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1 BACKGROUND

A conceptual site model (CSM) is a way to descabe evaluate how people, animals, and
plants might come in contact with contaminants laication. It shows the current and
possible future spread of contamination in the mmment. Developing a CSM is a critical
step in evaluating a contaminated site, and muptégared during the initial stage of the
cleanup process, the site characterization phdseCBM identifies all:

o Present and future ways people, plants, or animaisbe exposed to
contamination (exposure pathways),

o Routes the contaminants may take as they moveghrihe environment -
migration routes (through soil, groundwater, andimface water, or plants and
animals (biota), and

o Possible types of people, plants, and animalscihaltl be exposed to
contamination (potential receptors) for furtherlgsia at a site.

A CSM guides the site characterization procesgesinhelps identify:
o The goals for gathering data to provide clear im@ation (data quality objectives),
o Needs for more sampling, and
o Risk management decisions which may need to be ;sadk as clean up levels
and institutional controls.

A CSM is designed to show real or possible expopatbBways, not quantify the exposure
or health risks presented by that exposure, asrie th a risk assessment. A CSM should
be prepared for every site cleanup. The much metaldd effort of conducting a risk
assessment is usually performed when proposingiermative cleanup level for soil or
groundwater based upon site specific conditions.

The preparation of a CSM does not need to be a locatgd process. The CSM is used to
assist project managers in properly evaluatingea kishould be continually revised as
new site investigations produce updated and marerate information. In general, a CSM
can be developed with only the most basic inforamasibout the site. The less information
on hand, the more the preparer needs to err ocotigervative side, assuming that a
person, plant or animal could be exposed to théaooination. As more information is
gathered, however, the CSM can be refined. At eilggext accompanying the CSM
should describe how exposure is being managedmmmazied across all complete or
potentially complete pathways.

This document provides guidance on how to devetiip buman health and ecological
Conceptual Site Models for contaminated sites adeek under 18 Alaska Administrative
Code (AAC) 75. It can also be used for contaminattegs addressed under 18 AAC 78.

! Cumulative Risk Guidance, ADEC November 7, 20@®ypaed by reference in 18 AAC 75
Guidance on Developing Conceptual Site Models 5
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1.1 Exposure Pathways

A listing of all the ways in which exposure couétké place, or the “exposure pathways”, is
essential to an accurate description of whom arat wiay be exposed to contamination.
Consultation with any possible users of the langt benecessary to get a clear picture.
Whether rural or urban, any site can have usesatieatot obvious to someone unfamiliar
with the site and the community. Evaluation of esyre pathways should start with
identification of the many different kinds of poteth users, including people that live at,
visit, or gather food from the site and plants andnals that may be present.

An appropriate form of public consultation or inveinent may be required of the
responsible party to identify exposure pathwayasha’s statutes (see AS 46.03.020) give
the department broad powers to involve the pultlitsadiscretion. However, mechanisms
of public involvement are not mandated in contan@daites cleanup regulations so that
the department can tailor its approach to publdt @mmunity involvement to the needs of
each site. Project managers should recognize thertance of involving interested people
and groups to obtain the most accurate informadtmout current and future land use.
When the Comprehensive Environmental Response, €osagion, and Liability Act
(CERCLA) applies, methods of public participatiae astablished by federal guidance.

1.2 Complete pathways

In the CSM, the distinction should be made betwmhways which are complete and
those which are incomplete. A complete pathwayisag by which a receptor, human,
plant or animal, is or could be exposed to contatimn.

Complete pathways should include both currently glete pathways and any that may be
complete in the future based on contaminant migmatr changes in land use. Remember
that identifying a pathway as complete does natraaticallymean there is actual harm or
risk to humans or the environment. It means thpbeure across the pathway needs further
evaluation to determine if it presents a risk. Feitestrictions placed on access to the site
or the water on site does not make a pathway intetmalthough at closure it is
acceptable to explain how exposure across a pathwiaye controlled. Also, neither the
guantity nor the concentration of a given chematahe site makes any difference in
determining if a pathway is complete. If chemicahcentrations are below screening
levels (1/10 of the ADEC health-based cleanup levels spedaifihat pathway) then the
exposure across that pathway may be describegigsiiicant and no further evaluation

of the pathway is necessary.

Often there will be insufficient information to @emine if a pathway is complete. Take for
example a family living on a site with subsurfacé and groundwater contamination. If
contamination is measured in a drinking water wbkn ingestion of the groundwater
would be a complete pathway. However, if it's nielac whether the contaminants could
evaporate from soil into outdoor air (becausegba@ample, the source is small, the
contamination is deep, or frozen ground limits tibtation of certain compounds) then
breathing in (inhalation) of volatiles in the outdair pathway still has the potential to be

Guidance on Developing Conceptual Site Models 6
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complete and should be treated as such until fudat is collected or approved modeling
has been performed.

Completeand potentially complete pathways should be consideocedplete for
development of the preliminary CSM. The prelimin@$M forms the basis of:

1. Further investigation (i.e., further site charaiei®ion), or

2. Arisk assessment, or

3. Development of risk management decisions (i.etitutenal controls, engineering
controls, or application of cleanup levels).

Comparison of concentrations of chemicals
in soil or water with DEC cleanup levels or
any other screening level is not sufficient = 1. Investigation _
justification for eliminating a pathway. If all @ Site characterization workplan: is

. . developed by a qualified person.* It
contaminant concentrations are below /10 includes initial and more detailed

Steps in the Cleanup Process

of the risk based screening levels that are subsequent investigation, and must
appropriate to both media (soil, water, air, include a CSM. DEC approval of the
food) and exposure route (ingestion, workplan is required.

inhalation, dermal absorption) then the b. Site characterization report:

summarizes the investigation and

pathway can be CO_nS'dered insignificant. recommends remediation for the site as

contaminants in a single media, so necessary if conditions affecting the

contamination in the media should not be CSM evaluation change. A risk _

considered insignificant until all pathways assessment, if conducted, is part of this
luated. step. DEC approval of the report is

are eva required.

A CSM must be submitted as part of the sit 2. Cleanup/risk management
characterization step in the cleanup proces a. Actions taken
(see Section 1.4 for more detail on site b. Report submitted to DEC

characterization). Throughout the rest of th: S (5126 G S e, S G e

process, the CSM is updated and continue:  conditions

to be used as information is gained. A

potentially complete pathway may be * A “qualified person” is defined in 18 AAC
dropped from further evaluation if sufficient 75.990. Definitions (100). UST/qp.asp

evidence is presented to demonstrate, to tr

satisfaction of the State of Alaska DepartmentmfiEbonmental Conservation (DEC), that
it is not a complete pathway. Sufficient evidenagynmclude, for example, identification
of impermeable, confining layers in the groundgdetermining bioaccumulative
compounds are not present at the site (such asdangestion of wild and farmed foods
pathway).

1.3 Graphical and Pictorial CSMs

A CSM consists of a graphical flow chart of the esypre pathways at a site, with text
describing each element. An example graphical CSMavided in Figure 1. Information
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should also be included on the physical setting|ahd’s surface and subsurface,
contaminant source, routes by which the contamimeayt spread, potentially exposed
populations, land use, and exposure pathwaysnigsssary to document what evidence
and reasoning was used to determine which exppstihevays were complete or
incomplete. Developing and documenting a CSM do¢sieed to be a long and
complicated process, but should provide the ustr @ough information to understand
how decisions on complete pathways at a site wademA pictorial representation of a
CSM may be usenh addition to the graphical one. A pictorial CSM is usefukixplaining
possible exposure at the site to interested menabene public as well as those involved
in the cleanup. An example pictorial CSM is showirigure 2.

1.4 CSM Submittal to DEC

A preliminary CSM depicts the knowledge of complete or potentiallpnptete exposure
pathways at the site at the time it is developsdess there is sufficient evidence to
eliminate a pathway, consider it complete in this GM. Please note: designating a
pathway as complete simply means that the pathwagisito be investigated. Preliminary
CSMs should be updated as additional informatiarobes available through site
investigation. Lateversions of CSM#corporate all additional information or resulfs o
site investigation that were not available at threetthe preliminary CSM was developed.

Preliminary and Revised CSMs must be submitte@auired in 18 AAC 75.335. If a risk
assessment is being conducted it is the first deatithat must be approved by DEC as
part of the risk assessment process. This requitedoes not supersede the CSM
submittal requirements at the workplan stage iAAE 75.335.

For consistency between contaminated site projB&€; has developed a preliminary
scoping form to assist consultants and contraetiitsa CSM (Appendix A). The
preliminary scoping form can be used at any pairthe investigation; however, the best
use of the scoping form is to gain concurrence WithDEC project manager about the
potential pathways that need to be investigatedeasite.

Guidance on Developing Conceptual Site Models 8
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Figure 1 Example Human Health CSM (graphical)
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Figure 2 Example Human Health CSM (pictorial)

EXAMPLE HUMAN HEALTH CONCEPTUAL SITE MODEL (PICTORIAL)
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1.5 Site Characterization

The first step toward cleaning up
contamination and reducing risk of exposure
to thoroughly investigate and then describe tl
site and the contamination. The investigation
plus the description in a report together
comprise site characterization.

In a relatively simple situation, the level of
effort will be fairly simple. Here’s an example
the contamination covers a small area, will be
completely removed, treated elsewhere, and
replaced with clean soil. In a case where
multiple contaminants are involved, they havi
been there for some time, their complete
removal is unlikely, and they have spread to
groundwater, site characterization may invol\
searching past records, multiple rounds of

Information to be described in
a site characterization

Surface area of the site;
Description of engineered
structures and facilities on site,
including buildings, access roads,
storage tanks, etc.;

Past and present uses of the site
and nearby properties;

Known and potential sources of
contamination;

Types of hazardous substances
reportedly released at the site;
Environmental media potentially
impacted by past and ongoing
releases; and

Site topography and surface water

sampling, and even a risk assessment to fully SgislEE @i G mEEr e Sie

describe hOW pe_OP|e m_ay be at_riSk' In the ce The magnitude and extent of migration of
where a site is divided into mUltlple Operable any hazardous substances reportedly
units, a CSM should be submitted for each o1 released at the site.

First of all, it is necessary to understand both
the site’s past uses and its current conditiorveduate the risks it may pose.

To the extent possible, this information shouldcbmpiled from existing site
characterization reports, if any, and other hisardocuments and records. A site
reconnaissance may be necessary if the availghbetseare old and/or provide incomplete
information. Asite mapshould be prepared showing the locations of emgetestructures,
past sampling locations, spill locations, wateribs@n and near the site, site topography,
and other significant features. For additional reteatures which must be described and
displayed on the site map or on supplemental mapanf ecological CSM, see Section 3.2.

A preliminary list of compounds of potential cone€COPCs) should be developed based
on site-specific history and/or laboratory analygignvironmental media. Early in the site
characterization process, the history of site-gjpegse is more typically the source of
information on COPCs. However, any available amedydata also should be used. For
metals, it is important to understand the contrdoubf naturally occurring background
sources to concentrations present on site.

Guidance on Developing Conceptual Site Models 11
October 12, 2010



Alaska Department of Environmental Conservation, Spill Prevention and Response Division

2 COMMON ELEMENTS, HUMAN AND
ECOLOGICAL CSMS

Exposure Pathway Terms and Examples

Conceptual Site Models identify exposure pathwanb @utline the course a chemical
takes from the source of contamination to a poadgptexposed person, animal, or plant
(receptor). Complete exposure pathways consisiwfriecessary elements; if one of these
elements is missing, the pathway is not complete:

1. A source of contamination and the way it was reddasto the environment;

2. An environmental medium (i.e., soil, water, or @nd the way in which the
chemical moves through the medium;

3. Alocation at which a receptor may come in conteithh the impacted
environmental medium; and

4. A way a chemical comes in contact with a recepter, (ingestion, inhalation, and
dermal exposure).

Characterization of the physical setting of a mtessential in developing the CSM.
Information on the physical setting can be foungngliminary investigations, site
characterization reports, historical documents, \&gits, and interviews with community
members. Special attention should be paid to pitatign, erosion, wind speed and
direction, vegetation, soil type, groundwater hyolgy, and location of surface water.
Terms of a CSM, including examples of each term,shiown in Table 1. This guidance
will help identify each of the terms listed in ttadle and how the elements fit together to
develop a CSM for a site.

Table 1. Exposure Pathway Terms and Examples
Term
(Defined below) Examples
Source Tanks, drums, transformers, landfills
Release Mechanism Spills, leaks, direct discharge, burning
Impacted Media Soil, sediment, groundwater, surface water, agteb{plants and animals)

Uptake by plants, uptake by animals/fish, volatifian to indoor air,
Transport Mechanisms deposition from fugitive dust, migration througlogndwater flow

Exposure Media Soil, sediment, groundwater, surface water, agteb{plants and animals)
Exposure Routes Ingestion, inhalation, dermal contact
Receptors Human: Adult residents, child residents, short-terankers, long-term

workers, site visitors, trespassers, subsisteneesus
Ecological: Invertebrates, plants, fish, mammailgld) etc.

Guidance on Developing Conceptual Site Models 12
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2.1 Source

All sources of contamination at the site need tadieeatified. Many times the source is
from a tank, drum, transformer, garage, shop, geeaea, or landfill. Other sources may
include discarded batteries, deteriorating buildjray pesticide application. Information on
how the contaminant was released into the enviromm#él be described next.

2.2 Release Mechanism

The release mechanism describes how contaminanésreleased from the source into the
environment. For instance, the souofe&ontamination at a site may be an underground
storage tank, but the release mechamsm a leak from that tank. Common release
mechanisms include spills, leaks, direct dischaagd,burning, etc. In some instances the
release mechanism is unknown and may need to bdwrated guess based on the
available information.

2.3 Impacted Media

The impacted media at a site is the environmentadtance to which a contaminant is in
contact with. The impacted media primarily included, sediment, groundwater, surface
water, air, or biota. For instance, oil from a legkunderground storage tank would be
released to the soil. Soil would be the impactedieme

It is important to keep in mind soil, groundwatsurface water, and sediment have specific
definitions which should be considered when deteimgi what type of media has been
impacted. Definitions for each type of media auded below:

o Soilis unconsolidated geologic material, includingyclaam, loess, silt, sand,
gravel, tills, or a combination of these mater{@8 AAC 75.990[117]).

o Groundwater is :

o Subsurface water in the saturated zone, for pugpokevaluating whether
the groundwater is a drinking water source undefAAg 75.346; or

o Water beneath the surface of the soil, for purpo$evaluating whether the
water will act as a transport medium for hazardausstance migration (18
AAC 75.990[46]).

o Surface wateris water of the state naturally open to the atrhesp including
rivers, lakes, ponds, reservoirs, streams, wetlamgsmundments, and seas (18
AAC 75.990[128]). Groundwater that is closely coctee hydrologically to nearby
surface water (i.e. groundwater that daylightsulgitoseeps or springs) should also
be evaluated as surface water.

o Sedimentis material of organic or mineral origin thatrarisported by, suspended
in, or deposited from water. Sediments occur imhbe freshwater and marine
environments and can include the area along th&tlemathat is exposed at low
tide and covered at high tide. Sediment includesrabal and biochemical
precipitates and organic material, such as hum8I&A&C 70.990[51]).
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2.4 Transport Mechanisms

Transport mechanisms show how contaminants imtipacted environmental media may
be moved to other media. For example, a transpechanism explains how contamination
from the soil migrates to the groundwater at a gifeer a chemical is released in the
environment it may be:

o Physically transported (e.g., volatilization, pptation, movement
downstream in water or on suspended sediment, gement through the
atmosphere);

o Chemically transformed (e.g., photolysis, hydradysixidation, reduction,
etc.);

o Biologically transformed (e.g., biodegradation);

o Accumulated in one or more media.

Examples of common sources, transport mechanismsggosure media that are found at
contaminated sites are shown in Table 2. Othespain mechanisms are possible and
should be investigated on a case-by-case basiSédmn 3.2.3).

Table 2. Examples of Common Chemical Sources, Transport
Mechanisms, and Exposure Media at Contaminated Sites.

Source or Impacted Media| Transport Mechanisms Exposure Media
Contaminated Surface Soil  Volatilization Air
Fugitive Dust Air
Surface Runoff Surface water
Leaching Groundwater
Tracking Soll
Biota Uptake Biota
Surfaces Wastes — spills ap¥olatilization Air
lagoons Overland flow Surface water or soil
Leaching Groundwater
Subsurface Soil or Buried | Leaching Groundwater/ soil
Wastes Volatilization Air (indoor or outdoor)
Surface Water / Wetlands Water flow Surface water
Sorption to particles and | Sediment
deposition
Biota uptake Biota
Groundwater Seepage Soil , sediment, surface
water
Volatilization Air (indoor)
Biota Uptake Other biota
Leaking Containers Overland flow Soil, water

SourceRisk Assessment Guidance for Superfund, VolumartLAPExhibit 6-3 (EPA 1989).

A complete pathway may not mean that there is a sigficant risk from exposure.
Exposure may not be significant in some cases Iseaailthe extent to which a
contaminant can be transported through a particnétia. The CSM narrative should
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explain why the pathway is considered insignific&ar example, how well a contaminant
dissolves in water, clings to soil, moves througitex or air, or accumulates in biota may
determine whether there is potential for exposor& particular media. Therefore,
consideration of a specific contaminant’s chemaad physical properties may be helpful
in developing the CSM. Once a pathway is consideosdplete, more work can be done to
determine if exposure via the pathway is goingdsepa significant risk. For more
information on this, see Appendix E.

2.5 Exposure Media

Exposure media is the environmental substancedavidiual (receptor) is exposed to.
Exposure media may include soil, sediment, grounelvaurface water, air, and biota

(plants and animals). Exposure media includesrgbaicted media that receptors may
contact.

2.6 Exposure Routes

An exposure route is the way a contaminant comesmtact with a receptor and the way a
chemical enters the body (i.e. inhalation, ingestaermal contact). See Section 3 for
Human CSMs and Section 4 for Ecological CSMs féwrimation on specific routes.
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HUMAN HEALTH CONCEPTUAL SITE MODELS

The main exposure routes for humans are eatingidgr(ingestion), breathing
(inhalation), and skin (dermal) contact. In thistgmn each exposure route is discussed,
including the scenario or pathway in which it isrooonly found. For instance, ingestion is
a main exposure route and is commonly associatédtiae ingestion of soil, sediment,
groundwater, surface water, and wild or farmed $ood

Not all of the following exposure routes are expddib be encountered at every site. Also,
unique site-specific conditions may require addiicexposure routes be investigated.
Complete pathways should include both currently glete pathways and any that may be
complete in the future based on
contaminant migration or changes in landThe soil ingestion and dermal contact pathways
use. Remember that identifying a are often evaluated together and referred to as the
pathway as complete does not mean thatd'reCt contact pathwav. If either pathway is

. .. complete, the direct contact pathway is considered
negative health outcomes are anUmpatedcommete_
but that the route of exposure may need
evaluation. Consultation with the public Is the soil ingestion pathway complete?
is recommended as an important method

to help determine exposure routes O Are contaminants present or potentially
' present in surface soil between 0 and 15 feet

below the ground surface (ft bgs)?*

3.1 Direct Contact with Soil

Direct contact with soil comprises two T you answered “yes” to this question, the soil
. . . ingestion pathway is complete.

exposure routes, ingestioh soil and
dermalabsorption of contaminants from s the dermal contact with soil pathway
soil. It is unusual for one of these complete?
pathways to be complete without the _ _
other being complete as well. For this ~ 3 Are contaminants present or potentially

h fien considered one present in surface soil between 0 and 15 feet
reason they are o below the ground surface (ft bgs)?*
pathway. O Can the soil contaminants permeate the skin

(see Appendix B)?

This pathway must be investigated if _
contamination is found or suspected in If you answered “yes” to the questions above, the
the surface soil (0 to 2 feet below the ~~ 2ermalcontact pathway is complete.

ground surface [ft bgs]) and/or the * Contamination at deeper depths may require
subsurface soil down to a depth of at evaluation on a site specific basis.

least 15 ft bgs. Consider the pathway

complete for subsurface soil between 2 and 15dturdess permafrost, bedrock, or site
conditions prohibit excavation. Generally, 15 fisethe depth from which subsurface soll
is brought to the surface by excavation. In mosesat is unlikely the direct contact
exposure pathway will be complete for contaminai@itibelow 15 feet. However,
contamination at deeper depths may require evaluain a site- specific basis (e.g., where
deeper excavation is possible such as in areasutiéties are located below 15 feet, or
where the surface grade may be lowered such asl @fopes or bluffs). Please note that
instituting dig restrictions to prevent exposuretibsurface soil is not a basis for
identifying this pathway as incomplete.
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Once the above criteria have been used to deteiifrtime direct contact pathway
(ingestion and dermal) is complete, concentratadm®ntaminants can be compared to
direct contact soil cleanup levels in Table B1 8fAIAC 75. The pathway is still complete
regardless of concentration, but may be considieignificant if concentrations are below
1/10" the Table B1 direct contact soil cleanup valud® direct contact cleanup level is
considered protective of both ingestion of soil dedmal exposure to soil.

3.1.1 Incidental Soil Ingestion

The soil ingestion pathway includes both the ingtdkingestion of soil through everyday
hand-to-mouth activities and the ingestion of asikirborne dust particles. See Section
3.3.3 for further information on the evaluationfaditive dusts.

3.1.2 Dermal Absorption of Contaminants from Soil

Contaminants may be absorbed into the body thrthekkin, thus making the dermal
absorption of contaminants in soil a complete pathwhe dermal pathway for soil is
considered a complete exposure pathway for compowitti the ability to permeate the
skin and reach the bloodstream. Common contamimdiatsncern for dermal exposure to
soil are shown in Appendix B. Non-residential aiti®s, such as construction or trenching
activities, can result in dermal exposure to sulasersoil and should be investigated.
Although during months of cold weather, soil cobtaith skin may be minimal because
the soil is either covered with snow or the skiryrha covered due to the cold
temperatures; this is not the case year roundthatgfore, is not sufficient reason to
eliminate this exposure pathway.

3.2  Water Ingestion

3.2.1 Ingestion of Groundwater
The ingestion of contaminants in

groundwater ShOUk_j be Cons_idered a Is the ingestion of groundwater pathway

complete pathway if contaminants are complete?

detected in groundwater or could migrate to _

groundwater and the groundwater is QO Have contaminants been detepted or are
idered a drinking water source they expected to be detected in

consl . g X ) groundwater, or are contaminants

Groundwater at a S.I'[e.IS assumed to be a expected to migrate to groundwater in

current or future drinking water source the future?

unless it can be demonstrated, to DEC’s O Could the potentially affected
satisfaction, that it will not be used as such, 9roundwater be used as a current or

. . s . future drinking water source? (Please
consistent with pertaining items in 18 AAC note, this question can only be answered

75.350. “no” if DEC has determined the
groundwater is not a currently or
Determining that the ingestion of reasonably expected future source of

groundwater pathway is complete does not ‘;g”gks“gg water based on 18 AAC
mean that there is current exposure 350,

resulting in unacceptable risk. Information |t you answered “yes” to all the questions
on chemical concentration can be comparedbove the ingestion of groundwater

to groundwater cleanup levels in Table C of2athway is complete.

18 AAC 75. Concentrations below cleanup
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levels do not mean the pathway is incomplete, trutaly be considered insignificant if
concentrations are below 1/16f Table C values.

If soil is contaminated and groundwater is pressuit,contaminants mayigrate to
groundwater. Ingestion of groundwater &complete pathway in this case as well, unless
the requirements of 18 AAC 75.350 have been mdetermine that groundwater is not a
current or future drinking water source.

Lack of current contamination in groundwater alamey not be sufficient evidence to
determine if contaminants could migrate in the fetCharacterization of site conditions
(e.g., presence of impermeable layers, attenuaficontaminants with depth) or
modeling, subject to DEC approval, may also be wigetbtermine the likelihood that
contamination in groundwater could occur in theifat If contaminants in soil are less
than 1/10 Table B1 and B2 Cleanup Levels

for the direct contact and outdoor inhalation

exposure pathways in addition to being less s the ingestion of surface water

than the migration to groundwater cleanup  pathway complete?

level, then the migration to groundwater

pathway may be deemed inSigniﬁcant. For contaminants in surface water:

QO Have contaminants been detected or
. are they expected to be detected in
322 Ingestion of Surface Water surface water, or are contaminants

Surface water can become affected by site expected to migrate to surface water in
contaminants from direct discharge, overland _ the future?

fl iqration dwater. It i Could potentially affected surface water
ow, or migrafion irom groundwater. it 1S bodies be used, currently or in the

ImpOI’tant tO knOW |f a Contamlnated Surface future, as a drinking water source?
water body, such as a lake or stream, is used  Consider both public water systems and
as a drinking water source. Use of the private use (i.e., during residential,
drinking water could be seasonal, such as recreational or subsistence activities).
during recreational or subsistence activities,

) . ) If you answered “yes” to all the questions
but this is not preclude it from being above the ingestion of surface water

considered a complete exposure pathway. pathway is complete.

Exposure to surface water while swimming is
addressed in the additional pathways section.

Even if ingestion of surface water is not a congplethway, Alaska’s water quality
standards for surface water (18 AAC 70) must beduang cleanup.

3.2.3 Ingestion of Wild and Farmed Foods

Many of Alaska’s contaminated sites are locatearéas where people rely on wild plants
and animals as their primary source of food. Téian important part of the rural economy
and one of the most highly valued parts of a rlifiedtyle. The use of traditional foods
provides a basis for nutritional, cultural, spiatumedicinal, and economic well being
among indigenous peoples and those who have adarsiedilar lifestyle. In other areas of
the state, gardens, small-scale agriculture, and@dture are important recreational and
economic pursuits as well.

Guidance on Developing Conceptual Site Models 18
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Exposure to site-related contaminants throughrpestion of wild or farmed foods should
be investigated if the site is used for
hunting, fishing, or harvesting of wild or
farmed foods. It should also be investigated
if hunting or fishing is conducted near the = Bioaccumulation is a general term for the build-
site and animals are exposed to the site. Thig of substances over time within an organism.
pathway is of particular concern when An organism may be exposed to these
contaminants have the potential to substances in soil, air, or water. Examples of

. C . some substances that may bioaccumulate
bioaccumulate (see definition in text box, aSincjude some pesticides, some metals, and

Bioaccumulate and Biomagnify

well as Appendix C) in the food chain. some other organic chemicals. Bioaccumulation
Other scenarios exist which are less occurs when an organism absorbs a toxic
common, but still can present a health substance at a rate greater than that at which

hazard, such as fish coated in free product " Substance is lost.

from a spill to surface water; berries coated : L
. . i ; The term biomagnification refers to the
in contaminated dust; or plants taking up progressive build-up of persistent substances

contaminants from soil or water. up the food chain. It relates to the concentration
ratio in a tissue of a predator organism as
Current and future land use should be compared to that in its prey. Compounds that

considered. This pathway is of particular ~ 2lomagnify also bioaccumulate.

concern to residents, subsistence users, and

recreational users at a site. The parts and giemntf animals and plants consumed by
subsistence harvesters vary greatly across Al&kasultation with subsistence users to
determine relevant pathways is strongly recommended

Is the ingestion of wild and farmed foods

Contaminants from soil, sediment, surface pathway complete?

water, or other plant and animal life can

accumulate in plants and animals that are o Is the site in an area that is used or

eaten by people. Although there are many reasonably could _be used for hunting, fishing,
ways to determine a chemical's ability to - 0 Spcies P88 e S ve e potenvalt
bloa}ccumulate or biomagnify in the fooql R A (e Al S

chain, DEC considers the compounds listed g are site contaminants located where they

in Appendix C to be bioaccumulative. An would have the potential to be taken up into
explanation of how this list was developed is  biota? (i.e. soil within the root zone for plants
also included in Appendix C. or burrowing depth for animals, in

groundwater that could be connected to

surface water, etc.)
DEC does not have cleanup levels

specifically designed to be protective of the If you answered “yes” to the questions above, the
ingestion of wild and farmed foods pathway. Ingestion of wild and farmed foods pathway is
If this pathway is complete, further complete.

evaluation -- either qualitative or

guantitative -- may be necessary to aid risk mamege decisions.

3.3 Inhalation

3.3.1 Inhalation of Outdoor Air

The inhalation of contaminants in outdoor air anplete pathway for volatile chemicals
that are present in surface and subsurface saiti&pth of 15 feet below ground surface (ft
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bgs). Again, investigating this pathway to
that depth accounts for the possibility that o
subsurface soil can be excavated and brougﬁt
to the surface where exposure can occur. Ina  Are contaminants present or potentially

addition, compounds are able to volatilize present in surface soil between 0 and 15

from the subsurface soil and into outdoor air, ~ feet below the ground surface (ft bgs)?*
O Are the contaminants in soil volatile (see

Appendix D)?

Is the inhalation of outdoor air pathway
mplete?

This pathway should only be eliminated if
there are no volatile compounds in soil. If you answered “yes” to the questions above,
Those chemicals listed in the cleanup tablesthe inhalation of outdoor air pathway is

in 18 AAC 75 that meet the definition of ~ complete.

volatile are listed in Appgndlx D This * Contamination at deeper depths may
pathway should also be investigated for require evaluation on a site specific basis.
gasoline range organics (GRO) and diesel

range organics (DRO).

A complete pathway does not mean that the exposuresults in unacceptable risk at
the site Information about chemical concentrations is Beagy to make that
determination. Low concentrations of contaminamtsidt imply that the pathway is
incomplete, but if they are below 1/16f the inhalation values listed in Appendix D, the
pathway may be considered insignificant. The CSbuhdisplay all complete pathways,
even if they are considered insignificant.

3.3.2 Inhalation of Indoor Air

Vapor intrusion is the migration of volatile compals from the subsurface soil or
groundwater into overlying buildings. People malyale the contaminant vapors that

migrate into buildings.
Is the inhalation of indoor air pathway

. _ a
The vapor intrusion pathway should be completer

COﬂSIde.I’ed.Cor_anete i pgtrpleum O Are occupied buildings on the site or
contamination is found within 30 feet, or reasonably expected to be placed on the
other non-petroleum contamination is found site in an area that could be affected by
within100 feet (horizontally or vertically) of contaminant vapors? (Within 30 feet of

a building or potential location for a building. gfggﬁ:grg?gﬁ?nmégﬂgg’ir\:\gim.1020 izt

This pathway may be important for buildings subject to “preferential pathways.”)

both with and without a basement. However,a Are volatile compounds present in soil or
this pathway is typically not complete for groundwater (see Appendix D)?
buildings on pilings where airflow is not

restricted (e.g., by air-tight skirting). If you answered “yes” to the questions above,

the inhalation of indoor air pathway is
complete.

Significant “preferential pathwayould

allow vapors to migrate into a building at

distances greater than 100 feet. In general,

petroleum vapors are not expected to migrate

as far because these contaminants are less

persistent and degrade more readily than halogeérat@pounds. Preferential pathways
may include subsurface fractures, utility condwatsd drains that intersect subsurface
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vapors. In Alaska, the presence of permafrost as@®al frost may result in additional
concerns about vapor intrusion into structurestoXdén surface in conjunction with the
thaw bulb that is typically present beneath buddimay create a preferential pathway to
the building.

Volatile contaminants that are of concern for fhashway are listed in Appendix D. DEC
will generally not require an evaluation for vapatrusion if the only chemicals of concern
at a site are the GRO, DRO, and residual rangenarBRO) petroleum fractions. Other
volatile compounds to evaluate when petroleum coimation is present are shown in bold
in Appendix D.

DEC does not have regulatory cleanup levels fovdpor intrusion pathway; however, the
DEC Draft Vapor Intrusion Guidance for Contaminagtks (2009) provides target levels
for groundwater, soil gas, and indoor air. Soiedate not good predictors of soil gas
concentrations, and are therefore not used by @EEadict risk posed by the indoor air
pathway. Once chemical concentrations are measuggdundwater, soil gas, and indoor
air, risk from the vapor intrusion pathway can bermeated using the target levels.
Decisions about site characterization, assessmamagement and cleanup should take
this additional pathway under consideration. Absewfcexisting buildings on site does not
necessarily preclude the elimination of the vaptnusion pathway from possible
consideration.

3.3.3 Additional Pathways

Although the above pathways are the most commos fmumd at contaminated sites, there
may be additional pathways of concern. These melyde dermal exposure to
groundwater or surface water, inhalation of voéstifrom groundwater, inhalation of
fugitive dust, incidental ingestion of sedimentotiers. Standard DEC cleanup levels for
soil and groundwater are generally assumed to dxegiive of the pathways in this section
(Section 3.3.3), but in some instances, as destbhb®w, these additional pathways
should be further investigated. It may also be irtgod to consider the contribution to
cumulative risks posed by exposure through additipathways.

Dermal exposure to contaminants in groundwater angurface watermay be a
complete pathway if:
o Climate permits recreational use of waters for swing.
o Climate permits exposure to groundwater duringvais, such as construction.
o Groundwater or surface water is used for houseptgoses such as bathing or
cleaning.

Generally, DEC groundwater cleanup levels in 18 A/SC Table C, are assumed to be
protective of this pathway.

Inhalation of volatile compounds in tap watermay be a complete pathway if:
o The contaminated water is used for indoor purpsesek as showering, laundering,
or dish washing.
o The contaminants of concern are volatile (commdatite contaminants are listed
in Appendix D).
Guidance on Developing Conceptual Site Models 21
October 12, 2010



Alaska Department of Environmental Conservation, Spill Prevention and Response Division

Generally, DEC groundwater cleanup levels in 18 A/ Table C, are assumed to be
protective of this pathway.

Inhalation of fugitive dust may be a complete pathway if:

o Nonvolatile compounds are found in the top 2 ceaters of soil. The top 2
centimeters of soil are likely to be dispersedim wind as dust particles.

o Dust particles are less than 10 micrometers (Réatie Matter - PNp). Particles of
this size are called respirable particles and eanhr the pulmonary parts of the
lungs when inhaled.

o Chromium is present in soil that can be disperseduat particles of any size.

Generally, DEC direct contact soil clean up lewel$able B1 of 18 AAC 75 are protective
of this pathway because it is assumed most dusitiearare incidentally ingested instead

of inhaled to the lower lungs. The inhalation padlyjwnly needs to be evaluated when very
small dust particles are present (e.g., alongtaaidway or where dusts are a nuisance).
This is not true in the case of chromium. Site gpmeclean up levels will need to be
calculated in the event that inhalation of dusttamring chromium is a complete pathway
at a site.

Direct contact with sedimentinvolves people coming into contact with sedimeanth as
during some recreational, subsistence, or induistcigvities. People then incidentally
ingestsediment from normal hand-to-mouth activitiesatidition,dermal absorption of
contaminants may be of concern if the contaminants are abfgetmeate the skin (see
Appendix B). This type of exposure should be inigaded if:

o Climate permits recreational activities around sestit.

o The community has identified subsistence or rempal activities that would result

in exposure to the sediment, such as clam digging.

Generally, DEC direct contact soil cleanup levald8 AAC 75, Table B1, are assumed to
be protective of direct contact with sediment.

Exposure to contaminants that have been taken updm sediment into plants and
animals that are eatenby humans is addressed untiggestion of Wild and Farmed
Foods Section 3.2.3.

3.4 Human Receptors

Types of people called “receptors”, who may be eepiado contamination at a site, are
selected based on the locations and activitiegople currently using the site and people
reasonably anticipated to use it in the future. Wietermining human receptors for a site,
it is important to keep in mind both current antlfe land use. This information should be
included in the human health CSM. Potential reasptaay include the following:

o Resident (adult and child); o Recreational user;
o Commercial or industrial worker; o Farmer;
o Construction/trench worker; o Subsistence harvester, or
o Site visitor; o Subsistence consumer.
a Trespasser,
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Residential receptors are addressed through DE&E&aull cleanup levels (Section 3.5) or
by developing soil cleanup levels under method {@8rAAC 75.340). Method three soil
cleanup levels can also be developed for commeuciadustrial workers. For all other
receptors, DEC requires evaluation through a rsslessment.

Special subpopulations that could potentially beomed to contaminants should also be
identified. Special subpopulations may be at ineedaisk from chemical exposure due to
increased sensitivity or behavior patterns, fomeple, infants and children, elderly people,
pregnant or nursing women, or people with chrolmesses. Subpopulations of potential
concern can be identified by determining the laoatind proximity of the site to schools,
day care centers, hospitals, nursing homes, ammdmatnt communities. Consultation with
the public is recommended, including neighbors @thérs who would know about
subpopulations of people who may be exposed.

3.4.1 Determining Current and Future Land Use

The current and anticipated future use of thes$ituld be used to determine the human
receptors at a site and to develop the CSM. Treoredly expected future use of the site
may differ from the current use. For instance, afgnoundwater in the area is not
currently used for drinking water, it may be in faeure. Therefore, ingestion of the
groundwater should be considered as a completevpgtat the site. The CSM should note
which pathways are current and which are futurenatiough both are considered
complete.

Assuming that people will live at the site (resiti@iland use) means that they are assumed
to have the most exposure. Therefore, assuminigtiteuse is residential is protective of
most other land uses. However, an assumption ofdutsidential land use may not be
necessary if residential use in the future is highilikely, such as in areas zoned for
commercial or industrial land use.

Before it can be assumed in the CSM that futurd lese will be commercial or industrial,
a formal determination of land use is necessaryC DEmately makes that determination,
which needs to be consistent with the definitiod8AAC 75.990(19) and the process
outlined in 18 AAC 75.340(e)(3). DEC will base adause determination upon the
following:

o Consultation with the public, including the localreng authority, if any;

o A determination that the site does not serve aessial land use;

o A determination that the site will not serve a fetuesidential land use based on
consideration of the factors in the EPAand Use in the CERCLA Remedy
Selection Proces©OSWER Dir. No. 9355.7-04, dated May 25, 1995 (EIRA5);
land in an undeveloped area for which it would iffcdlt to determine a future
use pattern is capable of being a residential amdass demonstrated otherwise;
and

o Consent of each landowner of property with contatiam left in place above clean
up levels
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3.4.2 Determining Insignificant Exposure

When a pathway is complete, but exposure is unfiteetesult in unacceptable levels of
risk due to conditions present at the site, the @aNirefer to the pathway as insignificant.
If DEC concurs with this decision, no further eaian of the pathway will be required.

As noted in Section 1.2, if chemical concentratiaresbelow screening levels (1716f
DEC health-based clean up levels specific to ta#ttyay) then the exposure across that
pathway may be described as insignificant and ribéu evaluation of the pathway is
necessary. Other considerations that may leackttifccation of an insignificant pathway
include:

o The site is located in a remote area and is exgeoteemain remote (e.g., not
accessible by road) and short term exposure t@oanant levels present at the site
are not expected to cause effects;

o People are not expected to be on the site for thare 10 days a year and short
term exposure to contaminant levels present atitheare not expected to cause
effects; or

o Contaminants are limited in extent, volume, anddibxand are not expected to
cause a significant exposure threat

3.5 Default Cleanup Levels CSM

It is important to understand the exposure patisveaywhich the cleanup levels are based.
Cleanup levels for soil and groundwater can be daaril8 AAC 75 tables. These values
are based on a default Conceptual Site Model amg@ramarily risk-basedIf the exposure
pathways, exposure routes, or assumptions usée icléanup level equations do not
match the site of interest or are not protectivéhefsite’s conditions, further evaluation
may be necessary. The default CSM used for thela@went of cleanup levels is shown in
Figure 3.

The values in 18 AAC 75 assume contaminants wéeased from a source to soil and/or
groundwater. The source and release mechanisnoadefined in this default CSM. The
tabled cleanup levels are protective of long-techr@nic) exposure in a residential setting,
consistent with unrestricted land use. These recgclude both adult and child

residents. In general, other receptors are lesssexjpto contaminants than residents and,
therefore, these cleanup levels also would be gtigtefor other types of receptors.
However, the 18 AAC 75 cleanup levels do not taite account subsistence use (Section
3.2.3), vapor intrusion into a building (SectioB.2), other less common human exposures
(Section 3.3.3). or ecological effects (Section Hthere is a potential for exposure

through any of these pathways, then further evimlnas required.

For soil, the cleanup levels are developed foraficentact with contaminants in soil,
inhalation of contaminants that have volatilizeahfrsoil, and potential migration of
contaminants to groundwater. Specific exposureasoas) chemical properties, and soill

2 These cleanup levels are calculated using stani&réquations and back-calculating a cleanupl e is
associated with DEC'’s risk standards (cancer riskia 100,000 and a HQ = 1.0).
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and aquifer parameters used to develop the clelanefs are outlined in th€leanup Level
Guidance(2008).

1. The cleanup levels for the direct contact pathameyassumed to be protective for the
incidental ingestion of soil, dermal exposure th, smd the inhalation of fugitive dust
particles greater than 10 micrometers (gMThe assumptions used in the equations
are consistent with the residential exposure segribhexavalent chromium is
present at the site, the cleanup level for this phtvay is not protective of inhalation
of fugitive dust; therefore, this pathway would ned to be evaluated separately.

2. The cleanup levels for the inhalation pathwasre developed to be protective of the
inhalation of chemicals volatilizing from soil taimoor air. The extent of volatilization
of contaminants in soil to outdoor air is estimatsthg the Jury Model, which assumes
an infinite source of contamination (i.e., no reglut of contaminant concentration due
to natural processes or source removal). The maoizl to develop cleanup levels for
this pathway also assumes no free product is presehvapor phase diffusion is the
only active transport mechanism (EPA 1996b). Tlessaimptions are conservative for
most contaminated sites in Alaska. Some cleanuglden the table are capped at the
soil saturation concentration.

3. The cleanup levels for the migration to groundwatghwayare developed to be
protective of drinking water from a well locatedtla¢ downgradient edge of the
contaminated soil source. The equations used teldehe tabled values for this
pathway incorporate a three-phase partitioning egushat estimates the contaminant
concentration in soil leachate and a water-balagcmtion that calculates a dilution
factor that accounts for the dilution of soil leat#hin an aquifer. This exposure
pathway is not evaluated in the arctic zone becatifee presence of permafrost and
the lack of use of groundwater as a source of drqtwater. The migration to
groundwater cleanup level equations make the fatigu@ssumptions:

o The source is infinite;

o There is uniform distribution of contaminants ie toil;

o The soil contamination extends from the surfacéaéowater table, but is not in
contact with groundwater or below the groundwater;

No chemical or biological degradation takes placthé unsaturated zone or

aquifer,;

Equilibrium is instantaneous;

The aquifer is homogenous;

Non-aqueous phase liquids are not present at tieasid

The drinking water well is located (or could bedted) at the edge of the

contamination source (i.e., there is no dilutiamnirrecharge downgradient of

the site; EPA 1996b).

O

000D

4. The target groundwater concentration used in tigeahon to groundwater pathway
eguations is set at the groundwater cleanup levaks groundwater tabled cleanup
levels are protective of the ingestion of groundwhy residents. The tabled values are
either based on a maximum contaminant level (M@t)osit in the drinking water
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regulations (18 AAC 80.300) or a risk-based cledeupl assuming residents are
ingesting the groundwater as a drinking water saurc

Please note, cleanup levels for two compounddllistéhe cleanup tables, polychlorinated
biphenyls (PCBs), and lead, are not derived froenG8M described above, but were
developed based on other considerations. Theytidrassumed to be protective of human
health.
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4 ECOLOGICAL CONCEPTUAL SITE MODELS

4.1 Introduction

An ecological conceptual site model identifies segrof contamination, routes of
contaminant transport, contaminated media, routegmosure, and potentially exposed
plant and animal receptors. A CSM is presentetienform of a flow chart and
descriptive narrative.

This section discusses the types of informatiohghauld be collected and reviewed to
develop an ecological CSM for a contaminated Siezelopment of the CSM from this
information relies on training and professionalgoeent to qualitatively evaluate both the
potential exposure of ecological receptors to gtated contaminants and the site-
specific conditions. Not every site will require @cological CSM. DEC'’s Ecological
Scoping Guidance (2005) should be used to deteriinareecological CSM is necessary
at a site and in turn aid in the development ofeb@ogical CSM.

The sections below describe the information typydaund in an ecological CSM. Early
in the process, it is not necessary to fully depelth of the information listed below
regarding the characteristics of the site and sundlong habitats; it is acceptable to
develop a simple CSM based on readily availablermétion.

For example, an initial ecological CSM for a sitayntonsist of:
o A site map;
o Photographs of nearby habitats; and
o One or two pages of text describing sources ofaraitation, transport
pathways, affected media, and potential receptmiseaposure routes.

If warranted based on site concerns, the initial&an be supplemented and refined.

4.2 Ecological Characterization

In order to develop an ecological CSM, it is neaeg$o identify the terrestrial and
aquatic habitat and the plants and animals (btb&t)use them. The following elements
should be considered during ecological characteéoizaf the site:

o Vegetative communities and water bodies found erstte.

o Off-site vegetative communities and water bodied Have the potential to be
impacted by site-related contaminants.

o Locations of all wildlife areas, preserves, resspganctuaries, parks, natural
areas, conservation areas, and other protectethhateas near the site.

o Species (non-human) and types of communities presgotentially present at
the site. Species and communities should be careside be potentially present
if they are known to have been present historicatlthe site, or if they are
present or have historically been present in smhigditats in the ecoregion (see
DEC'’s Users Guide for Selection and ApplicatiorDeffault Assessment
Endpoints and Indicator Species in Alaskan Ecoreg)io
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o Special species and their habitats at and neaitdheSpecial species include: (1)
state and federally listed rare, threatened, addrmgered species; (2) species that
are proposed or recommended for state or fedstaldi and (3) other Alaska
“species of special concern.”

To the extent possible, this information shouldabguired from existing site reports and
by communication with state and federal agencredyuding the United States Fish and
Wildlife Service (USFWS), the National Oceanic atchospheric Administration
National Marine Fisheries Service (NOAA Fisheries)d the Alaska Department of Fish
and Game (ADF&G). A site visit by an ecologicakrassessor and/or trained ecologist
may be warranted to verify and supplement the médion gained from these sources.

A habitat map should be drawn for the site and surrounding dteaay be based on
such sources as aerial photographs, United Statet@cal Survey (USGS) topographic
maps, or soil maps. Vegetative communities, weaaduatic habitats, and other habitat
types should be shown. The site perimeter shoulitdnen on the habitat map.
Alternatively, habitat types can be illustratedtbe site map described in Section 1.5 if
the overall amount of information displayed is eatessive.

4.3 Identification of Potential Exposure Pathways

Section 2 of this guidance discusses the movenfardriamination from source and
impacted media to exposure media. This sectionegpphually to ecological CSMs.

Once the vegetative communities, water bodies spedies likely to be impacted are
identified, the next step is to identify compleigpesure pathways. Any contact between
biota and COPCs in any medium by any route shoelddmsidered a complete pathway.
In general, a complete exposure pathway exists when
o Arelease to the environment has occurred as daotiachdy site history
orpreliminary characterization data;
o Transport of the contaminant to a point of coniagtossible;
o A point of contact exists for the contaminant aonteptial ecological receptor;
and
o An exposure route, such as ingestion or inhalagaists at the point of contact.

Current and future exposure pathways should beideresl complete unless there is
evidence that the COPC will not enter the mediurtherreceptor will not contact the
medium, either directly or indirectly.

Complete exposure pathways for ecological recegtmups should be summarized in a
CSM figure similar to Figure 4. The figure shouhtlude sources, transport mechanisms
from sources to exposure media, routes of expoaunckreceptors (see Table 1, Exposure
Pathway Terms). A narrative should accompany thiel @&ure and should describe the
contents of the diagram in sufficient detail toumesthat the user can understand it.

The following points should be considered when tiag the ecological CSM:

o Wildlife exposure routes usually include ingestairfood, drinking water, and
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incidental ingestion of soil or sedimeht.

o Plants, soil invertebrates, and soil microbes aseiimed to be directly exposed to
soil.

o Benthic invertebrates are assumed to be direcpppsed to whole sediment,
which consists of sediment particles and pore watewever, for simplicity, the
graphic version of the CSM need not depict thisimision.

o Dermal exposure of terrestrial wildlife usuallyciensidered to be minor due to
protection provided by fur and feathers.

o In most cases, respiratory exposure of wildlifealigus considered to be
insignificant. However, in some instances this pay may be significant (e.g.,
exposure of burrowing rodents to volatile orgariiemicals in soil).

o Rigorous quantitative methods for estimated rigkreot available for all receptor
groups, such as amphibians and reptiles. None#)afesich receptors are present
at a site and potentially exposed to site-relatesiicals, they should be included
in the CSM.

o Bioaccumulation potential varies greatly among ciscairgroups. As a starting
point, the chemicals listed in Appendix C shouldcbasidered as
bioaccumulative when developing the ecological CSiVa site.

o Dietary exposure is not routinely evaluated foh figquatic invertebrates, reptiles,
and amphibians due to a lack of standardized etrafumethods for these
receptor groups. Nonetheless, for highly hydropb@bganic compounds (e.g.,
PCBs) and some metals (e.g., methyl mercury), tdain exposure is likely to
be of great importance for these receptor groudssould be indicated as such
in the ecological CSM.

o Complete pathways should be included in the ecofd@SM, even if there is no
standard method of assessing exposure acrosspatiseays

® Soil or sediment exposure can be assumed neglifgibkpecies that have little exposure to soil
or sediment.
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Appendix A - Human Health Conceptual Site Model
Scoping Form and Standardized Graphic

Site Name:

File Number:

Completed by:

Introduction
The form should be used to reach agreement with the Alaska Department of Environmental Conservation (DEC)
about which exposure pathways should be further investigated during site characterization. From this information,

summary text about the CSM and a graphic depicting exposure pathways should be submitted with the site
characterization work plan and updated as needed in later reports.

General Instructions: Follow the italicized instructions in each section below.

1. General Information:
Sources (check potential sources at the site)

[ USTs [ Vehicles
[ ASTs [ Landfills
[ Dispensers/fuel loading racks [ Transformers

[ Drums [~ Other: ’

Release Mechanisms (check potential release mechanisms at the site)

[ Spills [ Direct discharge
[ Leaks [ Burning

[ Other: ’

Impacted Media (check potentially-impacted media at the site)

[~ Surface soil (0-2 feet bgs*) [~ Groundwater
[~ Subsurface soil (>2 feet bgs) [~ Surface water
[ Air [~ Biota
[ Sediment ™ Other:

Receptors (check receptors that could be affected by contamination at the site)

[ Residents (adult or child) [ Site visitor

[ Commercial or industrial worker [ Trespasser

[ Construction worker [ Recreational user
[ Subsistence harvester (i.e. gathers wild foods) [ Farmer

[ Subsistence consumer (i.e. eats wild foods) [ Other:

* bgs - below ground surface 1 revised October 2010



2. Exposure Pathways: (The answers to the following questions will identify complete
exposure pathways at the site. Check each box where the answer to the question is "yes".)

a) Direct Contact -
1. Incidental Soil Ingestion

Are contaminants present or potentially present in surface soil between 0 and 15 feet below the ground surface?
(Contamination at deeper depths may require evaluation on a site-specific basis.) -

If the box is checked, label this pathway complete: ’

Comments:

2. Dermal Absorption of Contaminants from Soil

Are contaminants present or potentially present in surface soil between 0 and 15 feet below the ground surface?
(Contamination at deeper depths may require evaluation on a site specific basis.) -

-

Can the soil contaminants permeate the skin (see Appendix B in the guidance document)?

If both boxes are checked, label this pathway complete: ’

Comments:

b) Ingestion -
1. Ingestion of Groundwater

Have contaminants been detected or are they expected to be detected in the groundwater, r
or are contaminants expected to migrate to groundwater in the future?

Could the potentially affected groundwater be used as a current or future drinking water r
source? Please note, only leave the box unchecked if DEC has determined the ground-

water is not a currently or reasonably expected future source of drinking water according

to 18 AAC 75.350.

If both boxes are checked, label this pathway complete:

Comments:
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2. Ingestion of Surface Water

Have contaminants been detected or are they expected to be detected in surface water, .
or are contaminants expected to migrate to surface water in the future?

Could potentially affected surface water bodies be used, currently or in the future, as a .
drinking water source? Consider both public water systems and private use (i.e., during
residential, recreational or subsistence activities).

If both boxes are checked, label this pathway complete: ’

Comments:

3. Ingestion of Wild and Farmed Foods

Is the site in an area that is used or reasonably could be used for hunting, fishing, or .
harvesting of wild or farmed foods?

Do the site contaminants have the potential to bioaccumulate (see Appendix C in the guidance .
document)?

Are site contaminants located where they would have the potential to be taken up into .

biota? (i.e. soil within the root zone for plants or burrowing depth for animals, in
groundwater that could be connected to surface water, etc.)

If all of the boxes are checked, label this pathway complete: ’

Comments:

¢) Inhalation-
1. Inhalation of Outdoor Air

Are contaminants present or potentially present in surface soil between 0 and 15 feet below the .
ground surface? (Contamination at deeper depths may require evaluation on a site specific basis.)

Are the contaminants in soil volatile (see Appendix D in the guidance document)?

If both boxes are checked, label this pathway complete:

Comments:
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2. Inhalation of Indoor Air

Are occupied buildings on the site or reasonably expected to be occupied or placed on
the site in an area that could be affected by contaminant vapors? (within 30 horizontal
or vertical feet of petroleum contaminated soil or groundwater; within 100 feet of
non-petroleum contaminted soil or groundwater; or subject to "preferential pathways,"
which promote easy airflow like utility conduits or rock fractures)

Are volatile compounds present in soil or groundwater (see Appendix D in the guidance
document)?

If both boxes are checked, label this pathway complete: ’

Comments:

revised October 2010



3. Additional Exposure Pathways: (4lthough there are no definitive questions provided in this section,
these exposure pathways should also be considered at each site. Use the guidelines provided below to
determine if further evaluation of each pathway is warranted.)

Dermal Exposure to Contaminants in Groundwater and Surface Water

Dermal exposure to contaminants in groundwater and surface water may be a complete pathway if:

o Climate permits recreational use of waters for swimming.
o Climate permits exposure to groundwater during activities, such as construction.
o Groundwater or surface water is used for household purposes, such as bathing or cleaning.

Generally, DEC groundwater cleanup levels in 18 AAC 75, Table C, are assumed to be protective of this
pathway.

Check the box if further evaluation of this pathway is needed.: [
Comments:
Inhalation of Volatile Compounds in Tap Water
Inhalation of volatile compounds in tap water may be a complete pathway if:
o The contaminated water is used for indoor household purposes such as showering, laundering, and dish
washing.
o The contaminants of concern are volatile (common volatile contaminants are listed in Appendix D in the

guidance document.)

Generally, DEC groundwater cleanup levels in 18 AAC 75, Table C, are assumed to be protective of this
pathway.

Check the box if further evaluation of this pathway is needed:

Comments:
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Inhalation of Fugitive Dust

Inhalation of fugitive dust may be a complete pathway if:

o Nonvolatile compounds are found in the top 2 centimeters of soil. The top 2 centimeters of soil are
likely to be dispersed in the wind as dust particles.

o Dust particles are less than 10 micrometers (Particulate Matter - PMio). Particles of this size are called
respirable particles and can reach the pulmonary parts of the lungs when inhaled.

o Chromium is present in soil that can be dispersed as dust particles of any size.

Generally, DEC direct contact soil cleanup levels in Table B1 of 18 AAC 75 are protective of this pathway
because it is assumed most dust particles are incidentally ingested instead of inhaled to the lower lungs. The
inhalation pathway only needs to be evaluated when very small dust particles are present (e.g., along a dirt
roadway or where dusts are a nuisance). This is not true in the case of chromium. Site specific cleanup levels
will need to be calculated in the event that inhalation of dust containing chromium is a complete pathway

at a site.

Check the box if further evaluation of this pathway is needed.: [

Comments:

Direct Contact with Sediment

This pathway involves people's hands being exposed to sediment, such as during some recreational, subsistence,

or industrial activity. People then incidentally ingest sediment from normal hand-to-mouth activities. In

addition, dermal absorption of contaminants may be of concern if the the contaminants are able to permeate the

skin (see Appendix B in the guidance document). This type of exposure should be investigated if:

o Climate permits recreational activities around sediment.

o The community has identified subsistence or recreational activities that would result in exposure to the
sediment, such as clam digging.

Generally, DEC direct contact soil cleanup levels in 18 AAC 75, Table B1, are assumed to be protective of direct

contact with sediment.

Check the box if further evaluation of this pathway is needed:

Comments:
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4. Other Comments (Provide other comments as necessary to support the information provided in this

form.)
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Instructions: Follow the numbered directions below. Do not

Site:
consider contaminant concentrations or engineering/land
use controls when describing pathways.
Completed By:
Date Completed: (5)
Identify the receptors potentially affected by each
exposure pathway: Enter “C” for current receptors,
“F” for future receptors, “C/F” for both current and
@ 2 3) 4 future receptors, or “I” for insignificant exposure.
Check the media that For each medium identified in (1), follow the Check all exposure Check all pathways that could be complete.
could be directly affected top arrow and check possible transport media identified in (2). The pathways identified in this column must Current & Future Receptors
by the release. mechanisms. Check additional media under agree with Sections 2 and 3 of the Human o
(1) if the media acts as a secondary source. Health CSM Scoping Form. § & &L:’
g0 @2 /&5 £
. . . ~ ol g /5 5
Media Transport Mechanisms Exposure Media Exposure Pathway/Route &/ & 83 § z /2
9 = @
D \;‘ Direct release to surface soil check soil § Eog @15 s 50: §
S~ = = o
Surface |:| Migration to subsurface | check soil gf qé’-g ‘-;Egéﬁ’ é’ @g %5
Soil [ ] Migration to groundwater | check qroundw@K -§b'§ EE,é’ o8/ & 5@&‘“ g/ 8
B2 ) 5
(0-2ft bgs) |[ ] Volatilization| check air ) gs/8s/os) S /P& 5/ O
[ ] Runoff or erosion| check surface water; [ ] Incidental Soil Ingestion
% Uptake by plants or animals | checkbiot) | |M] soil ) [ ] Dermal Absorption of Contaminants from Soil
Other (list): . "
[ ] Inhalation of Fugitive Dust
D] [ ‘ Direct release to subsurface solil check soil
Subsurface |[_] Migration to groundwater! check groundwater .
Soil [ ] Volatilization! checkar [ ] Ingestion of Groundwater
(2-15 ft bgs) |[ ] uptake by plants or animals | checkbiota) | ([ groundwater ) [ | Dermal Absorption of Contaminants in Groundwater
| Other (ist): [ ] Inhalation of Volatile Compounds in Tap Water
[ Direct release to groundwater check groundwater
Ground- | L Volatiization| Chec"aﬁ [ ] Inhalation of Outdoor Air
Flow to surface water bod check surface water - -
water | [ . d ] Inhalation of Indoor Air
|:| Flow to sediment] check sediment
[ ] Uptake by plants or animals| check blota: [ ] Inhalation of Fugitive Dust
(| other (iist):
D \ Direct release to surface water check surface water l:l Ingestion of Surface Water
Surface %Volaﬂlizatiom check fL'f( ] surface water [ ] Dermal Absorption of Contaminants in Surface Water
Sedimentation heck sed t . . .
Water | : checsedimen "I Inhalation of Volatile Compounds in Tap Water
|:| Uptake by plants or animals] check biota
[ ] Other (list):
‘ [0 sediment [ ] Direct Contact with Sediment ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
[D — Direct release to sediment check sedlment:
Sediment |:| Resuspension, runoff, or erosion check surface water
_|Uptake by plants or animals| checkbiota) | |I[7]  biota ‘ ] Ingestion of Wild or Farmed Foods ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
[ Jother (ist);
|Revised, 10/01/2010




Alaska Department of Environmental Conservation, Spill Prevention and Response Division

APPENDIX B

SOIL CONTAMINANTS EVALUATED FOR DERMAL EXPOSURE

Soil contaminants are evaluated for dermal expostien a specific absorption factor is
available (EPA, 2004c). If specific absorptionttas are not available, chemicals with a
Henry’s constant below 1 x Gtm-m/mol and molecular weight below 400 g/mol are
evaluated as semi volatile organic compoundss denerally thought volatile
compounds evaporate from skin before significasbaition occurs and are addressed
through the inhalation exposure pathway. Compouwittsa molecular weight greater
than 400 g/mol are considered too large to be &lesiathrough the skin.

2-Amino-4,6-Dinitrotoluene

2,4-Dichlorophenol

Mettyzhlor

4-Amino-2,6-Dinitrotoluene

Dieldrin

Mercury (Methyl

Acenaphthene Diethyl phthalate 1-Methylnaphthalene
Acenaphthylene 2,4-Dimethylphenol 2-Methylnaphthale
Aldrin Dimethyl phthalate 2-Methylphenol (o-cresol)
Anthracene 1,2-Dinitrobenzene 3-Methylphenol (msotke
Arsenic 1,3-Dinitrobenzene 4-Methylphenol (p-crgsol
Benzo(a)anthracene 1,4-Dinitrobenzene Naphthalene
Benzo(b)fluoranthene 2,4-Dinitrophenol Nitroglyceri
Benzo(k)fluoranthene 2,4-Dinitrotoluene Nitroguanl

Benzoic Acid 2,6-Dinitrotoluene n-Nitrosodiphenyle®
Benzo(g,h,i)perylene 1,4-Dioxane n-Nitroso-di-n{pylamine
Benzo(a)pyrene 2,3,7,8-TCDD (Dioxin) 2-Nitrotoluene

Bis(2-ethylhexyl)phthalate

Diphenylamine

3-Nitratehe

Butanol

Endrin

4-Nitrotoluene

Butyl Benzyl Phthalate

Ethylene glycol

Octahydr8;5,7-tetranitro-1,3,5,7-
tetrazocine (HMX)

Cadmium Fluoranthene Pentachlorophenol
Carbazole Fluorene Phenanthrene
Carbon Disulfide Heptachlor Phenol

Chlordane Heptachlor epoxide PCB
p-Chloroaniline Hexachlorobenzene Propylene glycol
2-Chloronaphthalene Hexachloro-1,3-butadiene Pyrene

Chrysene alpha-Hexachlorocyclohexane TributyltsxTabutyltin Oxide)
DDD beta-Hexachlorocyclohexane 2,4,5-Trichloropheno

DDE gamma-Hexachlorocyclohexange  2,4,6-Trichlorophen

DDT Hexachlorocyclopentadiene 2,45-TP

Dibenzo(a,h)anthracene

Hexachloroethane

1,3,5+#Mabvnzene

Di-n-butyl phthalate

Hexahydro-1,3,5-trinitro-1,3,5

triazine (RDX)

2,4,6-Trinitrophenylmethylnitramine
(Tetryl)

Di-n-octyl phthalate Hydrazine 2,4,6-Trinitrotolee(TNT)
2,4-D Indeno(1,2,3-c,d)pyrene
3,3-Dichlorobenzidine Isophorone
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APPENDIX C

BIOACCUMULATIVE COMPOUNDS OF POTENTIAL CONCERN

Organic compounds are identified as bioaccumulatitheey have a BCF equal to or
greater than 1,000 or a loggreater than 3.5. Inorganic compounds are identiis
bioaccumulative if they are listed as such by ERP®0Q). Those compounds in Table B-1
of 18 AAC 75.341 that are bioaccumulative, basetherdefinition above, are listed
below.

Aldrin DDT Mercury
Arsenic Dibenzo(a,h)anthracene Methoxychlor
Benzo(a)anthracene Dieldrin Nickel
Benzo(a)pyrene Dioxin PCBs
Benzo(b)fluoranthene Endrin Pyrene
Benzo(k)fluoranthene Fluoranthene Selenium
Cadmium Heptachlor Silver
Chlordane Heptachlor epoxide Toxaphene
Chrysene Hexachlorobenzene Zinc
Copper Hexachlorocyclopentadiene

DDD Indeno(1,2,3-c,d)pyrene

DDE Lead

Because BCF values can relatively easily be medsurestimated, the BCF is
frequently used to determine the potential for @nsical to bioaccumulate. A compound
with a BCF greater than 1,000 is considered todmomulate in tissue (EPA 2004b).

For inorganic compounds, the BCF approach has e Bhown to be effective in
estimating the compound’s ability to bioaccumul&téormation available, either
through scientific literature or site-specific dategarding the bioaccumulative potential
of an inorganic site contaminant should be usetktermine if the pathway is complete.

The list was developed by including organic compmtsutihat either have a BCF equal to
or greater than 1,000 or a loggreater than 3.5 and inorganic compounds that are
listed by the United States Environmental ProtecAgency (EPA) as being
bioaccumulative (EPA 2000). The BCF can also bienaséd from a chemical's physical
and chemical properties. A chemical’'s octanol-watatitioning coefficient (K.) along
with defined regression equations can be usedtito&e the BCF. EPA’s Persistent,
Bioaccumulative, and Toxic (PBT) Profiler (EPA 20@&n be used to estimate the BCF
using the K, and linear regressions presented by Meylan €1996). The PBT Profiler
is located at http://www.pbtprofiler.net/. For cooymds not found in the PBT Profiler,
DEC recommends using a loggreater than 3.5 to determine if a compound is
bioaccumulative.
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APPENDIX D

VOLATILE COMPOUNDS OF POTENTIAL CONCERN

A chemical is identified here as sufficiently vallatand toxic for further evaluation if the

Henry’s Law constant is 1 x Paatm-n?¥/mol or greater, the molecular weight is less than

200 g/mole (EPA 2004a), and the vapor concentratfidhe pure component posed an
incremental lifetime cancer risk greater thaff ®® a non-cancer hazard quotient of 0.1,
or other available scientific data indicates themltal should be considered a volatile.

Chemicals that are solid at typical soil tempergand do not sublime are generally not

considered volatile.

Acetone

Mercury (elemental)

Benzene

Methyl bromide (Bromomethane)

Bis(2-chloroethyl)ether

Methyl chloride (Chlororhahe)

Bromodichloromethane

Methyl ethyl ketone (MEK)

Bromoform

Methyl isobutyl ketone (MIBK)

n-Butylbenzene

Methylene bromide

sec-Butylbenzene

Methylene chloride

tert-Buytlbenzene

1-Methylnaphthalene

Carbon disulfide

2-Methylnaphthalene

Carbon tetrachloride

Methyert-butyl ether (MTBE)

Chlorobenzene

Naphthalene

Chlorodibromomethane (Dibromochloromethane)

Nitrasme

Chloroethane

n-Nitrosodimethylamine

Chloroform

n-Propylbenzene

2-Chlorophenol

Styrene

1,2-Dichlorobenzene

1,1,2,2-Tetrachloroethane

1,3-Dichlorobenzene

Tetrachloroethylene (PCE)

1,4-Dichlorobenzene

Toluene

Dichlorodifluoromethane

1,2,4-Trichlorobenzene

1,1-Dichloroethane

1,1,1-Trichloroethane

1,2-Dichloroethane

1,1,2-Trichloroethane

1,1-Dichloroethylene

Trichloroethylene (TCE)

cis-1,2-Dichloroethylene

2,4,6-Trichlorophenol

trans-1,2-Dichloroethylene

1,2,3-Trichloropropane

1,2-Dichloropropane

1,1,2-Trichloro-1,2,2-trifle@thane (Freon-113

1,3-Dichloropropane

Trichlorofluoromethane (Freidh)-

Ethylbenzene

1,2,4-Trimethylbenzene

Ethylene dibromide (1,2-Dibromoethane)

1,3,5-Trimethylbenzene

Hexachlorobenzene

Vinyl acetate

Hexachloro-1,3-butadiene

Vinyl chloride (Chloroetage

Hexachlorocyclopentadiene

Xylenes (total)

Hexachloroethane

GRO (see note 3 below)

Hydrazine

DRO (see note 3 below)

Isopropylbenzene (Cumene)

RRO (see note 3 below)
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Notes:

1. Bolded chemicals should be investigated as volatilnpounds when petroleum is present. If
fuel containing additives (e.g., 1,2-dichloroethagtbylene dibromide, methtért-butyl
ether) were spilled, these chemicals should aldovestigated.

2. If a chemical is not on this list, and not in Tabk of 18 AAC 75.345, the chemical
has not been evaluated for volatility. ContactBteC risk assessor to determine if the
chemical is volatile.

3. At this time, DEC does not require evaluation efrpleum ranges GRO, DRO, or RRO for
the indoor air inhalation (vapor intrusion) pathway
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October 12, 2010



Alaska Department of Environmental Conservation, Spill Prevention and Response Division

APPENDIX E

CONTAMINANT PROPERTIES USED TO EVALUATE TRANSPORT M ECHANISMS

These parameters describe chemical propertieeditd contaminants. Important
chemical parameters used to evaluate transportanesshs are shown below. The values
specific to each chemical determine how easilyengbal is transported by various
mechanisms. The default values used by the DE®edound in the DEC’s Cleanup
Levels Guidance (DEC, 2008).

Table D-1: Important Physical and Chemical Parametes Used to Evaluate
Transport Mechanisms

Purpose Parameter Symbol Meaning
Organic Koc Provides a measure of the extent of chemical
carbon partitioning between organic carbon and water at
partition equilibrium. The higher the § the more likely a
coefficient chemical is to bind to soil or sediment than to aem
in water.
Soil/water Ky Provides a soil or sediment-specific measure of the
Does the o : L .
. partition extent of chemical partitioning between soil or
contaminant . ; :
: coefficient sediment and water, unadjusted for dependence ppon
cling to ) . )
: organic carbon. The higher thg,Khe more likely a
organic o . : . .
chemical is to bind to soil or sediment than to aenf
matter or .
. in water.
does it move
i ? . .
with watter? Octanol K ow Provides a measure of the extent of chemical
coefficient partitioning between water and octanol at
equilibrium. The greater thels, the more likely a
chemical is to partition to octanol than to remain
water. Octanol is used as a surrogate for lipia8,(f
and K, can be used to predict bioconcentration ir
aguatic organisms.
Does it Solubility Is the upper limit on a chemical’s dissolved
dissolve in concentration in water at a specified temperaturep
water? Agueous concentrations in excess of solubility may
indicate sorption onto sediments, the presence off
solubilizing chemicals such as solvents, or the
presence of a non-aqueous phase liquid.
Henry's Law  H; Provides a measure of the extent of chemical
. Constant partitioning between air and water at equilibrium.
Does it : ,
. The higher the Henry’'s Law constant, the more
vaporize? . o . L
likely a chemical is to volatize than to remain in
water.
Vapor Is the pressure exerted by a chemical vapor in
Does it Pressure equilibrium with its solid or liquid form at any\@n
vaporize? temperature? It is used to calculate the rate of
volatilization of a pure substance from a surface (
Guidance on Developing Conceptual Site Models D-1
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Purpose Parameter Symbol Meaning
in estimating a Henry’s Law constant for chemicals
with low water solubility. The higher the vapor
pressure, the more likely a chemical is to exist in
gaseous state.

Movement of  Diffusivity Describes the movement of a molecule in a liquid]or
molecules gas medium as a result of differences in

Does it concentration. It is used to calculate the dispersi

spread? component of chemical transport. The higher the
diffusivity, the more likely a chemical is to moire
response to concentration gradients.

Bioconcentration Provides a measure of the extent of chemical

Does it Factor (BCF) partitioning at equilibrium between a biological

accumulate medium such as fish tissue or plant tissue and an

in living external medium such as water. The higher the BCF,

tissue? the greater the accumulation in living tissuekelly
to be.

. Persistence Media-Specific  Provides a relative measure of persistence of a

How easily ; S ) :

does it Half-Life chemical in a given med]um, although ac_:t.ual values
can vary greatly depending on site-specific

break down e )

over time? cond_mons. The greater the half-life, the more
persistent a chemical is likely to be.

SourceRisk Assessment Guidance for Superfund

Guidance on Developing Conceptual Site Models
October 12, 2010

, VolumertLAPExhibit 6-4 (EPA 1989).
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