA
rAnfftine
net+an+4,11u
kftlAmaul
Ar.etnn4r
ekam4esle
powuclinnuelj
mai
heavy ma.ftle
lams
radionuclides. These waste constituents have been spreading through the
various environmental media since being disposed at the SDA, or since their
MIUI
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containers were first breached. The environmental media
waste constituents include the following:
•
•
•
•
•

receiving these

Soil
Air
Surface water runoff
Vadose zone (basaltic bedrock and sedimentary interbeds)
Groundwater.

Organic vapor is present in the soil pore space at the SDA. This vapor
has diffused from the source waste, or vaporized from organics that may have
flowed in concentrated form or been transported in aqueous solution from the
source waste. The soil also contains organic chemicals, heavy metals, and
radionuclides that may have migrated in solution
in
infiltrating
precipitation or snow melt. These species exist adsorbed to the surface of
soil particlps nr in snlnfinn in thP
milicturo. Incill"hle particulate
waste constituents may be carried in suspension in runoff or may be carried
(if small enough) through the soil pores in liquid waste or in infiltrating
water.
The environmental media receiving SDA waste constituents in dissolved
or vapor form are the atmosphere, the vadose zone underlying the surface
soil, and the groundwater. The atmosphere may receive volatile organics
from the soil and the basaltic vadose zone and groundwater may receive
volatile organics through evaporation and vapor transport through the
sanurface pure space ur thruugh upen wells.
Human receptors may come into intimate contact with four of the five
renominated envirnemental modia at tho cflA
ir, surface tan oar
groundwater). Humans may therefore be exposed to environmentally transported
waste constituents without coming in contact with the waste itself. The
vadose zone is the only environmental medium to which humans are not
directly exposed. Note that the focus of this assessment is the area
surrounding the SDA after remediation and site closure (active and inactive
pits) have been completed.
Employees at the RWMC are the only individuals likely to be exposed to
high concentrations of contaminants from the SDA, and over a long enough
4-13

period, to present a reasonable basis for establishing cleanup levels at the
site. Visitors to the SDA are anticipated to receive an insignificant
iifetime exposure. The nearest resident popuiation is too far away to
experience any significant exposure to SDA contaminants based on current
concentrations. In the downgradient direction of groundwater flow, no one
lives closer than 32 km (20 mi) from the SDA (Ref. 30). The towns in
closest proximity to the SDA are Butte City, which is about 19 km (12 mi) to
the northwest and Atomic City, which is about 19 km (12 mi) to the
southeast, neither of which is regionally downgradient to groundwater flow
or prevailing wind directions.
Of the potential pathways for human exposure at the SDA, four are
considered significant and are used as the basis for estimating worker
exposures to SDA contaminants in deriving remediation objectives or action
levels:
•

Ingestion of contaminated groundwater

•

Tnhalatinn nf vannr rolancod frnm rnntaminatad

nrnuntiwa+ar Anrinn

showering
•

Ingestion of contaminated soil dust

•

Inhalation of contaminated soil dust.

Chronic dose estimates for all of the above exposure pathways have been
derived based on reasonable maximum exposure scenarios as suggested by EPA
guidance (Ref. 57). Although these scenarios are based on exposure factors
which are greater than the average, they resuit in reasonable upper-bound
estimates for long-term exposure. A11 of the scenarios have the following
assumptions in common:
•

Exposed human receptors are adult workers weighing 70 kg

•

Exposures occur 5 days/week

•

Exposures occur 50 weeks/year
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•

Exposures occur for 20 years of a 70-year lifetime.

•

As a simpiifying assumption in this preiiminary analysis, all
subject chemicals and radionuclides are considered conservative in
or
biological
the
environment, i.e., physical/chemical
trantfnrMatinn

and
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environmental concentrations over the period of exposure.
The following subsections describe the four exposure
estimate the associated contaminant intake factors.
4.2.4.1

pathways and

Ingestion of Contaminated Groundwater

water for drinking, cooking, and showering at the RWMC is obtained
from the RWMC production well. Workers at the SDA/RWMC are currently using
th-c
gruunuwaLer, Clfill are LIICUCILIre IreLLly exposcu LV any conLwainanus
present in these waters. A consumption rate of two liters per day has been
assumed for the purposes of this assessment.
All

4.2.4.2 Inhalation
Showering

of Vapor from Contaminated

Groundwater Used

for

Studies of exposure to gases and volatile organics released from
contaminated tap water during showering have indicated that chronic dose
estimates are equal to or greater than dose estimates resulting from only
direct ingestion of 2 1/day of the water (Ref. 46). The reasonable maximum
exposure scenario for SDA worker exposure to volatile organics during
showering at the site is based on the work of McKone, 1987 (Ref. 46). This
eApubuve
cenar 1U lb u3ed here as a basis for estimating
upper-uuunu
worker exposure during showering. The mean of McKone's upper-bound
estimates for "lifetime inhalation pathway dose factors" for four
chlnrinatnd hydrocarbons was used in the exposure calculation:
carbon
tetrachloride, chloroform, tetrachloroethylene, and trichloroethylene. (The
range of values for McKone's upper-bound estimates for the four compounds
was 0.16-0.18 mg/kg-d per mg/L concentration.) These compounds are also
found in groundwater at the SDA. The scenario for the analyses in this
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report includes the following assumptions, some of which are modified from
McKone's original assumptions:
•

Workers spend 20 minutes in the shower each day

•

4n minutac in tha rnnm adjaront tn the chowers each
day while showering is taking place or immediately after showering
has ceased (an added 20 minutes exposure later in the day was not
included here)

•

Breathing rate is 20 L/min (McKone used 28.8 m3/day during the
active, nonresting part of the day)

•

A11 of the volatilized chemical inhaled is also retained
body

•

The adult body weight is 70 kg (McKone used 67 kg).

Mrknnn'c
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scenario assumptions.
Contaminants that are non-volatile are not included in this inhalation
from showering exposure route. That is, arsenic and most of the
radionuclides are not expected to be volatile, and the extent of mist
formation followed by inhalation is not considered significant enough to
include in the exposure calculations. The showering process would be
expected to quickly entrain mist as it is generated. Volatile organics and
tritium (conservatively assumed to be HT0) are included in the exposure
calculations.
4.2.4.3 Ingestion of Contaminated Soil Dust
The ingestion of contaminated soil dust by adults is considered
completely accidental, but can routinely occur whenever handling of soil or
items covered with soil occurs at the site or when working in area where
windblown dust is common. The route of exposure is by way of the hands.
Contaminated soil dust is transferred to the mouth when a person touches his
lips or nose, smokes, eats, applies cosmetics, etc. The extent of soil
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ingestion in this manner is usually estimated at 0.1 g/day for adults
(Ref. 47). It is assumed that the concentration of contaminants on the dust
particles is the same as on the soil itself (Ref. 52). This is considered a
minor pathway.
A
01
A
A
Y.L.Y.,

Inualabion of Contaminated Soil Dust
T-L

1

1•

Another potential route of worker exposure at the RWMC is the
inhalation of contaminated soil dust generated in the vicinity of the RWMC.
Soil dust can be generated by moving contaminated soil, excavation, by
vehicles driving over dry soil surfaces, wind entrainment, etc. It is
assumed that the concentration of contaminants on the airborne dust
particles is the same as in the soil itself (Ref. 52). That is, the
concentration of a contaminant on airborne dust can be calculated as
follows:
Cair = Csoil x TSP

(6)

where
Cair - concentration of a contaminant in air (mg/m3)
C.oll
4, - concentration of that contaminant in the soil (molko)
TSP - total suspended particulates in air at the SDA (kg/m3)
This calculation assumes that there is no correlation of the
distribution of contaminants in the soil with particle size; small soil
particles do tend to become airborne more readily than large particles.
Also, the calculation assumes that the process of dust entrainment in air
does not cause loss of adsorbed volatiles from the dust. The measured TSP
level at the SDA has been reported to be approximately 50 ug/m3 (Personal
communication January 1989: Marilyn Case, EG&G). This is considered a
minor pathway.
4.2.4.5 Potential Exposure Pathways Not Considered Significant
There are several other potential pathways for human exposure to
contaminants at the SDA that were initially considered for determining
cleanup levels. These pathways were subsequently concluded to present only
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minimal risk of exposure. That is, if the exposures were quantified, their
contribution to the total risk by all exposure pathways would be negligible.
These other exposure pathways include the following:
•

Inhalation of volatiles released from residual
wastes at the SDA have been excavated

•

Ingestion of contaminated plants or animals, including
containing contaminant chemicals via the food chain

•

Skin absorption of contaminants during showering

•

Skin absorption of contaminants from airborne contaminated
dust.

soils once the

animals

soii

Ac morn informntinn nn the leveli of environmental contamination at and near
the SDA is gathered, and as contaminant transport from the SDA is evaluated
further, the decision not to include these exposure routes in the
determination of action levels may require reassessment.
Inhalation exposure to volatile contaminants released directly from the
buried waste would be of concern to workers only if the expected atmospheric
dilution rates were very slow. Baca and coworkers estimate that the bulk of
the volatile waste constituents at the SDA (80 percent) have already been
lost to the atmosphere (Ref. 30). However, attempts at sampling and
analysis of airborne vapors of waste constituents in the human breathing
zone 3-5 ft directly above boreholes D02 and DIO produced no levels above
the Practical Quantitation Limit (PQL) of 5.0 mg/m3 on September 30, 1987
/Oaf
1fl1
frnnknn tetrachloride, chloroform,
1 ,1,1-trichloroethane, nnA
trichloroethylene were detected; estimated levels were 3.0, 0.4, 0.4, and
0.5 mg/m3, respectively.) No organics above the respective PQLs were found
when air sampling was also conducted directly above the ground surface at
the Pad A open hole. A control sample at the West Guard Gate on the same
date showed chloroform and 1,1,1-trichloroethane detected at 0.9 and 2.0
mg/m3, respectively (Ref. 30).
Modeling of contaminant vapor transport at the SDA has been conducted
by EG&G in order to estimate human exposures to organic vapor. An extremely
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conservative exposure model was used in conjunction with the transport
model, assuming 24 hr/day exposure, air stability class F, and 0.1 m/s wind
speed (Ref. 30). The resuits of the modeling effort ana risk evaluation
projected excess lifetime risks in the acceptable range of 10-4 to 10-7
(Ref. 30). EG&G concludes that given the very conservative assumptions used
in the assessment, "further evaluation of remediation concerning inhalation
exposure may not be necessary" (Ref. 30).
Workers at the RWMC are not anticipated to hunt (hunting is prohibited
on the INEL) and eat any significant amount of wildlife in close proximity
to the SDA, nor eat any of the plants growing nearby. Cattle and sheep may
graze at distances over 2 miles from the SDA. More than 20,000 animals are
within a 50 mile radius of the center of INEL (Ref. 30). Exposure of these
animals to airborne contaminants potentially released from the SDA has not
been quantified, although it is anticipated to be minimal and, if present,
would be masked by that reieased from the INEL as a whoie. Even if exposure
due to ingestion of contaminated animal tissue was a route of theoretical
concern, it is unlikely to be the most appropriate basis for developing the
reasnnahle mavimum evposure sren2rio. Tn general, the use of the reasonable
maximum exposure scenario results in the most meaningful estimates of
cleanup goals. (Note that any intake of contaminants by grazing cattle
cannot be attributed readily to release of contaminants from the SDA since
one must consider the contribution of other contaminant sources at the
INEL.)
Generally, the rate of absorption of contaminant chemicals across
intact skin is minimal for organics in dilute solution such as the chemicals
in groundwater at the SDA. Compared to inhalation of vapor from groundwater
used in showering, skin absorption during showering or bathing wouid not be
of major concern.
The contrihution nf inhalod cont2minated soil dust tn the overall hum2n
exposure burden is also relatively small. The contribution of skin
absorption of contamination from soil dust on the skin, therefore, can be
expected to be much smaller, and insignificant relative to the total
exposure scenario.
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4.2.5 Establishing Target Risk
Exposure Routes of Concern

Levels and Dose for SDA Chemicals and

As noted previously, the overriding objective is to develop cleanup
objectives that are protective of human health and that comply with Federal
and state chemical-spprifir ARARs. Tn arrnmplich this, it it naraceary
first to establish an acceptable target risk level. Concentrations of all
subject chemicals are then derived such that combined exposure across all
subject chemicals and all exposure rates in an aggregate health risk
equivalent to the acceptable target risk level.
ARARs are not available for all chemicals identified at the SDA. Under
such circumstances, EPA recommends the use of risk assessment to derive
remedial action goals for eaCh chemical under evaluation. However, EPA
regulations still require compliance with ARARs for those chemicals for
which mrstin CAlbL. LI1119 LUC buredubneel. LJUIL nas ueen CICYClUpCU I IL 15
possible to initially evaluate cleanup levels equivalent to ARARs for those
chemicals for which ARARs are available, and to derive risk-based limits for
the remaining compounds. The integrated format of the cproadchaat
facilitates balancing target levels for chemicals and exposure routes in
order to achieve the overall target risk level. To meet an overall lifetime
target risk level of 10-6, it may be necessary to set remedial action goals
at levels more stringent than the ARARs identified. The revised NCP clearly
addresses this issue:
"In general, chemical-specific ARARs are set for a single chemical
or closely related group of chemicals. These requirements
typically do not consider the mixtures of chemicals and other
conditions [e.g., multiple pathways of exposure] that may be found
at CERCLA sites. Therefore, due to site-specific factors,
remediation goals set at the level of single chemical-specific
requirements (i.e., ARARs) may not adequately protect human health
or the environment at that site. In these instances, remediation
goals may be set below the chemical-specific requirements (i.e.,
at more stringent levels) in order to obtain a remedy that is
protective."
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As noted earlier, EPA considers an excess lifetime
to be acceptable for combined exposure to carcinogens.
M
1n-6
1V
risk level as a first cut or Mas4...1 -r
vi ucpaluurc
and risk management of hazardous waste sites (Refs. 47,
may be adjusted on a site-specific basis to a higher or

risk of 10-4 to 10-7
EPA recommends the
•

111

—s

Vlbk

dbbeJSMUM,

51). The risk level
lower level.

Factors that are considered in adjusting the risk level include: (1)
sensitivities of the population at risk or other non-site-related health
risks experienced; (2) effects on nonhuman receptors; (3) weight of evidence
(uncertainty) of toxicity information; (4) potential for actual exposure;
and (5) the ability to detect/monitor the chemicals under evaluation.
Technical feasibility and cost-effectiveness may also come into play in
adjusting the target risk ievei. In any case, when the target risk level is
adjusted, it is important that sufficient justification be provided.
The 10-6 excess lifetime risk level is used in this analysis to develop
preliminary/example remedial action goals at SDA. The toxicity endpoint of
concern is cancer incidence for both radioactive and
nonradioactive
compounds present at the SDA. The risk estimates in this analysis consider
the excess or incremental probability that an individual will experience
cancer of anv type following contact with SDA contaminants. The exposure
scenarios discussed in Section 4.2.4 form the basis for all dose estimates.
Section 4.2.2 provided an overview of methods for risk characterization.
In this preliminary phase of the site remediation process, target
cieanup ieveis are being established separateiy for radionuclides and
nonradioactive chemicals. No published guidance is available from EPA or
DOE and no precedent has been set in the scientific literature for combining
eon
estimates of cvracc lifetime risk of
for simultaneous GArlf4MIG
to
these classes of carcinogens. The spreadsheet analySis designed for this
report (described in SEction 4.2.6) allows the user to derive remediation
goals independently for radionuclides and nonradioactive compounds and to
jointly consider the contributions made by these compounds.
In order to achieve an overall excess lifetime risk level of 10-6, the
analysis in this report allocates one-half of this risk (i.e., 0.5 x 10-b)
for exposure to radioactive elements, and one-half of the risk for exposure
to nonradioactive chemicals. For each class of compounds, this risk level
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(i.e., 0.5 x 10-6) will again be divided, this time across related exposure
pathways. Half of this risk level (i.e., 0.25 x 10-6) will be apportioned
to the groundwater and showering routes, and half to the soii ingestion and
inhalation routes. This apportioning is arbitrary as current information is
insufficient to determine the contribution of each compound and each
COMACHIPO
n2thumw tn total risk. This apportioning can bn adjile+ad nnra
additional information on contaminant concentrations and exposure pathways
is available.
There are a number of ways of apportioning the total risk level across
chemicals and "translating" this into remediation goals (Ref. 47). In the
Superfund Public Health Evaluation Manual, EPA offers two simple approaches
for consideration. The first method (for a single exposure pathway) is
simply to divide the target carcinogenic risk level by the number of subject
chemicals that are potential carcinogens. Once the target risk is
determined for eacn chemical, the target cleanup levels in the environment
are back-calculated given a knowledge of the chronic daily intake and the
carcinogenic potency factors. (A similar procedure could also be used for
radionurlides). EPA notes that thic approach is simple and conservative,
ensuring that the target risk will not be exceeded if the target intakes are
attained. The EPA acknowledges, however, that this may not necessarily
result in the most efficient or cost-effective engineering design for a
given remedial action alternative.
The second method suggested by EPA is to let one or two chemicals drive
the design process. For example, one or two compounds may be particularly
difficult to treat or especially toxic (i.e., highly potent carcinogens).
Cleanup levels for especially toxic chemicals might need to be extremely low
so that the total risk falls within the estabiished target risk range
whereas a higher level might be established for a difficult to treat
compound. Thus, by designing remedial action alternatives to reduce
nnvirnnmnntal ennrontratinnc nf thaca rhamiralc tn within On targnt range,
levels of other subject chemicals may become negligible by default. The FS
engineers would refine the remedial action alternative's design iteratively
so that combined exposures from the various routes achieve target risk
levels (or fall within a target risk range). These adjustments would be
made based on an understanding of the exposure pathways of greatest risk,
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an understanding of the exposure pathways of greatest risk, and the most
cost-effective design alternatives. This effort would occur in the
screening and detaiied anaiysis of remediai alternatives.
The methods used herein for the SDA are a synthesis and expansion of
Tn this particular approach,
the example annrn2rhac nrnvidad hv FDA
remediation goals are derived separately for two classes: radionuclides and
nonradioactive chemicals. A target risk level of 0.25 x 10'6 is apportioned
across all subject chemicals in each class (radioactive or nonradioactive)
in each related exposure pathway [e.g., 0.25 x 10'6 to ingestion of
groundwater and inhalation of volatiles from showering (chemicals) and 0.25
x 10'6 to soil ingestion and inhalation (radionuclides), etc.]. Using the
target risk level in a given exposure route for a particular class of
compounds, it is then possible to back-calculate corresponding concentration
in soil and groundwater. The apportioned target risk level for a given
chemical and a given exposure pathway is calculated as follows:
Apportioned Target Risk -

0.25 x 10'6
No. of "chemical-routes"

(7)

As noted earlier, human receptors at the SDA are potentially exposed to
contaminants in soil and groundwater via four pathways: ingestion of soil
dust, inhalation of soil dust, ingestion of groundwater, and inhalation of
volatiles during showering. However, as discussed in Section 4.2.4, humans
are not anticipated to be exposed to all subject chemicals by all of these
exposure routes. Showering will result in substantial exposure only for the
volatile organic compounds found in groundwater. Radionuclides and
nonradioactive inorganics are not included in the showering pathway (except
for tritium).
Equation (7) above is used to apportion target risk as a function of
the numher of chomirals and evpocura pathw2ye. Tha armatinn chnuld ba
viewed as deriving the target risk per "chemical-route." The number of
"chemical-routes" is determined as the sum of the products of number of
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carcinogenic chemicals (with common exposure routes) times the number of
exposure routes. Specifically:
Groundwater and showerinq

e

Arganirc!

4 rhomiralq

Y

9 aleprmiro muttsc m

"rhamiral-rnutac"

Inorganics: 1 chemical x 1 exposure route iN 1 "chemical-route"
TOTAL: 8 + 1 - 9 "chemical-routes"
Radionuclides:
1 chemical x 1 exposure route (Sr-90) at 1 "chemical-route"
1 chemical x 2 exposure routes (Tritium) fl 2 "chemical-routes"
TOTAL: 1 + 2 = 3 "chemical-routes"
•

Soil ingestion and inhalation
Organics: 3 chemicals x 2 exposure routes - 6 "chemical-routes"
TOTAL: 6 "chemical-routes"
Radionuclides: 8 nuclides x 2 exposure routes - 16 "chemicalroutes"
TOTAL: 16 "chemical-routes"

Equation (7) is used to calculate the apportioned target risk per
"chemical-route" separately for: (1) the groundwater and showering
pathways; and (2) the soil ingestion and soil inhalation pathways. Using
the apportioned target risk level, preliminary/example risk-based remedial
action goals are then developed for each chemical. These preliminary goals,
diuny with the spreadsheet pruvram in Section 4.2.6, ___ L_ used to derive
final remedial action goals.
The preliminary risk-based cleanup levels or remedial action objectives
are calculated for nonradioactive chemicals from the apportioned target risk
level using the following equations for groundwater:
(NCR) x Apportioned Target Risk(chemical i)
RGNRGwi -

(8)
(CPF0i x DWIF) + (CPF/i x INSHW)
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where
RGNRGwi - Preliminary remediation goal for chemical i in groundwater.
Units: mg/L
NCR - Number of "chemical-routes"
CPFoi - Canrer nntenrv fartnr fnr rhemiral i, nral exposure route
(i.e., q1* defined in equation 1 above).
Units: (mg/kg/day)-1
CPFIi - Cancer potency factor for chemical i, inhalation exposure
route (i.e., ql* defined in equation 1 above).
Units: (mg/kg/day)-1
DWIF = Drinking water intake factor. Units: L/kg-day
INSHW = Intake factor for showering exposure pathway. (Converts mg
chemical per liter of groundwater/shower water to dose via
inhalation). Units: L/kg-day.
Note that the remedial action goals for groundwater must reflect the
contribution to total exposure both from direct ingestion of drinking water
as well as inhalation of site-related organic chemicals during showering.
The preliminary remedial action objectives for soil (nonradioactive
chemicals) are derived using a similar equation:
(NCR) x Apportioned Target Risk(chemical i)
RGNRSi -

(9)
(CPF0i x SIF) + (CPF/i x INSP)

where
RGNRGi - Preliminary remediation goal for chemiCal i in soil.
Units: mg/kg
NCR Numher of "chemical-routes"
CPF01 • Cancer potency factor for chemical i, oral exposure route
(i.e., ce defined in equation 1 above).
Units: (mg/kg/day)-1
CPFIi - Cancer potency factor for chemical i, inhalation exposure
route (i.e., ql* defined in equation 1 above).
Units: (mg/kg/day)-1
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SIP = Soil ingestion intake factor.
Units: kg/kg-day
INSP - intake factor for inhalation of suspended soil dust.
Units: kg/kg-day.
Damarlial
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For radionuclides, preliminary remedial action goals are derived
the following set of equations for groundwater:

using

(NCR) x Apportioned Target Risk(radionuclide i)
RGRGWi -

(10)
RCRF x [(DWIFR x DCF0i) + (INSHWR x DCF N)]

where
vAet.iinnueliAa i in
RGP--•Liwi - Preliminary remediation goal for
groundwater. Units: pCi/L
NCR.Number of "chemical-routes"
RCRF = Cancer risk factor for radionuclides (conversion from rem to
excess lifetime cancer risk). Units: cancer risk per rem
DCF0i - Dose conversion factor for radionuclide i, oral exposure
route. Units: rem/pCi
DCF N - Dose conversion factor for radionuclide i, inhalation
exposure route. Units: rem/pCi
DWIFR = Drinking water intake factor for radionuclide i.
Units: iiters
INSHWR - Intake factor for showering exposure pathway for
radionuclides (tritium). Units: liters.
14.11,41,041MY11.a.

For soil:
(NCR) x Apportioned Target Risk Radionucl ide(chemical i)
RGRGWi RCRF x [(SIFR x DCF0i) + (INSPR x DCFI1)]
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(11)

where
RGRGIdi - Preliminary remediation goal for radionuclide i in
groundwater.
NrP

Numhar nf "rhomirml-rnutac"

RCRF - Cancer risk factor for radionuclides (conversion from rem to
excess lifetime cancer risk).
DCFni - Dose conversion factor for radionuclide i, oral exposure
route. Units: rem/pCi
DCF/i = Dose conversion factor for radionuclide i, inhalation
exposure route. Units: rem/pCi
SIFR - Soil intake factor for radionuclides. Units: grams
INSPR
Intake factor for inhalation of suspended soil dust for
radionuclides. Units: grams
A complete derivation of equations (8) through (11) is provided in
Appendix A.
Toxicity measures for nonradioactive chemicals and
radionuclides are presented in the next section,
4.2.6 Spreadsheet Risk Analvsis
A Lotus 1-2-3 spreadsheet has been developed for deriving remedial
action goals at the SDA using the methodology, assumptions, and equations
presented in Sections 4.2.1 through 4.2.5. The overall spreadsheet contains
a number of tables and spreadsheets all of which are linked for ease of use,
to facilitate estimations reflecting revised scenarios or alternate exposure
target levels, and to facilitate sensitivity analysis. The basic elements
Ut LUC spreadsheet are as follows:
o

Table of toxicity measures for nonradioactive and radioactive
(1) FpA roforrinrci dnvat (Me) fnr
matarialq. ThiK inrliipq:
-----noncarcinogenic effects; (2) carcinogenic potency factors for
evaluating carcinogenic effects of nonradioactive materials; (3)
dose conversion factors for radionuclides (rem/pCi); and (4) the
radionuclide cancer incidence risk factor.
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•

•

Table of exposure assumptions for all exposure routes under
investigation: (1) ingestion of groundwater; (2) inhalation of
organics during showering (use of contaminated groundwater); (3)
ingestion of soil dust; and (4) inhalation of soil dust.
Two 4Ffccidsheets for allocating (apportioning) ♦target risk levels
to each chemical in exposure route of concern.

•

Spreadsheet for converting the apportioned target risk for a given
chemical/radionuclide
and
exposure route
to
corresponding
concentrations in groundwater and soil.

•

Spreadsheet
(remediation
and soil.

•

Spreadsheet for
assigning and
evaluating
cleanup
levels
(remediation goals) for radionuclides in groundwater and soil.

for
assigning and
evaluating
cleanup
levels
goals) for nonradioactive chemicals in groundwater

Each one of these elements is presented in the following discussions.
4.2.6.1

Database of Toxicity Measures

Table 4-1 presents the toxicity measures for compounds of concern at
the SDA based on the compounds identified to be present in the environment
(Table 2-1) and in the wastes (Table 2-3). As shown, EPA reference doses
for noncarcinogenic effects include: (1) acceptable intake values for
subchronic (short-term) oral exposure (AIS-oral); (2) acceptable intake
values for chronic (long-term) oral exposure (AIC-oral); (3) acceptable
intake values for subchronic inhalation exposure (AIS-inhal.); and (4)
acceptable intake values for chronic inhalation exposure (AIC-inhal.).
measures were obtained from two primary sources: the EPA Integrated
InC4C
Risk Information System (IRIS) (Ref. 49), and the EPA Superfund Public
Health Evaluation Manual (Ref. 47). IRIS is an online data base developed
and maintained bv EPA, and provides the most current Agency information on
toxicity of chemical compounds. If data are not available on IRIS, or are
currently under review, the Superfund Public Health Evaluation Manual is
used as a secondary source.
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Carcinogenic potency factors (q1*) are also provided in Table 4-1 for
use in projecting the excess lifetime risk of cancer associated with
cApvauliC tv livuladioa‘t;.= uall‘C[-‘cida;fly aucuta. As discussed previously,
the cancer potency factors are the 95% upper-bound limit of the slope of the
dose-response curve. The EPA Carcinogen Assessment Group (CAG) typically
uses a linearized, multistage, low dose extrapolation model in deriving
potency factors for carcinogens. Potency factors for the oral
and
inhalation routes are provided where available.
Table 4-1 includes a listing of dose conversion factors (DCF) required
in evaluating the cancer risk of exposure to radionuclides. DCFs were
computed from available information (Refs. 93, 94). These factors are
specific to the radionuciides under investigation and are derived for the
most soluble forms. The cancer risk factor for radionuclides (RCRF) is
found at the bottom of column one in Table 4-1. This value, 6.2x10-4 per
imam
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dose. This is the most current risk factor used by the EPA (Personnel
communication, January 1989: Paul Vollique, SAIC, Radiation Advisory
Committee of the USEPA Science Advisory Board).
The focus of this present effort is the derivation of remedial action
goals for carcinogenic materials. In this preliminary stage, remedial
action goals have not been developed for noncarcinogenic compounds or
considering noncarcinogenic effects of carcinogenic compounds. A11 toxicity
measures provided are linked to subsequent calculations in the spreadsheet.
If new or revised data become avaiiabie, entry of these vaiues into Tabie 41 in the spreadsheet will result in automatic recalculation and updating of
all results that are dependent upon use of the toxicity measures.
4.2.6.2 Exposure Assumptions Spreadsheet
Table 4-2 is a spreadsheet for summarizing all exposure assumptions
used in the assessment and for calculating intake factors. As noted in
Section 4.2.4, four exposure pathways are considered to be of greatest
importance. These are listed in Table 4-2 along with several others that
have not presently been incorporated in order to account for these pathways
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TABLE 4-1. TOXICITY MEASURES FOR WASTE CONSTITUENTS AND COMPOUNDS DETECTED IN ENVIRCMMENTAL MEDIA AT THE SDA
zzzzzzzzaazzzzzz

2= Sa= ==S= =SSE ====2===2==

======2

==

-32== =

Dcme Conversion Factors
for Radionuclides
References Doses (RfD)
Noncarcinogenic Effects (a)
(wg/kg/day)
Chemical
Z
INORGANICS
Arsenic
Barium
Beryttiun
Cadmium
Chloride
Chromiva
Cobalt
Copper
Lead
Nicket
Nitrate
Silver
Sulfide
Tin
Thattiva
Vanadium
Zinc

AIS(Orat)

AIC(Orat)

AIS(Inhat)

AlC(Inhat)

Carcinogenic Potency Factors (b)
(Rg/kg/day)-1
cill(0ral)

q1*(Innal)

•

5.10E-02 d
5.00E-03 c
2.90E-04 d
1.00E+00 c

2.00E-02 d

2.10E-01 d

3.70E-02
1.40E-03
1.00E-02
1.00E+00
3.00E-03

- 1.40E-03 d
- - -

d
d
d
c
c

1.75E+00 (Al c,e

1.75E+00 011 c,g

1.15E+01 1821 d

1.15E+01 (821 d,g

6.84E-04 (1)21 d
1.30E-01 MI c
8.10E-02 (821 d

6.84E-04 [112] d,g
1.30E-01 (1121
8.10E-02 (821 d,g

6.00E-01 (C) c

1.16E+00 (C1 d

7.50E-03 (821 d

7.50E-03 [82) d,g

5.10E-02 [B21 d

1.70E-03 (1321 d

1.10E-02 (1121 c

4.60E-03 (821 d

1.40E-04 d
- 5.10E-03 d
- 1.00E-02 d
4.30E-04 d

.•

4.00E-04 d
2.00E-02 d
2.10E-01 d

1.00E-01 d

1.00E-02 d

1.00E-01 d

3.00E+01

3.00E+00 d

.•

ORGANICS
Acetone
Benzo(k)fluoranthene
Benzo(a)pyrene
Benzoic Acid
Bis(2-ethythexyl)phthalate
Carbon Tetrachloride
Chloroform
1,2-Dichlorobenzene
Dichlorodiftuoromethane
Dichlorofluoromethane
1,1-Dichloroethane
1,1-Dichloroethylene
1,2-Dichloroethytene
1,2-Dichloropropane
Methylene Chloride
Pentachlorophenot
Phenol
Tetrachloroethylene
Toluene
1,1,1-Trichloroethane
Trichloroethylene

-

-

- 7.00E-04 c
1.00E-02 c
2.00E-01 c
1.20E+00 d
- -

3.00E-02 d
1.00E-01 d
- 4.30E-01 d

9.00E-03 c
6.00E-02
3.00E-02
1.00E-01
1.00E-02
3.00E-01
9.00E-02
- -

d
d
d
c
d
c

- - 1.38E+00 d
•
1.38E+00 d
• - -

1.38E-01 d
-

- • 1.90E-01 d
1.50E+00 d
1.10E+01 d
- -

- - 2.00E-02 d
- 1.50E+00 d
6.30E+00 d
- -

Effective Whole
Body Dose
Conversion
Factor (DCF):
Ingestion Expos.
(rem/uCi)

Effective Whole
Body Dose
Conversion
Factor (DCF):
Inhalation Expos.
(remAci)

TABLE 4-1. TOXICITY MEASURES FOR WASTE CONSTITUENTS AND CONPOUNDS DETECTED IN ENVIRONMENTAL MEDIA AT THE SDA (Continued)
====

==

Dose Conversion Factors
for Radionuctides
References Doses (RfD)
Noncarcinogenic Effects (a)
(mg/kg/day)
Chemical
xxxn<m.x.x.==
Trichlorofluoromethane
Trichlorotrifluoroethane

AIC(Orat)
AIS(Orat)
___====

AlS(inhal)

AlC(Inhal)

Carcinogenic Potency Factors (b)
(mg/kg/day)-1
cil*(Oral)

q1*(Inhal)

Effective Whole
Body Dose
Conversion
Factor (DCF):
Ingestion. Expos.
(rem/uCi)
=

Effective Whole
Body Dose
Conversion
Factor (DCF):
Inhalation Expos.
(rem/uCi)

3.00E-01 c

RADICIAJCLIDES
Americitm-241
Cesium-137
Cobalt-57
Cobalt-60
Europiun-154
Plutonitm-238
Plutoniun-239
Plutonium-240
Plutonitu-241
Plutonium-242
Strontium-90
Tritium
'
4 Uranium-233
co Uranium-235
1-4 Uranium-238

4.4
0.05
0.0012
0.026
0.0091
3.8
4.3
4.3
0.087
4
0.13
0.000063
0.27
0.25
4.3

1000
0.032
0.0074
0.15
0.26
4600
5100
5100
100
4800
1.3
0.000063
130
120
5100

Cancer Risk Factor for
Radionuclides IRCRFI f:
Excess Lifetime Risk per Rem
6.20E-04 <
a.
b.
c.
d.
e.
f.
g.

=m=n4====utm======
Acceptable intake values or Reference Doses for subchronic: and chronic exposure. Etaluation of noncarcinogenic (threshold) effects.
Carcinogenic potency factors: 95% upper bound limit of the slope of the dose-response curve. Evaluation of excess lifetime cancer riisk (nonthreshold effects).
EPA Integrated Risk Information System (IRIS)
USEPA 19B6 Superfund Public Health Evaluation Manual (Ref.47)
Potency factor derived from unit cancer risk estimate of 5 x 10-5/(ug/l). Source: IRIS data base.
Cancer risk incidence for all cancers. Source: Personnel communication: Paut Vollicnu, SAIC, Radiation Advisory Committee, Science Advisory Board, USEPA (Jan. 1989)
In the absence of dal:a, the potency factor for the oral route has been adopted for evaluating tlhe inhalation exposure pathway.

- - = Not available

TABLE 4-2.

EXPOSURE ASSUMPTIONS

===================i=======================UM=

Contact
Rate
(a)

Exposure Pathway

Units
Conversion
Factor (b)

Absorption
Exposure
Factor/Body Wt.
Duration/
Frequency (c)
(d)
0.1962

Soil Intake (nonred.):
(Long-term, adult)
ISIF]

0.1
(g/day)

0.001
(to kg/day)

Soil Intake (rad.)
(Long-term, adult)
ISIFRI

0.1
(g/day)

(no conv.)

Drinking Water Intake (nonrad.)
(Lifetime-Ground Water)
=IF)

2
(liters/day)

0.001
(ts to mg)

0.1962

Drinking Water Intake (rad.)
(Lifetime-Ground Water)
IDWIFR)

2
(liters/day)

1

5000.00

(no cony.)

4.42
inhalation Exoosure Cnonrad):
(ug/day)/(ug/L)
(Showering-volatileS)

0.001
(ug to mj)

0.1962

4.42
(uCi/day)/(uCi/L)

1
(no conv.)

5000.00

Inhalation Exposure (rad):
(Showering-volatiles)
IIMS116,1

5000.00

Inhalation Exposure (nonrad):
(Soil Particulates)
IIMSPI

20
5.00E-08
(m3/day) (TSP in u0/m(f)
(to kg part./m3)

Inhalation Exposure (rad.):
(Soil Particul-e-el
WISPS)

5.00E-05
20
(011/Amy) (Teri in Iv/01)
(to g part./m3)

0.1962

5000.00

Mini=======Mill:=====i9===:===642:2================2=11=====iii==== inatii

0.0143
(1/70 kg)

intake
Factor
(e)
2.60E-07
(kg/kg-day)

1.0000
(ab. fctr only)
0.0143
(1/70 kg)

5.00E+02
(g)
5.61E-06
(l/ks-day)

1.0000
(ab. fctr only)
0.0143
(1/70 kg)

1.00E+04
(liters)
1.24E-05
(l/kg-day)

1.0000
(ab. fctr only)

2.21E+04
(liters)
2.80E-09
(kg/kg-day)

0.0143
(1/70 kg)
1.0000
(eb. fetr only)

5.00E+00
(g)

=azassassssass

a. Contact rate is the quantity of environmental media per unit time with which the receptors
come in contact. Values presented here for showering scenarios express exposure concentrations of
chemical or radionuclide in indoor shower room air as a function of concentration in shower water.
See section on exposure assuiption for details on derivation.
b. Units conversion factors are used in converting from environmental concentrations to appropriate
units of dose. Conversion factors for inhalation of soil particulates are used in calculating
ambient atmospheric levels of soil contaminants.
c. Exposure duration/frequency indicates the length of the exposure period. For nonradioactive
chemicals, the exposure duration/frequency factor is defined as follows: 5 days/7 day week x
SO weeks/52 week year x 20 years/70 year lifetime. Mote that this facwr le a unittess
fraction of a 70 year lifetime. For radionuclides, this factor is the total number of exposure
days over the 20 year exposure period: 5 days/week x 50 weeks/year x 20 years.
d. Absorption factor is taken to be 100% for all routes. Specifically, it is assumed that all
of the chemical in the environment is biosivaileble for uptake and adsorption. Dose for
nonrediective chemicats must be expressed on a per kg body weight bssis. Body weight of 70 kg
is assumed for att receptors.
e. For each exposure route, the intake factor is calculated as the product of the four previous factors
discussed above. These intake factors are used in subsequent spreadsheets to calculate target
risk levels end remediation goals.
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if later found to be important. The purpose of this worksheet is to derive
intake factors for use in subsequent calculations of dose.
The intake
X4 4
1#2‘1.421
;a vane; ally defined by EPA as ♦the quantity of environmental medium
to which a receptor at risk of exposure may come in contact (for example, 2
liters of water per day for ingestion exposure to drinking water supplies).
In this assessment of the SDA Facility, the intake factor (IF) inrorporatpš
a number of other variables.
The intake factors are calculated as the product of four components:
(1) contact rate; (2) unit or media conversion factors; (3) exposure
duration; and (4) absorption factor divided by body weight. The product of
these four variables yields the intake factors shown in the last column.
The intake factors used in calculation of dose are linked to other component
spreadsheets.
Dose estimates will automatically reflect any changes in
exposure assumptions entered into Table 4-2.
4.2.6.3 Target Risk Level Allocation Spreadsheets
Tables 4-3 and 4-4 are small spreadsheets for calculating target risk
levels for radionuclides and nonradioactive chemicals.
As discussed in
Section 4.2.5, the 10-6 risk level is taken here as the overall benchmark
for acceptable excess lifetime risk of cancer. As a starting point, this
risk level has been apportioned equally between nonradioactive chemicals and
radionuclides.
This allocated risk level (i.e., 10-6/2 or 0.5 x 10-6) is
then further divided between environmental media/exposure routes within each
chemicai ciass.
The resultant risk level (0.25 x 10-6) is the apportionment for
en4l inn/lel-4ns%
groundwater and showering, and few
no; ...VII
onyca,..iwn ftnA
inhalation pathways
(see Tables 4-3 and 4-4). The target risk for each chemical is then
determined by dividing this resultant risk level by the product of the
number of carcinogens (for that particular set of exposure pathways) times
the number of exposure pathways. This number is found in the last column of
Tables 4-3 and 4-4. This is a somewhat simplistic approach to allocating
target risk levels for each chemical. The apportionment is arbitrary given
the current limited data base. However, it should only be considered a
starting
point
and
refinements
can
be
included
in
subsequent
analyses/iterations.
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TABLE 4-3.

CALCULATION OF TARGET RISK LEVEL FOR NONRADIOACTIVE COMPOUNDS

Number of
Carcinogens
(Nonradio.)
(s)

Overall
Target Risk
Level

Number of
Exposure
Routes (b)

Target Risk
for each
Nonradioactive
Carcinogen (c)
asssasosa

Ground water aM showering
2.50E-07

VOCs
Arsenic

4

2

2.78E-08

3

2

4.17E-08

1

1

Soil ingestion and inhalation
2.50E-07

a. Number of nonradioactive carcinogens of concern via the designated route.
b. Number of routes by which the exposure to the chemical may occur.
c. Target risk for each chemical is calculated as the overall target risk
level divided by the sum of the products of the miter of carcinogens x
number of exposure routes.

TABLE 4-4.
MMMMMMMM

CALCULATION OF TARGET RISK LEVEL FOR RADIONUCLIDES
MMMMMMMMMMMMMMMMMMMSSAMinna.MMMMMM

Overall
Target Risk
Level

Number of
Carcinogens
(Redionuci.)
(s)

IBM

Number of
Exposure
Routes (b)

Target Risk
for each
Radionuclide
(c)

ssssatitisai/isiiaiissiissasssasasssatfoasi

Ground water and showering
2,..0E-07 All Others
Tritium

A
1

1
2

2.50E41*

8

2

1.56E-08

Soil ingestion and inhalation
2.50E-07

a. Number of radioactive carcinogens of concern via the designeted route.
b. Number of routes by which the exposure to the radionuclide may occur.
c. Target risk for each chemical is calculated as the overall target risk
level divided by the sum of the prodUcts of the meter of carcinogens x
number of exposure routes.
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4.2.6.4 Risk Level to Environmental Concentration Conversion Spreadsheet
in Tabie 4-5, the target risk ieveis caicuiated for each subject
chemical (from Tables 4-3 and 4-4) are used to derive a corresponding
concentration in the groundwater and soil for each carcinogenic chemical
detected. The equations for derivation -f that- values uwnnn nvinclani-nA in
Section 4.2.5. The concentrations developed in Table 4-5 should be
considered preliminarv/examole estimates of cleanup levels or remedial
action goals. Note that calculation of these preliminary remedial action
goals are linked to the toxicity measures provided in Table 4-1, the
exposure assumptions in Table 4-2, and the apportioned target risk levels
derived for each chemical in Tables 4-3 and 4-4.
M..I ...

4.2.6.5 Action Level Spreadsheets
Tabies 4-6 and 4-7 are biank exampies and are the core of the overall
spreadsheet system. These tables are in themselves small spreadsheets to be
used in refining the preliminary remedial action goals and in deriving final
tarnat rloannn lavalc

Tha final tarnat lavalc calartod chnnld

inrnrnnrata

consideration of technical feasibility and cost-effectiveness.
Initially, the preliminary remedial action goals derived in Table 4-5
are carried over to Tables 4-6 and 4-7 into the columns entitled
"Remediation Goals for Groundwater" and "Remediation Goals for Soil." The
area of the spreadsheets into which proposed cleanup levels are entered is
enclosed by a box. (A "macro" has been created in the Lotus spreadsheet
that will automatically transfer the risk-based values from Table 4-5 to
Tables 4-6 and 4-7.) Once these values are entered into these columns, the
spreadsheets (Tabies 4-6 and 4-7) caicuiate the following measures:
•

Corresponding lifetime dose from ingestion of groundwater

•

Corresponding lifetime dose from showering

•

Corresponding lifetime dose from ingestion of soil dust

•

Corresponding lifetime dose from inhalation of soil dust
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TABLE 4-5. CONVERSION OF TARGET RISK TO ENVIRONMENTAL CONCENTRATIONS
FOR CARCINOGENIC NONRADIOACTIVE CHEMICALS AND RADIONUCLIDES
szsvcxa
cmamamaaasa.maamsaavzsmemas_eese=aeaeeasaezeasa
Concentrations
Corresponding
to Target
Risk Level:
Ground Water
(b)

Chemical

Concentrations
Corresponding
to Target
Risk Level:
Soil
(b)

INORGANICS (ug/L in ground water, mg/kg in soil)
2.83E-03

Arsenic

ORGANICS (ug/L in ground water, mg/kg in soil)
Carbon Tetrachloride
Chloroform
1,1-Dichloroethylene (c)
Methylene Chloride (c)
Tetrachloroethylene
Trichloroethylene

2.37E-02
3.81E-02

2.26E+00

1.81E-01
4.68E-01

5.83E+00
2.69E+01

RADIONUCLIDES (uCi/L in ground water, uCi/g in soil)
7.00E-09
2.00E-06

Americium-241
Cesium-137
Cobalt-57
CcbaLt-60
Europium-154
Plutonium-238
Plutonium-239
Plutonium-240
Strontium-90
Tritium
62======32======

1.03E-07
1.33E-04

3A7E-nr..
8.62E-06
2.02E-09
1.82E-09
1.82E-09
7.05E-07

=2S Sa=CCiCaatSSaaatII

aSSSa==

a. The concentrations calculated are conservatively based on equal
apportionment of risk between nonradioactive chemicals and
radionuclides as classes of chemicals. These calculations must be
considered a starting point in the process of deriving remediation
goals. These values serve primarily to illustrate the process, and
may be subsequently refined based on changes in apportioned risk
between classes of compounds and exposure routes under evaluation.
b. Concentration for nonradionuclides corresponding to target
risk levels (i.e., derived in Table 4-3) are calculated using
equations 8 and 9, Section 4.2.5. Concentrations for radionuclides
meriv=01 in TakLA 4-4) ftra
.isk
calculated using equations 10 and 11, Section 4.2.5.
c. These potentially carcinogenic chemicals have been found in the
waste tut have not been detected in the environment at this time.

4-36

TABLE 4-6. EXAMPLE OF SPREADSHEET TO PROVIDE EVALUATION OF
REMEDIATIOH GOALS FOR CARCINOGENIC NONRADIOACTIVE CHEMICALS
I

MMMMMMMMMMM SMZIZSMsa

Ground Water Exposure
Excess Lifetime
Cancer Risk
per Chemical:
Ccmbined Across
Ingesticn and
Inhalation Paths
(b)

Chemical
ssz:assazass

Remediation
Goals for
Ground Meter
(ug/L)

Remediation
Goals for
Soil
(mg/kg)

It

Soil Exposure

Corresponding Corresponding
Corresponding
Lifetime
Excess
Lifetime
Corresponding
Lifetime
Excess
Lifetime
Dose from
Oose frca
Lifetime
Lifetime
Dose from
Ingestion of
Dose from
Ingestion of Inhalation of Cancer Risk: Cancer Risk:
inhalation
Ground Water
Showering
Soil
Soil Partic.
Ingestion
(mg/kg/day)
(mg/kg/day)
Exposure
Exposure
(00/kg/dsy)
(mg/kg/dly)
(a)
if)
(d)
(e)
(a)
(g)
anzassaaassix

•

Silgilli•MS•111111•11111iiii

INORGANICS
(L00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Carbon Tetrachloride
Chlorofons
1,1-Dichloroethylene
Methylene Chloride
Tetrschlorcethylene
Trichloroethylene

0.00E+00
0.00E+00
0.00E+00
(1.00E+00
0.00E+00
0.00E+00

0.0E1E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0 00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

D.00E+00
D.00E+00
).00E+00
).00E+00
).00E+00
).00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

Excess Lifetime Cancer tisk (c):
Combined Erposure Across
Chemicals and Exposure Pathways

O.00E+00

Arsenic
OgGAMICS

i.

a. Excess lifetime risk of cancer to the individual. Risk estimates calculated es product of chrcrdc dose x the carcinogenic potency factor. See eq. 1, Section 4.2.2.
Dose for ingestion exposure is the sum of doses for ground water and soil ingestion. Dose for inhalation exposure is the sum of doses for hi:Motion of volatiles
during showering, and suspended/airborne soil particulates.
b. Combined excess lifetime risk for a given chemical is calculated as the sum of the last two columns in this table.
c. Excess lifetime risk combined across chemicals and exposure pathways is the sum of the estimates in the column above.
d. Dose estimated as the product of concentration in ground water x drinking water lntake factor for nonradiom:tive chemicals (Tabte 4-2.)
e. Dose estimated as the product of concentration in ground water x intake factor for showering for nonradioactive chemicals (Table 4-2.)
f. Dose estimated as the product of concentration in soil x soil intake factor for nonradioactive chemicals (Table 4-2.)

TABLE 4-7. EXAMPLE OF SPREADSIIEET TO PROVIDE EVALUATIOM OF
REMEDIATIOM GOALS FOR RADICNUCLIDES
a

Ground Water Exposure

Chemical

Excess Lifetime
Cancer Risk
per Cheadcal:
Combined Across
Ingestion and
inhalation Paths
(b)
CatSSSSSSSMS.

Americium-241
Cesium-137
Cobalt-57
Cobalt-60
Europium-154
Plutonium-230
Plutonium-239
Plutonium-240
Strontium-5Q
Tritium

0.00E+00
0.00E+00
0.01X+00
0.00E40
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

Excess Lifetime Cancer Risk (c):
Combined Exposure Across
Chemicals and Exposure Pathways

0.00E+00

Remedistion
Goals for
Ground Water
(uCi/l)

UUUUUitiOlainzaUUUUU

gait

MitaSSSSSSSSSSSSSSSSasCissiciasSSSSSSSSSSS

SOil EXFOOLIND

Corresponding Corresponding
Corresponding
Lifetime
Corresponding
Lifetime
Excess
Lifetime
Lifetime
Dose from
Dose from
Lifetime
Dose from
Dose ITOM
Ingestion of
Inhalation of Cancer Risk:
Ingestion of
Remediation
Soil
Showering
Soil Partic.
Ingestion
Ground Water
Goals for
Exposure
(rem)
(rem)
(read
Soil
(rem)
(e)
(a)
(f)
(d)
(g)
(uCi/g)
a
au
ZZZZZZnanan
iaasziiisisii
0.00E+00
0.00E+00
0.0(*+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0 00E+00

0.00E+00
0.00E+00
0.00E+00
0.CC*+00
0.00E+00
0.00E+00
0.00E+00
0.0C*+00
0.00E+00
0.0(*+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
C1.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+0C
0.00E+0(
0.00E+0C
0.00E+00
0.00E+0C
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

Excess
Lifetime
Cancer Risk:
Inhalation
Exposure
(a)
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

UUUUUmaxima=
s. Excess Lifetime risk of cancer to the individual. Risk estimates calculated as product of chronic dose x the carcinogenic potency factor. See eq. 4, Section 4.2.2.
Dose for ingestion exposure is the sum of doses for ground water and soil ingestion. Dose for inhalation exposure is the sus of doses for inhalmlion of volstiles
(tritium) during showering, and suspended/airborne soil particulates.
b. Combined excess lifetime risk for a given nuclide is calculated as the sus of the last two colLmns in this table.
c. Excess lifetime risk combined across radionuclides and exposure pathways is the sus of the estimates in the column above.
d. Dose estimated as the product of concentration in ground water x drinking water intake factor for radionuclides (Table 4-2.)
e. Dose estimated as the product of concentration in ground water x intake factor for showering for radionuclides (Table 4-2.)
f. Dose estimated as the product of concentration in soil x soil intake factor for radionuctides (Table 4-2.)
g. Dose estimated as the product of concentraticn in soil x intake factor for inhalation of soil particulates for radionuclides (Table 4-2.)

•

Excess lifetime cancer risk for ingestion exposure
ingestion of groundwater and soil dust)

(i.e.,

•

Excess lifetime cancer risk for inhalation exposure (i.e.,
inhalation of volatiles from showering and suspended soil dust)

•

Excess lifetime cancer risk per chemical combined across all
ingestion and exposure pathways.

four

The final measure calculated, and the most important indicator of
acceptability of the remedial action goals, is the excess lifetime cancer
risk combined across chemicals and exposure pathways. This value is shown
at the bottom of coiumn two in both Tables 4-6 ana 4-7. All eiements in
each of these tables are linked. By varying the magnitude of the remedial
action goals (i.e., columns three and four of the tables), the effects are
automatically refInr*nd *hroughout the spreadsheets and, most importantly,
in the combined risk estimate at the bottom of column two.
4.2.7 Derivation of Preliminarv!Examole Remedial Action Goals
Preliminary chemical-specific remedial action goals have been derived
for nonradioactive and radioactive compounds in groundwater and soils of the
SDA.
In this initial effort, the focus is on demonstrating the utility of
the methodology developed. At present, the cleanup levels derived must be
considered
preliminary/example remedial action goals and
are for
illustrative purposes only. The levels calculated are very stringent and
reflect the conservative assumptions adopted in this initial assessment. As
noted previously, only carcinogenic materials are currently included in the
evaluation; inrlusion nf noncarrinogenic effects nr additional exposure
pathways will result in decreasing the concentrations'of each compound.
The process for deriving remedial action goals is complex when many
chemicals and exposure routes must be considered simultaneously. It was
important, therefore, to establish methods that can readily accommodate
changes in the many underlying assumptions. The computer spreadsheet
developed by SAIC readily facilitates evaluation of changes in any of the
assumptions and is a valuable tool for balancing considerations of
protectiveness, cost, and technical feasibility.
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Table 4-8 is the spreadsheet used in deriving remedial action goals for
nonradioactive carcinogens found at SDA. The values shown in columns three
and four (i.e., remediation goals for groundwater and remediation goals for
soil) are the preliminary/example cleanup levels. As shown, the remediation
goals for groundwater are in units of pg/L and for soil in units of mg/kg.
Table 4-9 is the component spreadsheet used in deriving remedial action
goals for radionuclides present in groundwater and soils at the SDA. Again,
the values shown in columns three and four are the preliminary/example
cleanup levels. The remediation goals for groundwater are in units of
pCi/L, and for soil in units of pCi/g.
In examining these levels it is important to review the exposure and
risk apportionment assumptions used in this assessment (see Section
4.2.2.2). The key point to remember is that the cleanup levels reflect
—1.4
A
LUMUIIICU

eAputile

alub3

lAICM11.021

*HU

pill.11Wcyb,

allu

CUU421

apportionment of risk between nonradioactive chemicals and radionuclides (as
classes of compounds).
An overall target risk level of 10-6 (excess lifetime risk of cancer)
was established as the basis of this initial effort. Half of this risk
level (5 x 10-7) was established for exposure to the nonradioactive
chemicals and half to radionuclides. Half of this amount (i.e., 2.5 x 10-7)
was then allocated to (1) the groundwater and shower inhalation routes, and
half to (2) the soil ingestion and inhalation of soil particulates routes.
This allocation of 2.5 x 10' risk was then used to apportion risk for each
"chemical-route." Finally, the apportioned risk for each chemical-route was
used in developing preliminary/example remedial action goals for the
compounds under evaluation. Only calLialuyen) UC4C‘ICU in soil
or
groundwater are used; noncarcinogenic effects were not considered.
Two points of importance must be noted with regard to this allocation
of excess lifetime risk. First, EPA guidance specifies that the range of
10-4 to 10-7 is considered protective of human health and should serve as a
basis for selecting remedial action alternatives. Because the 10-6 risk
level is considered a "point of departure" by EPA in conducting risk
assessments at waste sites, this risk level was selected as a starting point
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TA8LE 4-8. PRELIMINARY REMEDIATION GOALS FOR CARCINCIGENIC NONRADIOACTIVE CHEMICALS
.
=nen=

================3=MCZ:=====

Ground Water Exposure --I

Chisnical
.
.
. .
INORGANICS

Excess Lifetime
Cancer Risk
per Chemical:
Combined Across
Ingestion and
Inhalation Paths
(b)

Arsenic

Remediation
Goals for
Ground Water
(ug/L)

Remediaticn
Goals for
Soil
(mg/kg)

Correspooding
Lifetime
Dose from
Ingestion of
Ground Water
(mg/kg/day)
(d)

Corresponding
Lifetime
Dose from
Showering
(re/kg/day)
(e)

==================

====t=

2.78E-08

2.83E-03

1.39E-07
5.56E-08
0.00E+00
0.00E+00
1.39E-07
1.39E-07

2.37E-02
3.81E-02

2.26E400

1.81E-01
4.68E-01

5.83E+00
2.69E401

Soil Exposure
Corresponding Corresponding
Lifetime
Lifetime
Dose from
Dose from
Ingestion of
Inhalation of
Soil
Soil Partic.
(mg/kg/day)
(mg/kg/day)
(f)
(9)

Excess
Lifetime
Cancer Risk:
Ingestion
Exposure
(a)

==

Excess
Lifetime
Cancer Risk:
Inhalation
Exposure
(a)
.
.
=

1.59E-08

8.00E+00

0.00E+00

0.00E+00

2.78E-08

0.00E+00

1.33E-07
2.14E-07
0.00E+00
0.00E+00
1.01E-06
2.62E-06

2.94E-07
4.72E-07
8.00E+00
8.00E+00
2.24E-06
5.80E-06

6.35E-07
0.00E+00
0.00E+00
0.00E+00
1.63E-06
7.54E-06

6.35E-09
0.00E+00
0.00E+00
0.00E+00
1.63E-08
7.54E-08

9.98E-08
1.73E-08
0.00E+00
0.00E+00
1.35E-07
1.12E-07

3.91E-08
3.82E-08
0.00E+00
0.00E+60
3.84E-09
2.70E-08

ORGANICS (h)
Carbon Tetrachloride
Chloroform
1,1-Dichloroethylene
Nethylerw: Chloride
Tetrachloroethylene
t Trichloroethylene
1-•

Excess Lifetime Cancer Risk (c):
Combined Exposure Across
Chemicals and Exposure Pathways

5.00E-07
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a. Excess lifetime risk of cancer to the individual. Risk estimates cadculated as product of chronic dose x the carci nogenic potency factor. See eq. 1, Section 4.2.2.
Dose for ingestion exposure is the sum of doses for groisid water ancl soil ingestion. Dose for inhatation exposure is the sun of doses for inhalation of volatiles
during showering, and suspended/airborne soil particulates.
b. Combined excess lifetime risk for a given chemical is calculated as the sum of the last two columns in this tabte.
c. Excess lifetime risk combined across chemicals and exposure pathways is the sum of the estimates in the column above.
d. Dose estimated as the product of concentration in ground water x drinking water intake factor for nonradioactive chemicals (Table 4-2.)
e. Dose estinmted as the product of concentration in ground water x intake factor for showering for nonradioactive chemicals (Table 4-2.)
f. Dose estimated as the product of concentration in soil x soil intake factor for nonradioactive chemicals (Table 4-2.)
g. Dose estimated as the product of concentration in soil x intake factor for inhalation of soil particulates for nonradioactive chemicals (Table 4-2.)
h. Note: 1,1-Dichloroethylene and methylene chloride are potentially carcinogenic chemicals that have been found in the waste. At this time however, these compounds have
detecl:ed in the environment.
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TABLE 4-9. PRELIMINARY MEDIATION GOALS FOR RADIONUCLIDES
m========
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I-- Ground Water Exposure --I

Chemical

Excess Lifetime
Cancer Risk
per Chemical:
Combined Across
Ingestion and
Inhalation Paths
(b)

====CMIErs==========311=2n...321111Z

p.
nr

Americium-241
Cesium-137'
CoEett-57
Cobalt-60
EuropiLm-154
Plutoniun-238
Plutoniue-239
Plutonium-240
Strontium-90
Tritium

3.13E-08
3.13E-08
0.00E+00
3.13E-08
3.13E-08
3.12E-08
3.13E-08
3.13E-08
1.15E-07
1.67E-07

Excess Lifetime Cancer Risk (c):
Combined Exposure Across
Chemicals and Exposure Pathways

5.00E-07

422====”222=1=====isUOMS

Man SU

Remediation
Goats for
Ground Water
(uCi/L)

Remediation
Goals for
Soil
tuC(/O)

Corresponding
Lifetime
Corresponding
Dose from
Lifetime
Ingestion of
Dose from
Ground Water
Showering
(rem)
(rem)
(d)
(e)
xzzssss

=======a=2====

7.00E-C9
2.00E-C6

1.03E-07
1.33E-04

3.67E-06
8.62E-C6
2.02E-C9
1.82E-C9
1.82E-C9
7.05E-07

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.341E-04
8.371E-05

= ==- ==zz===

I

=

flis======..=

Soil Exposure

Corresponding Corresponding
Lifetime
Lifetime
Excess
Dose from
Dose from
Lifetime
Ingestion of
Inhalation of Cancer Risk:
Soil
Soil Partic.
Ingestion
Exposure
(rem)
(rem)
(f)
(a)
(g)

Excess
Lifetime
Cancer Risk:
Inhalation
Exposure
(a)

=====-===•.=...-==========s========.===--=--=====CM

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.85E-04

1.54E-05
5.01E-05
0.00E+00
4.77E-05
3.92E-05
3.85E-06
3.92E-06
3.92E-06
4.58E-05
0.00E+00

3.50E-05
3.21E-07
0.00E+00
2.75E-06
1.12E-05
4.66E-05
4.65E-05
4.65E-05
4.58E-06
0.00E+00

9.55E-09
3.11E-08
0.00E+00
2.95E-08
2.43E-08
2.38E-09
2.43E-09
2.43E-09
1.12E-07
5.19E-08

=at .9iSt=

2.17E-08
1.99E-10
0.00E+00
1.70E-09
6.94E-09
2.89E-08
2.88E-08
2.88E-08
2.84E-09
1.15E-07

sssss

C== == =ss==

a. Excess lifetime risk of cancer to the individual. Risk estimates calculated as prodUct of chronic dose x the carcinogenic potency factor. See eq. 4, Section 4.2.2.
Dose for ingestion exposure is the sum of doses for ground water and soil ingestion. Dose for inhalation exposure is the sum of doses for inhalation of volatiles
(trithal) during showering, and suspended/airborne soil particutates.
b. Combined excess lifetime risk for a given nuclide is calculated as the sum of the tast two columns in this table.
c. Excess lifetime risk combined across radionuctides and exposure pathways is the sum of the estimates in the column above.
d. Dose estimated as the product of concentration in ground water x drinking water intake factor for radionuclides (Tabte 4-2.)
e. Dose estimated as the product of concentration in ground water x intake factor for showering for radionuclides (Tabte 4-2.)
f. Dose estimated as the product of concentration in soil x soil intake factor for radionuclides (Table 4-2.)
g. Dose estimated as the product of concentration in soil x intake factor for inhalation of soit particulates for radionuclides (Table 4-2.)

in the derivation of remediation goals at the SDA. However, this target
risk level may be adjusted. As noted previously, factors that may influence
the selection of the target risk level include: VII nei-owl-1ml fill. mr41121
exposure; (2) uncertainty in toxicity information (e.g., weight of evidence
of carcinogenicity); and (3) the ability to detect/monitor contamination.
Thus, given the availability of additional information on activities and
levels of contamination at SDA, it may be found appropriate to revise the
target risk level (e.g., upward of 10-5 or 10-4).
Secondly, the method used to apportion risk across classes of compounds
and exposure pathways is a simplified approach that will be refined as more
information becomes available. Ideally, the allocation of risk should be
weighted based on several factors:
•

The relative quantity of nonradioactive chemicals
radionurlides present in all AnvirAnmantal modia at tha cnA

•

The relative importance of each exposure pathway

•

The toxicity or relative carcinogenic potency of the contaminants
under evaluation

•

The mobility and
environment

in

the

•

The reiative exposure potential ror nonradioactive chemicals
radionuclides.

vs.

persistence of the subject compounds

and

Given the limited available inform2tinn, and tha naad tn intrndura and
demonstrate the methods developed herein, further refinement of the risk
allocation process was not considered appropriate at this time.
When sufficient data are available to address all of the above
considerations, target risk levels may be apportioned more realistically.
At that point, it will be meaningful to examine the available ARARs and
their utility in deriving final remediation goals. Specifically, the ARARs
will be entered into Tables 4-6 and 4-7. The influence of the magnitude of
these values on the projected excess combined lifetime carcinogenic risk may
4-43

then be evaluated. As noted previously, ARARs are not available for all
chemicals and environmental media of concern at the SDA. Therefore, the
water quaiity ARARs that are available cannot solely form the basis for
final cleanup levels.
A 1
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Three location-specific ARARs are identified in Section 3.2 for
remedial activities at the SDA. The identified location-specific ARARs
regulate waste management and related activities occurring in or involving:
•
•
•

Floodplains
Proximity of drinking water wells
Archaeological Resources and Antiquities.

Identifying remedial action objectives dssocIdted with these ARARs
involved evaluating the requirements of each regulation and assessing how
the requirements can be met. In the case of the location-specific ARARs
ifinntifind fnr tha snA, thp rpmpdial artinn nhjprtivac arP rathor
straightforward and have been derived based on the regulatory assessment in
Section 3.2. These objectives are summarized below:
-

1.

Floodplains
Goal:

Environmental/Facility Protection

Obiective: Site any new waste management facilities outside the
100-year floodplain in accordance with RCRA and State of Idaho
hazardous waste management regulations.
Note: It is reasonable to expect that new waste management
f2rilitipc will havla tn hP rnhctrnrtpd at that snA, whirh ic within
However, potential
flooding is
the 100-year floodplain.
controlled by the diversion system to the west of the SDA;
therefore, facilities in the SDA may be considered to be "outside"
the 100-year floodplain as long as the diversion system is
4-44

adequate to control a 100-year flood on the Big Lost River with no
impact on the SDA. Runon/runoff controls would be action-specific
requirements.
2.

Proximity of Drinking Water Wells
Goal: Human Health Protection
Objectivq: When in the proximity of a drinking water well,
construct any sewer lines, canals, ditches and other specified
structures in accordance with the minimum distances required by
the Idaho Drinking Water Regulations (IDAPA 16.01.8900,07).
Specified minimum distances from a weii for applicable structures
include:
• cowor lino
• Canals, streams, ditches, lakes

;0 foot
50 feet.

Any new drinking water wells constructed at the SDA
comply with these minimum distance requirements.
3.

must also

Archaeological Resources and Antiquities
Goal: Resource Protection
loss, or
ObJective: Actions should not cause irreparable L.
destruction of archaeological artifacts and antiquities. If such
resources are encountered during remedial activities, appropriate
prnradnres

chnnld ha fnllnwad and artinne takan tn

protect this material.

A

Ar

avalnata

and

5. GENERAL RESPONSE ACTIONS
General response actions are media-specific treatments that address
site problems and satisfy a remedial action objective. Remedial action
objectives include higher level goals such as those which define protection
of health and environment at the site and more specific goals such as
technical and location requirements and clean-up standards for specific
media. Identification of general response actions is an initial step in the
process for developing remedial action alternatives and each general
response action is comprised of diverse technology types. As suggested in
EPA Guidance for Conducting Remedial Investigations and Feasibility Studies
Under CERCLA (Ref. 48), the general response actions are intended to provide
the decisionmaker with a range of options which protect the public health
and the environment. At the Subsurface Disposal Area (SDA), identification
of these actions is the first step of an iterative process which procedes
from identification of broadly defined objectives and general response
actions to selection of media-specific clean up levels and remedial action
alternatives. Incorporation of data from ongoing site investigations is
provided for in this iterative process.
The following sections describe this process and identify the general
response actions identified for the SDA based on the information presented
in Sections 2 through 4. Section 5.1 describes the general response actions
identification process. Section 5.2 describes the remediation scenarios
considered in this analysis. Section 5.3 presents the general response
actions identified for the SDA.
5.1

GENERAL RESPONSE ACTIONS IDENTIFICATION PROCESS

Identification of general response actions integrates existing site
hydrogeologic
and contaminant data and characteristics of available
treatment technologies with specific objectives which protect public health
and the environment. Specific elements of this iterative process include:
•
•
•
•

Identification
Identification
Development of
Identification

of media of concern
of contaminants of concern by media
conceptual site model
of ARARs
5-1

•
•

Identification of remedial action objectives
Selection of actions which meet objectives.

The first three elements listed incorporate stratigraphic, hydrologic,
source term, receptor, and contamination data into a conceptualization of
the site probiem which aiiows quaiitative and quantitative assesment of
health and environmental impacts. At the SDA, elements of the geohydrologic
component of the site model remain uncertain. This is due to the high
degree of Aie+aakanaa AV +hn Joanna eptil +ha lsana
site, the relative paucity of interpreted data, and the difficulty inherent
in characterizing heterogeneous, anisotropic media such as basalt. The
conceptual model includes assessment of both health and environmental risk
which in turn provide the basis for identification of the protective
requirements and remediation objectives which are the design basis for the
potential actions. This conceptual site model is described in more detail in
Section 2.2 of this report.
WiliYMNWIAM.G
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In this initial phase of the RI/FS process, the conceptual model is
iacking in detaii, therefore, the associated remediai action objectives are
necessarily preliminary in nature and the identified actions are broad
groupings of types of technologies. In later phases of the CERCLA RI/FS
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be integrated with site modeling projections of excess lifetime risk to
assess combinations of clean-up levels and alternative technologies.
5.2 REMEDIATION SCENARIOS
The complexity of the many factors considered in the CERCLA RI/FS
process at the SDA led to the development of two separate scenarios for
evaluation. The first scenario takes as the starting point the SDA as it
now exists and assumes no removal of buried waste. The media and
contaminants of concern are described in Section 2.1 and the primary source
waste is described in Section 2.2. The primary waste source is considered
to
be the unmobilized, non-degraded component of material
in the
chamical/physical
state originally emplaced
the site.
Secondary
contaminant sources are considered to be materials derived from the primary
source by mobilization, change in physical state, degradation, or chemical
or biological reaction. Examples of secondary sources include radionuclide
5-2

contaminated soil and organic vapor plumes migrating from the original
source location. These secondary sources may be the source of continued
contaminant migration should the source waste be removed.
The second scenario takes as the starting point a site (the SDA) from
which the source waste material has been removed. This second scenario
covers each of the media considered in the first scenario along with same
exposure pathways and environmental and human receptors but deals only with
the known secondary waste snnrnes and dnac nnt address rnntainmant nr in
situ treatment of the source waste.
The first scenario will be referred to in this report as the waste-inplace scenario while the second scenario will be referred to as the waste
removed scenario. This report does not address removal of the source waste.
5.3 GENERAL RESPONSE ACTIONS IDENTIFIED FOR THE SDA
The
-memIT -Teo

environmental

media and contaminants of concern

Lorotiv sum SLuuleb cis

UISCUSSUU In

aecvion c or

have
Leis

been
report.

Table 5-1 summarizes this data and associated assumptions regarding
contaminants present. Review of population and worker distribution on and
arnond tha eita and nngohin mndas nf Pxpncnra havp haon inrnrpnratpd with
the media and contaminant data into the site model and the development of
preliminary remedial action objectives. At the present time, the presence of
radionuclides in the various media and of organics in soil gas and the
migration of volatile organic compounds to the groundwater constitute the
major site problems which have the potential for contributing to negative
health effects. The primary exposure pathways presently identified in the
model involve only on-site workers and not members of the public. The
pathways are inhalation and ingestion of windblown radionuclides, ingestion
of organic compounds in drinking water, and inhalation of organics and
shower water are ouLdineu rrum
tritium during showering. urinKiny
groundwater pumped to the surface at the RWMC. Past flooding events have
contaminated surficial soil which may be entrained by wind and inhaled or
ingested hy werkerge This consideration of source, media, contaminant,
pathways, and receptors has led to the identification of SDA problems and
related categories of potentially applicable general response actions listed
in Table 5-2.
5-3

TABLE 5-1. SUMMARY OF CONTAMINANTS AND ENVIRONMENTAL MEDIA OF CONCERN

ENVIRONMENTAL
MEDIUM

Air

PRESENCE OF
ORGANICS

INORGANICS

X

X

Surface Water
Soil

RADIONUCLIDES

(1)
X

(1)

X

Bedrock

(I)

(1)

(1)

Interbeds

(1)

X

X

X

X

X

Groundwater

(1) Compounds not detected but presumed to be present based on presence in
other media.
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TABLE 5-2. MATRIX Of GENERAL RESPONSE ACTIONS FOR SPECIFIC SITE PROBLEMS

•

w
P

1§
s
—1 ceA.,
t.
-8
_ ti
g§

!irstituticnal Controls

•

Iiw

i
g
a

1 Contaminated Meter an
Sear Lire Controls

'
a ft

6
7;

Direct Waste Treatment

b
1
1
g

i

Contaminated Soil end
Sediments Ramat and
Containnent

A

Gas Migration ControH

a

Ts

Lex/sate end Granii water Ccntrols

SDA Problem(s)

Air Pollution Controls

General Response Actions

Volatilization of chemicals into air

•

Hazardous particulates
released to atmosphere

•

•

•

Dust generation by heavy
construction or other
site activities

•

•

•

Contaminated site run-off

•

Erosion of surface due to
wind or water

•

Flood hazard or contact
of surface water body
with wastes

•

Leachate migrating verticatty or horizontally
Precipitation infiltrating into site to form
leachate

•

Evidence of methane or
tWJAIG von m;gratinw
underground

•

•

•

•

•

On-site waste materials
in non-disposed form:
drums, lagooned waste,
waste piles
Contaminated surface
water, groundwater, or
other aqueous or liquid
waste

•

•

•

•

•

•

•

•

Contaminated soils

•

•

Toxic and/or hazardous
gases which have been
collected

•

•

•

is

•

•

•

•

•

Contaminated stream banks
and sediments

•

Drinking water distribution system
contamination

so

•

•
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General response actions specific to each media include measures
designed to control the primary and secondary sources and to limit migration
of contaminants as well as institutional controls which limit exposure
through administrative means or monitoring of the progress of contaminants
or clean up activities. In more specific terms these actions include:
•

Removal of primary or secondary sources

•

ProvPntinn
sources

•

Preferential removal or extraction of a contaminant

•

Treatment and/or disposal of source or contaminant materials

•

Access limitation for exposure control

•

Environmental monitoring.

nf rnntaminant mnvPmPnt frnm

primary

nr

gprnmiary

Each of these actions may not be appropriate for each media at a given
site and an initial screening is applied at this stage to eliminate actions
Fnr Pxample,
whirh
arP r1Parly nnt fpacihlp fnr a givPn mpdia,
radionuclides present in the basalt media constitute a secondary source but
due to the low concentrations of contaminants and the large mass of bedrock,
removal of this source is not feasible. Other response actions considered
inappropriate for the SDA include removal of interbed solids and removal of
contaminants from the air media. Site problems and related general response
actions for the SDA are presented in Table 5-2. Given the similarity of the
site problems and response actions for the waste-in-place and waste-removed
scenarios, this table is developed to encompass both scenarios. Although
not listed in this table, the no action alternative is considered for the
SDA as required by CERCLA/SARA.
The applicability of identified general response actions to the
rnmplptp and partial snurnp KrpnarinK iK Kumnpriipd in TP11111 g-1, Alt's+
included in these tables are the remedial action objectives as presently
formulated and the technology types considered for the general response
actions. The remedial action objectives are discussed in detail in
5-6

TABLE 5-3. SUMMARY OF REMEDIAL ACTION OBJECTIVES,
RESPONSE ACTIONS, AND TECHNOLOGY TYPES

Environmental
Media

Ai r

Remedial Action

General Response

Technology

Objective

Action

Type

Prevent inhalation or

Air pollution controls

ingestion of contaminants.

Capping
Limit access
Dust control

Surface Water

Prevent inhalation or

Surface water controls

Diversion
Collection/treatment
Capping
Grading Revegetation

Contaminated soil

Capping

control

Grading
Revegetation

Soil excavation and
removal

Containment

In-situ treatment

In-situ treatment
Removal
Direct waste treatment

ingestion of contaminants.
Minimize off-SDA contaminant mitigation.
Minimize precipitation or
runoff infiltration.
Soil

Prevent inneation or
ingestion of contaminants.

Disposal on/off-site
Bedrock and
Interbeds

Control secondary contaminant sources to protect

Gas migration control

Exhaust/remove vapor
Treat contaminated vapor

aquifer.
Leachate and grotrdwater
control

Pump perched water
Water treatment
Containnent
Infiltration control

Groundwater

Prevent ingestion of

Leachate and grotrdwater

%wiping

carcinogens.

control

Water treatment
Containment

Prevent inhalation of

In-situ treatment

In-situ treatment

Contaminated water and
sewer line controls

Alternate water supply
Treat water suppiy

Leachate end groundWater
controls

Containment

In-situ treatment

In-situ treatment

carcinogens.
Provide (aquifer users with
sufficient, dependable,
an safe potable water.
Buried Waste
(Waste-In-Place

Prevent further migration
of contaminants.

Scenario Only)

Limit access
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Section 4 of this report. They are intended to define the scope of the
cleanup effort and to providA criteria for assAssmAnt of AffortivAnAss of
the action.
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6. PRELIMINARY IDENTIFICATION OF REMEDIAL ACTION TECHNOLOGIES
The general response actions selected as potentially applicable for
remediation of the SDA include a large number of specific technologies. EPA
guidance for RI/FS under CERCLA (Ref. 48) caiis for preiiminary screening of
these technologies, combination of screened technologies into remedial
action alternatives, and detailed evaluation of each alternative. This
sertion nrocon+c +ha preliminary screening of technologies. The Akine-4-4on
ww4frevc
is to identify technologies which are protective of health and the
environment and which provide a range of options for the decisionmaker. The
preliminary screening involves identification of a broad
range of
potentially applicable technologies and broad evaluation of these
technologies against quantitative or qualitative criteria. Since the site
characterization
and remedial alternatives development processes are
proceeding in parallel for the SDA, all potentially useful data are not
available for this technology screening step. Consequently, the screening
presented herein does not provide a complete basis for the development and
evaivation of alternatives and may identify site data which will be needed
for the detailed evaluation of alternatives.
The technologies nrocontnti in +hie cortinn 2rn nrnonnA in
no rnennnen
action categories for purposes of evaluating remedial technologies. However,
the description
and evaluation portions of this chapter organizes
technologies according to control strategy, that is, as applied to source or
migration control. This is intended to minimize repetition and crossreferencing in these sections as individual technologies may be applied to
more than one general response action. Technologies which pass the
screening process may then be recombined, with due consideration to
interactive effects, into preliminary remedial action alternatives.
The technologies presented are applicable to the two scenarios under
evaluation at the SDA. The first scenario takes the SDA as is with a
primary source term of originally emplaced waste and contaminated soil. The
cornnd
cron2rin
AtCHMAC 112.1. the Arigir21
Ineta has been
removed and is
based on a primary source term comprised only of contaminated soil. Both
scenarios consider secondary sources, such as migrating plumes of organics
6-1

or

radionuclides. The excavation of the waste is not considered
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Waste Program and is outside the scope of this report.
Section 6.1 presents a discussion of the identification and screening
processes. Section 6.2 identifies potentially applicable technologies.
Section 6.3 presents the results of the technology screening. Section 6.4
is a summary of the screening process.
6.1

TECHNOLOGY IDENTIFICATION AND SCREENING PROCESS

General reSpurlbe actions reflect cdteyories of technologies which are
selected based on consideration of site data, exposure pathway analysis, and
site problems. Broad classes of technologies applicable in the general
response actions proposed for the SDA were identified in Sertinn 5 nf thic
report. In the following sections, the screening methodology is presented.
Section 6.1.1 describes the technology identification process.
Section
6.1.2 describes the technology screening procedure.
6.1.1

Candidate Technology Identification Procedure

Initial identification of potentially applicable technologies is based
upon technical experience in site remediation projects, review of literature
lists of all technologies which have been categorized in each class,
evaluation of case studies of past remedial actions, and accoqcmpnt nf
surveys
of innovative technologies presently under development.
The
identification procedure considered technologies listed in EPA guidance for
screening and remediation (Ref. 59), EPA case studies reports (Ref. 60) and
INEL Waste Innovative Ideas project reports (Ref. 61)6.1.2 Screening Procedure
Preliminary screening of technologies for remediation of the SDA is
comprised of a comparison of site and technology characteristics against the
rri+nrim
nf affar+iunnace
11.4 we

criteria

include
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a measure of the protectiveness of health or environment
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and consideration of time factors. Protectiveness includes a measure of
ability to reach a remedial action obiective or other cleanup goal including
reduction in contaminant toxicity, mobility, or volume.
Time factors
include time to implement, time to reach the selected goal, and length of
useful life of the technology.
The
implementability criteria are
site- and
technology-specific
characteristics which determine the utility of a technology when applied to
a particuiar site problem. Technical factors affecting implementability of
a broad range of technologies have been published in summary form (Ref. 59),
and examples include:
•

Inapplicability of capping to areas with steep slope

•

Vulnerability of capping to subsidence

•

Degradation of clay barriers on contact with acid plumes

•

inapplicability of grout curtains in heterogeneous media

•

Inefficiency
of groundwater
transmissivity

•

Inapplicability of subsurface drains at moderate depth

•

Inapplicability of in-situ flushing in low permeability soil

•

Unsuitability of fluid-bed incineration for bulky materials

•

Low adsorption rates of polar organics on activated carbon.
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technology development, performance history, and operating and maintenance
characteristics
are considered in the screening process.
Innovative
technologies which are not fully demonstrated are considered if they offer a
potential substantial advantage in cleanup effectiveness.
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Reliable, relative estimates of the cost of implementing specific
technologies at tho gnA aro nnt availahla at thic early stage in the
evaluation process. Consequently, the cost criterion plays a relatively
minor role in this preliminary screening. Where possible, a rank/order
estimate of cost based on engineering judgment and hazardous waste site
remediation experience is provided for particular technologies.
6.2 POTENTIALLY APPLICABLE TECHNOLOGIES
Table 6-1 presents a listing of potentially applicable technologies
based on the general response actions identified in Section 5 of this
Summary descriptions
these technologies
in
Appendix B.
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6.3 TECHNOLOGY SCREENING
The
following sections provide a preliminary screening of the
technologies described in Section 6.2 and Appendix B of this report. The
discussion provides an objective for application of the
technology,
especially
as related to effectiveness;
an evaluation of potential
effectiveness and implementability; any known operability and maintenance
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of cost where possible; and a preliminary identification of data needs. For
this preliminary screening, primary emphasis was placed on the effectiveness
and implementability criteria. Due to the early stage of this assessment,
reliable cost estimates are not available and no technologies were screened
out on the basis of cost. Section 6.3.1 presents the screening of source
control technologies. Section 6.3.2 presents the screening of migration
control technologies. Section 6.3.3 presents the screening of treatment
technologies for recovered contaminated waste streams.
Section 6.3.4
presents the screening of disposal technologies. Section 6.3.5 presents the
screening of institutional controls.
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TABLE 6-1. POTENTIALLY APPLICABLE TECHNOLOGIES
CATEGORY OF
TECHNOLOGIES
Source Control

TECHNOLOGY APPLICATION (Page No.)
In-situ waste or soil treatment
(B-2)

SPECIFIC TECHNOLOGY (Page No.)
Bioreclamation (B-2)
In-situ vitrification (B-4)
Solidification/stabilization (B-4)
Soil flushing (B-I0)
Chemical treatment (6-6)
Physical in-situ methods (B-15)

Contaminated soil excavation
(B-16)
Migration Control

Waste Stream Treatment

Runon/runoff control (B-19)

Capping (B-19)
Covers (6-22)
Diversion/collection systems (B-22)
Grading (B-28)
Revegetation (B-28)

Leachate and groundwater control s
(B-29)

Groundwater pumping 0-30)
Subsurface drains (6-32)
Subsurface barriers (vertical)1 using
slurry walls, grouting, or piling (B-34)
Barrier Walls (horizontal) (B-37)
In-situ treatment (B-37)

Fugitive dust controls (B-37)

Dust suppressant (B-37)
Wind fences/screens (B-38)
Water sprays (6-38)
Other measures (6-38)

Gaseous emissions controls and
gas removal (B-38)

Capping (6-39)
Covers (6-39)
Passive perimeter gas control systems (6-39)
Active perimeter control systems (6-41)
Active interior collection/recovery system (6-42)

Aqueous waste treatment (B-42)

Activated carbon (B-43)
Biological (B-44)
Precipitation/flocculation (B-44)
Ion exchange and sorptive resins (B-46)
Reverse osmosis (6-46)
Neutralization (B-47)

TABLE 6-1. POTENTIALLY APPLICABLE TECHNOLOGIES (Continued)
CATEGORY OF
TECHNOLOGIES

TECHNOLOGY APPLICATICN (Page No.)

SPECIFIC TECHNOLOGY (Page No.)

Aqueous waste treatment (B-42)
(Continued)

Gravity separation (B-48)
Air stripping (B-48)
Oxidation 03-49
Reduction (B-49
Evaporation (13- )
Solidification/stabilization (3-50)

Solids/water separation (B-50)

Filtration (B-51)
Sedimentation (B-52)
Separation using sieves and screens,
hydraulic and spiral classifiers,
cyclones, clarifiers, or dissolved air
flotation (B-53)
Dewatering using gravity thickeners or
centrifuges (B-55)

Solids treatnent (B-56)

Incineration (13-56)
Separation 03-60)
Solidificatoon/stabilization (B-60)
Vitrification (8-66)
Soils treatment (B-67)

Gaseous waste treatment (B-68)

Flaring (8-68)
Incineration (13-69)
Activated carbon (B-69)

C11

Disposal Technologies

On-site landfills (B-69)
Off-site landfills (B-70)
Publicly owned treatment works (B-71)
Underground injection (B-71)

Institutional Controls

Fencing (B-72)
Signs (B-72)
Land restriction (B-72)
Bottled water (B-72)
Water treatment (B-72)
New production well (B-72)
Pipeline from existing well (8-72)

6.3.1

Source Control

For the purposes of this evaluation, source control technologies are
grouped into in-situ waste and soil treatment and contaminated soil
excavation. in this project, in-situ treatment technologies are applied for
both the waste-in-place and waste-removed scenarios while soil excavation
applies only to the waste-removed scenario. Source control technologies
address nnlv thn originally empl2red waste and the soil media and are
protective of both health and the environment through elimination of the
source of contaminants entering exposure pathways. Source control
technologies do not address the air, surface water runoff, bedrock and
interbed, or groundwater media.
6.3.1.1

In-Situ Waste Treatment

In-situ treatment technologies include solidification or fixation of
the source, biological or chemical alteration of source components for
reduction in toxicity or mobility, and seiective stripping of source
components.
Vitrifirntion
The effectiveness of in-situ vitrification has been demonstrated at the
laboratory (Ref. 67) and field (Ref. 68) scale in the presence of hazardous
and radioactive wastes. Short term leaching tests have provided positive
results. At the SDA, inorganics and radionuclides would be imobilized by
the in-situ vitrification process. Organic compounds would be volatilized,
combusted and collected in an off-gas removal system. Technical factors
affecting selection include soil chemical and physical properties, soil
moisturé content, site hydrologic complexity, waste composition, containment
and emplacement depth, and off-gas generation rates and
clean-up
characteristics. Due to the large area and complexity of waste forms at the
SDA, costs would be high. Present data indicate that conditions specific to
tha snA dn nnt prorlHdp impinmonfatinn nf in-titH vitrifiratinn and
consequently the technology passes the preliminary screening.
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Data
needs for more detailed evaluation include role of soil
composition and physical properties, impact of presence of organic oils and
solvents, leach rates of product waste form, ability to control organic
emissions, criticality control, and waste form characteristics over long
.1.4mes fraMeS. SUPPleMentarY information include a Mere ^41a
estimation of costs.
Groutinq
The effectiveness of grouting in solidification of waste or soil
containing organic, inorganic, and radionuclide contaminants has been
demonstrated (Ref. 69) for excavated wastes. The effectiveness of grouting
as an in-situ technology for long-term isolation has not been fully
established. Observation of contamination of groundwater following deepwell injection of grouted waste (Ref. 70) and negative results for field
testing of near surface grouting at the SDA (Ref. 17) indicate that the
technology is not protective of the environment. Technical
factors
nrcrludinn
imnlamanfmtinn
Csrfettne
.w. noirmnmkili+u nf
ws target ee.41
lauyea
4WIle

affecting selection include chemical and physical characteristics of the
waste and soil, interferences due to organics present, depth of emplacement,
and
ability of grout to fill available voids. Given the lack of
demonstration of effectiveness in isolating toxic contaminants, in-situ
grouting fails to pass the preliminary screening.
Soil Washinq
In-place washing of contaminated soils with water, inorganic salts,
mineral acids, and compiexing agents are potentially effective means for
selective removal of toxic contaminants (Ref. 71, 60). Technical factors
precluding implementation include low soil permeability and geohydrologic
resmalau4eto r.”..1.nvon
ar.1~.4.4etin
specific ♦to ♦*La enA
heterogeneous, fractured nature of near surface basalt, low permeability of
unsaturated soil, the diversity of contaminant species, and the present low
mobility of radioactive specie. Since the above technical factors indicate
that collection of flushed liquids at the SDA is problematical (see also
Section 6.3.2.3) and since mobilization has an element of risk, this
technology does not pass the preliminary screening.

leVMVICAlloje
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Vaoor Flushinq
The effectiveness of aeration and steam stripping for removal of
volatile compounds has been demonstrated in laboratory and
field
appiications. Vacuum-assisted steam stripping of gasoline from soii has
been explored on small scale (Ref. 72) and hot air and steam stripping of
hydrocarbons from soil has been demonstrated on a larger scale (Ref. 73).
inrnniral fartnrc prprinding implcamnntation inrluda lnw cnil PorMaahility
and complex geohydrologic conditions. Technical factors affecting selection
include the characteristics and distribution of the primary waste source,
the need to collect vapors generated in the process, and the impact of the
stripping media on the non-volatile fraction of the waste. Costs are
estimated
as moderate for this technology.
Given the potential
effectiveness for removal of volatile organic contaminant sources, this
technology passes the preliminary screening process. However, it will not
address inorganics or radionuclides.
neeus incluue esLlmaLes of the quantity and distribution of
volatile components, vapor-liquid distribution behavior, and the soil
permeability characteristics.
udLa

Biological Degradation
The effectiveness of in-situ bioreclamation varies with the organism,
the substrate material, and the geohydrologic conditions of the site. At
the SDA, the low hydraulic conductivity of the soil, the complex chemical
and physical character of the waste, and the spatial distribution of the
waste indicate that the technology is not implementable and consequently
does not pass the preliminary screening.
6.3.1.2 Soil Excavation
Soil excavation may be accomplished using backhoes, cranes, dozers,
lnadarc, and crrapart. Tha affartivahacc nf tha tarhnningy hac haan
demonstrated at many construction and disposal sites (Ref. 63). Technical
factors precluding implementation include depth of excavation greater than
sixty feet, inapplicability to specific soil conditions, and high costs
6-9

associated with large sites. Factors affecting selection at the SDA include
the need to prevent distribution of potentially contaminated dust generated
in the excavation and near surface occurrence of bedrock. Costs at the SDA
would be high. Despite the potentially unfavorable cost factor the
technology is applicable at the SDA and passes the preliminary screening.
In
addition to the above extraction technologies, dust control
is
considered. Specific candidates include water spray, natural and synthetic
cnil

hindare, and rnn+ainman+ rnvare
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workers and allow minimum entrainment of radionuclide contaminated soil for
extended periods of time, the effectiveness of water spray and other soil
binders is considered inadequate. Water spray is effective in suppressing
dust for time periods less than two hours while natural and synthetic dust
suppressants are effective for time periods of a few weeks. Containment
barriers, including tents and engineered structures, are considered
effective and therefore pass the preliminary screening.
6.3.2 Migration Control
Migration control measures are those technologies which do not directly
affect the position or chemical and physical state of the emplaced waste.
Inrludad in thic ratagnry ara maacnrac whirh:
o

Prevent or control movement of agents, for example water, which
mobilize or transport contaminants

o

Treat in place contaminants which have been mobilized

o

Recover mobilized contaminants

o

Treat recovered contaminated waste streams

o

Dispose of recovered or treated waste streams.

randidato torhnillnginc whirh nnrfnrm the:* firct thraa nf thata funrtinnt arcs
evaluated in the following sections while technologies which perform the
last two functions are screened in Sections 6.3.3 and 6.3.4. Migration
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control technologies apply to both the waste-removed
scenarios.
6.3.2.1

and

waste-in-place

Control of Mobilizing Agents

Capping
Capping the ground surface of the SDA is a measure which affects
several potential exposure pathways. Minimization of rainfall infiltration
directly reduces potential liquid phase flux of contaminants downward to
groundwater.
Covering of contaminated surficial
soils eliminates
entrainment in wind and suspension in precipitation run-off. Increase in upflow direction vapor phase diffusional path length and resistance lessens
the amount of volatile organics released to the atmosphere. Each of these
effects appiied in combination and in proper timing with other measures,
such as grading, diversion, and source extraction, indicates that capping
may be an effective technology at the SDA for several media. This
ennnnie+ftel
ku eivneile4arten IDAP
an
la amp/tow
vcm lay
indication of potential ai4e.e4-4trannee 4e
62) in which capping in combination with other technologies contributed to
reduction in contaminant migration. The following capping technologies are
considered as candidates in this study :
CAFG1

o
o
o
o
o
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Clay
Asphalt or concrete
Synthetic covers
Multi-layer system
Soil, fly ash, or soil/fly ash mixture.

Technical factors which preclude application of each of these technologies
include steep slope of land surface and likelihood of subsidence. The basin
CMA 4e lneftknA 4e neinklu elAn4nn .nA ek.v..e+An4-snA
ku
ucal
in which the aun
surface occurrence of bedrock and consequently neither of these factors
preclude capping at this site.
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Application of a single layer clay cap at the SDA is considered
infeasible due to the need for a nearby large source of clay material, the
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emplacement of acids at the site, and the arid conditions at the site which
favor dehydration and cracking of clay layers. Similiarly, the large size
of the site, the hot, dry summer conditions and the vulnerability to
cracking in heat and freeze-thaw cycles of asphalt or concrete argue against
application of these technoiogies at the SDA. A single iayer synthetic
cover is also considered not well suited to the conditions and needs at the
SDA due to size of the site and potential for actinic/oxidative degradation.
General design guidelines for multi-layer caps call for a lower layer
of impermeable material overlain by a drain layer and a soil layer
(Ref. 63). The large size and high potential evapotransporation at the SDA,
however, while not precluding application of this type of multi-layer cap
indicate that use of a capillary break may be favored over a draining
barrier. Experimental studies at an arid site (Ref. 64) investigated
combinations of gravel and soil designed to lessen infiltration and deter
animal and root intrusion. Results indicate that combinations of coarse and
fine grained material layers can be effective in infiltration and run-off
controi. in addition, recent studies (Ref. 65) of an engineered vegetative
cover demonstrated effectiveness in infiltration and run-off control.
Performance regarding erosion is also favorable and is under continuing
nnnly
tn soil and
sek
rftek
study. cimiliar considerations ,orr.J
en41/Flu-va.an
technology. Consequently, multi-layer and soil caps pass the preliminary
screening.
Data needs associated the with capping technology include composition
and
mineralogy of soils readily available at the SDA, performance
characteristics of cap materials and of capillary breaks, and interaction of
cap design with complementary technologies, such as revegetation and gas
extraction.
Grading
Grading at the SDA is intended to facilitate run-off and lessen
infiltration nf wAttar which minht mohili7e rontaminants. The effectiveness
of grading is widely recognized, especially when used in combination with
revegetation, diversion, or collection. No general technical
factors
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preclude grading but requirements for large amounts of fill soil may be a
negative selection factor. Slope length and gradient are important design
variables which due to the large size of the SDA may require integration
with diversion technology, such as terracing. Terracing would be applied in
with grading for the long-term period when minimum active
maintenance is required. Costs for grading are generally low. Consequently,
grading technologies pass the preliminary screening at the SDA.
.4/
COWINILIOn

Reveaetation
Revegetation
diminishes
infiltration through
promotion
of
evapotranspiration and lessens erosion and entrainment through stabilization
of the soil surface. Experiments (Ref. 64) show that vegetation is effective
in controlling erosion and in managing infiltration (Ref. 65). Factors
precluding implementation include the need for soil cover and vulnerability
to toxic chemicals. Factors affecting selection include the need for
application of complementary technology, such as capping, grading or
need to avoid root and burrowing mammal penetration of
waste zone; and the potential need for maintenance. Potential variants of
this technology include grasses and legumes. Revegation costs are low.
Since soil capping passed the preliminary screening, revegetation is not
precluded and consequently passes the preliminary screening.
UIVC141V11,
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Data needs related to revegation include the performance of the range
of candidate species in arid conditions and with the selected soil cover and
design.
Surface Water Diversion and Collection Svstems
Surface water diversion and collection systems act to (1) prevent runon uo a
;nfiltration and erosion rates and
intercept water running-off a site to lessen potential
spread of
contaminants. Technologies considered include dikes and berms, channels,
terraces, chutes, seepaae ditches and basins, sedimentation basins, and
levees and floodwalls. Ample evidence exists to support the effectiveness
of these technologies when properly applied (Ref. 60, 62, 63). Technical
4
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factors which preclude implementation include the applicability of dikes and
berms and chutes to small areas for short time frames and the temporary
nature of channels (trenches and ditches) and seepage structures. In
addition, seepage ditches and basins are not appropriate for control of
potentially contaminated water. Technical factors affecting selection
include the need for regular maintenance and integration with other site
control technologies. Application of additional flood control measures does
inn+
appear warranted at ♦the picacut time due
ex;ataimc VI IC‘CAIJ
instituted measures. In summary, dikes and berms and channels and chutes
may be applicable as short term measures in remediating the SDA while
terraces may be of utility in shortenina slope lenaths to control erosion.
Seepage ditches and basins are not applicable due to the potential presence
of contaminated runoff.
Data needs related to surface water controls are uncertain due to the
dependence on the overall strategy selected for remediating the site.
However, a complete water balance, an estimate of net downward flux, an
evaivation of subsidence, and an assessment of erosion rates are required
data.
44U1IU‘se

ra
,vn‘ainment
Barriers

Subsurface barriers, including slurry walls, grouting, and sheet
piling, may decrease the spread of contaminants through control of water
infiltration or outflow. At the SDA, the broad range of appplication of
this technology includes control of near surface infiltration and control of
deep groundwater. However, due to the great depth to groundwater at the SDA,
the presence of bedrock throughout the entire depth of the subsurface, and
the nature of installation of the technology, groundwater control through
subsurface barriers is not feasible. Utility of subsurface barriers is
therefore restricted to near surface applications. Experience with slurry
walls at waste sites indicates that this technology can be effective in
control of water influx, reduction of leachate production, and isolation of
IU 411C CUVIIVIIMCUt
(Ref. 60, 62).
contaminants to prevent
•
Experience with grouting is less promising (Ref. 63), especially in
unconsolidated materials. Tests conducted at INEL indicate that presently
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available grouting techniques are not effective in soils found at the SDA
(Ref. 17). The effectiveness of grouting in rock seaiing as might be
applied for bottom sealing in the fractured basalt bedrock at the SDA is not
supported by available data. The effectiveness of sheet piling at rocky
e4.1.ne
enek se Mka CnA ic 'len
nnae+inn,hla Ana
may masc.auovioun ,
auwa
to difficulties sealing
joints and in driving the piles. Technical factors precluding use of
subsurface barriers include the existence of permeable bedrock which
provides alternative liquid flowpaths. Since this is the case at the SDA,
the utility of barriers appears limited to specialty applications where
local flow conditions are well defined. Technical factors affecting
selection include magnitude of the gradient driving flow; potential for
presence of acidic, caustic, or organic chemicals; and the soil conditions
at the site. Given the above considerations, subsurface barriers for
groundwater control fail to pass the preliminary screening while near
surface appiication of slurry walls pass with the note that only specific,
shallow, local applications are likely.
OiloC4
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Data needs acenrin+ad with euhturfara harriar tarhnnlngy
identification of paths of infiltration at the SDA, evaluation of potential
for migration of acid or caustic components, and identification of moisture
content of SDA soils under seasonally varying conditions.
6.3.2.2 In-Situ Treatment for Migration Control
In-situ treatment using biological or chemical agents offers the
potential for protection of health and environment through reduction in
either the quantity or toxicity of migrating contaminants. At the SDA, insitu treatment for migration controi is potentially applicable to controi of
Candidate
organic and radionuclide contaminants in groundwater.
bioreclamation techniques include application of bacteria or fungi, possibly
in
enenkinmtinn
aarmtinn
whila nntantiallv annlirahla
rhamir21
hydrolysis,
oxidation/reduction,
include
reclamation
techniques
in-situ
dechlorination,
or precipitation. The effectiveness of
bioreclamation has been demonstrated at spill sites with successful
application to waste sites yet to be demonstrated (Ref. 63). Data
demonstrating the effectiveness of in-situ chemical treatment for control of
6-15

migrating species are not available. Factors precluding the implementation
of in-situ treatment include low media permeability and hydrogeologic
complexity. Factors affecting selection include need for injection systems
to distribute the agent, the potential to mobilize contaminants, temperature
dependence of removal rate, and need for limited control of the geochemical
environment. Classification of costs for in-situ treatment involve research
and site specific elements which are not quantifiable at this stage of
assessment. Given the above data, the applicability of bioreciamation is
not rejected and the lack of field application of chemical treatment argues
for elimination of this technology.
Data needs related to in-situ bioreclamation include identification of
an organism appropriate to the specific site problem, understanding of the
geohydrology of the contaminated media, and understanding of the geochemical
environment affecting growth of the candidate organisms.
6.3.2.3 Recovery for Migration Control
Sediment Removal
Surface water impoundments, such as ponds and basins, and natural
surface water features, such as streams and lakes, do not exist at the SDA.
Engineered surface water control measures including drainage channels are
rnntaminatod And rn nsaquontly codimant removal
nnt knnwn at this timP tn
technologies are not required for remediation.
Applications of
sedimentation technology which may be applied in treatment of recovered
contaminated streams are discussed in Section 6.3.3.
Subsurface Drains
Subsurface drains may reduce migration of contaminants through
collection of contaminated leachate or soil flush water. Collection system
construction methods, the presence of basalt flows, and the great depth to
groundwater at the SDA are such that interception of groundwater using
drains is not feasible. Application of subsurface drains in conjunction
with unsaturated zone flushing or washing is possible. The effectiveness of
6-16

interceptor trenches and french drains has been demonstrated under field
conditions (Ref. 60). Factors precluding near surface application include
high permeability of surrounding media and long flow distances to french
drains. Technical factors affecting selection include particle size
distribution of soil, near surface occulgCuu= c Lmuiv‘m, and hydrologic
flow conditions. Costs range from low for shallow trenches to high for
extensive french drains. The disturbed conditions of the site and the
heterogeneous flow paths asociated with fractured basalt are unfavorable for
application of subsurface drains at the SDA. In addition, soil flushing
introduces the undesirable potential for mobilization of a wide range of
contaminants. Given the above factors, this technology is not appropriate
at the SDA and fails to pass the preliminary screening.
Gas Collection
Gas collection reduces health risk and protects the environment through
removal of a secondary source of contaminants which can percolate upward out
at 4.1,
1 a
-4.flA ,flna 4.“-^ +ha al-maaakaaa ala A404nea ArtuAnm,to.A
A4neal
vo ‘fle anaaturObwu Cvnc Unt./ talc mumwapncic VI uilluac uvnungagu
into groundwater. Technologies considered in the screening include passive
systems which modify gas migration paths without mechanical components and
active systems which extract or flush gas from the porous solid media using
pumps or fans. Passive gas systems at the SDA are not effective in that
release of contaminants to the environment and to potential receptors is not
prevented. The effectiveness of active gas collection systems has been
demonstrated in the field at landfill sites and at spill sites (Ref. 66).
There are no technical factors precluding implementation of this technology
at the SDA site. Technical factors affecting selection include the
permeability and heterogeneity of the solid media, the spatiai extent of the
contaminant plume, and the nature and quantity of contaminants present in
the plume. Costs of passive collection systems are low while costs for an
system at the SDA may be high. On the basis of lack of
protectiveness, passive gas collection technologies fail to pass the
preliminary screening. Based on the above considerations, active collection
systems, which may incorporate some passive design features, pass the
preliminary screening.
UlJaVIVe
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Data needs related to active gas collection include the extent and
nature of the vapor contamination in the unsaturated zone, characterization
of the heterogeneity and permeability of the porous media, and
characterization of the spatial distribution and chemical and physical
properties of the primary source.
Soil/Bedrock Excavation
Evaluation of excavation of primary source waste and contaminated soil
is discussed above in Section 6.3.1. This section considers removal of
solids, including basalt and interbed material, which may affect migration
of contaminants. The technology is effective in that flow paths are altered
and secondary source terms are treated. Factors precluding implementation of
the technology include inapplicability to material more than sixty feet
below the ground surface without expensive, specialized equipment, low
concentration of contaminants in the subsurface, the difficulty in
excavating the basalt without releasing the contaminants to the atmosphere,
and inapplicability to large quantities of material. Given these factors,
this technology fails to pass the preliminary screening for migration
control at the SDA as the depths and quantities of material involved are
prnhihitiva givan the lnw rnntaminant rnnrantratinn%.
Groundwater Pumping
Groundwater pumping reduces potential health and environmental impact
through removal of contaminants from a primary exposure pathway and protects
the aquifer from further contamination. Technologies evaluated include
combinations of extraction and injection wells using wellpoints, suction
systems, ejectors, and pumps. The effectiveness of groundwater pumping for
contaminant removal has been demonstrated at numerous sites presenting a
range of hydrologic conditions (Ref. 60). Technical factors precluding
implementation include low storativity and transmissivity of the subject
formations. Technical factors affecting selection include the hydraulic
rnntilirtivity and hatarnganaity nf tha fnrmatinn, tha magnituda nf tha hand
resisting flow, the corrosive nature of the liquid, and the extent and level
of contamination. Due to their inability to transport groundwater from the
6-18

depth required at the SDA, well points, suction pumps, and ejectors fail to
pass the preliminary screening. Due to the potential protectiveness and
implementability, extraction wells, possibly in combination with injection
wells, pass the preliminary screening.
Data needs related to groundwater pumping include nature and levels of
contaminants in the groundwater, extent of the contaminant plume, spatial
distribution of oeohvdrologic properties, and nature and rate of contaminant
influx to the groundwater.
6.3.3 Treatment of Recovered Contaminated Waste Streams
Secondary waste treatment processes include systems for the treatment
of solid, gaseous, and liquid streams generated in site remediation.
Candidate soiid streams are decontaminated, soiidified, incinerated, or
treated soil and solids, such as activated carbon, generated in clean-up
processes. Gas streams include contaminated vapor extracted from the vadose
zone and off=gas produced in waste
,
such
as
vitrification. Liquid streams include potentially contaminated surface and
groundwater and effluent from waste treatment processes.
1.1 Ca WIMP I 1.

6.3.3.1

Gas Treatment

Technologies applicable to removal of organic compounds from vadose
zone vapor include condensation, absorption, combustion, and adsorption
systems. The effectiveness of these technologies is demonstrated
by
widespread application in the petroleum industry (Ref. 83) to processing of
industrial gases. The effectiveness of granular activated carbon adsorption
for removal of organics from water vapor has been demonstrated (Ref. 60) as
has removal of organics from air stripper streams (Ref. 84). There are no
technical fmrtnime takirk preclude implementation of these technologies.
Factors affecting selection include gas stream composition, temperature,
pressure, flow rate and heating value, availability of disposal options, and
regulatory constraints. Equipment requirements for the condensation and
absorption technologies depends strongly on the feed gas contaminant level
and product gas purity requirements. Given the expected low levels of
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organic contamination, sizing constraints may preclude implementation of
these technologies. Combustion or flaring requirements also depend on
concentration and due to low levels are not favored at the SDA. The
adsorption process is effective and implementable and therefore passes the
preliminary screening.
Data requirements for implementation of carbon adsorption include
characterization of iniet gas conditions, determination of the equilibrium
adsorption isotherm, and quantification of rate parameters, such as
dispersivity and mass transfer coefficients.
In-situ, direct, and secondary waste treatment produces gas streams
contaminated with volatilized organics and radioactive particulates.
Equipment used in clean-up of these streams includes quenchers, wet and dry
scrubbers, absorption and adsorption columns, mist eliminators, hoods, and
filters. The effectiveness of gas clean-up equipment has been demonstrated
in industrial (Ref. 85, 86) and nuclear (Ref. 87) applications. There are no
technical factors which preclude the application of this technology at the
SDA. Technical factors affecting selection include chemical and physical
properties, temperature, pressure, and flow rate of feed gas; allowable
exhaust gas contaminant levels; and available options for waste disposai.
Although the exact nature of potential feed streams has not been identified
at this stage of site remediation, the technologies are effective and
implementable and therefore pass the preliminary screening.
6.3.3.2 Aqueous Waste Treatment
Groundwater pumping and secondary waste treatment at the SDA may
produce aqueous streams contaminated with low levels of organics,
inorganics, or radionuclides. Applicable clean-up technologies are based on
biological, chemical, and physical principles. Biological
processes,
including activated sludge, trickling filters, and rotating disks, have
demonstrated (Ref. 63) effectiveness in treating water contaminated with
organics. Technical factors precluding impiementation inciude high levels
of organic contaminants and presence of poisons specific to the organism.
Technical factors affecting selection of biological processes include
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composition and rate of feed, presence of minor components which may poison
the active organism, need for auxiliary nutrients, and time dependence of
feed rate. Biological processes have the potential
for effective
implementation at the SDA and therefore pass the preliminary screening.
Chemical
processes potentially applicable at the SDA include
neutralization, precipitation, oxidation/reduction, hydrolysis, chemical
ftmA
HU/
contaminants wi....tly
identified
at the SDA is such that the hydrolysis and
chemical
processes would
not be effective in controlling
dechlorination
contamination. The effectiveness of neutralization has been demonstrated
and implementation at the SDA is possible where pH is found to be a problem.
The effectiveness of ozonation, oxidation/reduction, and precipitation and
associated flocculation and sedimentation for removal of organic compounds
and metals from aqueous streams has been demonstrated in drinking water
treatment and industrial applications (Ref. 88). There are no general
technical factors which preclude implementation of these technologies.
Factors affecting impiementation inciude the chemicai and physicai nature of
the contaminated stream, required effluent concentration levels, ability to
dispose of large volumes of liquids, and integration into an over-all cleanUC‘Il I VI 111111,11.0119
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and therefore pass the preliminary screening.
Physical processes potentially applicable to clean-up of contaminated
water at the SDA include sedimentation and clarification, adsorption, ion
exchange, membrane separations, air and steam stripping, solvent extraction,
and dissolved air flotation. The effectiveness of sedimentation
and
clarification has been demonstrated in industrial and utility applications
(Ref. 88). The effectiveness of adsorption for processing contaminated water
has been demonstrated using activated carbon, resins, and molecular sieves.
In particuiar, removai of chiorinated organics from water using activated
carbon has been demonstrated for hazardous wate site remediation (Ref. 60).
The effectiveness of ion exchange in removing radioactive cesium (Ref. 89)
and cesium and strontium (Ref. OA\ Cvonm
been
demonstrated. Membrane separations, including reverse osmosis, are effective
solutions containing salts and
macromolecules.
in concentrating
WV,
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Implementation of reverse osmosis for concentration of aqueous streams
contaminated with low levels of organics or dissolved solids is feasible at
the SDA. The technology would need to be used in combination with another
separation technique as high osmotic pressures preclude attaining high
levels of concentrated contaminants. Ultrafiltration is most effective in
separating large size molecules and is not appropriate to problems at the
SDA. Electrodialysis is most effective for separations involving high
dissolved salt 1.V111.C11tratiVrls and is not considered applicable at the very
low ionic strengths expected at the SDA. Air and steam stripping of low
concentrations of contaminants from aqueous streams has been widely applied
(Ref. 91) and is implementable at the SDA. Solvent extraction depends upon
interphase transport for separation and given the low concentrations of
contaminants at the SDA, size requirements would preclude implementation.
The dissolved air flotation process removes suspended solid particles from a
liquid. At the present time, this type of contamination is not observed at
the SDA and therefore the technology does not pass the screening.
There are no technical factors precluding the implementation of
sedimentation and clarification, ion exchange, adsorption, and air and steam
stripping at the SDA. Technical factors affecting selection include
rkarn4r1
ftnA
nktteirftl
A4
1
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properties fa
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volumes of water, and required effluent purity. These four physical
separation technologies are effective and implementable and therefore pass
the preliminarv screening.
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6.3.3.3 Solids Treatment
Solids treatment in the scope of this project entails treatment of
excavated soils which are potentially contaminated with radionuclides,
metals, inorganic salts, oils, solvents, and miscellaneous organic and
inorganic chemicais. It aiso inciudes treatment of residuais such as
activated carbon that may be generated in the course of remediation.
handling,
Applicable
categories of technologies include solids
solidification/
and chemical 4Cpwat;on or
fixation processes. The technologies are protective of health and the
environment through reduction of the magnitudes and rates of release of
contaminants.
111%.111CIULIVII,
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Solids Separation or Handlinq
Solids handling as applied to excavated SDA soils includes conveying,
size reduction and size classification. Conveying is accomplished using belt
and bucket systems, trucks and trolleys, and liquid and air stre2ms. ci7e
reduction is accomplished using shredders, mills, and grinders while
classification is accomplished using screens and sieves, cyclones, and
sedimentation in liquids. The effectiveness of each of these technologies
is witnessed by wide application in mining and power generation systems.
Some research has been performed that indicates that contaminants may be
concentrated or removed using solids separation techniques. Technical
factors affecting selection of conveying technologies includes particle size
distribution, particle density, moisture content, and required transfer
and
rate. Technical factors affecting selection of size reduction
ciassification technoiogies include moisture content, particie size
particle hardness and density. Costs of these
distribution, and
technologies range from low to moderate. Selection of specific systems for
m+ the SDA depends annn intanrafinn intn tha dirart and carnndary wacta
treatment processes, but each of the technologies passes the preliminary
screening.
Solidification/Stabilization
Solidification technologies include production of monolithic waste
forms using binders such as cement, silicates and bitumenous materials;
encapsulation in polymers; and transformation of soil into a glass-like
state (vitrification) using electrical or microwave energy. The
effectiveness of incorporation of soii into cements is a common construction
practice while incorporation of resins into cement and asphalt has also been
demonstrated. Incorporation of liquid wastes containing dissolved salts
4n+n lannn ermla blocks (Ref. 74) mhich h2vo 2rcopt2hle EP-tnxirity
characteristics may also be cited as evidence of effectiveness of this
technology. Leach testing of waste solidified into asphaltic material
(Ref. 75) has also shown positive results. Evaluation of microencapsulation
using thermplastic or asphaltic materials (Ref. 76) supports the potential
effectiveness of this technology. The effectiveness of microwave energy has
OUIG
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been investigated for solidification of TRU contaminated sludges (Ref. 77)
and LLW contaminated liquids (Ref. 78). Bench scale testing of the TRU
waste indicated that waste containing diatomaceous earth melted easily. The
effectiveness of vitrification of soil contaminated with organics and metals
has been investigated at pilot scale. The vitrified product had high
compressive strength, low toxicity, and reduced metal leach rates relative
to source soil.
Technical
factors precluding implementation
of solidification
technologies include potential inapplicability of solidification to large
volumes of waste due to cost and inapplicability to waste having high
concentrations of organic solvents. Technical factors affecting selection
include composition and particle size of contaminated soil, increase of
volume during solidification, equipment complexity for large-scale
processing,
and
leach
rates of product solid.
Costs
for
solidification/stabilization of soil at the SDA would be high. Despite the
potential high cost, solidification of soil is feasible and passes the
preliminary screening. Solidification is also potentially applicable as a
secondary waste treatment technique.
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site-specific soil chemical and physical properties, levels of organic and
metallic contaminants in soil, ranges of composition of solidification
agents which produce acceptable waste forms, acceptance criteria for waste
forms, waste form physical properties and leach rates, and estimates of
processing costs.
Incineration
The applicability and effectiveness of incineration technologies for
treatment of large volumes of organic contaminated soils has been evaluated
(Ref. 80). Twenty-four systems were considered and rotary kiln, hearth,
circulating bed, and electric infrared incinerators were selected as having
ff ti
Vf
inLincratiiin vf
greatest potential applicability. Th= C..CL-.VCVC44
hazardous waste and soils has been demonstrated in RCRA trial burns (Ref.
80) while the effectiveness of incineration of low-level waste has been
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documented (Ref. 81). Technical factors precluding implementation of
incineration includes inapplicability to destruction of inorganics and
dependence of specific systems on the chemical and physical properties of
the feed. Factors affecting selection include feed quantity, heat content,
particle size distribution and composition of feed material, off-gas cleanup requirements, availability of auxiliary fuel, destruction and removal
efficiency for contaminants, and excess air levels. Costs for soil
incineration at the SDA would be high. Despite potential high cost, ♦the
incineration technologies are potentially effective and applicable at the
SDA and consequently pass the preliminary screening. In
addition,
incineration systems may be applicable for processing waste produced in
secondary treatment technologies.
Data needs include quantification of soil chemical and physical
properties and contaminant levels, process destruction and removal
efficiencies for specific technologies and contaminants, operating
conditions, off-gas particle loadings and composition, volume reduction
achieved and estimates of capital and operating cost including auxiliary
fuel requirements.
yucmik..al

c
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The effectiveness of chemical separation technologies for clean-up of
excavated soil contaminated with radionuclides has been demonstrated on the
pilot scale level (Ref. 71). Representative processes involve chemical
extraction using water, inorganic salts, mineral acids, and complexing
agents followed by contaminant recovery from the secondary waste stream.
Examples include size screening and caustic (NaOH) stripping for removal of
plutonium from contaminated soil at Rocky Flats Plant (Ref. 71). The
effectiveness of chemical separation technologies for removal of oil and
organic bromine compounds from soil has been demonstrated (Ref. 82) using
hot water and caustic, respectively. Alternative technologies which are
potentially applicable include supercritical extraction (Ref. 61) of both
ftnel kinstotnl.ms44am atm ki
Tkawcok
are
no technical
factors which
preclude implementation of chemical
separation/fixation technologies at the SDA. Technical factors affecting
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selection include chemical, physical, and mineralogic characteristics of the
soil; contaminant levels as a function of particle size; spatial extent of
contamination; solubility of contaminant in extraction
agent; and
requirements for secondary waste treatment. Costs of application of these
eanhaalaa4aa
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soil
involved. Given the demonstrated effectiveness, this technology passes the
preliminary screening.
Data needs include soil
chemical
and
physical
properties;
characterization of nature, extent, and levels of contamination; and
process-specific rate and equilibrium parameters including solubilities,
reaction rate constants, and mass transfer coefficients.
Bioloqical Treatment
Degradation or concentration of soil contaminants may be accomplished
using biological treatment. The effectiveness of the process depends on the
elan
eh.
ankaii4e4a cou‘amiglants
nee 'sea.. and has not 'Jeer'
chemical
♦uwvidcluica as
ul
411C 4UU4LIQUC
successfully demonstrated for soils containing the the combinations of types
of organics and organics and metals expected at the SDA. Consequently, this
technology does not pass the preliminary screening.
6.3.4 Disoosal of Waste
The effectiveness of disposal of properly treated or stabilized solid
and liquid waste has been demonstrated in many applications. Options for
SDA remediation include on- and off-site disposal for both solid and aqueous
waste. Soiid waste disposal technologies are piling and landfilling.
Technical factors precluding implementation include lack of an on-site
landfill and lack of capacity outside of INEL for mixed waste. However,
given the potentially large volumes and neCU IVI a luny hCIM 4U1UhlUfil
piling is not implementable on- or off-site. Factors affecting selection of
landfilling
are level of contamination, volume, site geohydrologic
characteristics, transporation risks, and regulatory constraints. Assuming
the effectiveness of treatment technologies, the lack of factors precluding
design and construction of a RCRA permitted landfill at the SDA, and the
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existance of an off-site RCRA permitted landfill, both on- and off-site
disposal of solid waste pass the preliminary screening. Costs of on-site
disposal are high and costs of off-site disposal are high.
m.
U1SpUbtil

technologies for aqueous effluent potentially applicable at
the SDA are release to surface water, transport to a publicly owned
treatment works (POTW), and deep well injection. Given the lack of a
reasonable candidate POTW and the large distance to off-site surface water,
off-site disposal of treated water is not implementable at the SDA. There
are no technical factors which preclude on-site surface water release or
deep well injection. Assuming the effectiveness of treatment technologies
and potential for obtaining an NPDES or underground injection permit, onsite disposal of treated water passes the preliminary screening.
6.3.5 Institutional Controls
Institutional controls potentially applicable at the SDA include
44
measures virll I...II 14
I III I 1.
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rwulitain;111111t.
Gild
measures which limit access to the site. Measures which limit exposure of
on-site personnel include monitoring, training, and point-of-use treatment
or substitution for contaminated streams. Monitoring of potentially
contaminated media is potentially effective at the SDA since identification
of contamination allows implementation of protective actions. Potential
routes of exposure at the SDA are inhalation and ingestion of contaminated
dust, ingestion of contaminated groundwater, and inhalation of volatile
contaminants during showering. Training and education programs on personal
hygiene in contaminated areas are potentially effective in reducing the
extent of exposure to contaminated dust.
Treatment of contaminated groundwater or substitution with
an
uncontaminated alternative source of water are potentially effective means
for reducing exposure to waterborne contamination. Screening of technologies
for treatment of contaminated water was presented in Section 6.3.3.
Technologies screened as potentially effective for removing organic
contaminants include air and steam stripping and carbon
adsorption.
Substitution candidates include installation of a new on-site well,
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provision of bottled or trucked water, and installation of a pipeline for
pumping of water from an existing alternative well. Installation of a new
on-site well, while implementable, is not considered effective as the new
well is vulnerable to contamination from plumes originating from sources at
the SDA or other INEL facilities. Provision of bottled or trucked water ana
pumping from an existing on-site well are potentially effective measures at
the SDA assuming the purity of the source water.
Institutional measures for limitation of access to the SDA include
installation of signs, fences and security patrols and provision of
education programs for INEL employees. Limitation of access using signs,
fences and security personnel are widely applied and effective techniques.
Education programs are potentially effective in that thy can inform INEL
employees of possible dangers and lessen the likelihood of inadvertant
exposure.
6.4 SUMMARY OF PRELIMINARY SCREENING
Technologies screened for application at the SDA have been categorized
as applicable to source or migration control. Source control actions
rnncidgarpd applirahla tn hnth thc. wacta-in-nlarp and watto-reamnvad cranarine

utilize in-situ treatment, secondary waste stream treatment, and on- and
off-site disposal technologies. Source control technologies applicable only
to the waste-removed scenario include excavation and direct waste treatment.
In the migration control category, all technologies are considered
applicable to each scenario. The results of the preliminary screening are
summarized in the following paragraphs and in Figures 6-1 through 6-5.
Among in-situ treatment technologies applied for source control, insitu vitrification and vapor phase flushing were considered potentially
effective and implementable and were passed in the preliminary screening.
Grouting and liquid phase flushing for source control were considered
ineffective at the SDA and did not pass this preliminary screening. For
snil avcavation tarhnnlngiat; rnvarc fnr duct rnntrnl, and cnnvantional
backhoes, dozers, cranes and loaders were considered effective and passed
the preliminary screening.
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FIGURE 6-1. PREUMINARY SCREENING OF TECHNOLOGIES WASTE-IN-PLACE SCENARIO -- IN-SITU TREATMENT
Shading indicates technologies that are screened out
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FIGURE 6-3. PRELIMINARY SCREENING OF TECHNOLOGIES MIGRATION CONTROL -- SURFACE WATER
CONTROLS
* Shading indicates technologies that are screened oul:

Surface Water Control
General Response Action

Remedial Technology

Collection/Treatment/
Discharge
(mntid)

Process Options

Screening Comments

Grading

Applicable

Revegetation

Applicable

--I Diversion/Collection

Dikes/Bermsp
Channels
Terraces

7
7

Applicable, requires maintenance
Applllcable, requires maintenance
Applicable
Run-off potentially contaminated
Flood controls installed

FIGURE 6-3. PRELIMINARY SCREENING OF TECHNOLOGIIES MIGRATION CONTROL -- SURFACE WATER
CONTROLS (continued)
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* Shading indicates technologies that are screenecl out

Leachate and Groundwater
Control
General Response Action

Containment
Cont'd

Remedial Technology

Near-Suriace Barriers
(vette!)

Process Options

Screening Comments

Slurry MilIC

Applicable for specific
well-tharactedzed locations

A3x4;ad.

Poor penetration

Heterogeneous How

etA

Excessive depth, bedrock

O

Excessive depth, bedrock
Excessive depth, bedrock

;
ligres0T
:
zA

Poor penetration

FIGURE 6-4. PRELIMINARY SCREENING OF TECHNOLOGIES MIGRATION CONTROL -- GROUNDWATER/LEACHATE
CONTROLS (continued)
* Shading indicates technologies that are screened out
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Migration control technologies were assessed for containment, in-place
treatment, and recovery functions. Among containment controls, multi-media
and single layer soil caps, grading, revegetation, surface water diversion
and near-surface vertical barriers were considered potentially effective and
passed the preliminary screening. Bioreciamation was considered an in-place
treatment technology which was potentially effective for groundwater. Among
recovery technologies for migration control, gas collection and groundwater
numninn
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screening.
Among processes for treatment of recovered waste streams, a wide class
of technologies pass the preliminary screening since inlet streams are not
well characterized at the present time and each technology is considered
effective in a particular application.
On- and off-site landfill disposal were considered effective and passed
the preliminary screening although the large volumes of soil involved may
preclude off-site disposal when evaluated in detaii.
Potentially effective institutional controls at the SDA include
mnnitnrinn nf pot1Pntially rnntaminatpd mpdia, training nrnnramc tn liMit
daily or casual exposure, site access controls, water treatment, and water
substitution using bottled, trucked, or pipeline water. Installation of a
new on-site well was presumed to be ineffective.
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7.

RECOMMENDATIONS FOR RESOLVING DATA NEEDS

The results in this report are preliminary. A number of analyses need
to be conducted to refine the methodologies presented in this report and to
substantiate the assumptions made. The following discussions briefly
outline some of the data needs identified in the course of preparing this
report and some additional analyses needed.
The nature and extent of contamination has not yet been sufficiently
defined to enable selection of indicator chemicals or to fully assess the
applicability of specific treatment technologies. Existing information on
specific contaminants in each media (soils, surface water runoff, vadose
zone (basalt and interbeds) and groundwater) needs to be compiled and
evaluated to determine the extent of each constituent in each media; to
determine the magnitude and variation in concentration of each constituent
in each media; and to assess the adequacy of the number of data points to
support various conclusions with regard to the extent of contamination by
specific constituents. Some specific questions to be addressed are: (1)
the average concentration of each contaminant over time as well as the range
(high to low) in concentrations detected; and (2) calculations of the amount
of each constituent in the originating waste and in each medium at this time
(taking into account past transport that may not be currently detected).
This information may be further utilized to narrow the number of chemicals
to be evaluated in terms of need to clean up, chemicals of focus in
rick assncsninnts and hnalth-rick-hagnd r1Pannp
nhinrtivns
pPrfnrming
calculations, and further elimination of specific technologies that may have
passed screening but may not be able to treat the particular constituents of
concern.
A health-risk-based approach to establishing cleanup objectives was
developed in this report as a means to estimate concentrations to be
achieved in various environmentai media as a result of remedial actions
taken. This process evaluated long-term risk to residual concentrations of
contaminants based on a specified target risk (10-6). In the absence of
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analyses on the nature and extent of contamination currently found at the
SDA, this methodology has used arbitrary allocations of risk:
•

Between
radioactive
and nonradioactive chemicals
apportionment between chemical categories

•

Between
chemicals
a given
within
category (e.g., each
radionuclide) - equal apportionment across each chemical within a
category

•

Between exposure routes considered (ingestion of groundwater,
showering with groundwater, ingestion of soil, inhaiation of soii)
- equal apportionment between each exposure routes.

equal

As additional data and analygps hprnmp availahlP, filches, allnratinng
need to be re-examined. In particular, indicator chemicals need to be
identified to reduce the number of chemicals requiring analysis.
Other
areas to be examined include:
•

Determination
as to whether radioactive
or
nonradioactive
components, on a media-specific basis, may contribute more to the
exposure caicuiations.

•

Development of a weighting scheme for the four exposure routes
enneidanaA
Thie mev be based An the number A; Akam4Aftle 4n
riA
k
c
u.-A
route, their relative contributions, their relative risk, and
other factors. Average concentrations of each compound over time
would be one way to approach this analysis.

,101.401,1,.,YO

•

MM.;

WO.

Evaluation of the adequacy of a target risk of 10-6 versus the
adequacy,of selecting a different value within the range of 10-4
to
10-1 (including a detailed justification to
meet
EPA
satisfaction).

needs were (HSU luenLITIeu wiring Lne Lecnnology screening
process.
These data needs are presented throughout Section 6.3 in
association with the pertinent screening analysis and are not repeated here.
U41.4
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APPENDIX A
DERIVATInN nr EQUATInNS F^R CALCULATING
RISK-BASED REMEDIATION GOALS

This appendix presents the derivation for the equations used in
calculating risk-based remediation goals at the SDA. Section 4 of the
report provides a more detailed discussion of the use of these equations and
further clarification of a number of key variables. In this developmental
phase, the cleanup levels calculated using the following equations must be
considered preliminary/example remediation goals. A number of simplifying
assumptions have presently been incorporated into the process in order to
demonstrate the utility of the methods developed (see Section 4.).
It is
anticipated that these will be subsequently refined.
A.1

RISK-BASED
REMEDIATION
CARCINOGENIC CHEMICALS

GOALS

FOR

EXPOSURE

TO

NONRADIOACTIVE

The general equation for estimating combined excess lifetime risk of
cancer for exposure to nonradioactive carcinogens is defined as follows:
R = E (D x CPF)

(1)

where
R.combined excess lifetime risk of cancer for exposure to more than
one carcinogenic chemical and exposure pathway.
This method
assumes additivity of cancer risk in the absence of data on
synergism and antagonism.
D - chronic daily dose for the subject chemical via a given
route (mg/kg body weight/day)

exposure

CPF = Cancer potency factor for oral or inhalation exposure pathways.
CPF is the 95% upper-bound estimate of the slope of the doseresponse curve [(mg/kg body weight/day)-1]

A-1

Remediation goals for any given chemical in soil or groundwater at the
snA are derived based on potPntial exposure of SDA pprsiinnPl via nen nr twn
pathways.
For a chemical in groundwater, the exposure pathways are direct
ingestion and inhalation (of valatiles released) during showering.
For
compounds in soil, the exposure pathways include direct ingestion and
inhalation of suspended soil particulates. As an example, the combined
excess lifetime risk (R) of ingestion and inhalation (via showering)
exposure to a chemical in groundwater could be calculated as follows:
R

(Dao x CPFao) + (Dai x CPFai)

(2)

where
D ao = Dose for chemical "a" from ingestion exposure to
(i.e., oral route)

groundwater

Dai = Dose for chemical "a" from inhalation exposure to volatile
chemicals released during showering (i.e., inhalation route)
CPFao

Cancer potency factor for chemical "a" for the
route

CPFai•

Cancer potency factor for chemical "a" for
exposure route

oral

the

The average daily lifetime dose (for a given chemical
generally defined by the following equation:
Daj

exposure

inhalation

"a") may

Ca x IFj

be

(3)

where
Ca - Concentration of chemical "a" in a given
under evaluation
IFj = Intake factor for exposure route "j"

A-2

environmental

medium

The subscript j denotes a specific exposure pathway. Let j = o for the oral
axonsnr= rnuta and j = i fnr thia inhalatinn oxpnclir0 rnuto.
The intake factor IF is generally defined by EPA as the quantity of
environmental medium to which a receptor at risk of exposure may come in
contact (for example, 2 liters of water per day for ingestion exposure to
drinking water supplies).
In this assessment of the SDA facility, the
intake factor IF also incorporates a number of other variables.
As
described
in Section 4, these include: (1) a measure of exposure
duration/frequency; (2) an absorption factor reflecting the fraction of
chemical bioavailable for uptake and absorption from a given environmental
• Li at 4La
a
medium; and k4j iLa
WIC ClIfclaVc VVUJ WCIVIIL VI
WIC rc‘eptur
116
FIA
(t.his
factor is incorporated only for nonradioactive materials in order that dose
estimates may be expressed in the correct units).
Substituting equation (3) into equation (2) and rearranging yields
following expression:
x (CPFao x IF0 + CPFai x

the

(4)

Solving equation (4) for Ca gives the following result:
Ca - R/(CPFao x IF0 + CPFai x IF1)
revIn+ian
64U14411.0“

ICI
kmdj

ie
14

(5)

f--- of the equation for calculating riskbased remediation goals for nonradioactive carcinogenic chemicals in a given
environmental medium. Ca is the remediation goal or target cleanup level
for a given chemical ("a") and a specific environmental medium.
411C

Equation (5) cannot be solved until a value is assigned to the variable
R, the excess lifetime cancer risk. That is, the remediation goal Ca must
be derived for a specified target risk level. As noted in Section 4 of this
report, EPA has established the excess lifetime risk range of 10-4 to 10-7
as protective of human health and to be used as a basis for selecting
remedial action aiternatives. The excess lifetime risk level of 10-u is
suggested by EPA as a benchmark or "point of departure" in establishing
acceptable levels of exposure.

A-3

In this initial work conducted for EG&G, 10-6 has been established as
the overall target (excess) lifetime risk level for demonstrating the
utility of the methods developed. The overall lifetime risk of combined
exposure to all subject chemicals at the SDA, by all exposure routes must
therefore equal 10-6. One half of this risk level (5.0 x 10-7) has thus
been allocated to nonradioactive chemicals and to radionuclides as classes
of compounds of concern at the SDA. (Note that this is a simplistic and
arbitrary
allocation of risk solely for the purposes of initially
demonstrating the methodology that has been deveioped). Finally, half of
this latter risk level (e.g., 2.5 x 10-7) is allocated to groundwater and
soil
environmental
media (each) for
nonradioactive
chemicals
and
radionuclides.
Given the allocated risk for a given environmental medium (e.g., 2.5 x
-7
10 for groundwater or soil), an apportioned risk level must be determined
for each "chemical-route" under evaluation. Equation (6) below is used to
apportion target risk across the chemicals and exposure pathways under
investigation.
The equation derives the apportioned target risk per
"chemical-route" (TRPCR).
TRPCR =

The

total

nrndnetc
r.

number
nf

2.5 x 10-7
Total no. of "chemical-routes

of "chemical-routes" is determined as the sum

numhar nf rhamirale (with rnmmnn ovnnenra

number
of exposure routes.
environmental medium:
•

(6)

of the

reintac) timac

Specifically, for carcinogens

in

tho

each

Groundwater consumption and showerinq
Organics: 4 chemicals x 2 exposure routes - 8 "chemical-routes"
Metals: 1 chemical x 1 exposure route - 1 "chemical-route"
Total: 8 + 1 - 9 "chemical-routes"
Radionuclides:
1 chemical x 2 exposure route (Sr-90) = 1 "chemical-route"
1 chemical x 2 exposure routes (Tritium) - 2 "chemical-routes"
Total. I "rhomir21-rnutacli
A-4

•

Soil ingestion and inhalation
Organics: 3 chemicals x 2 exposure routes - 6 "chemical-routes"
Total: 6 "chemical-routes"
Radionuclides: 8 nuclides x 2 exposure routes - 16 "chemical-routes"
Total: 16 "chemical-routes"

Equation (6) is used to caicuiate the apportioned target risk per
and
"chemical-route" separately for: (1) the groundwater consumption
showering pathways; and (2) for the soil ingestion and soil inhalation
Using the apportioned target risk level, nrolimin2rv rick-h2cad
pathways.
remediation goals are then developed for each subject chemical.
The actual risk apportioned for chemical a would be the product of
TRPCR and the number of "chemical-routes" (NCR) for this particular
chemical.
Substituting this apportioned risk measure (i.e., NCR x TRPCR)
for the risk factor "R" in equation (5), the preliminary risk-based cleanup
levels or remediation goals, are calculated for nonradioactive chemicals.
As follows:
()ILK X INFLK)

(CPFaci x IF0 + CPFal• x IF.)
1
where
Ca - Preliminary remediation goal for chemical "a" in a given
environmental medium. Units: ug/L for water or mg/kg for soil.
NCR - Number of "chemical-routes" of concern for chemical "a" under
evaluation. (Note that NCR would take on a value of 1 or 2 for
the chemicals under investigation at the SDA).
TRPCR - Target risk per "chemical-route" as defined above.
CPF ao - Cancer potency factor for chemical "a", oral exposure route.
Units: (mg/kg body weight/day)-1

A-5

CPFai = Cancer potency factor for chemical "a", inhalation exposure
route Units: (mg/ka body weight/day)-1
IFo = Intake factor for oral exposure route
IFi - Intake factor for inhalation exposure route
A.2

RISK-BASED REMEDIATION GOALS FOR EXPOSURE TO RADIONUCLIDES

The incremental lifetime risk to humans associated with exposure to the
radionuclides at the calculated dose (D) is estimated as follows:
R = (D)(CRF)

(8)

where
R = Excess or incremental lifetime risk incidence of all cancers
D - Effective whole body dose (rem) as determined below
RCRF = Cancer incidence risk factor (per rem)
For more than one radionuclide, R would be calculated as follows:
R

(RCRF) x rDi

where
EDi - the sum of doses for
pathways, in rems.

all

radionuclides from

all

exposure

The cancer incidence risk factor is derived from the use of high to low
dose extrapolation models. EPA is currently using a RCRF of 6.2 x 10-4 per
Paul
rem for low LET radiation (Personal communication January 1989:
voiiique, SAIC, Radiation Advisory Committee of the Science Advisory Board,
the US Environmental Protection Agency). The range of cancer incidence is
given as 1.9 x 10-4 to 1.9 x 10-3 per rem.
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The effective whole body dose (for a given radionuclide in one
envirnnmental medium) via the PxprmrP nathwavc nf rnnrarn ic ralrulatad 2S
follows:
(Ci) x E(IFj)(DCFij)

(10)

where
Di = Effective whole body dose in rem for radionuclide i
C. - Concentration of radionuclide i (for a given
medium) in pCi/g or pCi/L

environmental

IFj - Intake factor for exposure route j for the exposure period of
concern.
IF is the product of the consumption rate (in Liday
or g/day) and the period of exposure (in days).
DCFii.the dose conversion factor (rem/pCi) for radionuclide
exposure route j

i

and

Following the procedures outlined above for nonradioactive chemicals,
remediation goals for a given radionuclide "a" is derived by: (1)
substituting the expression for dose in equation (10) into equation (9); (2)
substituting the factor NCR x apportioned target risk level (TRPCR) from
equation (6) for the variable R in equation (9); and (3) solving equation
(9) for Ca, the remediation goal for radionuclide "a" in groundwater or
soil. The expression derived is as follows:
(NCR x TRPCR)
RCRF x [(IF0 x DCFao) + (IFi x DCFai)]

(11)

where
Ca - Preliminary remediation
pCi/L or pCi/g
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goal for radionuclide "a".

Units:

NCR - Number of "chemical-routes" of concern for radionuclide "a"
under evaluation. iMaia
viwuc loppOle NCR would take on a value of 1 or
2 for the radionuclides under investigation at the SDA).
TRPCR = Target risk per "chemical route" as defined above
RCRF = Cancer risk factor for radionuclides (conversion from rem
excess lifetime cancer risk). Units: cancer risk per rem

to

DCFao - Dose conversion factor for radionuclide "a", oral exposure
route. Units: rem/pCi
DFai - Dose
conversion factor for
exposure route. Units: rem/pCi

radionuclide "a",

IF0 = Intake factor for radionuclides for the oral
Units: liters or grams
IF1 = Intake
factor for
inhalation
radionuclides. Units: grams
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exposure

inhalation

exposure

pathway

route.
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APPENDIX B
SUMMARY DESCRIPTION OF REMEDIATION TECHNOLOGIES

The pages in Appendix B are incorrectly numbered;
page numbers 6-24 and B-25 were not used.

APPENDIX B
SUMMARY DESCRIPTION OF REMEDIATION TECHNOLOGIES
This Appendix provides a brief description of each technology that is
potentially applicable to the INEL site. These technoiogies range from
to
emerging
those
that are proven with wide-spread implementation
In order enhance
the
technologies
that are considered innovative.
organi7atinn nf this rProprt, thp tprhnnlngips havp hppn rlassifipd in this
section by (1) source control, (2) migration control, (3) waste stream
It
treatment, (4) disposal technologies, and (5) institutional controls.
should be noted that many of these technologies can be placed in several of
these classifications.
If a technology is appropriate in more than one
classification it is discussed in detail where it is likely to be the more
significant technology and mentioned in the other appropriate sections.
This
exhaustive
nf

tho

appendix summarizes technologies. It does not provide
an
discussion of advantages, disadvantages, and limitations.
Most

infnrmatinn

in thic cartinn wac aletrartad frnm

tha

Wandlehnnk

nf

Remedial Action at Waste Disposal Sites, EPA/625/6-85/006. The information
can be used for a preliminary remedial action screening but not the detailed
evaluation or final selection of alternatives.
B.1

SOURCE CONTROL

Source controi technologies may be appiied to the waste source to
prevent further migration of hazardous constituents into the surrounding
environmental media and they may also be applied to secondary sources, such
-- environmental contamination remaining once the
source is removed
that may be a continuing or future source of contaminaht migration.
Source
control technologies include in-situ treatment methods for in-place waste
and contaminated soil and contaminated soil excavation.
The distinction
between source control technologies and the migration control technologies
discussed in Section B.2 can be arbitrary for many of the techniques
presented in these sections. For example, slurry walls which are presented
as a migration control would be a source control method if applied
6-1

immediately around a source.
B.1.1

In-Situ Waste or Soil Containment

chemical
technologies
such
as
containment
includes
In-situ
immobilization, grouting, and in-situ vitrification which may be used to
prevent further migration of contaminants from a waste source or from
residual contaminated environmental media.
B.1.1

In-Situ Waste and Soil Treatment

as
In-situ waste and soil treatment includes technologies such
bioreclamation
or biological degradation, solidification/stabilization
(grout-in-place), chemical treatment in place or to remove contaminants
(soil washing), and physical treatment. These techniques either fix the
contaminants in place, change their form, or selectively remove the
contaminants.
B.1.1.1

Bioreclamation

Microorganisms, like all living organisms, require specific inorganic
nutrients (i.e., nitrogen, phosphate-phosphorus, trace metals), and a carbon
and energy source to survive.
Bioreclamation relies upon microbial
metabolic activity to convert toxic substances to a more desirable form.
IndigPnnns mirrnnrgpnisms ran gPnPrally hP rPlipd npnn tn dAgradn a widim
range of compounds given adequate living conditions. Specially adapted or
genetically manipulated microorganisms are also available. The technology
of
in-situ bioreclamation involves implementing methods to
optimize
environmental conditions in the subsurface to enhance, microbial activity.
This can include an injection system, an infiltration system, or other
techniques to provide oxygen, provide nutrients, control temperature, or
modulate any other parameter that can enhance microbiai activity.
Bioreclamation can be expected to reduce the concentration of only
those organic compounAs whirh are amenahle tn biologic21 degradation. These
are
compounds that are either substrates for microbial growth
and
B-2

metabolism, or are cometabolically broken down as the microorganism uses
another primary substrate as its carbon and energy source. This technology
would not be applicable to radionuclides or inorganics. Microbial metabolic
activity can be classified into three main categories: aerobic respiration,
in which oxygen is required as a terminal electron acceptor; anaerobic
innenivin4inn
14441on4n envioar ne
n
+flimninnl
in takirk e n1;m4n
acceptor; and fermentation, in which the microorganism rids itself of excess
electrons by exuding reduced organic compounds.
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The bioreclamation method that has been most developed for in-situ
treatment is one which relies on aerobic (oxygen requiring) microbial
processes.
For most compounds, the most rapid and complete degradation
occurs aerobically.
It can be generalized that for the degradation of
petroleum hydrocarbons, aromatics, halogenated aromatics,
polyaromatic
hydrocarbons, phenols, halophenols, biphenyls, organophosphates, and most
pesticides and herbicides, aerobic bioreclamation techniques are most
suitable.
Extensive data on the biodegradabilities of substances can be
found in the literature. Relative aerobic biodegradability of compounds can
also be estimated using laboratory data associated with
biological,
chemical, and ultimate oxygen demand (i.e., BOD, COD, UOD).
In most
instances, treatability studies are required to determine degradability of
specific contaminants.
Aerobic bioreclamation has been demonstrated to be effective in
degrading organics at more than 30 spill sites. Although it has not yet
weep'
UUMIAlbLVdLCU
114.44VUUUb wds‘e bILS, it can be expected to
be
effective and reliable provided the organics present are amenable to aerobic
degradation.
For applications to groundwater systems, the
hydraulic
conductivity of the aquifer must be sufficiently high for this process tn he
effective.
There
are substantial research data
to
suggest
that
microorganisms found at uncontrolled hazardous waste sites 'are wellacclimated to the wastes.
Anaerobic treatment is generally not as promising for site remediation
as aerobic treatment. Anaerobic processes are slower, fewer compounds can
be degraded, and the logistics of rendering a site anaerobic have not been
8-3

developed to date. Anaerobic degradation under very reducing conditions
appears to be the most suitable process for halogenated lower molecular
weight hydrocarbons, such as unsaturated alkyl halides like PCE and TCE, and
saturated alkyl halides like 1,1,1-trichloroethane and trihalomethane. Some
lower
molecular
weight halogenated hydrocarbons will
only
degrade
aornhicA
lly.
an
Bioreclamation is capable of degrading organics sorbed to soils as well
as organics in solution.
The technology can be applied to soils or
groundwater as long as the proper environment for the microbe is provided.
B.1.1.2

In-Situ Vitrification

In-situ
vitrification is a technology being developed for the
stabilization of transuranic contaminated wastes, and is
conceivably
applicable to other hazardous wastes. The ♦technique could theoreticalls ut
applied to the waste itself or surrounding soil. It might be used to
immobilize contaminated material or to solidify noncontaminated material so
it would act as a barrier.
Several laboratory-scale and pilot-scale tests have been conducted, and
a large-scale testing system is currently being fabricated. The technology
is based upon electric melter technology. The principle of operation is
joule heating, which occurs when an electrical current is passed through a
molten mass. Contaminated soil is converted into durable glass, and wastes
are pyrolyzed or Lryb‘4111Leu. Off-yabeb releaseu uuring the melting
process are trapped in an off-gas hood. The off-gases depend upon the waste
materials.
The great temperatures involved could cause the volatilization
to some extent of most materials. The energy requirements and physical nPPd
for hooding would complicate the application of this technique in a large
scale application. The depth of the waste is a significant limiting factor
in the application of this technology.
B.1.1.3 Solidification/Stabilization
Grouts can be used to (i) improve waste handling or other physical
characteristics of the waste, (2) decrease the surface area across which
R-4

transfer of contaminants can occur, and/or (3) limit the solubility or
toxicity of contaminants.
This technique can be applied to organics,
It couid be appiied to any waste type.
inorganics and radionuciides.
Grouts are used primarily, but not exclusively, as a monolithic block of
waste with high structural integrity. The contaminants do not necessarily
interAct chemically with the nrniit, hiit Are mechanicAlly lorked within the
solidified matrix. Contaminant loss is minimized by reducing the surface
area.
In-situ grouting is a potentially applicable in-situ process whereby
one of a variety of fluids is injected into the waste or soil mass where it
is set in place to reduce water flow and to bind the contaminants or wastes.
Grouting may best be suited for sealing voids in rock. Even in cases where
rock voids are transmitting large water volumes, a grout can be formulated
to set before it is washed out of the formation.
Cement has probably been used longer than any other type of material
for grouting applications. Cement grouts utilize hydraulic cement which
sets, hardens, and does not disintegrate in water. Because of their large
particle size, cement grouts are more suitable for rock than for soil
applications.
The addition of clay or chemical polymers can improve the
range of usage. Cement grouts have been used for both soil consolidation
and water cut-off applications, but their use is primarily restricted to
more open soils. Typically cement grouts cannot be used in fine-grained
soils with cracks less than 0.1 millimeter wide.
Clays have been widely used as grouts, either alone or in formulations
because they are inexpensive. Only certain types of clay minerals possess
the physical and chemical characteristics favorable for use in grouting.
These characteristics include the ability to swell in the presence of water
to form a gel structure at low solution concentrations. Clays are subject
to dissolution by acids and may not prevent migration of organics.
Bentonite grouts can be used alone as void sealers in coarse sands.
Bentonite-chemical grouts can be used in medium to fine sands.
Both of
these grout types can also be utilized to seai small rock fissures.
8-5

Alkali silicates are the largest and most widely used type of chemical
grouts. Sodium, potassium, and lithium silicates are available, with sodium
silicates being used more frequently. Silicate grouts are used for both
soil consolidation and void sealing applications. They are not suitable for
open fissures or highly permeable materials because of syneresis (water
expulsion) unless they are preceded by cement grouting. Silicate grouts may
also have set up problems in the presence of organics.
nrganir pnlyMnr grnnts rnprnsnnt nnlv a šmall fractinn nf thn grnnts in
use. These grouts consist of organic materials that polymerize and crosslink
to form an insoluble gel.
One of the greatest potential uses for grouting in hazardous waste site
remediation is for sealing fractures, fissures, solution cavities, or other
voids in rock. Nonetheless, rock grouting at waste sites is uncommon and no
actual appiications were found in the literature.
The

success of a grouting project depends on thorough site
ekmlomr4nr47mtinn
co,1 mmtar. ka,v.inn uniele
nr
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dependent on being to locate them. In many remedial grouting operations,
only a small portion of the soil mass will transport water and must be
sealed. Consequently, the exploratory investigation must be very thorough.
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Soil grouting is very much a specialty operation. It
limited number of contractors, and each such program
specific.
Because this technique has rarely, if ever,
controlling contaminated soil or waste, an assessment of
reliability is not possible.
8.1.1.4
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e
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performance and

Chemical Treatment

Chemical
treatment methods are desianed to render contaminants
insoluble, to prevent leaching of the contaminants from the soil matrix, and
to prevent their movement from the area of contamination.
Little is
currently known about the effectiveness and reliability of such treatment
techniques.
Treatment methods which are currently being investigated are
precipitation, chelation, and polymerization.
B-6

Chemicals can also be used to immobilize, mobilize (for extraction), or
detoxify subsurface organic and inorganic contaminants. Technologies placed
in the category "immobilization" include precipitation, chelation, and
mobilizing
methods for
category encompassing
polymerization.
The
Flushing agents
contaminants for extraction is termed "soil flushing."
Detoxification
inciude surfactants, diiute acids and bases, and water.
techniques include oxidation, reduction, neutralization, and hydrolysis.
These categories do not define the limits of each technology, as a technique
implamantod primarily for one objective may simultaneously perform one or
more others.
range
of methods.
chemical
treatment covers a wide
In-situ
Generalizations regarding the feasibility and effectiveness of these methods
However, all of these methods are developmental or
are not possible.
conceptual and none have been fully demonstrated for hazardous waste site
remediation.
Of aii the methods that will be described, soii fiushing
methods involving the use of water surfactants appear to be the most
feasible for organics. They can use relatively cheap, innocuous treatment
reagents, can be osad to treat a hroati range nf waetp cooctitnents, and dn
not result in toxic degradation products. The most feasible methods for
treating inorganics in-situ include soil flushing with dilute acids,
chelating agents, or other treatment agents which will mobilize the metals.
The feasibility of an in-situ chemical treatment approach is dictated
waste
characteristics,
and
geology
and hydrology, soil
by
site
characteristics.
Since the application of many chemicai in-situ treatment
techniques to hazardous waste disposal site reclamation is conceptual or in
the developmental stage, there is little hard data available on the specific
come
site characteristics that may limit the applicability of each methnd.
of the site and soil characteristics considered important in evaluating the
treatment applicability are as follows:
•
•
•
•
•

Site location/topography
Slope of site-degree and aspect
Soil type and extent
Hydraulic properties and conditions
Climatological factors
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The chemical treatment approach generally involve the delivery of a
fluid to the subsurface. Minimal permeability requirements must be met if
the treatment solution is to be delivered successfully to the contaminated
zone. Sandy soils are far more amenable to in-situ treatment than clayey
soils.
Further, the solution used must be contained within the treatment
zone.
Measures must be taken to ensure that treatment reagents do not
migrate and, of themselves, become contaminants. Care must be taken during
the extraction process not to increase the burden of contaminated water by
drawing nnrnntaminatpd watpr intn thp trPatmont 7nn0 frnm thP aqui-F.2r nr
from hydraulically-connected surface waters.
Potential chemical reaction of the treatment reagents with the soils
and wastes must be considered. A treatment approach that may neutralize one
contaminant may render another more toxic or mobile; for example, chemical
oxidation will destroy or reduce the toxicity of many toxic organics, but
chromium 111, if present, will oxidize to the more toxic and mobile chromium
VI state. The permeability of soils may be reduced by the treatment
approach.
In soils high in iron or manganese, for example, oxidizing the
innn nnA
m
nw'Ann
enheurface could result in the precipitation nf
VI
IIVO ORY
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and hydroxides, which could clog the delivery system and the aquifer or
soil, thereby reducing the effectiveness for the targeted contaminants.
These methods may be applied to soils or groundwater.
Precipitation
Precipitation is the most promising method for immobilizing dissolved
metals such as lead, cadmium, zinc, and iron. Some forms of arsenic,
‘11IUMPIAM,
mercury, and some organic fatty acids can also be treated by
precipitation.
A11 the divalent metal cations can be precipitated using
sulfide, phosphate, hydroxide, or carbonate.
However, the solubility of
the product and the stability of the metal complexes vary. Because of the
low solubility product of sulfides and the stability of metal sulfides over
a broad pH range, sulfide precipitation looks most promising.
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Sodium sulfate used in conjunction with sodium hydroxide has shown
wide-spread applicability for precipitation of metals. Precipitation takes
place at a neutral or slightly alkaline pH. Resolubilization of sulfides is
Addition of sodium hydroxide minimizes the formation of hydrogen
low.
Experiments with
sulfide
sulfide
gas by assuring an alkaline pH.
nrnrinitntinn nf 7inr indiratn that n hinh rocidn21 nf "nro2rt0A cuifido M2Y
remain in solution.
Precipitation is most applicable to sites with sand or course silt
strata. Disadvantages include the injection of a potential pollutant; the
potential for formation of toxic gases (in the case of sulfide treatment);
the potential for clogging soil pore space; and the possibility of
precipitate resolubilization.
Chelation
A chelate is a type of compound in which a metal ion such as cobalt,
nickel, copper, or zinc is attached by coordinate links to two or more
nonmetal atoms in the same molecule. Heterocyclic rings are formed with the
metal atom as part of each ring. Chelating agents promote the formation of
chelates.
Chelating agents may be a very effective means of immobilizing metals
although considerable research is needed in this area. Depending upon the
specific chelating agent, stable metal chelates may be highly mobile or may
Sl
A
strongly
sorbed 1114U ekn
WIC
ZVII.
common %.14Ciabluy
be
is
ethylenediaminetetraacetic acid (EDTA). Tetran is an example of a chelating
agent which is strongly sorbed to clay in soils.
Polymerization
Polymerization involves injection of a catalyst into a plume to cause
polymerization of an organic monomer (i.e., styrene, vinyl chloride,
isoprene, methyl methacrylate, and acrylonitrile). The polymerization
reaction transforms the once fluid substance into a gel-like, non-mobile
mass.
in-situ polymerization is a technique most suited for groundwater
B-9

cleanup following land spills or underground leaks of pure monomer.
Application for uncontrolled hazardous waste sites are very limited.
Major
disadvantages include very limited application and difficulty of initiating
sufficient contact of the catalyst with the dispersed monomer.
Soil Flushinq
Soil

flushing (i.e., solvent flushing, ground leaching, or solution
mining)
an cX‘142‘61vn
WICtle
wawicz ulyani t. a nd
invrydnic
contaminants from the soil. Water or an aqueous solution is injected into
the area of contamination, and the contaminated elutriate is pumped to the
surface for removal, recirculation, or on-site treatment and reinjection.
During elutriation, sorbed contaminants are mobilized into solution by
reason of solubility, formation of an emulsion, or by chemical reaction with
the flushing solution. Solutions with the greatest potential for use in
soil flushing are (1) water, (2) acids-bases, (3) complexing and chelating
agents, (4) surfactants, and (5) reducing agents. Soil flushing may involve
the recycling of elutriate through the contaminated material, with make-up
solution being added to the system while a fraction of the elutriate stream
is routed to a wastewater treatment system.
Water can be used to flush water-soluble or water-mobila nrganirs and
inorganics.
Hydrophilic organics are readily solubilized in
water.
Organics amenable to water flushing can be identified according to their
soil/water partition coefficient, or estimated using the octanol/water
coefficient.
High solubility organics, such as lower molecular weight
alcohols, phenols, and carboxylic acids very amenable to this technique.
Medium solubility organics which could be effectively removed from soils by
water flushing include low to medium moiecuiar weight ketones, aldehydes,
and
aromatics, and lower molecular weight halogenated
hydrocarbons.
Inorganics which can be flushed from soil with water are soluble salts such
as tha rarhnhatat nf nirkel, line', and rnppar.
Adjusting the pH with dilute
solutions of acids or bases will enhance inorganic solubilization and
removal.

to

Dilute solutions of acids have been widely used in industrial processes
extract metal ions. Solutions of sulfuric, hydrochloric, nitric,
B-10

phosphoric, and carbonic acid are used in industrial applications to
dissolve basic metal salts. However, because of the toxicity of many-acids,
it is desirable to use weak acids for in-situ treatment. Acidic solutions
may serve to flush some basic organics such as amines, ethers, and anilines.
Complexing and chelating agents may also find use in a solution mining
Chelating agents used for in-situ
removal system for heavy metals.
treatment must result in a stable metal-chelate complex which is resistant
to decomposition and degradation. Another possibility for mobilizing metals
which are strongly absorbed to manganese and iron oxides in soils is to
reduce the metal oxides which results in release of the heavy metal into .pa
solution. Chelating agents or acids can then be used to keep the metals in
solution.
Surfactants can be used to improve the solvent property of the recharge
wator, omulsify nnncolublA nrganica, and anhanca tha rpranval nf hvdrnnhnhir
organics sorbed into soil particles. Surfactants improve the effectiveness
of contaminant removal by improving both the detergency of aqueous solutions
and the efficiency by which organics may be transported by aqueous
solutions.
Surfactant washing is among the most promising of the in-situ
chemical treatment methods.
Numerous environmentally safe and reiativeiy inexpensive surfactants
are commercially available. Use of surfactants to date has been restricted
to laboratory research. Most of the research has been performed by the
potrnlaum indlictry fnr tortiary nil roc-ovary. AtTionne curfartants haw:, also
been proposed for gasoline cleanup. In a study performed by the Texas
Research Institute for the American Petroleum Institute, a mixture of
anionic and nonionic surfactants resulted in contaminant recovery of up to
40 percent. In a laboratory study conducted by Ellisand Payne, crude oil
recovery was increased from less than 1 percent to 86 percent, and PCB
recovery was increased from less than 1 percent to 68 percent when soil
columns were flushed with an aqueous surfactant solution.
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Detoxification
Detoxification techniques are treatments that destroy, degrade, or
otherwise reduce the toxicity of contaminants. The techniques include
neutralization, hydrolysis, oxidation/reduction, enzymatic degradation, and
permeable treatment beds.
The techniques are applicable to specific
chemical contaminants, therefore, uses of these in-situ techniques at waste
sites will be limited.
Neutralization involves injecting dilute acids or bases to adjust the
pH.
This pH and adjustment can serve as pretreatment prior to in-situ
biodegradation, oxidation, or reduction to optimize the pH range. It can be
used to neutralize acidic or basic plumes that need no other treatment, or
to neutralize groundwater following another treatment. It can also be used
during oxidation, reduction, or precipitation to prevent the formation of
toxic gases including hydrogen sulfide and hydrogen cyanide.
The pH adjustment can also be used to increase the hydrolysis rate of
certain organics. The rate of hydrolysis can be increased up to one order
of magnitude for a change of one standard unit in pH. Classes of compounds
with potential for in-situ degradation by hydrolysis include:
esters,
amides, carbamates, phosphoric and phosphonic acid esters, and pesticides.
Because a hydrolysis product may be more toxic than the present compound,
the pathways for reactions must be determined to ensure toxic products ire
not produced.
A collection system should be incorporated as a fail safe
measure with this technique to prevent migration of the treatment reagents
and any contaminants which are not successfully treated.
Oxidation and reduction reactions serve to alter the oxidation state of
a compound through loss or gain of electrons, respectively. Such reactions
can detoxify, precipitate, or solubilize metals, and decompose, detoxify, or
soluhilize organirs. Ovidation m2y render organics more amenable to
biological
degradation.
Oxidation/reduction techniques
are
standard
wastewater treatment approaches, but their application as in-situ treatment
technologies is conceptual.
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Oxidation of inorganics in soils, is for all practical purposes limited
to oxidation of arsenic and possibly some lead compounds.
The in-situ
nv44,544nA AS
miwennir
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wi ueocipit..
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permanganate k.se.
successfully reduce the arsenic concentrations in groundwater in Germany.
Three oxidizing agents, of the large number that are available, have been
considered potentially useful in the in-situ detoxification of organics in
groundwater and soil: hydrogen peroxide, ozone, and hypochlorites.
Each
can react with a broad range of organics and could potentially oxidize a
number of different organic contaminants in a hazardous waste site.
Selection of the appropriate oxidizing agent is dependent in part upon the
substance or substances to be detoxified, but also upon the feasibility of
delivery and environmental safety. Although there are some compounds that
will not react with nyulyucu peruxide but will Fedct with ucuue ur
hypochlorite, hydrogen peroxide appears to be the most feasible for in-situ
treatment.
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Ozone gas is a very strong oxidizing agent that is very unstable and
extremely reactive. It cannot be shipped or stored; therefore, it must be
generated
on-site.
Ozone rapidly decomposes and its
half-life
in
groundwater is only 18 minutes. Ozone is used in the treatment of drinking
water, municipal wastewater, and industrial waste, but has never been used
in the treatment of contaminated soils or groundwater.
Hypochlorite, generally available as potassium, calcium, or sodium
hypochlorite (bleach) is also used in the treatment of drinking water,
municipal wastewater, and industrial waste. Hypochlorites have never been
used in the treatment of contaminated groundwater or soils. The reaction of
many organics with hypochlorite results in the formation of chlorinated
organics which can be as or more toxic than the original contaminant.
The
formation of lower molecular weight chlorinated organics in drinking water
hypochlorite treatment for disinfection purposes has become a major concern
of the drinking water industry.
Hydrogen peroxide, a moderate strength chemical oxidant, is used
routinely in municipal wastewater treatment to control various factors of
hiningirn1 trontMant, and is 21so used in industrial 'ant+. 1.4cc“.mcort. + A
l•
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detoxify cyanide and various organic pollutants.
Hydrogen peroxide is
commercially available in aqueous solutions of several concentrations and is
miscible in water at all concentrations. It has been delivered successfully
in
dilute solutions to the subsurface as an oxygen source
in
a
bioreclamation project.
Chemical reduction is the process by which the oxidation state of a
compound is reduced.
Reducing agents are electron donors.
Chemical
reduction does not appear to be as promising as oxidation for the treatment
of organics. Although research has demonstrated reductive dehalogenation of
a variety of chlorinated organics and reduction of unsaturated aromatics and
aliphatics in the laboratory using catalyzed metal powders the effectiveness
in soils has not been demonstrated. Chemical reduction does, however,
appear promising for treatment of chromium and selenium in soils. The insitu reduction of hexavalent to divalent chromium has been accomplished in
AriLund well water using minute quantities of reducing agent.
There are a number of disadvantages with the use of oxidizing and
reducing agents which limit their use at hazardous waste sites.
ThP
treatment compounds are non-specific and this may result in degradation of
non-targeted
compounds. There is the potential,
particularly
with
oxidation, for the formation of more toxic or more mobile degradation
products.
Also, the introduction of these chemicals into the groundwater
system may create a pollution problem in itself.
Enzymatic degradation of organics with cell-free enzymes
hoids
potential as a possible in-situ treatment technique.
Purified enzyme
extracts, harvested from microbial cells, are commonly used in industry to
rataly7e a variety of reartions, iorl tiding tha degradation of carbohydrates
and proteins.
A bacterial enzyme preparation has been used to detoxify
organophosphate waste from containers. Parathion hydrolase has been tested
under field conditions in the degradation of the pesticide diazinon and has
been found to effectively reduce concentrations in soil.
Permeable treatment beds are essentially excavated trenches placed
perpendicular to groundwater flow and filled with an appropriate material to
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treat the plume as it flows through the material. Some of the materials
that may be used in the treatment bed are limestone, crushed shell,
aCtiV2tori rarhnn, glaiwOnitir nraran sanfis, and
crIthatir inn exchange
Permeable treatment beds have the potential to reduce
resins.
the
quantities of contaminants present in leachate plumes.
The system is
applicable to relatively shallow groundwater tables containing a plume.
To
date, the application of permeable treatment beds at hazardous waste sites
has not been performed.
In-situ
treatment of a ieachate plume using
precipitation
or
polymerization techniques probably has limited application.
There are
several problems associated with these techniques. There is a need for
numerous, closely-spaced injection wells even in coarse-grained deposits
because the action of precipitation or polymerization will lower hydraulic
conductivities near injection wells reducing treatment
effectiveness.
Contaminants are not removed from the aquifer and some chemical reactions
can be reversed allowing contaminants to again migrate with groundwater
flow.
The treatment may involve the injection of a potential groundwater
pollutant as well as the formation of toxic by-products.
B.1.1.5

Physical In-Situ Methods

A number of methods are currently being ucycitipeu W1111.41 involve
physical manipulation of the subsurface in order to immobilize or detoxify
waste constituents. These technologies, which include in-situ heating, and
ground-freezing, are in the early stages of development and detailed
information is not available.
Heating
In-situ heating has been proposed as a method to destroy or remove
organic contaminants in the subsurface through thermal decomposition,
vaporization, and distillation. Methods recommended for in-situ heating are
steam injection and radio frequency heating.
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The radio frequency heating process has been under development since
the 1970s.
Field experiments have been conducted for the recovery of
hydrocarbons. The method involves laying a row of horizontal conductors on
the surface of a landfill and exciting them with an RF generator through a
matching network. The decontamination is accomplished in a temperature
range of 300 to 400 degrees centigrade, assisted with steam, and requires a
residence time of about two weeks. A gas or vapor recovery system is
required on the surface. Excavation, mining, drilling, or boring is not
required.
This method appears very promising for certain situations
involving contamination with organics, although more research is necessary.
Freezina
Freezing technology has the potential to contain any contaminant type
in any media.
Artificial ground freezing involves the installation of
freezing loops in the ground and a self-contained refrigeration system that
pumps coolant around the freezing loop. Although never used in an actual
waste containment operation, the technology is being used increasingly as a
construction method in civii engineering projects.
Artificial ground
freezing is done not on the waste itself, which may have a freezing point
much lower than that of the soil systems, but on the soil surrounding the
ha7ardnut wacto. It renders the soil nrartir2lly imnarma,kla but is useful
only as a temporary treatment approach because of the thermal maintenance
expense.
B.1.2 Contaminated Soil Excavation
Excavation and removal followed by land disposal or treatment are
performed extensively in hazardous waste site remediation. There are no
absolute limitations on the types of waste which can be excavated and
removed.
However, worker health and safety weighs heavily in the decision
avr.v.4.e.
avnl no 4 uet
ri• %re.
to
highly ♦toxic naaba ma
a .
Other
factors which are considered include the mobility of the wastes, the
feasibility of on-site containment or in-situ treatment, and the cost of
disposing the waste or rendering it non-hazardous once it has been
excavated. A frequent practice at hazardous waste sites is to excavate and
PIM
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remove contaminant "hot spots" and to use other remedial measures for less
contaminated soils. Excavation and removal is applicable to almost all site
conditions, aithough it may become cost-prohibitive at great depths, in
complex hydrogeologic environments, or with highly dangerous explosive
situations.
The nature and extent of preventative and mitigative measures required
for controlling environmental releases during excavation and removal are
site specific, although there are a number of general procedures that apply
to all sites. Operating areas for staging and treating drummed wastes and
contaminated soils should at a minimum be graded to prevent puddling; lined
with
polyethylene or clay; and bermed or diked.
Where
temporary
impoundments must be used to store liquids, it may be acceptable to provide
a thick clay liner and to excavate the contaminated soils after use of the
impountent is completed.
As soils are being excavated on-site, air monitoring should be
conducted to detect unsafe levels of various constituents in the ambient
air.
Numerous portable direct reading instruments are available.
As
contaminated soils are excavated from the disposal area, they should be
transferred to a box truck or a temporary storage area, preferably a diked
or bermed area lined with plastic or low permeability clay.
A layer of
absorbent material should be placed on the bottom of the temporary storage
area.
%nA nmrttrnl can almost
Excavation anu
totally eliminate the contamination
at a site and the need for long-term monitoring. Once excavation is begun,
the time to achieve beneficial results can be short relative to alternative
technologies. Excavation and removal can be used in combination with almost
any other remedial technologies.

The greatest problems with excavation, removal, and off-site disposal
are
associated with worker safety, short term impacts, cost, and
institutional aspects.
Where highly hazardous materials are present,
excavation can pose a substantial risk to worker safety. Short term impacts
such as fugitive dust emissions, toxic gases, and contaminated run-off are
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frequently a major concern, although mitigation measures can be taken.
The
location of the nearest RCRA approved landfill or incinerator is a very
important consideration in handling the treatment or disposal of excavation
material.
The excavation technologies include loading and casting excavation,
hauling excavation, pumping and industrial vacuum loaders. The excavation
technologies use equipment that is well known and demonstrated.
Detailed
lACZA..1
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Loading and casting can be accomplished by a
conventional equipment.
The basic equipment types are
dozers, and loaders.

wide variety
of
backhoes, cranes,

Hauling excavation is used for on-site and off-site transport of
wastes.
The hauling equipment includes scapers, haulers, dozers and
loaders.
Pumping may be required in order to remove liquids and siudges from
waste sites.
The liquid wastes may be pumped to a treatment system or a
tank truck for transport off-site. The selection of a pump is complicated
by the presence of chemicals that could corrode or dissolve pump parts.
Corrosive liquids having a low pH or a high chloride ion content can rapidly
destroy most metal pumps. Wetted parts should be plastic, rubber, or
ceramic, or if made of iron, should be alloyed with silicon and/or chromium.
It is extremely important to check the chemical compatibility of seals with
the fluid being pumped.
The presence of abrasive liquids also infiuences pump selection.
Internal passages must have adequate dimensions or abisasive particles will
damage parts that they rub against. Close internal clearances between
ctatinnary and mnving prtc is undesirable. Ruhber and ceramic parts resist
abrasive wear better than metal parts. Many manufacturers make abrasionresistant models, and the pump should be selected after a detailed
assessment of the waste to be pumped.
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Industrial vacuum loaders such as the "Supersucker" can be used in
large scale cleanup operations to remove soil or liquid waste.
Using
industrial loaders for soil removal is safer and more efficient than using
The typical equipment consists of a vehicle mounted highhand tools.
strength vacuum that can carry solids, liquids, metal and plastic scraps,
and almost any other material that can fit through the hose (i.e., 7 inch).
Because of the large capacity of the vacuum cylinder, vacuum trucks are
generally not well suited where the volume to be removed is less than
equivalent of 30 drums.
An important consideration with vacuum loaders is the compatibility of
wastes with materials of construction. Vacuum cylinders can be purchased in
carbon steel, stainless steel, aluminum, and nickel. limy %all! WC 4UCCI4CU
with a variety of coatings including epoxy, fiberglass, and neoprene rubber.
B.2

MIGRATION CONTROL

Migration control technologies are those that will eliminate, reduce or
modify the migration of a liquid plume or vapors in the subsurface or
fugitive dust at the surface.
B.2.1

Runon/Runoff Controls

8.2.1.1

Capping
ic A prnrocc Hcod tn rnVPr huricid WASAP 1112tnri 2ic

prevent
contact with water, to prevent gas releases to the air, to prevent
infiltration and generation of leachate, and to control runon/runoff.
The
designs of modern caps usually conform to the performance standards in 40
CFR 264.310, which addresses RCRA landfill closure „requirements.
These
standards include minimum liquid migration through the cover, low cover
maintenance requirements, efficient site drainage, high resistance to damage
by settling or subsidence, and a permeabiiity iower than or equai to the
underlying liner system or natural soils. These performance standards may
not always be appropriate, particularly in instances where the cap is
intended to be temporary, where there is very low precipitation, ,nd '
aka^
the capped waste is not leached by infiltrating rainwater.
Capping
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There are a variety of cap designs and capping materials available.
Most cap designs are multi-layered to conform with design standards,
however, single-layered designs are also used for special purposes.
The
selection of capping materials and a cap design is influenced by specific
factors such as local availability and costs of cover materials, desired
Ul LUVCV MdLCV141), WIC IldWArt Ul LIM WdbLeS veiny covereu,
climate and hydrogeology, and projected future use of the site in question.
Capping is appropriate whenever contaminated materials (wastes or
soils) are to be or left in place at a site.
In general, capping is
performed when extensive subsurface contamination at a site precludes
excavation and removal of wastes or residual contaminated material once
waste or "hot spots" are excavated. Capping may also be performed together
with the groundwater extraction or containment technologies to prevent or
significantly reduce further plume development. Groundwater monitoring wells
are often used in conjunction with caps to detect unexpected migration of
the capped wastes. A gas collection system should always be incorporated
into a cap design when wastes may generate gases.
Capping is also
associated with surface water centrel techneIngios tHrh at ditrhac, dikat
and berms because these structures are often designed to accept rainwater
drainage from the cap. Grading and revegetation are also incorporated into
multi-layered caps.
Caps need long-term maintenance and have uncertain design lives. Caps
need to be periodically inspected for settlement, ponding of liquids,
erosion, and naturally occurring invasion by deep-rooted vegetation and
burrowing mammals. Groundwater monitoring wells associated with caps need
to be periodically sampled and maintained.
Caps generally have a minimum design life of 20 years when a synthetic
liner is the only liquid barrier. This period may extend to over one
hundred years when a synthetic liner is supported by a low-permeability
base; the underlying wastes or soils are unsaturated; there is great
distance between the contaminated material and the groundwater table; and
proper maintenance procedures are observed.
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Multi-layered caps generally must conform to EPA's guidance under RCRA
which recommends a three-layered system consisting of an upper vegetative
layer underlain by a drainage layer over a low pcimcab;1;ty layul.
The
vegetative layer is served by the topsoil layer; the drainage layer can be
composed of sand; and the low permeability layer can be formed by a combined
synthetic
and soil liner system. The cap functions
by
diverting
infiltrating liquids from the vegetative layer through the drainage layer
and away from the underlying waste or residual contaminated materials.
The low permeability layer of the multi-layered cap can be composed of
natural soils, admixed soils, a synthetic liner, or any combination of these
materials. However, a synthetic liner overlying at least 2 feet of low
PerlIM4U11114

naLural

bUll

yr

rrli

CUMIA

ID

rtLymomnueu yet-arise Lne syntrieLic

liner allows virtually no liquid penetration for a minimum of 20 years,
while the soil layer provides assurance of continued protection even if the
synthetic liner fails.
Standard design practices specify permeabilities of less than 10-7
cm/sec for the soil liner. This specification could be met with a natural
soil or blending of different on-site soils. Chemical stabilizers, cements,
clay, lime, ash, furnace slag, or other materials may be added to soil to
modify its properties.
Flexible synthetic membranes made of polyvinyl chloride, chlorinated
polyethylene, ethylene propylene rubber, butyl rubber, Hypalon, neoprene,
and elasticized polyolefin can hp used as 1inPrs. SynthPtir linors zra
generally more expensive and involve labor-intensive sealing materials that
require special field installation methods.
Single-layered caps can be constructed of any of the low permeability
materials
mentioned previously.
Natural soil and admixes
are
not
recommended because they are disrupted by freeze/thaw cycles and exposure to
drying causes them to shrink and crack thereby reducing effectiveness. The
most effective single layer caps are composed of concrete and/or bituminous
asphalt.
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Capping is a reliable technology for reducing infiltration, sealing off
contamination from the aboveground environment, and significantly reducing
underground migration of contaminants. Caps can be constructed over
virtually any site, and can be completed relatively quickly if the ground is
not frozen or saturated. Most of the soil materials for capping are readily
available in most areas of the country, and the synthetic materiais are
widely manufactured and distributed. The equipment used for implementing
this technology is mostly standard road construction equipment, however some
sparialiiad tatting nquipmnnt mud: ha clipplind hy tho linor inctallor nr
soil testing company.
2

The performance of a properly installed, multi-layered cap is generally
excellent for the first 20 years of service. However, after this time
period the integrity of the synthetic liner becomes uncertain and should be
investigated regularly.
B.2.1.2 Covers
Single layer caps are often used as covers. These are described in
Section 8.2.1.1. Floating covers are included here to insure that all
potential technologies are considered. This technology is not discussed in
detail because the sources for which it is appropriate are not present at
the SDA. Floating cover consist of a synthetic lining placed in one piece
over an impoundment, with proper anchoring at the edges, and with floats to
prevent the lining from submerging. This technology is used mainly to cover
drinking water supply reservoirs, but it can be used temporarily to prevent
overtopping at a waste lagoon.
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Surface water and precipitation diversion and collection technologies
include dikes, berms, channels, waterways, terraces, benches, chutes,
downpipes, seepage basins, ditches, sedimentation basins and ponds, levees,
and floodwalls. A11 these technologies are well-established. Many of these
are intended for short-term use and are neither effective nor reliable for
use as a long-term remedial measure.
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A11 the diversion and containment methods described below require
to
ensure
frequent
inspection, maintenance, and performance checks
continuous reliability. Operation and maintenance requirements for these
measures are relatively simple. However, failure of some surface control
measures can be costly.
pikes and Berms
Dikes and berms are well-compacted earthen ridges or ledges constructed
immediately upslope from or along the perimeter of disturbed areas. These
structures are generally designed to provide short-term protection of
critical areas by intercepting storm run-off and diverting the flow to
natural or manmade drainage ways, to stabilized outlets, or to sediment
traps.
Dikes and berms ideally are constructed of erosion-resistant, iow
permeability, clayey soils. The general design life of these structures is
on the order of one year (maximum); seeding and mulching or chemical
nf dikös and horns may gaxtönt thnir lifö axportAnry,
Channels and Waterwavs
Channels are excavated ditches. Diversion channels are used primarily
to intercept run-off or reduce slope length. They may be stabilized with
vegetation or stone rip-rap.
Failure of channels and waterways may result from
insufficient
capacity, excessive runoff velocity, or inadequate vegetative
cover.
nr2ecare
wn+a,ma2yc muc+ ha narinAirally mnwaA +n
nrauan+
avraecive
retardation of flow and subsequent ponding of water. Vegetated channels may
also require periodic resodding, remulching, and fertilizing. Sediment
accumulation often results in failure of channels and waterways. Control of
vegetation to prevent matted growth and high allowable design velocities
will reduce sediment accumulation. Stone-lined channels have the advantage
of requiring minimum maintenance.
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Terraces and Benches
Terraces and benches are embankments constructed along the contour of
very long or very steep slopes to intercept and divert flow and to control
erosion by reducing slope length. These structures are classified as bench
I.CIFIV.C4
1.11 .42111QC
Bench ♦terraces are used primarily ♦to reduce
land slope while drainage benches on broadbased terraces act to remove or
retain water on sloping land.
Chutes and Downpipes
Chutes and downpipes are structures used to carry concentrated flows of
surface run-off from one level to a lower level without erosive damage.
They generally extend downslope from earthen embankments and convey water to
stabilized outlets located at the base of terraced slopes. Chutes are open
channels, normally lined with bituminous concrete, portiand cement concrete,
grouted rip-rap, or similar non-erodible material. Downpipes are temporary
structures constructed of rigid piping or flexible tubing made of heavy-duty
fahric,
Chutes and downpipes often represent key elements in combined surface
control systems. They are especially effective in preventing erosion on
long, steep slopes, and can be used to channel storm run-off to sediment
traps, drainage basins, or stabilized waterways for off-site transport.
However, they provide only temporary erosion control while slopes are
stabilized with vegetative growth.
Seepage Basins and Ditches
Seepage basins and ditches are used to collect water and discharge it
into the ground through seepage at selected areas. They may also be used in
in-situ treatment to force reagents into the subsurface. Seepage basins and
ditches are most effective in highly permeable soils so that recharge of the
groundwater can occur. They are not applicable at sites where collected
run-off or groundwater is contaminated. However, ditches may be used to
convey liquids to other collection devices (basins, tanks, ponds, etc.).
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Basins and ditches are generally used in areas with shallow groundwater
tables.
Very deep basins or trenches can be hazardous. Seepage ditches
distribute water over a larger area than achievable with basins. They can
be used for infiltration in all soil where permeability exceeds about 0.9
inches per day. It is unlikely that this technology would be appropriate
for the INEL site because of the deep groundwater table, uncertainties
associated with the vertical flow of liquids, and the need to reduce
infiltration in the area surrounding the SDA.
Sedimentation Basins and Ponds
Sedimentation basins are used to control suspended solids entrained in
surface flows. A sedimentation basin is constructed by placing an earthen
dam across a water or natural depression, or by excavation, or by a
combination of both. The purpose of installing a sedimentation basin is to
impede surface run-off carrying solids, thus allowing sufficient time for
the particulate matter to settle. Sedimentation basins are usually the
final step in control of diverted, uncontaminated, surface run-off, prior to
discharge.
They are especiaiiy usefui in areas where there exists a high
silt or sand content in the surface run-off.
inVøns and Flnndwalls

Levees are earthen embankments that function as flood protection
structures in areas subject to inundation from tidal flow or riverine
flooding. Levees create a barrier to confine floodwaters to a floodway and
to protect structures behind the barrier. Floodwalls perform much the same
function as levees, but are constructed of concrete. For hazardous waste
sites, ievees and floodwalls heip to controi major iosses of waste and cover
material
and
prevent
massive leachate
production
and
subsequent
contamination from riverine or tidal flooding.
Flood containment levees are most suitable for installation in flood
fringe areas or areas subject to storm tide flooding, but not for areas
directly within open floodways. Levees would not be applicable at the SDA.
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B.2.1.4

Grading

Grading is the general term for techniques used to reshape the surface
of covered landfills in order to manage surface water infiltration and runoff while controlling erosion. The spreading and compaction steps used in
grading are techniques practiced routinely at landfills. The equipment and
methods used in grading are essentially the same for all landfill surfaces,
but applications of grading technology will vary by site. Grading is often
porfnrmod in rnnjHnrtinn with cHrfaro coaling nrartiroc And ravanatatinn 2C
part of an integrated closure effort.
The techniques and equipment used in grading operations are well
established and are widely used in all forms of land development.
It is
usually possible to find contractors and equipment locally, thus expediting
the work and avoiding extra expenses.
Surface
grading serves to (1) reduce ponding
which
minimizes
infiltration and reduces subsequent differential settling, (2) reduces
mnA
4n
runoff velocities to reduce soil erosion, (3) roughens mu
m. 1 nneane en41 e
preparation for revegetation, and (4) can be a factor in reducing or
eliminating leaching of wastes or residual contaminants by
reducing
infiltration of precipitation.
IWWWCISJ
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There are potential difficulties associated with grading.
Large
quantities of a difficult to obtain cover soil may be required to modify
existing slopes. Periodic regrading and future site maintenance may be
necessary to eliminate depressions formed through differential settlement
and compaction, or to repair slopes that have slumped or become badly
eitmnAnA
cum•ac.A.

B.2.1.5

Revegetation

Revegetation is the establishment of a vegetative cover to stabilize
the surface of a disposal site. This technique is often preceded by capping
and grading.
Revegetation decreases erosion by wind and water, and
contributes to the development of a naturally fertile and stable surface
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Revegetation includes (1) selection of plant species, (2)
environment.
seedbed preparation, (3) seeding/planting, (4) mulching and/or chemical
stabilization, and (5) fertilization and maintenance.
There are several potential problems implementing a revegetation
program. Clays or synthetic barriers that support topsoil in poorly drained
areas may cause swamping of cover soil and subsequent anaerobic conditions.
Improperly vented gases and soluble phytotoxic contaminants may kill or
damage vegetation. Periodic maintenance of revegetated areas may include
liming, fertilizing, mowing, replanting, and periodic removal of deep-rooted
plants.
A
well-designed and properly implemented revegetation plan
can
effectively reduce erosion and stabilize the surface of a covered site,
thereby improving the effectiveness and reliability of the cap.
A multilayered capping system and F vpc ly graded alupca, in I.VMUI1101.1U11 wibn
suitable vegetative cover, will eventually isolate buried wastes from
surface hydrologic input.
Although vegetative cover requires frequent maintenance, it actually
prevents more costly maintenance which would result from erosion by surface
soils. Revegetation is also essential to the integrity and performance of
dikes, waterways, and sedimentation basins.
B.2.2

Leachate and Groundwater Controls and Liquid Removal

Control of contamination in the groundwater involves one of four
options: (1) containment of a plume; (2) removal of a plume after measures
have been taken to halt the source of contamination: (3) diversion of
groundwater to prevent clean groundwater from flowing through a source of
contamination or to prevent contaminated groundwater from contacting a
drinking water supply; or (4) prevention of leachate formation by lowering
the water table beneath a source of contamination. Only options one through
three are considered here as the groundwater is more than 600 feet beneath
the SDA.
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Remedial
technologies for controlling
groundwater contamination
problems are generally placed in one of four categories: (1) groundwater
pumping, involving extraction of water from or injection of water into wells
to capture a plume or to alter the direction of groundwater movement; (2)
subsurface drains, consisting of gravity collection systems designed to
intercept
leachate or groundwater; (3) low
permeability
barriers,
consisting of a vertical wall of low permeability materials constructed
underground to divert groundwater flow or minimize leachate generation and
'
num= movement; (4) horizontal barriers ♦to prevent infiltration to &CFCs
zones; or (5) in-situ treatment methods to biologically or chemically remove
or attenuate contaminants in the subsurface. These technologies can be used
singularly or in combination to control leachate migration and groundwater
contamination.
This section describes these technologies. The 600 foot
depth to the groundwater table and the overlying basalt layers at the SDA
would make the implementation of some groundwater controls such as drains,
wellpoints, and barriers inappropriate, difficult, cost prohibitive, or
technically infeasible. However, they are presented in this section in
limited detail to ensure that all technologies are considered.
B.2.2.1

Groundwater Pumping

Groundwater pumping techniques involve the active manipulation and
management of groundwater in order to contain or remove a plume or to adjust
groundwater levels in order to prevent formation of a plume. Types of wells
used in management of contaminated groundwater include wellpoints, suction
wells, ejector wells, and deep wells. The selection of the appropriate well
type depends upon the depth of contamination and the hydrologic and geologic
characteristics of the aquifer.
Pumping is most effective at sites where underlying aquifers have high
intergranular
hydraulic conductivity.
It has been used
with
some
offortivonacc 2t cit." with mnderate hydr2ulin conductivities and whaling:1
pollutant movement is occurring along fractured or jointed bedrock.
In
fractured bedrock, the fracture patterns must be traced in detail to ensure
proper well placement.
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Where plume containment or removal is the objective, either extraction
wells alone or a combination of extraction and injection wells can be used.
where
Use
of extraction wells alone is best suited to situations
contaminants are miscible and move readily with water; where the hydraulic
gradient is steep and hydraulic conductivity high; and where quick removal
is not necessary.
A combination of extraction and injection wells is frequently used in
containment or removal where the hydraulic gradient is relatively flat and
hydraulic conductivities are only moderate. One function of the injection
well is to alter the flow to direct contaminants to the extraction wells.
This method has been used with some success for plumes which are not
miscible with water. One problem with such an arrangement of wells is that,
dead spots can occur when these configurations are between adjacent radii of
influence.
Another disadvantage is that injection wells can suffer from
many operational problems, including air locks and the need for frequent
maintenance. Injection wells may also be used to reinject groundwater that
has been extracted and subsequently treated.
Groundwater barriers can be created using injection wells to change
both the direction of a plume and the speed of plume migration. By creating
an area with a higher hydraulic head, the plume can be forced to change
direction. This technique may be desirable when short-term diversions are
needed or when diversion will provide the plume with sufficient time for the
contaminants to naturally degrade so that removal is not required.
Wellpoint systems are best suited for shallow aquifers where extraction
is not needed below more than about 22 feet. Beyond this depth, suction
imn
•
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wellpoints and are also depth limited. The only advantage of suction wells
over wellpoints is that they have higher capacities.
For extraction depths greater than 20 feet, deep wells and ejector
wells are used. Deep well systems are better suited to homogeneous aquifers
with high hydraulic conductivities and where large volumes of water may be
pumped.
Ejector wells perform better than deep wells in heterogeneous
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aquifers with low hydraulic conductivities. A problem with ejector systems
is that they are inefficient and are sensitive to constituents in the
groundwater which may cause chemical precipitates and well clogging.
Groundwater pumping systems are the most versatile and flexible of the
groundwater controi technoiogies. When used together with a barrier wall
and cap, complete hydrologic isolation of a site can be achieved in some
circumstances.
Groundwater pumping systems, however, perform poorly in
aquifnrc wit.h lnw trancmiccivity.
Operational flexibility is high since pumping rates can be modified to
adjust to changes in flow rate. System performance is generally good
provided the wells are properly designed and maintained.
Deadspots and
areas where cones of depression overlap should be continuously monitored to
ensure effectiveness. The reliability of pumping systems can be adversely
affected by mechanicai and eiectricai failure of pumps which can result in
loss of contaminants. However, repairs and replacement of parts can be done
quickly and easily.
Well systems are generally safer to install than drains and barrier
walls since there is no need for trench excavation.
Installation is
relatively easy and quick. Contractors qualified to drill and install wells
are readily available. However, the effort may be costly in areas with
large depths to groundwater.
8.2.2.2 Subsurface Drains
Subsurface drains include any type of buried conduit used to convey and
wnllnw♦ aqueous discharges by gravity tivw. auuburictce urains essentially
function like an infinite line of extraction wells.
They create a
continuous zone of influence in which groundwater within this zone flows
towards the drain.
Drains essentially function like an infinite line of extraction wells,
they can perform many of the same functions as wells. They can be used to
contain or remove a plume, or to lower the groundwater table to prevent
B-32

contact of water with the waste material. The decision to use drains or
pumping is generally based on cost-effectiveness.
For shallow contamination problems, drains can be more cost-effective
than pumping, particularly in strata with low or variable hydraulic
conductivity. Under these conditions, it would be difficult to design and it
would be cost prohibitive to operate a pumping system to maintain a
continuous hydraulic boundary. Subsurface drains may also be preferred over
pumping where groundwater removal is required over a period of several
years, because the operation and maintenance costs associated with pumping
are substantially higher.
Subsurface drains are generally l2~•~._J to shallow depths. Although it
is technically feasible to excavate a trench to almost any depth, the costs
of shoring, dewatering, and hard rock excavation can make drains cost
prohibitive at depths of less than 40 feet. However, in stahlgx lnw
permeability soils where little or no rock excavation is required, drains
may be cost-effective to depths of 100 feet. Other limitations to the use
of this technology include the presence of viscous or reactive chemicals
which could clog drains and envelope material. Conditions which favor the
formation of iron manganese or calcium carbonate deposits may also limit the
use of drains.
Relative to pumping, subsurface drains can be difficult and costly
install particularly where extensive hard rock excavation and dewatering
required. They are also time consuming to ingtall and may nnt ha
appropriate alternative where immediate remediation: is required. Safety
field workers is also more of a concern with subsurface drains because
the need for extensive trench excavation.
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Drains are generally more cost-effective than pumping in areas with low
hydraulic conductivity particularly where pumping would be required for an
extended period of time. They are easier to operate since water is
collected by gravity flow. They are also more reliable from the standpoint
that there are no electrical components which can fail. However, when
dr2ins fail due to clogging, breaks in the pipes, or sinkhole formation,
they can be costly and time consuming to rehabilitate.
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B.2.2.3 Subsurface Barriers (Vertical)
Subsurface barriers are a variety of methods whereby low permeability
cut-off walls or diversions are installed below ground to contain, capture,
or redirect groundwater flow in the vicinity or a site. The most commonly
used subsurface barriers are slurry walls, particularly soil-bentonite
slurry walls.
Less common are cement-bentonite or concrete (diaphram)
slurry walls, grouted barriers, and sheet piling cut-offs.
Slurrv Walls
Slurry walls are the most common subsurface barriers because they are a
relatively inexpensive means of vastly reducing groundwater flow
in
unconsolidated earth materials. The term slurry wall can be applied to a
variety of barriers all having one thing in common: they are all constructed
in a vertical trench that is excavated under a slurry. This slurry, usually
a mixture of bentonite and water, acts essentially like a drilling fluid.
It hydraulically shores the trench to prevent collapse, and, at the same
time, forms a filter cake on the trench walls to prevent high fluid iosses
into the surrounding grounds. Slurry wall types are differentiated by the
materials used to backfill the slurry trench. Most commonly, an engineered
soil mixture is used to backfill the tlorry tronrh. Typir2lly, th0 mivture
is blended with the bentonite slurry and placed in the trench to form a
soil- bentonite slurry wall. In some cases, the trench is excavated under a
slurry of portland cement, bentonite, and water, and this mixture is left in
the trench to harden into a cement-bentonite slurry wall. In the rare case
where great strength is required, pre-cast or cast-in-place concrete panels
are constructed in the trench to form a diaphram wall.
Soil-bentonite slurry walls are backfilled with soil materials mixed
with bentonite and water slurry. Of the three major types of slurry walls,
crill-hontonite w2lls offer the lowest installation rflel.r, ♦the widest
of chemical compatibilities, and the lowest permeabilities. At the same
time, soil-bentonite walls have the least strength and require a large work
area, and, because the slurry and backfill can flow, are applicable only to
sites that can be graded to nearly level.
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A major concern in the application of soil-bentonite walls to site
remediation is the compatibility of the backfill mixture with
site
contaminants. Evidence indicates that soil-bentonite backfills are not able
to withstand attack by strong acids and bases, strong salt solutions, and
some organic chemicals. For contaminant migration control there is a lack of
long-term nalanrm.nra A2+2 Cnil kani.nni4a wmlle knua könn nenA Pm.
,w, decades
for groundwater control in conjunction with large dam projects and there is
ample evidence of their success in this application.
The ability to
withstand long-term permeation by many contaminants is in question.
Cement-bentonite slurry walls share many characteristics with soilbentonite slurry walls. The principal difference between the two is the
backfill.
They are generally excavated using a slurry of Portland cement,
bentonite, and water. This slurry is left in the trench and allowed to set
up to form the completed barrier.
Cement-bentonite walls are more versatile than soil-bentonite in two
ways. First, because the slurry sets up into a semi-rigid solid, this type
of wall can accommodate variations in topography by allowing one section to
set while continuing the next section at a different elevation. Second,
because the excavation slurry is commonly the backfill too, this type of
wall is better suited to restrict areas where there is no room to mix soilbentonite backfill. Cement-bentonite is stronger than soil-bentonite and is
used where the wall must have less elasticity, such as adjacent to a
building or roads.
Cement-bentonite slurry walls are limited in their use by their higher
costs, somewhat higher permeability, and their narrower range of chemical
compatibilities.
Cement-bentonite is susceptible to attack by sulfates,
strong acids and bases, and other highly ionic substances.
Diaphragm walls are barriers composed of reinforced concrete panels,
which are implaced by slurry trenching techniques. They may be cast-inplace or pre-cast, and are capable of supporting great loads. This degree
of strength is seldom if ever called for at a waste site. This technology
has the same iimitations as cement-bentonite slurry waiis.
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Grout Curtains
Grout curtains are subsurface barriers created in unconsolidated
materials by pressure injection. Grout barriers can be many times more
costly than slurry walls, are Generally incapable of attaining truly low
permeabilities in unconsolidated materials, and there are numerous questions
regarding the ability to construct the curtains without holes. A recent
field test study at INEL of two chemical grouts revealed significant
problems in forming a continuous grout barrier due to non-coalescence of
grout pods in adjacent holes and grout shrinkage. This study concludes that
conventional injection grouting is incapable of forming a reliable barrier
in medium sands. Grout curtains, whiie requiring no operation and little
or no maintenance may require more monitoring than other barriers. This is
because if even a very small gap is left in the barrier, it can enlarge
nui+n
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gradient across the wall. Additional information on specific grouts may
found in Section B.1.1.3.

be

Sheet Pilinq
Sheet piling can be used to form a groundwater barrier. Sheet piles
can be made of wood, pre-cast concrete, or steel. Wood is an ineffective
water barrier, however, and concrete is used primarily where great strength
is required. Steel is the most effective in terms of groundwater cut-off
and cost. Steel is ineffective in rocky soiis because damage or defiection
of the piles is likely to render the wall ineffective.
Tho perform2nce life of sheet piling wall can be between 7 and 40
years, depending on the condition of the soil in' which the wall is
installed. Sheet piling walls have been installed in various type of soils
ranging from well-drained sand to impervious clay.
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8.2.2.4 Barrier Walls (Horizontal)
Grouting techniques may also be applied to form a grout barrier beneath
a waste site. Such a barrier can be used to isolate buried wastes from the
environment and to prevent migration of contaminants. Jet grouting or
directional drilling techniques may be used to emplace the barrier. The
advantages and disadvantages of horizontal barriers are similar to those for
grout curtains, as described above.
B.2.2.5 In-Situ Treatment
Groundwater plumes may be ♦treated in-situ by many of the treatment
techniques described in Section B.1.1, specifically bioreclamation (B.1.1.1)
and chemical treatment (B.1.1.4).
B.2.3 Fuoitive Dust Controls
Fugitive dust generated during remedial actions or due to winds at the
site may be controlled using dust suppressants, wind fences/screens, water
sprays, or other measures.
B.2.3.i Dust Suppressants
Dust suppressants include a wide range of natural and synthetic waste
uotarialc whirh strengthen bonds between soil particles and hold this
strengthened condition for an appreciable period of time. A wide variety of
resins, bituminous materials and polymers are marketed as dust suppressants.
Chemical dust suppressants are most commonly applied with water wagons
equipped with muzzles that shoot a flat spray behind the vehicle. The
effectiveness of a dust suppressant is dependent upon maintaining the soilchemical crust. Emerging weeds and any type of disturbance from traffic
will break this crust. This technology is an effective temporary control
measure. It must be reapplied to provide long-term fugitive dust control.
Application is straightforward and can be accomplished quickly. There is
the potential for secondary impacts from the use of certain chemical dust
suppressants which contain toxic substances.
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6.2.3.2 Wind Fences/Screens
A wind fence is a porous screen which takes up or deflects a sufficient
amount of wind so that the wind velocity is lowered below the threshold
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10 feet high and are composed of polyester or other high strength material.
This technology is only 60 percent efficient in controlling inhalable
particulates at wind speeds of 10 to 13 mph. Studies have shown no
consistent benefits from windscreens for particles in the respirable size
range. Maximum reduction of wind velocity can be expected for a distance of
1 to 5 fence heights downstream.
6.2.3.3 Water Sprays
Water spray is the most common means of dust controi. It simply
involves spraying water on the exposed surface areas. This method is mainly
used to reduce fugitive dusts along active travel paths, excavation areas,
and from truck boxes 1-.A.A -ith soils. Active travel areas dry quickly and
water must be reapplied frequently (about every 2 hours) to maintain
effectiveness. This method would not be suitable where infiltration is of
concern.
B.2.3.4 Other Measures
Other measures for paved roads include sweeping, vacuuming, or
flushing. These methods are not effective with fine particles. Dust from
excavation activities can be reduced by maintaining a favorable slope and
orientation on the waste or overburden piles. Piles can also be covered and
an auger feed system can be installed to implace and remove material.
6.2.4 Gaseous Emissions Controls
Gases may
entrained gases,
waste material.
from landfills.

be emitted by the vaporization of liquids, venting of
or by chemical and biological reactions of solid and liquid
Volatile organics may be released slowly but continuously
Methods for controlling the release of gaseous emissions to
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the atmosphere include capping for control of volatile emissions from
impoundments and active gas collection systems for collection and control of
gases generated in landfills.
B.2.4.1

Capping

See Section B.2.1.1 for discussion.
B.2.4.2 Covers
See Section 6.2.1.2 for discussion.
B.2.4.3 Passive Perimeter Gas Control Systems
Passive perimeter gas control systems control gas movement by altering
the paths of flow without the use of mechanical components. Passive systems
may be further categorized as high permeability or low permeability.
High permeability systems entail the installation of highly permeable
trenches or wells between the landfill and the area to be protected. Since
the permeable material offers conditions more conducive to gas flow than the
surrounding soil, paths of flow to points of controlled release are
established. High-permeability systems generally take the form of trenches
or wells excavated outside of the landfill limit and backfilled with a
highly permeable medium such as a coarse crushed stone.
Low permeability systems effectively block gas flow into areas of
concern by the use of barriers (i.e., synthetic membranes or clays) between
the landfill and the area to be protected. With low-permeability systems,
gases are not collected and therefore cannot be conveyed to a point of
controlled release or Lredlalle114. The pulinne ef the system is to prevent or
reduce gas migration into areas that are to be protected. These two
concepts of passive gas control are often combined in the same system to
provide controlled venting of gases and blockage of available paths for gas
migration.
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Passive gas control systems can be used at virtually any site where
there is capabiiity to trench or driii and excavation to at ieast the same
depth at the landfill. Limiting factors could include the presence of a
perched water table or rock strata. Passive vents should generally be
exnected tn he less effPctivn in arpas nf high rainfall or prolonged
freezing temperatures. The depth of the trench is dictated by local site
conditions. In general, the trench should extend from the ground surface to
a relatively impermeable stratum of unfractured bedrock or clay or to the
lowest groundwater table level. In some applications, the trench need not
be as deep, so long as it extends to a sufficient depth to intercept all
possible avenues of gas migration. This depth is a function of the landfill
depth and the geology in the vicinity of the landfill. The logistics of
excavating open trenches can constrain the use of passive venting trenches
to relatively shallow depths of 30 feet and less.
Passive gas control systems are essentially self-operating. Vent
pipes, drainage patterns and general conditions in the vicinity of the
systems should he occasionally inspocted tn identify the need fnr repairs nr
other maintenance. Monitoring the effectiveness of passive gas control
systems normally consists of periodic sampling of subsurface gases from
probes installed in the area being protected.
High permeability gas control systems have functioned adequately in
many applications; however, there appears to be no clear patterns which
dictate success or failure of either system. While passive vents may
perform effectively at some sites, the method cannot be considered to be
reliable for gas migration control because of the inability of vents to
control diffuse fiow. Nemeruub pwssive weii venting systems have been
converted to active systems because of poor or unreliable performance. Low
permeability systems block diffuse flow and are highly reliable when
properly desianed and installed. Passive gas cnntrnl systems ran hp
implemented with relatively conventional construction equipment, labor, and
materials. Handling and placement of synthetic liners requires specialized
equipment and labor.
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B.2.4.5 Active Perimeter Gas Control Systems
Active perimeter gas control systems alter pressure gradients and paths
of gas movement by mechanical means. These systems normally consist of (1)
gas extraction wells, (2) gas collection headers, and (3) vacuum blowers or
compressors. In a typical system, centrifugal blowers create vacuum through
the collection headers and wells to the wastes and ground surrounding the
wells. A pressure gradient is thereby established inducing flow from the
landfill to the blower. Subsurface gases flow in the direction of
decreasing pressure gradient and are released directly to the atmosphere,
treated and released, or is some case recovered.
Active perimeter gas control systems can be used at virtually any site
where there is capability to drill or excavate through landfilled material
to the required depth. Limiting f2rtors could inrluda tha presence nf freestanding leachate or impenetrable materials within the landfill. Active
systems are not sensitive to the freezing or saturation of surface or cover
soils.
Gas extraction wells may be installed either within the landfill or in
soil outside of the limit of fill. Wells normally consist of a drilled hole
12 to 36 inches in diameter which is backfilled with one-inch or larger
crushed stone and 2- to 6-inch piping, which is perforated in the area where
gas is to be collected and solid in the upper portions. Solid-wall pipe is
used and a concrete or clay seai is provided in the upper portion of the
well to minimize infiltration of atmospheric air into the system. A valve
is provided on the lateral connection of each well to allow regulation of
flnw and halanring nf gystpms rnngicting nf multipla wallc. A mnnitnring
port is provided for measuring velocity, pressure, and gas composition.
Well spacing is a critical factor in the design of the systeii. Spacings on
the order of 100 feet are commonly used, however, the appropriate spacing
for a given site will depend upon the depth of the landfill, the magnitude
of the vacuum applied to the well, and the rate of gas withdrawal.
Active gas control systems require testing and adjustment throughout
their lives of operation. Initial start-up testing is required to ensure
n
D',1

that all components are functioning as intended. Throttling of individual
weii valves and blower control vaives is required to balance the system.
Mechanical components require regular service such as lubrication and part
replacement. In addition, subsurface gas probes in the area being afforded
prn+artinn chnuld ha mnnitnrad at laact annually
aftar <yetam ctar+-on +n
'J
ensure that gas migration is being controlled.
Differential settlement of the landfill material beneath header pipes
can cause pipe movements resulting in adverse slopes, accumulation of
condensate in low spots, and partial or complete blockage of gas flow.
Proper pipe slopes and condensate drains can minimize this problem. A
regular program of periodic inspection and maintenance should be established
to identify pipe breakage, condensate blockage, or other header system
failure.
Active Interior Gas Collection/Recoverv Svstem
Artiva intarinr nac rnllartinn tyttamt aro cimilar tn artivn parimntar
systems except gas extraction wells are placed over the entire landfill
surface. The design limitations and considerations are the same as
perimeter systems except that spacing of wells is generally greater.
Spacings of 200 feet are common. This technology has be applied or is
underdevelopment for methane at over 50 sites worldwide.
B.3 WASTE STREAM TREATMENT
B.3.1

Aaueous Waste Treatment

Aqueous treatment methods may be applied to liquid wastestreams
generated from remedial actions (e.g., pumped groundwater, collected
leachate): Recause of the pntential diversity nf liquid wastestreams, there
are many treatment technologies that can be applied to aqueous waste
streams. Rarely will any one treatment method be sufficient so these
techniques are usually used in combination. The most common treatment
processes are (1) activated carbon treatment, (2) biological treatment, (3)
precipitation/flocculation, (4) ion exchange and sorptive resins, (5)
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reverse osmosis, (6) neutralization, (7) gravity separation, (8) air
stripping, (9) oxidation, (10) reduction, (11) evaporation, and (12)
solidification/stabilization.
6.3.1.1 Activated Carbon
Activated carbon treatment is the process of adsorption of contaminants
onto activated carbon. It involves contacting a stream with the carbon,
usually by flow through a series of packed bed reactors. The activated
carbon selectively adsorbs constituents by a surface attraction phenomenon
in which organic molecules are attracted to the internal pores of the carbon
granolac. 0nra tha mirrapora curfarat aro saturated with nrganics, the
carbon is "spent" and must be either replaced or thermally regenerated. The
time to reach "breakthrough" or exhaustion is the single most critical
operating parameter.
Activated carbon is
suited for removal of
effective and reliable
suitable for treating a
range.

a well developed technology. It is especially well
mixed organics from aqueous wastes. It is an
means of removing low solubility organics. It is
wide range of organics over a broad concentration

Activated carbon is easily implemented into more complex treatment
systems. The process is well suited to mobile treatment systems as well as
tn nn-cito ennctrurtinn, Sparo roquiromontc arn cmall, ctart-up and chid._
down are rapid, and there are numerous contractors who are experienced in
operating mobile units.
The most obvious maintenance consideration associated with activated
carbon treatment is the regeneration of spent carbon for reuse.
Regeneration must be performed for each column at the conclusion of its bedlife so the spent carbon may be restored as close as possible to its
original condition for reuse; otherwise, the contaminanted carbon must be
disposed as hazardous waste.

8-43

B.3.1.2 Biological Treatment
Biological treatment removes organic matter from an aqueous wastestream
through microbial degradation. The most prevalent form of biological
treatment is aerobic (i.e., requires oxygen). Specific processes that may
be applicable include conventional activated sludge, pure oxygen activated
sludge, extended aeration, contact stabilization, fixed film systems which
include rotating biological discs and trickling filters.
There is considerable flexibility in biological treatment because of
the variety of available processes and adaptability of the microorganisms
themselves. •Many organic chemicals are considered biodegradable, although
the relative ease of biodegradation varies widely.
in h272rdons w=ste site
remediation. Although the process can effectively treat a wide range of
organics, it has several drawbacks for waste site application. The
reliability of the process can be adversely affected by "shock" loads of
toxics. Start-up time can be slow if the organisms need to be acclimated to
the wastes and the retention time can be long for complex wastes. However,
the existence of cultures which have been previously adapted to hazardous
wastes can dramatically decrease start-up and retention time.
Rinlngir21
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Loss of volatile organics from biological treatment processes can pose
some localized air pollution and a health hazard to field personnel. Sludge
produced in biological waste treatment may be a hazardous waste itself due
to the sorbtion and concentration of toxic and hazardous compounds contained
in ilia umetawator.

8.3.1.3 Precipitation/Flocculation
Precipitation is a physiochemical process whereby some or all of a
substance in solution is transformed into a solid phase. It is based on
alteration of the chemical equilibrium relationships affecting the
solubility of inorganic species. Removal of metals as hydoxides or sulfides
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is the most common precipitation application in wastewater treatment.
Generally, lime or sodium sulfide is added to the wastewater in a rapid
mixing tank along with flocculating agents. The wastewater flows to a
flocculation chamber in which adequate mixing and retention time is provided
for agglomeration of precipitate particles. Agglomerated particles are
separated from the liquid phase by settling in a sedimentation chamber,
and/or by other physical processes such as filtration.
Flocculation is the process by which small, unsettleable particles
suspended in a liquid medium are made to agglomerate into larger, more
settleable

particles.

Chemicals used to cause flocculation

include

alum.

agents called
lime, various iron salts, and organic flocculating
polyelectrolytes. Once suspended particles have flocculated into larger
particles, they usually can be removed from the liquid by sedimentation,
provided that a sufficient density difference exists between the suspended
matter and the liquid.
Precipitation is applicable to the removal of most metals from aqueous
streams including zinc, cadmium, chromium, copper, fluoride, lead,
manganese, and mercury. Also certain anionic species can be removed by
precipitation, such as phosphate, suTfate, and fluoride.
Certain
physical
or chemical characteristics may limit the
applicability of precipitation. Organic compounds may form organometallic
complexes with metals, which could inhibit precipitation. Cyanide and other
ions in the wastestream may also complex with metals, making treatment by
precipitation less efficient. Highly viscous waste streams will inhibit
settling of solids.
Precipitation and flocculation are well established technologies and
the operating parameters are well defined. The processes require only
chemical pumps, metering devices, and mixing and settling tanks. The
equipment is readily available and easy to operate. Precipitation is
that Lumpvunds other ♦than those ♦targeted may be removed.
HVIflCIC‘LIVe
Both precipitation and flocculation are nondestructive and generates a large
volume of sludge which must be disposed.
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B.3.1.4 Ion Exchange and Sorptive Resins
Ion exchange is a process whereby toxic ions are removed from the
aqueous phase by being exchanged with relatively harmless ions held in the
ion exchange material. Modern ion exchange resins are primarily synthetic
organic materials containing ionic functional groups to which exchangeable
ions are attached. These synthetic resins are structurally stable, exhibit a
L.1-L
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The exchange reaction is reversible and concentration
is possible to regenerate the exchange resins for reuse.
are also availahle fnr removal nf organics and the removal
of sorption rather than ion exchange.

Ion exchange can be use to remove a broad range of ionic species from
water including: all metallic elements when present as a soluble species,
inorganic anions, organic acids, and organic amines. Sorptive resins can
remove a wide range of polar and non-polar organics.
Ion exchange is a well established technology for removal of heavy
metals and hazardous anions from dilute solutions. Ion exchange can be
WdbLeb UT
variable
expected to perform well for these applications when
composition, provided the system's effluent is continually monitored to
determine when resin bed exhaustion has occurred. Consideration must be
given to disposal of contaminated ion exchange regeneration solution.
B.3.1.5 Reverse Osmosis
Reverse osmosis is the application of sufficient pressure to the
concentrated solution to overcome osmotic pressure and force the net flow of
water through the membrane toward the dilute phase. This allows the
concentration of solute to build up in a circulating system on one side of
the membrane while relatively pure water is transported through the
membrane. Ions and small molecules in true solution can be separated from
water by this technique.
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Reverse osmosis is used to reduce the concentrations of dissolved
T. treatment of wastestreams, the use
solids, UV WI lir 9.111 I L. and I Ilvf
of this process would be primarily limited to polishing low flow streams
containing highly toxic contaminants. Good removal can be expected for high
molecular weight organics and charged anions and cations. Multivalent ions
are treated more effectively than are univalent ions. Recent advances in
membrane technology have made it possible to remove such low molecular
weight organics as alcohols, ketones, amines, and aldehydes.
Reverse osmosis is an effective treatment technology for removal of
dissolved solids presuming appropriate pretreatment has been performed for
suspended soiids removai, pH adjustments, and removai of oxidizers, oii, and
grease. Because the process is so susceptible to fouling and plugging, online monitors may be required to monitor pH, suspended solids, etc. on a
continuous basis. Reverse osmosis has nnt been wiAely used fnr treatment of
hazardous waste streams.
Reverse osmosis will not reliably treat wastes with a high organic
content, as the membrane may dissolve in the waste. Lower levels of organic
compounds may also be detrimental to the unit's reliability, as biological
growth may form on a membrane fed an influent containing biodegradable
organics.
B.3.1.6

Neutralization

Neutralization consists of adding acid or base to a waste in order to
adjust the pH. The most common system for neutralizing acidic or basic
watt,. ctroamc utili7oc a multiplo rnmpartmontal hacin ncually rnnctrurtpd nf
concrete.
This basin is lined with acid brick or coated with a material
resistant to the expected environment.
Neutralization can be applied to any wastestream requiring ph control.
It is a relatively simple unit treatment process which can be performed
using readily available equipment. Only storage and reaction tanks with
Because of the
accessory agitators and delivery systems are required.
corrosity of the wastes and treatment reagents, appropriate materials of
A,
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construction are needed to provide a reasonable service-life for equipment.
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Neutralization of wastestreams has the potential of producing air
emissions. Acidification of streams containing certain salts, such as
sulfide or cyanide, will produce toxic gases. Feed tanks should be totally
enclosed to prevent escape of acid fumes. Adequate mixing should be
provided to disperse the heat of reaction if wastes being treated are
concentrated. The process should be controlled from a remote location.
B.3.1.7 Gravity Separation
Gravity separation is a purely physical phenomenon in which the oil is
permitted to separate from water in a conical tank. It offers a
straightforward, effertive means nf nhaul canaratinn prnvirind tip:, nil And
water phases separate adequately within the residence time of the tank.
Simple, readily available equipment can be used and operational requirements
are minimal. Consideration must be given to the disposal of the extracted
waste constituents collected.
B.3.1.8 Air Stripping
Air stripping is a mass transfer process in which volatile contaminants
in water or soil are transferred to gas. Air stripping is frequently
accomplibutu in a packed tower equipped with an air vitoncr. The packed
tower works on the principle of countercurrent flow. The wastestream flows
down through the packing, while the air flows upward and is exhausted
through the top. Volatile, soluble components have an affinity for the gas
phase and tend to leave the aqueous stream for the gas phase.
In a cross-flow tower, water flows down through the packing as in the
countercurrent packed column, however, the air is pulled across the water
flow path by a fan.
The coke tray aerator is a simple, low maintenance process requiring no
blower. The water being treated is allowed to trickle through several
layers of trays. This produces a large surface area for gas transfer.
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Diffused aeration stripping and induced draft stripping use aeration
basins similar tn standard wastewater treatment aeration basins. Water
flows through the basin from top to bottom or from one side to another with
the air dispersed through diffusers at the bottom of the basin. The air-towater ratio is significantly lower than in either the packed column or the
cross-flow tower.
In recent years, air stripping has gained increasing use for
effective removal of volatile organics from aqueous wastestreams. It
been used most cost-effectively for treatment of low concentrations
volatiles or as a pretreatment step prior to activated carbon.
equipment for air stripping is relatively simple, start-up and shut-down
be accomplished quickly, and the modular design of packed towers makes
stripping well suited for waste site applications.

the
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B.3.1.9 Oxidation
Oxidation or reduction-oxidation reactions are those in which the
oxidation-state of at least one reactant is raised while that of another is
lowered. In chemical oxidation, the oxidation state of the treated compound
is raised. Common commercially available oxidants include potassium
permanganate, hydrogen peroxide, calcium or sodium hypochiorite, and
chlorine gas. Chemical oxidation is used primarily for detoxification of
cyanide and for treatment of dilute waste streams containing oxidizable
organics. Among the organics for which this treatment has been reported are
aldehyde, mercaptans, phenols, benzidine, unsaturated acids, and certain
pesticides.
6.3.1.10 Reduction
Chemical reduction involves the addition of a reducing agent that
lowers the oxidation state of a substance in order to reduce toxicity or
solubility or to transform it to a form which can be more easily handled.
See the earlier discussion of in-situ chemical treatment processes for more
technicai detaiis.
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Commonly used reducing agents for aqueous liquids include sulfite
,le.
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Chemical reduction is used primarily for reduction of hexavalent chromium,
mercury, and lead. Very simple equipment is required for chemical
reduction. This includes storage vessels for the reducing agents and
perhaps for the wastes, metering equipment for both streams, and contact
vessels with agitators. Some instrumentation is required to determine the
concentration and pH of the waste and the degree of completion of the
reduction reaction.
B.3.1.11

Evaporation

Evaporation
drive off water
This is generally
driven off in the
as mercury.

is a process whereby an aqueous wastestream is heated to
vapor in order to reduce the volume of the wastestream.
rkamirmle M'W be
performed in a tank-like system. 11'4' *.nc.moN..ue.a
evaporation process as may tritium or volatile metals such

B.3.1.12 Solidification/Stabilization
Solidification and stabilization techniques described in Section
B.1.1.3 may be used on a batch unit basis to treat aqueous wastestreams.
Such treatment may result in a greater volume of waste to be disposed after
treatment than before. Aqueous wastestreams may be better suited for use as
make-up water in the batch solidification of contaminated soiis. See
Sections B.1.1.3 and 6.3.3.3 for additional details.
B 1 2 Solids/Water Separation
Wastestreams may be generated in the course of remedial actions that
require removal of solids from a liquid stream in order to facilitate
highly
further aqueous treatment or to selectively separate more
contaminated solids. Methods for solid/water separation include filtration,
sedimentation, separation, and dewatering.
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B.3.2.1

Filtration

Filtration is a physical process whereby suspended solids are removed
from solution by forcing the fluid through a porous medium. Granular media
filtration is typically used for treatinq aqueous waste streams. The filter
media consists of a bed of granular particles. The bed is contained within
a basin and is supported by an underdrain system which allows the filcered
liquid to be drawn off while retaining the filter media in place. As water
laden with suspended solids passes through the bed of filter medium, the
particles become trapped on top of and within the bed. In order to prevent
plugging, the filter is backflushed at high velocity to dislodge the
particies. The backwash water contains high concentrations of soiids and
requires further treatment.
Filtration is 2 reli2ble and effortiva moan( nf rPmnving lnw levels of
solids from wastestreams provided the content does not vary greatly and the
filter is backwashed at appropriate intervals. Filtration equipment is
relatively simple, readily available in a wide range of sizes and easy to
operate and control. The significant maintenance consideration is handling
the backwash. Backwash will generally contain high concentrations of
contaminants and require subsequent treatment.
Three types of filtration are commonly used for dewatering:
filtration, vacuum filtration, and pressure filtration.

belt press

belts to
Belt filter presses employ single or double moving
continuously dewater sludges. The sludge usually after some conditioning
rontartc the moving helt(g). The space containing the sludae is araduallv
decreased as the sludge moves through the process. Progressively more and
more water is expelled throughout the. process until the end where the cake
is discharged.
A vacuum filter consists of a horizontal cylindrical drum which rotates
partially submerged in a vat of sludge. The drum is covered with a
continuous belt of fabric or wire mesh. A vacuum is applied to the inside
of the drum. The wet solids adhere to the outer surface. As the drum

continues to rotate, it passes from the cake forming zone to a drying zone,
and finally to a cake discharge zone where the sludge cake is removed from
the media.
Pressure filtration is a category of filters in which rigid individual
filtration chambers are operated in parallel under relatively high pressure.
The filter press, the most common type, consists of vertical plates that are
n
ennend
nnle
held rigidly in a frame .n A
pressed together len a 1.e.
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hydraulic cylinder.
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8.3.2.2 Sedimentation
Sedimentation
Sedimentation is a process that relies upon gravity to remove suspended
solids in an aqueous waste stream. The process consists of a basin that
will maintain the liquid in a quiescent state, a means of directing the
liquid to the basin in a manner conducive to settiing, and a means of
physically removing the settled particles. This technology is applicable to
the removal of particles heavier than water. Sedimentation provides a
rallahle maans to remove suspended mattar and is capahle nf 9n tn 00 parrent
efficiency.
Commonly used types of settling basins are impoundment
basins,
conventional clarifiers, and high rate clarifiers. An impoundment basin is
an earthen impoundment or diked area that is lined in a manner that is
appropriate for protecting underlying groundwater. They are used to remove
particles in the size range of gravel down to fine silt of 10 to 20 microns
with flocculants. Conventional clarifiers are rectangular or circular
settling basins which are typically equipped with built-in solids collection
and removal mechanisms. A high rate clarifier uses multiple "stacked"
plates, tubes, or trays to increase the effective settling surface area of
the clarifier and decrease the actual surface area needed to effect
cpttling.
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Sedimentation employing impoundment basins and conventional clarifiers
is a well established ♦technology for removing particles ranging in size from
gravel down to fine silt. Proper flocculation is essential to ensure
removal of silt-sized particles. Sedimentation methods have not been widely
employed for classifying solids according to particle-size. They can be
expected to be less effective in classifying solids than classifiers,
cyclones, and screens.
Pewatering Lagoons
Dewatering lagoons use a gravity or vacuum assisted underdrainage
system to remove water. The base of the lagoon is iined with clay pius a
synthetic liner or other appropriate liner material to prevent migration of
contaminants into the underlying soils and groundwater. At a minimum, the
linor cnncict nf a lnw pormnahility rlay layer which is several feet thick.
When the lagoon is no longer in use, the clay liner is excavated and
properly disposed.
Dewatering lagoons are best suited to large-scale dewatering operations
where the volume of sludge or sediment would require an inordinately large
number of mechanical dewatering units. Lagoons are one of the more
effective dewatering methods. A gravity dewatering system is capable of
achieving 99 percent solids removal and dewatered cake of 35 to 40 percent
solids after 10 to 15 days. The major limitations on the use of dewatering
layoons is that they requive laIye land arcaa and long set-up times.
Because of their large surface area they may not be well suited to areas
with heavy rainfall or to areas where long periods of freezing would prevent
dpwatering.
B.3.2.3 Separation
Methods for solids separation include sieves and screens, hydraulic and
demonstrated
classifiers, and cyclones. These are all well
spiral
technologies that are widely adapted in industrial processes and wastewater
treatment.

Sieves and Screens
Sieves or screens consist of bars, woven wire, or perforated plate
surfaces which retain particles of a desired size range while allowing
smaller particles and the carryinq liquid to pass through the openings in
the screening surface. Types of sieves or screens include grizzlies, moving
screens, and fixed screens.
Hvdraulic Classifiers
Hydraulic classifiers are commonly used to separate sand and gravel
from slurries ana classify them accoraing to grain size. These units
consist of elevated rectangular tanks with v-shaped bottoms to collect the
material. Discharge valves which are located along the bottom of the tank
tha laval nf calidc at thay
are 2ctivated hy matar-driven vznes th2t
accumulate. The principal of operation is simple. The slurry is introduced
into the feed end of the tank. As the slurry flows to the opposite end,
solids settle out according to particle size as a result of differences in
settling velocity.
Spiral Classifiers
The spiral classifier consists of one or two long, rotating screws
mounted on an incline within a rectangularly shaped tub. It is used
primarily to wash adhering clay and silt from sand and gravel fractions.
The screw conveys settled solids up an incline to be discharged through an
opening at the top of the tub. Fines and materials of low specific gravity
aro caparatad frnm qand and gravP1 through agitation and the abradina and
washing action of the screw, and are removed along with the wastewater
overflow at the bottom of the tub.
Cvclones
Cyclones and hydroclones are separators in which solids that are
heavier than water are separated by centrifugal force. A hydroclone
consists of a cylindrical/conical shell with a tangential inlet for feed, an
n GA
0-art

outlet for the overflow of slurry, and an outlet for the underflow of
concentrated tnlide. Cycle-mac and hydrocyclonos contain no moving parts.
The slurry is fed to the unit with sufficient velocity to create a "vortex"
action that forces the slurry into a spiral and, as the rapidly rotating
liquid spins about the axis of the cone, it is forced to spiral inward and
then out through a centrally located overflow outlet. Smaller-sized
particles remain suspended in the liquid and are discharged through the
overflow. Larger and heavier particles of solids are forced outward against
the wall of the cone by centrifugal force within the vortex. The soiids
spiral around the wall of the cyclone and exit through the apex at the
bottom of the cone.
B.3.2.4 Dewatering
Dewatering is a physical unit operation used to reduce the moisture
content of slurries or sludges in order to facilitate handling and prepare
the materials for final treatment or disposal. Device which can be used to
dewater materials include gravity thickeners, centrifuges, filters, and
dewatering lagoons.
Gravitv Thickeners
Gravity thickening is generally accomplished in a circular tank,
similar in design to a conventional clarifier. The slurry enters the
Aiccin2+0 His volnrity
and
a ..a n+nwo Pnarlwall AneinninA
1.111‘malm,
stabilize the density currents of the incoming stream. The feed sludge is
allowed to thicken and compact by gravity settling. A sludge blanket is
maintained on the bottom to help concentrate the sludge. The clarified
liquid overflows the tank and the underflow solids are raked to the center
of the tank and withdrawn by gravity discharge or pumping. Flocculants are
often added to the feed stream to enhance agglomeration of the solids and
promote quicker or more effective settling.
tet

Gravity thickeners are used to concentrate slurries and are capable of
Ifley
achieving a solids concentration of approximateiy 2 to 15 percent.
generally produce the thinnest and least concentrated sludge of all the
TL—
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methods. The intent in using a gravity thickener is usually to
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method. Gravity thickening provides a simple, low maintenance
concentrating slurries, thereby reducing the hydraulic load to
dewatering processes. This is suitable for operations where a
of operator supervision cannot be provided.

Centrifuges
Centrifugal dewatering is a process which uses the force developed by
fast rotation of a cylindrical drum or bowl to separate solids and liquids
werifill.Cr
6C111.4- 1141 Ivr‘e.
uy UC11414y UllICTCH‘CA Willer UDC influence
is usually accomplished using solid bowl or basket centrifuges. Disc
centrifuges are also available and are mainly used for clarification and
thickening.
Centrifuges can be used to concentrate or dewater soils ranging in size
from fine gravel down to silt. Effectiveness of centrifugation depends upon
the particle sizes and shapes, and the solids concentration among other
factors. Data from the dewatering of municipal sludges indicate that solids
concentrations ranging from about 15 to 40 percent are achievable with the
solid bowl centrifuge. Solids capture typically ranges from about 85 to 97
percent with chemical conditioning.
o
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This section presents methods of treating solids that have been
excavated. These methods always produce a solid waste that reouires a
supplemental treatment or disposal technology.
8.3.3.1

Incineration

Thermal destruction is a treatment method which uses high temperature
oxidation under controlled conditions to degrade a substance into products
that generally include carbon dioxide, water vapor, suifur dioxide, nitrogen
oxides, hydrogen chloride gas, and ash. The hazardous products of the

thermal destruction/incineration include all the previously mentioned
products except carbon dioxide and water vapor, plus incomplete products of
combustion. Air pollution equipment is required to control the release of
the hazardous products. Thermal destruction methods can be used to destroy
organic contaminants in liquid, gaseous, and solid waste streams. The most
common incineration technologies applicable to hazardous waste sites are
rotary kiln, multiple hearth, fluidized bed, and liquid incineration.
Advanced incineration technologies include molten salt, wet air oxidation,
piasma arc torch, circuiating bed, high temperature fiuid waii, pyroiysis,
supercritical water, electric tube reactor, and vertical tube reactor. Many
of these advanced technologies show promise and have been demonstrated to
limitations, and
...licabilities,
mi
mrr
varying Aaalisaaa w4" 5 w"a r,aaa"
reliabilities. They are not presented here for conciseness and to allow
focus on the most significant incineration technologies. However, they are
well documented in the literature and should be evaluated if thermal
treatment is included in the remedial action.
Rotarv Kiln
Rotary kilns are capable of handling a wide variety of solid and liquid
wastes. They are cylindrical, refractory-lined shells that are fueled by
natural gas, 011, or pulverized coal. Most of the heating of the waste is
due to heat transfer with the combustion product gases and the walls of the
kiln. The basic type of rotary kiln incinerator consists of a kiln and an
Aftnrhurnor.
Wastes are injected into the kiln at the higher end and are passed
through the combustion zone as the kiln rotates. The rotation creates
turbulence and improves combustion. Rotary kilns often employ afterburners
to ensure complete combustion. Most rotary kilns are equipped with a wet
scrubber for acid gas and possibly particulate emission control.
Rotary kilns are capable of burning wastes in any physical form. They
can incinerate solids and liquids independently or in combination and can
i.....a..
a A
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in
accept wabLe Teen without any preparatiun. WdbLeS L1141, 114VC
rotary kilns include PCBs, tars, obsolete munitions, polyvinyl chloride, and
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bottoms from solvent reclamation operations. Because of their ability to
4— „,
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rotary kilns are the preferred method for treating mixed hazardous solid
residues.
Rotary kilns are susceptible to thermal shock which necessitates very
careful maintenance. They need additional air due to leakage, have high
particulate loadings, relatively low thermal efficiency, and a high capital
cost.
Multiple Hearth
Multiple hearth incinerators consist of a refractory lined steel shell,
a rotating central shaft, a series of solid flat hearths, a series of rabble
'tome
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removal systems, and fuel burners mounted on the walls. They also have an
afterburner and can have liquid waste burners, and side ports for tar
iniections.
The multiple hearth incinerator can be used for the disposal of all
forms of combustible materials, including sludges, tars, solids, liquid, and
gases. The incinerator is best suited for sludge destruction. Solid waste
often requires pretreatment such as shredding and sorting. It can treat the
same wastes as the rotary kiln provided that solids are pretreated. The
principai advantages of muitipie hearth incineration include high residence
time for sludge and low volatile materials; the ability to handle a variety
of sludges; the ability to evaporate large amounts of water; high fuel
offirinneby; .nd thn ntilit.tinn nf a v2ripty nf fnnit.
Multiple hearth units are susceptible to thermal shock. They are
unable to handle wastes that produce an ash which fuses into large rock-like
structures or wastes requiring very high temperatures. Control of the
firing of supplemental fuels is difficult. This type of incinerator has
high maintenance and operating costs.

Fluidized Bed
vertical
incinerators consist of a cylindrical
Fluidized
bed
refractory-lined vessel containing a bed of inert granular material, usually
sand on a perforated metal plate. Combustion air is introduced through a
plenum at the bottom of the incinerator and rises vertically fluidizing the
bed and maintaining turbulent mixing of bed particles. Waste material is
injected into the bed and combustion occurs within the bubbling bed. Heat
is transferred from the bed into the injected wastes. Auxiliary fuei is
usually injected into the bed. Since the mass of the heated, turbulent bed
is much greater than the mass of the waste, heat is rapidly transferred to
the waste materials; a residence time of a few seconds for apses 2nd 2 few
minutes for liquids is sufficient for combustion.
The most typical wastes being treated in fluidized beds include
slurries and sludges. Some waste requires pretreatment such as drying,
shredding, and sorting. The fluidized bed can handle the same wastes as the
rotary kiln. They have been used for the disposal of municipal wastewater
treatment sludges, oil refinery waste, and pulp and paper mill waste. There
are limited data on the use of this technology for hazardous waste
incineration. It has been used for phenolic wastes and methyl methacrylate.
It is particuiariy well suited for high-moisture wastes, sludges, and wastes
containing large quantities of ash.
Th0
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minimal NOx formation, long life of the incinerator, high efficiency, and
simplicity of operation. It has the ability to trap some gases in the bed,
reducing the need for an emission control system. The disadvantages include
difficulty in removing residual materials from the bed, a relatively low
throughput capacity, and the difficulty of handling residues and ash from
the bed.
Liauid Iniection
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lined combustion chamber and a series of atomizing nozzles. Two chamber
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systems are more common. The primary chamber is usually a burner where
combustibie iiquid and gaseous wastes are introduced. Noncombustible liquid
and gaseous wastes are introduced downstream of the burner in the secondary
chamber.
Liquid injection can be used to destroy virtually any pumpable waste.
If viscosity precludes atomization, mixing and heating can be used prior to
atomization to improve viscosity. These units have been used in the
destruction of PCBs, solvents, still and reactor bottoms, polymer wastes,
Unlikely candidates for destruction include heavy metal
and pesticides.
wastes and wastes high in inorganics.
Liquid incinerators have no moving parts and require the least
maintenance of all types of incinerators. The major limitations of these
units are the ability to incinerate only wastes which can be atomized in the
burner nozzle and the burner's susceptibility to clogging. It also needs
supplemental fuel. Liquid injection incinerators are highly sensitive to
waste tnMpOsitinn and flnw changeš t Storage and mixina tanks are usually
required to ensure a reasonably steady and homogenous waste flow.
B.3.3.2 Separation
The treatment of solids involves their classification by grain size.
Classification of particles according to grain size may be undertaken for
one of two reasons. First, more efficient use can be made of equipment and
land area by taking advantage of the differences in settling velocity of
different sized particles. Second, there is recent evidence to suggest that
classification by grain size is important in managing contaminated soils
because of the apparent tendency of contaminants to idsorb preferentially
onto fine-grained materials. Sieves and screens, classifiers, and cyclones
may be used for solids separation. These technologies are presented in
Section B.3.2.3.
B.3.3.3 Solidification/Stabilization
Solidification and stabilization are terms which are used to describe
treatment systems which (1) improve waste handling or other physical
B-60

characteristics of the waste, (2) decrease the surface area across which
transfer of contaminants can occur and/or (3) limit the solubility or
toxicity of contaminants. Solidification is used to describe processes
where these results are obtained primarily, but not exclusively, by
production of a monolithic block ofwaste with high structurai integrity.
the
The contaminants do not necessarily interact chemically with
solidification reagents, but are mechanically locked within the solidified
matrix. Contaminant loss is minimized by red.r4 en the surfare are2.
Stabilization methods usually involve the addition of materials which limit
the solubility or mobility of waste constituents even though the physical
handling characteristics of the waste may not be improved. Methods
involving combinations of solidification and stabilization techniques are
often used. The state-of-the-art of solidification/stabilization methods is
advancing rapidly. Many manufacturers are marketing processes which involve
the use of various combinations of alkaline earth materials often together
with organic polymers and proprietary chemicals.
Cement-based Solidification
Cement-based solidification involves mixing the wastes directly with
inrnrpnr2ted intn the rigid matrix of the
Portland cement. The w2ste
hardened concrete. The end product may be a standing monolithic solid or
may have a crumbly, soil-like consistency, depending upon the amount of
cement added.
Most hazardous wastes slurried in water can be mixed directly with
cement and the suspended solids will be incorporated into the rigid matrix.
Although cement can physically incorporate a broad range of waste types,
most wastes will not be chemically bound and are subject to leaching.
Cement solidification is most suitable for immobilizing metals because at
the pH of the cement mixture, most multivalent cations are converted into
insoluble hydroxides or carbonates.
There aria many dicadvantagog to cement-based solidification. Metal
hydroxides and carbonates are insoluble only over a narrow pH range and are
subject to solubilization and leaching in the presence of even mildly acidic
B-61

leaching solutions (i.e., rain). Portland cement alone is not effective in
immnkilivinn
nimnnnire
Cement-based solidification results in Inetne that
nmovrallesmeny
are twice the weight and volume of the original material thereby increasing
transportation
and disposal costs. Some wastes are incompatible with
cement such as some sodium salts (i.e., arsenate, borate, phosphate, iodate,
and sulfide), salts of magnesium, tin, zinc, copper, and lead, organic
matter, some silts and clays, coal, and lignite. The major advantage of the
method is its low cost and the use of readily available mixing equipment.
40
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Silicate-based Solidification
Silicate-based processes refer to a very broad range of solidification
and stabilization methods which use a siliceous material together with lime,
cement, gypsum, and other suitable setting agents. Extensive research is
rurrontly undorw2y nn tha nca nf cilironnt rnmpenintiq in qnlidificatinn_
Many of the available processes use proprietary additives and claim to
stabilize a broad range of compounds. The basic reaction is between the
silicate material and polyvalent metal ions. The silicate material which is
added in the waste may be fly-ash, blast furnace slag or other readily
available materials. Soluble silicates such as sodium silicate or potassium
silicate are also used. The polyvalent metal ions which act as initiators
of silicate precipitation and/or gelation come either from the waste
solution, and added setting agent, or both. The setting agent should have
low solubility, and a large reserve capacity of metallic ions so that it
controls the reaction rate. Pvitland ‘cmcnt and 1;m= us= mvat ‘vmmvulY uacd
because of their good availability. However, gypsum, calcium carbonate, and
other compounds containing aluminum, iron, magnesium are also suitable. The
gnlid which is formed in these processes varies from a moist, clay-like
material to a hard-dry solid similar in appearance totoncrete. There are a
number of silicate-based processes which are currently available or in the
research stages. Manufacturers' claim differ significantly in terms of the
waste
different
processes for stabilizing
capabilities
of these
constituents.
There is considerable research data to suggest that silicates
together with lime, cement, or other setting agents can stabilize a
o
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site-specific basis particularly in view of the large number of
and different sources of silicates which may be used. Soluble
such as sodium and potassium silicate are generally more effective
ash, blast furnace slag, etc. There is some data to suggest that
ash materials are less durable and stable to leaching then cement
materials.

The
Url

a

additives
silicates
than fly
lime-fly
fly ash

Common problems with lime-fly ash and cement-fly ash materials relate
to interference in cementitious reactions that prevent bonding of materials.
Materials such as sodium borate, caicium suifate, potassium dichromate and
carbohydrates can interfere with the formation of bonds between caladium
silicate and aluminum hydrates. Oil and grease can also interfere with
bonding by coating waste particles. However several +tonne nf nil clndnot
have been stabilized with silicate-based processes.
One of the major limitations with silicate-based processes is that a
large amount of water which is not chemically bound will remain in the solid
after solidification. In open air, the liquid will leach until it comes to
some equilibrium moisture content with the surrounding soil. Because of
this water loss, the solidified product is likely to require secondary
containment.
Commercial cement mixing and handling equipment can generally be used
for silicate-based processes. A number of mobile, trailer-mounted systems
are available.
Sorbents
Sorbents include a variety of natural and synthetic solid materials
are used to eliminate free liquid and improve the handling
which
characteristics of wastes. It can be applied to any waste type where free
liquids (water or organics) need to be bound. Commonly used natural sorbent
materials include flyash, kiln dust, vermiculite, and bentonite. Synthetic
sorbent materials include activated carbon which sorbs dissolved organics,
n es%
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Hazorb (Dow Chemical) which sorbs water and organics, and Locksorb (Radecca
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Sorbents are widely used to remove free liquid and improve waste
handling. Some sorbents have been used to limit the escape of volatile
organic compounds. They may also be useful in waste containment when they
modify the chemical environment and maintain the pH and redox potential to
limit the solubility of wastes. Although sorbents prevent drainage of free
water, they do not necessarily prevent leaching of waste constituents and
secondary containment is generally required. Equipment requirements for
addition and mixing of sorbents are simple.
Thermoplastic Solidification
Tketimmnnl,c44n

solidification involves sealing W2C+Of in mmtriv eurh
as asphalt bitumen, paraffin, or polyethylene. The waste is dried, heated,
and dispensed through a heated plastic matrix. The mixture is then cooled
to form a rigid but deformable solid. Bitumen solidification is the most
widely used of the thermoplastic techniques.
Thermoplastic solidification involving the use of an asphalt binder is
most suitable for heavy metal or electroplating wastes. Relative to cement
solidification, the increase in volume is significantly less and the rate of
leaching significantly lower. Thermoplastics are not affected significantly
by either water or microbial attack.
There are a number of waste types which are incompatible with
thermoplastir soli difiratinn. nvidi7orc curh aC Parrhinritat nr nirrAtog
can react with many of the solidification materials to cause an explosion.
Some solvents and greases can cause asphalt materials to soften and never
become rigid. Xylene and toluene diffuse quite rapidly through asphalt.
Salts that partially dehydrate at elevated temperatures can be a problem.
Sodium sulfate hydrate, for example, will lose some water during asphalt
incorporation and if the waste asphalt mix containing the partially
dehydrated salt is soaked in water, the mass will swell and crack due to
rehydration. This can be avoided by eliminating easily dehydrated salts or
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coating the outside of the waste/asphalt mass with pure asphalt. Chelating
and complexing agents can cause problems with containment of heavy metals.
Certain wastes, such as tetraborates, and iron and aluminum salts can cause
premature solidification and plug up the mixing machinery.
High equipment and energy costs are principal disadvantages of
thermoplastic solidification. Another problem is that the plasticity of the
matrix-waste mixture generally require that containers be provided for
transportation and disposal of materials which greatly increases the cost.
Thermoplastic solidification requires specialty equipment and highly trained
operators to heat and mix the wastes and solidifier. The common range of
operating temperatures is 130 to 230 degrees Centigrade. The energy
intensity of the operation is increased by the requirement that the wastes
be thoroughly dried before solidification.
Surface Microencapsulation
physically
includes those methods which
Surface encapsulation
microencapsulate wastes by sealing them in an organic binder or resin.
Surface encapsulation can be accomplished using a variety or approaches.
A process developed by Environmental Protection Polymers involves the
use of 1,2-polybutadiene and polyethylene to produce a microencapsulated
waste block onto which a high density polyethylene (HDPE) jacket is fused.
The 1,2-polybutadiene is mixed with particulated waste which yieids, after
solvent evaporation, free flowing dry resin-coated particulates. The
resulting polymers are resistant to oxidative and hydrolytic degradation and
to permeation by water. The next step involves formation of a klork of the%
polybutadiene/waste mixture. In the final step, a 1/4 inch thick HDPE
jacket is mechanically and chemically locked to the surface of the
microencapsulated waste. An alternative process developed by the same
company involves a much similar approach. Contaminated solids or sludges
are loaded into a high density polyethylene overpack. A portable welding
apparatus is then used to spin weld a lid onto the container forming a seam
free encapsulate.
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Another encapsulation method uses an organic binder to seal a cementcrilidifiad mace_ Hnitod qtatoe nypeum Company maoufacturoe a product called
Envirostone Cement which is a special blend of high-grade polymer modifiedgypsum cement. Emulsifiers and ion exchange resins may be added along with
the gypsum cement which hydrates to form a freestanding mass. A proprietary
organic binder is used to seal the solidified mass. The process can be used
to stabilize both organic and inorganic wastes.
The major advantage of encapsulation processes is that the waste
material is completely isolated from leaching solutions. These methods can
be used for both organic and inorganic waste constituents. They allow for
GC.1
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hazard of accidental spills during transport is minimized. Encapsulation
stable
chemically,
are commercially available, very
materials
nonbiodegradable, mechanically tough, and flexible. They can withstand the
mechanical and chemical stresses of a wide range of disposal schemes.
The disadvantages of encapsulation techniques include the high cost of
the binding resins and that the processes are energy intensive. In
addition, skilled labor is required to operate molding and fusing equipment.
6.3.3.4

vitrification

Vitrification of wastes involves combining the wastes with molten glass
ant
"
There 2rn snme
at a t..F.lature of 1,350 degrees Centigrade nr"
processes that allow temperatures as 1ow as 850 degrees.
Vitrification is quite costly and so far has been restricted to
be considered for
very highly toxic wastes. To
radioactive or
vitrification, the wastes should be either stable or totally destroyed at
the process temperature.
Vitrification offers the greatest degree of containment of all the
common solidification methods. Most resultant solids have an extremely low
leach rate. Some giasses, such as borate-based giasses, have high ieach
rates and exhibit some water solubility. The high energy demand and
R-56

requirements for specialized equipment and trained personnel greatly limit
the use of thic mAthnd.
6.3.3.5 Soils Treatment
Any of the techniques for in-situ treatment described in Section
6.1.1.4 may be applied on a batch or continuous unit basis to excavated
soils. Soil washing is another method that may be applied and is described
below.
Soil Washinq
Soil washing is a process whereby excavated contaminated soil is washed
with water to remove the contamination from the soil grains into the
washwater. Chemical agents such as surfactants or chelants can be added to
the washwater to increase the efficiency of contaminant removal. There is
little or no actual experience with washing of excavated soil at hazardous
waste sites in the United States. A few projects in the planning stages are
reported. The soil-washing process has been used in several installations
in Holland and West Germany. The process has been the subject of a U.S. EPA
research program since about 1982, and at least one private firm (ECOVA) in
the U.S. is attempting to market the process. in Europe soil-washing
facilities are reported in Germany and the Netherlands.
soil washing prccecs consists of the following stepc. First, th0
soil feed is screened to remove debris. The soil is then mixed with
washwater in measured proportions. It is washed or scrubbed to obtain
intensive contact between the soil grains and the washwater. Energy may be
introduced into the mixture by high-pressure water jets, vibration devices,
and/or other means. Next the washed soil is separated out of the washwater.
Coarse soil particles can be separated in a trammel or vibrating screen
device; finer sand is separated in a sedimentation tank; and silt in a
hydrocyclone or centrifuge device. The resulting fine soil and contaminated
water mixture must then be treated for final disposal of solids and
recycling of the water.
Thn
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Soil-washing works successfully to clean coarse-grained soils of a wide
range of organic and inorganic contaminants. It removes most water-soluble
volatile organics and other highly mobile hydrophilic compounds from soil.
The soil-washing process has great difficulty removing from fine-grained
soils those organics and inorganic compounds which do not readily separate
from the soil to water. There is a minimum soil grain size below which
soil-washing cannot effectively remove metals and most nonvolatile and
semivolatile organics. The addition of chelants and surfactants will
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cleaned. The addition of the chemicals to the washwater complicates the
later treatment of the washwater for recycle or disposal.
Bench scale tests of soil washing with water alone on coarse soil
particles greater than 2000 microns have reduced the levels of volatile
organics, semivolatile organics and metals by 99.9, 93.9, and 96.7 percent,
respectively. However, as the soil particles decreased in size, washing
with water alone was much less affective. For grain sizes less than 250
microns, there was no reduction in the levels of semivolatile organics and
metal inorganics.
Despite the lack of U.S. experience and limited
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equipment used for soil washing is similar to equipment routinely used in
the sand, gravel, and ore-processing industry. Good reliability is likely
if the soil-washing equipment is designed for the site soil and if it is
properly maintained.
B.3.4 Gaseous Waste Treatment
This section presents methods for treating gases after they have be
collected using methods presented earlier for migration control of gases.
The only treatment methods are incineration, fiaring, and adsorption.
B.3.4.1

Flaring

Flaring exposes gases to an open flame where no special features are
employed to control temperatures or residence time. Supplementary fuels may
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be used to sustain continuous combustion. Flares are commonly used in the
oil and gas industry to dispose or waste yases and fume at refineries; at
sewage treatment plants to dispose of digestor gas; and at sanitary
landfills to dispose of landfill gas. Although flares provide sufficient
dpstruction of contaminants for conventional applications, destruction
removal efficiencies required by current environmental regulations for
thermal destruction of hazardous wastes are generally too stringent to be
met by flaring. Exceptions may be gaseous waste streams consisting of
relatively simple hydrocarbons.
B.3.4.2 Incineration
Incineration, which can
discussed in Section B.3.3.1.

also be applied to solids and liquids, is

B.3.4.3 Activated Carbon
See Section B.3.1.1 for discussion.
B.4 DISPOSAL TECHNOLOGIES
Disposal technologies include on-site landfills, off-site landfills,
POTWs, and underground injection wells.
B.4.1

On-Site Landfills
The on-site disposal of wastes by landfilling will require the design
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landfill facility standards under 40 CFR Part 264. It should be noted that
EPA guidance for CERCLA responses requires most on-site disposal actions "to
attain or exceed applicable and relevant standards of Federal public health
and environmental laws, unless specific circumstances" dictate otherwise.
The RCRA requirements under 40 CFR Part 264 and all associated guidance
are concerned with the proper location, design, construction, operation, and
maintenance of hazardous waste management facilities. These requirements
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preclude landfilling in areas of seismic instability, in a 100-year floodplain, and where the integrity ofthe liner system wouid be adverseiy
affected. These requirements also preclude landfilling of liquids and
several types of highly mobile and/or highly toxic wastes. In addition to
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program must address potential risks posed by the depth to groundwater at
the site and the degree of naturally available groundwater protection if the
liner system should fail. Other factors entering this evaluation include
costs for monitoring the groundwater, collecting any accumulated leachate,
and for implementing further corrective action if the groundwater has been
contaminated by a leak from the new landfill.
The operating life of an on-site landfill should be minimized to avoid
unnecessary generation of leachate caused by rainfall into an open cell.
Sometimes it is more efficient to construct severai landfill cells in
sequence rather than to construct on large cell which will remain open for a
long time period. A11 materials placed into a landfill should be compacted
as miirh ze pnecihla mcing 1102vy 0quipmant. Thic nrartira will minimiiP
settling after closure. A11 equipment operators and workers must be
thoroughly trained.
RCRA requires all land disposal facilities to establish a groundwater
monitoring program. The program must be capable of determining the
facility's impact on the quality of groundwater in the uppermost aquifer
underlying the facility.
On-site landfilling is an expensive technology which should only be
considered when: (1) there is so much waste to be disyubed that the total
cost of off- site waste management at an acceptable site is comparable; (2)
simple capping of the site will not provide adequate protection of human
hoalth and thP PnvironmAnt; and (3) on-sitP conditions will allow the
construction of a landfill that will protect human health and the
environment. Since it is rare that all three of the above conditions are
met at a site, the on-site landfill option is not frequently used.
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B.4.2 Off-Site Landfills
Determining the feasibility of off-site disposal by landfilling,
requires knowledge of RCRA regulations (40 CFR Parts 261-265) and other
regulations developed by states. RCRA generator and manifest requirements
The
must be complied with for all wastes that are shipped off-site.
generator must ensure that the facility selected to receive the wastes is in
compliance with all applicable Federal and State regulations. RCRA storage
rniting,
and disposal facilities are required •to notify •the yenciatur,
that they are capable of managing the wastes. The generator must keep a
copy of this written notification on file as part of the operating record.
A detailed waste analysis is generally required before a waste is
accepted by a treatment/disposal facility. On-site pretreatment of wastes
may be required in order to make them acceptable for off-site transport or
to meet the requirements of the disposal facility, and to meet the RCRA land
disposal ban requirements (40 CFR 268).
The transportation of wastes is regulated by the Department of
Transportation (DOT), the EPA, the States, and in some instances local
regulations
regulations.
The EPA regulations under RCRA adopt DOT
nnA
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Vehicles for off-site transport must be DOT approved and must display the
Before a vehicle is allowed to leave the site, it
proper DOT placard.
should be rinsed or scrubbed.
B.4.3 POTW
Often liquid wastestreams generated from treatment process can be
discharged with other industrial wastes to a publicly owned treatment works
(POTW). The wastestream must meet all applicable discharge limitations
established by the local POTW. In some cases, pipeiines can be constructed,
Facilities
with the approval of the POTW, to connect with the system.
located at some distance from a POTW may find the pipeline construction
costs prohibitive.
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B.4.4 Underaround Iniection
Wastes may be injected into the subsurface for disposal using injection
wells. The wastes and injection system must meet the underground injection
+
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precluded from usage or must be protected. Some wastes are
underground injection.
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6.5 INSTITUTIONAL CONTROLS
Institutional controls are measures that can be taken by a private or
public institution to reduce or eliminate environmental exposure to
contaminants. These technologies do not affect the level or location of the
contamination or its movement. Instead they alter receptor activities to
preciude contact. institutionai controls considered include site access
restrictions, alternative drinking supplies, and treatment of the existing
water supply. A11 the techniques are proven and can be implemented with a
high degree of reliability.
B.5.1 Access Restriction
Access restriction involves the implementation of legal and physical
barriers to prevent either transient or permanent access to the site by
animals or humans. The remedial technologies include land controls and
fencing/signs.
Land controls could include deed restrictions for
installation of wells within the area of influence, groundwater monitoring,
or other zoning and land use planning types of restrictions. Since DOE owns
the SDA, and it can stay in Federai control in perpetuity. Such controls
can be implemented with good reliability. Fences and signs can be used to
exclude humans and animals. These physical barriers and warnings can be
used in combination.
B.5.2 Alternative Drinking Water Supply
Water supplies that are contaminated at the source or in transmission
through pipelines can be replaced permanently or temporarily with an
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independent supply at the point of usage. Such supplies could include (1)
bottled and trucked water, (2) a new production well, and (3) a pipeline
from an existing production well.
The use of bottled and trucked water is common for temporary or semitemporary water supplies on an emergency basis until more permanent water
supply arrangements can be made. Bottled water is widely available in large
quantities from commercial distributors. Such water can be provided in
portable tanks •(trailers or 1.4VIR IJAILR)) uy commercial, clean water
contractors.
A new prndurtinn we11 can he used to replace existing contaminated
potable water supplies. Such a well would have to be sited at a nearby
location and at a depth that would avoid contaminated groundwater and avoid
drawing in other plumes that may exist in the area. Potable water could
also be piped from nearby existing deep production wells.
There are many possible combinations of these alternative drinking
supply technologies that need to be considered. An alternative water suppiy
could be implemented for drinking water while other water uses could
continue with contaminated water. Bottled or trucked water could be used as
on^
virtu,
pr.A.-4.ion well is under
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construction. Water could be trucked from the existing production well.
The existing water supply can be treated to acceptable quality using a
central treatment system. Central treatment could require the installation
of new facilities. Available water treatment methods include physical,
chemical, and biological technologies, and combinations of these methods may
be used for removal of some contaminants. A summary of potential
technologies is present in Section B.3.1 of this Appendix.
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