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lll.  NC-Specific Risk Assessment Procedures
V.  Groundwater Only Site Closure Examples
V.  Introduction to Risk Calculator
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Introduction

A risk-based remedy is one remedial option which allows
residual contamination to remain in place if...

* There are no current unacceptable risks to human
health or ecological receptors from exposure to the
contamination

« All future risks of exposures are controlled through
remediation, engineering controls, and/or institutional
controls

“a paradigm shift”
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Regulatory Framework

October 2015 — Governor signed Session Law
2015-286 (via House Bill 765)

e Amends the 2011 “Risk-Based Environmental

Remediation of Sites” Law proposed in HB 45:
N.C.G.S. 130A-310.65 through 310.77

 Extends risk-based remediation as an option to virtually
all cleanup programs

» Allows off-site groundwater impacts to be addressed
using a risk-based approach — under certain conditions
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Eligibility

 Hazardous Waste/RCRA Sites

« Above-Ground Petroleum Releases
* |Inactive Hazardous Sites

» Division of Water Resources Sites

« Permitted Solid Waste Sites

...but not:
« Sites Regulated under the Coal Ash Management Act
* Permitted Animal Waste Management Systems

« Sites with existing risk-based cleanup legislation (UST,
DSCA, PRLF)
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Applicability
The best candidates for risk-based remediation will be sites

with sufficient data to show that:

« Site conditions are stable, and plume is stable or decreasing
in size and/or concentration

« Contaminant behavior, concentration, and extent (in all
affected media) are well understood and predictable
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General Statutes Require Specific Actions

Complete investigation/assessment and submit report

Obtain property owner consent
NCGS 130A-310.65-310.77
Contaminated Property: Issues & Liabilities
* Property Owner Consent Form
Issue a Notice of Intent to Remediate
Notice to affected and adjacent property owners
Estimate fees
Application fee = $5,000/acre (max. $100,000)
Oversight fee = $500/acre (max $25,000)

Obtain DEQ approval on the above items

Prepare/submit risk-based remediation plan and fee




http://deqg.nc.cov/permits-reculations/risk-based-remediation

Permits & Rules v Outreach & Education v

5

Statutes & Rules

Relevant regulations for implementing
a risk-based approach to remediation.

Technical Guidance

Comprehensive guidelines for
assessment and remediation of
contaminated sites.

Research Conservation v

Does this apply to my site?

Find out if your contaminated site is a
viable candidate for risk-based
remediation.

Risk Evaluation Resources

Tools for conducting site-specific risk
evaluations
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About v Contact

Procedures and Forms

Step-by-step procedures to guide you
through the new risk-based
environmental remediation law

Contacts

Contact us for assistance.



http://deq.nc.gov/permits-regulations/risk-based-remediation

Administrative Process

Permits & Rules v QOutreach & Education v Research Conservation v News v

About v Contact

Procedures and Forms

The Administrative Procedures for Risk-Based Environmental Remediation of Sites provides the
administrative steps to obtain approval of risk-based remediation of a contaminated site
pursuant to Part 8 of Article 9 of Chapter 130A of the North Carolina General Statutes (130A-
310.65-310.77). Refer to the Technical Guidance page for more information about conducting
site investigations, planning for risk-based remediation, and performing risk assessments.
Contact the appropriate oversight program for any program-specific requirements.

Administrative Procedures for Risk-Based Environmental Remediation of Sites @

Property Owner Consent to Risk-Based Remediation with Instructions &

Notice of Intent to Remediate - Template with Instructions @

Fee Calculation Worksheet with Instructions &

Contaminated Property: Issues and Liabilities &

N.C.G.S. 130A, Article 9, Part 8, Risk-based Environmental Remediation of Sites @

Stakeholder Feedback: Response to External Review Comments (July 2016) £

Risk-Based Remediation

Statutes and Rules

Does this apply to my site?
Procedures and Forms
Technical Guidance

Risk Evaluation Resources

Contacts



Other Considerations

Remedies involving Rights of Way

 address contaminated off-site property including DOT and
municipal rights of way for public streets, roads, and
sidewalks

* any necessary land-use restrictions need to be negotiated
with the ROW holder(s)

Surface Water

* the NC 2B standards continue to be the remediation
standards for surface water. There is no risk-based
alternative for surface waters.

Financial Assurance

* requires remediating parties provide financial assurance to
implement and maintain active remediation and controls
used to prevent exposures
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Getting Started

 Review the online resources

« Screen project sites as possible risk-based remedy
candidates and consider data needs, such as:

 Survey of all likely receptors

« Current and anticipated future land uses
 Data verifying plume stability

« Permissions from affected property owners

* Meet with the agency early in the process
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Human Health Risk Assessment

\_

Exposure Pathway Assessment

How much contamination is at a site, -
where it is, and how people might come
into contact with it now or in the future?

J

4 )

If no exposure
no further
evaluation

needed

/
Health Effects Evaluation

\_

A If no health

‘ effects no further
For complete exposure pathways, does

the exposure pose a harmful effect?

/

o

evaluation
needed
/
\
Risk Management

risks?

What steps need to be taken to manage

/




Example of Exposure Pathways — Non-Residential Worker

Plume

What are some of the
ways one of these non-
residential workers could
be exposed to
contamination under this
scenario?




Example of Exposure Pathways — Construction Worker
4 )

X Not

Complete What future exposure
pathways might need to
be evaluated?

e ’

X Not

Complete

\/ Complete

Plume




Example of Exposure Pathways - Resident

‘/ 4 )
Lomplets What future exposure
pathways might need to
be evaluated?
\/ - /
Complete

\/ Complete

Plume




Example of Exposure Pathways — Off-Site
4

Are exposure
pathways going to be
different in different
areas of the plume?

\/ Complete
\/ Complete

Not
Complete

GACTORY

Plume



Exposure Pathways - Exposure Units

EXPOSURE UNIT #1 EXPOSURE UNIT #2

4 )

Risk assessment complexity
can be reduced by dividing
the site into exposure units
that represent areas of similar
maximum exposures

N /

Water
_ Supply
: o Wel :

Plume



Contaminant Migration to Groundwater POE

Property boundary beyond
\ which groundwater use
controls not implemented

Contaminant migration pathways
evaluate risk for a downgradient
receptor at a point of exposure (POE)

» Soil leaching to groundwater Groundwater
POE

* Groundwater migration to POE /

\_

~ Soil Source Area -

~ Soil Leachingto
:'-'-.Groq'n_dw_ater :'-'-.-;j'_"._ T Al i

>

Groundwater
Source Area Migration to POE



Contaminant Migration to Surface Water POE

Surface
Water POE

4 - ST : ,..::.:-,f'..; ¥ = ¥ AL "\ surface
l - Soil Leachingto FE

~ Groundwater Water
T b

>

Groundwater
Source Area Migration to POE




Health Effects Risk Evaluation

4 A\

Non-Carcinogenic Risks

Hazard Quotient (HQ) = Ratio of level of exposure to a chemical of concern over a
specified time period to a reference dose for that chemical of concern derived for a similar
exposure period. Termed Hazard Index (HI) if all chemicals and pathways included.

HI > 1 = Adverse health effects possible
k HI < 1 = Adverse health effects not possible /

/ Carcinogenic Risks \

Individual Excess Lifetime Cancer Risk (CR) = Increase over background in an individual’s
probability of getting cancer over a lifetime due to exposure to a chemical.

CR =10°% = 1/1,000,000 increased risk of cancer
CR =10~ = 1/100,000 increased risk of cancer
K CR =104 = 1/10,000 increased risk of cancer /
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Chemical Risk Additivity

D1 D2 D3 Dm

=
-

* Risk commonly based on additive dose for exposures from all
constituents and exposure pathways

» Conservatively assumes same mode of action and toxicological
similarity
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Chemical Risk Additivity

» Screening levels for individual constituents and pathways
typically set at lower target risks levels to account for
additivity

 Higher risk levels typically applicable for a cumulative risk
evaluation that calculates actual risks for all constituents
and exposure pathways

d Non-Carcinogenic Risks A Carcinogenic Risks
HI > 1 = Adverse health effects possible CR =10° = 1/1,000,000 increased risk of cancer
HI < 1 = Adverse health effects not possible CR =10 = 1/100,000 increased risk of cancer
CR = 10% = 1/10,000 increased risk of cancer
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Risk Calculation

EXAMPLE EQUATION
Indoor Air Screening Levels
Residential Non-Carcinogenic Equation

Target Hazard

Indoor Air Screening Quotient
Level
OR
c t ’ Calculated Risk
oncentration
“@ RFC

ET = Exposure Time = 26 yrs RfC = Reference Concentration = Chemical
ED = Exposure Duration = 350 days/yr specific toxicity value

EF = Exposure Frequency = 24 hrs/day
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Risk Management

Elimination of one of these elements will make pathway incomplete:
Contamination ‘ Potential '
{ source } { exposure route J { Receptor J

e Consider both current and future conditions

« Evaluate both complete and potentially complete pathways

» Land use controls are used to manage future risks

Risk assessment and management decisions are often iterative and
dynamic and may lead to a variety of products or outcomes
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Risk Assessment Process

* Delineate contamination in all media

« Confirm plume is stable or predictable
* Risk screening

« Cumulative risk calculation

* Further risk evaluation

* Risk management
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Risk Screening

Compare maximum concentrations to conservative screening
levels:

Soil:
» Health Based:
* Unrestricted Use Health-Based PSRGs
* Industrial/Commercial Health-Based PSRGs
* Protection of Groundwater:
* Protection of Groundwater PSRGs
* Note other options for evaluation of soil leaching to groundwater

Groundwater: 15A NCAC 02L Standards
Surface Water: 15A NCAC 02B Standards

Vapor Intrusion: DWM Vapor Intrusion Screening Levels for groundwater, soil gas,
and indoor air
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Risk Screening

4 N

Soil PSRGs and vapor intrusion Chemical Hazard
. Quotient
screening levels set at:
Chemical #1 0.2
« Target hazard quotient (HQ) of 0.2
Chemical #2 0.2
« Target carcinogenic risk (CR) of 10-6

k / Chemical #3 0.2

Chemical #4 0.2

Chemical #5 0.2
If there are more than 5 non- TOTAL FOR ALL ’
carcinogens, cumulative risk CHEMICALS

evaluation using the Risk
Calculator is required.

Department of Environmental Quality




Risk Assessment Process

* Delineate contamination in all media

« Confirm plume is stable or predictable
* Risk screening

« Cumulative risk calculation

* Further risk evaluation

* Risk management
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Cumulative Risk Calculation

« Evaluates cumulative risk of multiple contaminants and exposure pathways

» Risk levels calculated for each receptor then compared to maximum acceptable risk
levels

* Incorporates site-specific or conservative default values for contaminant migration
parameters

Max Acceptable Risk Levels

Individual Sum of all
Risk Type Contaminants

Contaminants (Cumulative Risk)

Non-Carcinogenic Hazard

Quotient (HQ)/ Hazard 0.2 1
Index (HI)
Carcinogenic Risk (CR) 106 104
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Cumulative Risk Calculation

K Calculate risks for combined \

chemicals of concern and
combined exposure pathways
and compare to cumulative
risk criteria (HI < 1, CR < 1E-04)

» Perform for each current or
future receptor in each

k exposure unit /

Plume




Evaluation of Contaminant Migration to POEs

risk pathways

discussion later

» Evaluates risk to a downgradient POE

» Evaluated separately from cumulative

» Various methods to evaluate, more

~

/

l

|

~ Soil SourceArea.

~ Soil I;'éachih'g"tcii'i=_=-' G

R

Migration to POE

- Groundwater

Groundwater
POE

Surface
Water POE

Surface
Water
Body




Cumulative Risk Calculation
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Risk Assessment Process

Delineate contamination in all media

Confirm plume is stable or predictable

Risk screening

Cumulative risk calculation
o Define exposure units
o Define POEs
o Define exposure pathways
o Define exposure point concentrations
o Run calculator to characterize risks

* Further risk evaluation

* Risk management
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Defining Exposure Units

B B SRS

{Current and future exposure pathways at a contaminated site may vary widely}

depending on contaminant distribution, land uses, and types of receptors




Defining Exposure Units

* Risk assessment complexity can be reduced by
dividing the site into Exposure Units (EUs) that
represent areas of similar maximum exposures.

 Current and future risks calculated for each
receptor in each EU.

« EU boundaries are often used to define land-use
control areas. ldeally should be physical,
surveyable boundaries, such as a property
boundary, building footprint, fenced area, etc.
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Defining Exposure Units
v%

®  Soil Sampling Location
Monitoring Well Location

exposure unit may

For simplistic sites, one
suffice
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Defining Exposure Units
s -
Og Step 1 - Define the outeh

boundary of properties
Q with impacts above

{l  unrestricted use values
(affected properties)

&}/ Land-use controls will

typically be needed for
L\all of these properties

\: - :/

oG
£ ~

L5

Theoretically, risk
assessment could be
performed with this one

exposure unit and
maximum source area E\
concentrations, but land-
use restriction areas ép
could be larger than - %
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Defining Exposure Units
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Risk Assessment Process

Delineate contamination in all media
Confirm plume is stable or predictable
Risk screening

Cumulative risk calculation

Define exposure units

Define Points of Exposure (POEs)
Define exposure pathways

Define exposure point concentrations

Run calculator to characterize risks

* Further risk evaluation

* Risk management
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Defining POEs
N4

3

®  Soil Sampling Location
Monitoring Well Location

Surface Water
POE

Groundwater Use
POE

Assume groundwater
use controls established
for site property.

The nearest hypothetical water supply well

is often defined as the first property located

directly downgradient from the source on

which a groundwater use control will not be
\implemented.




Defining Exposure Units
s o
é )
Land-use controls limiting
the installation of water

supply wells required for
all impacted properties

LSurface Water 1

(<>\E?JEJ

Groundwater
Use POE




Risk Assessment Process

Delineate contamination in all media

Confirm plume is stable or predictable

Risk screening

Cumulative risk calculation
o Define exposure units
o Define POEs
o Define exposure pathways
o Define exposure point concentrations
o Run calculator to characterize risks

* Further risk evaluation

* Risk management
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Exposure Pathways

PRIMARY PATHWAYS
Soil Combined Pathways

Resident :
Groundwater Combined Pathways

Soil Combined Pathways

Non-Residential Worker :
Groundwater Combined Pathways

Construction Worker Soil Combined Pathways

Soil Combined Pathways
Surface Water Combined Pathways
VAPOR INTRUSION PATHWAYS
Groundwater to Indoor Air

User Defined

Resident Soil Gas to Indoor Air

Indoor Air

Groundwater to Indoor Air

Non-Residential Worker Soil Gas to Indoor Air

Indoor Air
CONTAMINANT MIGRATION PATHWAYS

Source Soil

Protection of Groundwater Use
Source Groundwater

Source Soil

Protection of Surface Water
Source Groundwater




\_

Resident

J

-

\_

Non-Residential Worker

~

J

Construction Worker

User-Defined:
Trespasser
Recreator
Other

Types of Receptors

>

l

>

—>

Single-family homes, townhouses, apartment,
dormitories, child/daycare facilities, schools through
high school, and hospitals.

Office buildings, commercial/industrial facilities,
colleges and universities (excluding dormitories).

Workers exposed during construction activities.
Assumes shorter exposure time but higher
contamination exposure as compared to non-
residential worker.

Typical trespasser is adolescent at inactive sites.

Recreator is assumed to spend a limited amount of
time at the site for recreation.

Other site specific scenarios (church, for example).

Evaluation typically not needed unless non-residential
restriction being implemented (not common).



Exposure Pathways

PRIMARY PATHWAYS
Soil Combined Pathways

Resident :
Groundwater Combined Pathways

Soil Combined Pathways

Non-Residential Worker :
Groundwater Combined Pathways

Construction Worker Soil Combined Pathways

Soil Combined Pathways
Surface Water Combined Pathways
VAPOR INTRUSION PATHWAYS
Groundwater to Indoor Air

User Defined

Resident Soil Gas to Indoor Air

Indoor Air

Groundwater to Indoor Air

Non-Residential Worker Soil Gas to Indoor Air

Indoor Air
CONTAMINANT MIGRATION PATHWAYS

Source Soil

Protection of Groundwater Use
Source Groundwater

Source Soil

Protection of Surface Water
Source Groundwater




Exposure Pathways

PRIMARY PATHWAYS
_ Soil Combined Pathways
Resident )
Groundwater Combined Pathways
il [ Path Soil Combined Pathways
Non-Residential Worker Sol Comblned. il L

Groundwater Combined Pathways

Construction Worker Soil Combined Pathways

Soil Combined Pathways
Surface Water Combined Pathways
VAPOR INTRUSION PATHWAYS
Groundwater to Indoor Air
Resident Soil Gas to Indoor Air

Indoor Air
Groundwater to Indoor Air
Non-Residential Worker Soil Gas to Indoor Air
Indoor Air
CONTAMINANT MIGRATION PATHWAYS

Source Soil
Source Groundwater

Source Soil
Source Groundwater

User Defined

Protection of Groundwater Use

Protection of Surface Water




Soil Combined Pathways

/ Soil Combined Pathways\

* Includes ingestion, dermal
contact, and outdoor
inhalation of volatiles and
particulates

» Calculator uses EPA soil
equations which are similar
to health-based PSRG
equations

* Note sediment is not
included as a media, but

equations are same as for
soil /




Exposure Pathways

PRIMARY PATHWAYS
, Soil Combined Pathways
Resident ;
Groundwater Combined Pathways Groundwater Combined
, : Soil Combined Pathways Pathways (for tap water)
Non-Residential Worker
Groundwater Combined Pathways
Construction Worker Soil Combined Pathways

- - NOTE: This pathway calculates
Soil Combined Pathways y Y

User Defined Surface Water Combined Pathways re fror:n:.r::;m?,;oomng
VAPOR INTRUSION PATHWAYS k /
Groundwater to Indoor Air
Resident Soil Gas to Indoor Air
Indoor Air
Groundwater to Indoor Air
Non-Residential Worker Soil Gas to Indoor Air
Indoor Air
CONTAMINANT MIGRATION PATHWAYS
Protection of Groundwater Use Source Sol
Source Groundwater

Source Soil
Source Groundwater

Protection of Surface Water




ﬁiroundwater Combined Pathwayh

» Calculator uses EPA tapwater
equations

* Includes ingestion, dermal contact,
and inhalation (inhalation
associated showering, dishwasher,
etc., not vapor intrusion)

» Applicable for resident and non-

K residential worker /

4 )

« Sites with exceedences of 2L Standards in groundwater need groundwater use control

* In most cases, risk assessor can simply reference that a groundwater use control will be
implemented and eliminate the need to evaluate this pathway in the Risk Calculator

- J
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Exposure Pathways

PRIMARY PATHWAYS

Soil Combined Pathways
Groundwater Combined Pathways

Soil Combined Pathways
Groundwater Combined Pathways
Construction Worker Soil Combined Pathways

Soil Combined Pathways Surface Water Combined
Surface Water Combined Pathways Pathways
VAPOR INTRUSION PATHWAYS
Groundwater to Indoor Air
Resident Soil Gas to Indoor Air

Indoor Air

Groundwater to Indoor Air
Non-Residential Worker Soil Gas to Indoor Air
Indoor Air
CONTAMINANT MIGRATION PATHWAYS

Source Soil
Source Groundwater

Source Soil
Source Groundwater

Resident

Non-Residential Worker

User Defined

Protection of Groundwater Use

Protection of Surface Water




Surface Water Combined Pathways

/Surface Water Combined Pathways\

» Calculator uses EPA recreator
equations

v f‘b“

* Includes ingestion and dermal
contact

» Applicable for user-defined receptor
(could include trespasser, recreator,

k or other) /

4 )

+ Sites with exceedences of 2B Standards in surface water generally cannot be closed out

* In many cases, risk assessor can simply reference that impacts have not been detected in surface
water at concentrations above 2B Standards and eliminate the need to evaluate this pathway in
the Risk Calculator

- /
e




Exposure Pathways

PRIMARY PATHWAYS
Soil Combined Pathways
Groundwater Combined Pathways
Soil Combined Pathways
Groundwater Combined Pathways
Construction Worker Soil Combined Pathways
Soil Combined Pathways

Resident

Non-Residential Worker

User Defined Surface Water Combined Pathways
VAPOR INTRUSION PATHWAYS / \
Groundwater to Indoor Air Vapor Intrusion Pathways
Resident Soil Gas to Indoor Air . Calculators available for
Indoor Air groundwater to indoor air,
Groundwater to Indoor Air soil gas to indoor air, and
Non-Residential Worker Soil Gas to Indoor Air indoor air

Indoor Air K /

CONTAMINANT MIGRATION PATHWAYS
Source Soil
Source Groundwater
Source Soil
Source Groundwater

Protection of Groundwater Use

Protection of Surface Water




Vapor Intrusion Pathways

VAPOR INTRUSION /-Refer to DWM Vapor Intrusion Guidance\

GUIDANCE - Same equations as EPA VISL calculator,

but with NC attenuation factor for non-
|EFE

» Applicable for a resident or non-
residential worker

residential soil gas

o ol S b T

* Risk can be evaluated using indoor air
data, soil gas data, or groundwater data

VOC Contaminated Ground Water

* Don’t include risk for more than one
media in cumulative risk calculation as

\this would double-count risk /
DIVISION OF WASTE MANAGEMENT
NOETH CARCLINA DEFPARTMENT OF ENVIRONMENT AWD ITATUR AL RESCURCES

APRIL 2014
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Vapor Intrusion Pathway — Existing Structures

Evaluate indoor inhalation pathway using available data that is most
representative of actual exposures:

(" )

Indoor air data

o J
4 N\
Crawl space air data g
o J E
- N CICD
Note: No risk Sub-slab gas data o
' Q.
procedures established > ’ o
for soil to indoor air. ( Exterior soil gas b )
Collection of sub-slab or data §
soil gas data needed to \ J
evaluate vapor intrusion
in areas of impacted soil. [ CranTeEEr dais J
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Vapor Intrusion Pathway — Future Structures

Cannot evaluate based on indoor air or crawl space air data because
concentrations may vary based on building construction.

)
=

-

©

e

C

o)

(79}

)

| -

. Y, o
)

| -

e ] _ N O
Exterior soil gas =

data
. J z

[ Groundwater data ]
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Exposure Pathways

PRIMARY PATHWAYS ]
_ Soil Combined Pathways
Resident ,
Groundwater Combined Pathways
_ _ Soil Combined Pathways
Non-Residential Worker :
Groundwater Combined Pathways Risk directly calculated for
Construction Worker Soil Combined Pathways these pathways and used
T Soil Combined Pathways In Ct‘mtflat'vg ”Skl .
) evaluation. Cumulative
Surface Water Combined Pathways — CR cannot exceed 10
VAPOR INTRUSION PATHWAYS and Cumu|ative H| Cannot
Groundwater to Indoor Air exceed 1.
Resident Soil Gas to Indoor Air
Indoor Air
Groundwater to Indoor Air
Non-Residential Worker Soil Gas to Indoor Air
Indoor Air ]
CONTAMINANT MIGRATION PATHWAYS
_ Source Soil
Protection of Groundwater Use
Source Groundwater
. Source Soil
Protection of Surface Water
Source Groundwater




Exposure Pathways

PRIMARY PATHWAYS
Resident Soil Combined Pathways
Groundwater Combined Pathways
: : Soil Combined Pathways
Non-Residential Worker Groundwater Combined Pathways
Construction Worker Soil Combined Pathways
User Defined Soil Combined Pathways For cumulati_ve risk
Surface Water Combined Pathways = evaluation distance to
VAPOR INTRUSION PATHWAYS POE is essentially "0".
Groundwater to Indoor Air
Resident Soil Gas to Indoor Air
Indoor Air
Groundwater to Indoor Air
Non-Residential Worker Soil Gas to Indoor Air
Indoor Air |
CONTAMINANT MIGRATION PATHWAYS —  POEisactualor
, hypothetical water
Protection of Groundwater Use Source Sol supply well or surface
Source Groundwater > water body located
[ some distance
Protection of Surface Water Sourizlg(r::uizl\ivater downgradient of source




Exposure Pathways

PRIMARY PATHWAYS
Soil Combined Pathways
Groundwater Combined Pathways

Resident

Soil Combined Pathways
Groundwater Combined Pathways

Non-Residential Worker

Construction Worker Soil Combined Pathways
User Defined Soil Combined Pathways /Contaminant Migration\
Surface Water Combined Pathways

Pathways

VAPOR INTRUSION PATHWAYS
Groundwater to Indoor Air

» Soil leaching to
groundwater and

Resident Soil Gas to Indoor Air groundwater migration to a
Indoor Air point of exposure (POE)
Groundwater to Indoor Air . POE for Protection of
Non-Residential Worker Soil Gas to Indoor Air Groundwater Use is
Indoor Air nearest actual or
CONTAMINANT MIGRATION PATHWAYS hypothetical water supply
_ Source Soil well
Protection of Groundwater Use
Source Groundwater » POE for Protection of
_ Source Soil Surface Water is nearest
Protection of Surface Water Source Groundwater &surface water body /




Protection of Groundwater Pathway

Model Based on Source Concentrations
and Distance to POE POE

—
Water
Supply Well

SoilSourceArea

Soil Leachingto
~ Groundwater :

Migration to POE
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Protection of Surface Water Pathway

Model Based on Source Concentrations
and Distance to POE Target

- —> Concentrations
at POE =2B
POE Standards

~ Soil SourceArea = .

Soil Leachingto ~ \Body /|
et i _ Groundwater ) o ~

>

Groundwater,
Source Area Migration to POE
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Options for Contaminant Migration Pathways

» Use Risk Calculator
» Soil leaching to groundwater modeled using standard EPA leaching equations
* Incorporates both mass limit and unlimited source equations

» Groundwater migration modeled using simplistic Domenico equation incorporating
dispersion only (no degradation)

» Migration from groundwater into surface water modeled using simplistic dilution
equation

Other models may be used, but complex modeling often not warranted

Actual monitoring data documenting plume extent and stability over time
is considered more reliable than modeling results

Department of Environmental Quality




Interpretation of Contaminant Migration Results

K Infiltration rate is a \

Infiltration Rate

- Soil Source Area

Soil Leachingto
. Groundwater

Migration to POE

Department of Environmental Quality

sensitive parameter for
soil leaching to
groundwater

If soil source area is
currently covered to
minimize infiltration, removal
of that cover could increase
infiltration and render the
plume unstable

Land-use restriction to
maintain a cover over the
soil source area may be
required
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Default Infiltration Rates

Default infiltration rates in
the absence of surface
cover determined based
on modeling of 20 sites
across State of NC

Mountain

Zone \,-
30% Piedmont o
| | Zone Coastal ¥~
Modeling performed using 250 Plain
EPA HELP model 59, Plain
45%

Default Infiltration Rate =
Published precipitation multiplied
by specified geographic percent




Risk Assessment Process

Delineate contamination in all media

Confirm plume is stable or predictable

Risk screening

Cumulative risk calculation
o Define exposure units
o Define POEs
o Define exposure pathways
o Define exposure point concentrations
o Run calculator to characterize risks

* Further risk evaluation

* Risk management

Department of Environmental Quality




Exposure Point Concentrations

» Exposure point concentrations will be different for different exposure
units and/or pathways

« Initial risk evaluation should be based on maximum concentrations of
each contaminant in each medium of concern in the exposure unit being
evaluated

4 )

If initial risk evaluation indicates risks above acceptable levels, further
evaluation may be performed using more appropriate exposure point
concentrations, exposure assumptions, or gathering additional data

- /

Department of Environmental Quality
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Risk Assessment Process

Delineate contamination in all media
Confirm plume is stable or predictable
Risk screening

Cumulative risk calculation

Define exposure units

Define POEs

Define exposure pathways

Define exposure point concentrations

Run calculator to characterize risks

* Further risk evaluation

* Risk management
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Risk Calculator
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FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW
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i é Risk calculator will
i be reviewed during
1? next portion of
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kil Version Date:  |February 2017

32 Basis: MMay 2016 EPA RSL Table
32 Site Name:

N Site Address:

35 DEQ Section:

3 [Site 1D:
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3 | Submittal Date:

Prepared By:

4 Reviewed By:
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Risk Assessment Process

Delineate contamination in all media
Confirm plume is stable or predictable
Risk screening

Cumulative risk calculation

Define exposure units

Define POEs

Define exposure pathways

Define exposure point concentrations

Run calculator to characterize risks

 Further risk evaluation

* Risk management
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Complex Risk Assessment

A complex site-specific risk assessment beyond the Risk Calculator will require
professional risk assessor oversight. Examples would include:

» Bioaccumulative chemical exposures
» Target organ/critical effect specific modes of action
* More specific mathematical modeling of contaminant fate and transport

Refer to EPA Risk Assessment Guidance for Superfund and consult with DEQ risk
assessors regarding scope before initiating.

& Em Q A d ¢ e

Cardiovascular Dermal Developmental Endocrine System  Gastrointestinal Hematologic Hepatic

& Vv ® O -8 n o

Immune Musculoskeletal Nervous Ocular Reproductive Respiratory Urinary
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Risk Assessment Process

Delineate contamination in all media
Confirm plume is stable or predictable
Risk screening

Cumulative risk calculation

Define exposure units

Define POEs

Define exposure pathways

Define exposure point concentrations

Run calculator to characterize risks

* Further risk evaluation

* Risk management
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Risk Management

Primary risk management options:

 Eliminate contamination (i.e., remediate)

 Eliminate exposure pathways via engineering
controls or land-use controls (current and future)

« Combination of both options

4 N

There are often multiple options for managing risks. Risk management
decisions often involve balancing costs, property use objectives, acceptance
of land-use controls, community acceptance, and feasibility of meeting
cleanup goals.

)

Department of Environmental Quality




Risk Assessment Training Topics of Discussion

. Regulatory Framework

1. Risk Assessment 101

lll.  NC-Specific Risk Assessment Procedures
IV. Groundwater Only Site Closure Examples
V.  Introduction to the Risk Calculator

VI. Risk Calculator Site Closure Example

VIl.  Wrap-up & Questions
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Progress of Risk-Based Remediation

* Example Sites — (non-calculator)
» Site Conceptual Model (CSM)
* Plume stabillity
» Acceptable risks from contamination in all media
* Protectiveness of remedy
« Comments and considerations
 Controls needed to mitigate risks

Department of Environmental Quality




Conceptual Site Model

A strong conceptual site model answers:
* What Is The Contamination?
* Where Did It Come From?
* Where [s It Now?
* Where Is It Going?
* How Is It Getting There And When?
* Who/What Could Be At Risk?

Department of Environmental Quality




Example Site #1
Groundwater Only
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Mixed-use area
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Residual PCE remain in GW
No soil or vapor issues

0.7, ug/L:

4| Mote: Concentrations shown in wg/L
E The yellow numbers show PCE Concentrations
| Wells DCMW-1, DCMW-3, DCMW-7, DCMW-8 sampled on August 28th, 2015
Wells DCMW-2, DCMW-5, DCMW-E sampled on January 14th, 2011
Well DCMW-4 sampled on February 18th, 2010




PCE Concentrations in Groundwater
(20 years of monitoring data)
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TCE Concentrations in Groundwater
(20 years of monitoring data)
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Risk Management

|dentified or potential risks:
« Groundwater use on source property only

 No other contaminated media

Risk management:

» [nstitutional controls recorded on property deed

o Declaration of Perpetual Land-Use Restriction (DPLUR)
specifying groundwater- use restriction

o Notice of Residual Contamination (survey plat)

Department of Environmental Quality




Example Site #2
A More Complex Site
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TCE and 1,4-Dioxane in Groundwater
(2013 Extent)
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Potable Water Supply Wells
Abandoned in 2010










Demonstrating Plume Stability

* Provided one set of groundwater plume
stability isoconcentration maps for each
contaminant

* Provided sets of tabulated data from various
reports

Department of Environmental Quality




Presented a complex multi-layer fate and transport
model in support of site data
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Evaluated Other Media

Soil
Surface Water
Sediment
Vapor

« Summarized potential exposure pathways for both
current and future land use

» Provided earlier risk assessment of vapor data

Department of Environmental Quality




Comments on Technical Demonstration

State requested additional use of site data

* Trend plots for select key wells located along the
length of the plume

* Cross sections with recent groundwater and
analytical data superimposed

* [dentify soil exceedances to determine needed
controls

Department of Environmental Quality




Source Area Monitoring Well

Concentration ug/L

MW-22S Ethenes

ii r
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0
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11/18/2010

4/1/2012 B8/14/2013
Date

12/27/2014
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i cis-1,2-Dichloroethene
== trans-1,2-Dichloroethens
== Trichloroethene

== "imyl chloride




Downgradient Monitoring Well

MW-34S Ethanes

a0
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&0
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More Comments on Technical Demonstration

“the current and probable future use of GW shall be identified and protected”

Current conditions were understood

What about the future use of groundwater on the
adjacent residential properties?

« Minimal buffer between plume and property boundary
 One WSW had previously detected a site contaminant

* Demonstrate through modeling that future wells will not
draw the plume off-property, or

* Request permission to restrict groundwater use on
adjacent properties

Department of Environmental Quality




Source Property Institutional Controls

 DPLUR
« PROPERTY: industrial or commercial usﬁe
« GROUNDWATER: use prohibited )

« SOIL: no removal from the property

» SOIL & VAPOR: Area A (building |
footprint) restriction — no digging or 7
structural modification

* VAPOR: no building construction W|th|n
100 ft of soil or groundwater

contamination unless vapor mitigation
measures are installed

« Annual inspection report

* Notice of Residual
Contamination survey plat

Department of Environmental Quality
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Non-Source Property Institutional Controls

Notice of Residual Contamination survey plat only
* Prior permission obtained from each property owner

 2C Rule prohibiting well installation in contaminated
aquifers is referenced on the Notice in lieu of a
recorded LUR document

* No annual inspection and reporting requirement for
Notices

Department of Environmental Quality




Take-Aways

 Use site data to demonstrate understanding of where
contamination is and where it could be going in the
future

* Include soil contamination and potential vapor issues in
the risk evaluation

 Consider future risks to adjacent uncontaminated
properties

 Cleanup levels do not need to be calculated if
remaining contaminant concentrations at the site pose
no unacceptable risk

Department of Environmental Quality




Risk Assessment Training Topics of Discussion

. Regulatory Framework

1. Risk Assessment 101

lll.  NC-Specific Risk Assessment Procedures
V.  Groundwater Only Site Closure Examples
V. Introduction to the Risk Calculator
VI. Risk Calculator Site Closure Example

VIl.  Wrap-up & Questions

Department of Environmental Quality




Risk Assessment Training Topics of Discussion

. Regulatory Framework

1. Risk Assessment 101

lll.  NC-Specific Risk Assessment Procedures
V.  Groundwater Only Site Closure Examples
V.  Introduction to the Risk Calculator

VI. Risk Calculator Site Closure Example

VIl.  Wrap-up & Questions
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Site Closure Example —Background & Groundwater Data

complete and indicated

e A TS %} K

Surface water sampling Xy G
% % Oﬁ / * Former dry-cleanerin a

nompacs . %QQ shopping center
& < {4 « Groundwater plume
* delineated
N High
. School || ° Historical remediation

77 included soil excavation
1] andoperation of sparge
D o and vent system

: 7 * Post-remediation
Chlorinated solvent / monitoring indicated
E pmrg? e)((jce(ejd'.ng 2L ~ . o plume stable or shrinking
andards in
groundwater A - * No existing water supply
~ - T g - — wells in site area
Monitoring Well with Highest il » Surface water sampling
Concentrations (MW-16) g = indicated no impacts
W W e « All affected properties
Ny L “CJ 4  Former dry-cleaner commercial except for

3 fa o™ Y (j’/(} school
o & R % .
T < n{a - 2 %A ?}i?*’ ﬂ f

1] 230 S00 %
APPRCEMATE SCALE M FEET




Risk Calculator Site Closure Example — Soil Data

[
Soil Impacted
FEmE? DI Above PSRGs
Cleaning Machine
. e Monitoring Well with Highest

Remediation focused in \ Concentrations (MW-16)

nlfs ared and.mcluded Soil Sample with Highest
soil excavation and

) Concentrations Post-
operation of a sparge & &% Remediation

vent system for one year oo © (P-1)

e © Restauran
Former Dry-
Cleaner Spac
GNC (Current
+I\/Iattress Sho.p)

® Soil Sample Location
® Monitoring Well Location




Risk Calculator Site Closure Example —
Vapor Intrusion Data

(Sub-slab gas and indooram

samples collected in former
dry-cleaner space, indoor Sub-slab Gas Sample | __
air samples collected in with Highest

adjacent spaces Concentrations (SV-1)

|

* Pre-remediation indoor air
in former dry-cleaning
space exceeded
acceptable risk levels

Indoor Air Sample with
Highest Concentrations

° (IA-1)
 Four post-remediation Former Dry-| o ctaurant
indoor air sampling events Cleaner Spac
confirmed no exceedences (Current
% GNC Mattress Shop)
o
® [

@ Sub-slab Gas Sample Location
@ Indoor Air Sample Location




Defi ning Exposure Units (EUs)

“‘“"HJUQ:}
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% “%

&

isk assessment could be
performed with one exposure
unit and max source area
concentrations, but land-use
restriction areas could be

\overestimated

|n - s '."'E'\j

Outer boundary of
properties with impacts
above unrestricted use

values (affected properties)
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EU#I Calculator Inputs
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EU#I Calculator Inputs
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EU#I — Soil Combined Pathways

PRIMARY PATHWAYS Complete?
SN Soil Combined Pathways v » Soil combined pathways
Groundwater Combined Pathways complete since impacted soil is
Non-Residential Soil Combined Pathways V4 present
Worker Groundwater Combined Pathways - Current receptor is non-
Construction Worker Soil Combined Pathways v residential worker
User Defined Soil Combined Pathways * Future receptors are resident

Surface Water Combined Pathways
VAPOR INTRUSION PATHWAYS
Groundwater to Indoor Air
Resident Soil Gas to Indoor Air
Indoor Air
Groundwater to Indoor Air
Soil Gas to Indoor Air

and construction worker

» User-defined receptor
evaluation not typically required

Non-Residential
Worker

Indoor Air
CONTAMINANT MIGRATION PATHWAYS
Protection of Source Soil
Groundwater Use Source Groundwater
Protection of Surface Source Soil

Water Source Groundwater




EU#I — Groundwater Combined Pathways

PRIMARY PATHWAYS Complete?
_ Soil Combined Pathways v
Resident .
Groundwater Combined Pathways
Non-Residential Soil Combined Pathways v
Worker Groundwater Combined Pathways
Construction Worker Soil Combined Pathways v

User Defined

Soil Combined Pathways

Surface Water Combined Pathways

VAPOR INTRUSION PATHWAYS

Resident

Groundwater to Indoor Air

Soil Gas to Indoor Air

Indoor Air

Non-Residential

Groundwater to Indoor Air

Soil Gas to Indoor Air

Worker
Indoor Air
CONTAMINANT MIGRATION PATHWAYS
Protection of Source Soil
Groundwater Use Source Groundwater
Protection of Surface Source Soil

Water

Source Groundwater

A groundwater use control will
be implemented for all
impacted properties, so
evaluation of groundwater
combined pathways using
calculator not required

See “Contaminant Migration
Pathways” section for
evaluation of future impacts
downgradient of current plume
extent




EU#I — Surface Water Combined Pathways

PRIMARY PATHWAYS Complete?
_ Soil Combined Pathways v
Resident .
Groundwater Combined Pathways
Non-Residential Soil Combined Pathways v
Worker Groundwater Combined Pathways
Construction Worker Soil Combined Pathways v

User Defined

Soil Combined Pathways

Surface Water Combined Pathways

VAPOR INTRUSION PATHWAYS

Resident

Groundwater to Indoor Air

Soil Gas to Indoor Air

Indoor Air

Non-Residential

Groundwater to Indoor Air

Soil Gas to Indoor Air

Worker
Indoor Air
CONTAMINANT MIGRATION PATHWAYS
Protection of Source Soil
Groundwater Use Source Groundwater
Protection of Surface Source Soil

Water

Source Groundwater

Surface water sampling
completed and indicate no
impacts, so evaluation of
surface water combined
pathways using calculator not
required

See “Contaminant Migration
Pathways” section for
evaluation of future impacts
downgradient of current plume
extent




EU#I — Vapor Intrusion Pathways

PRIMARY PATHWAYS Complete?
_ Soil Combined Pathways v
Resident .
Groundwater Combined Pathways
Non-Residential Soil Combined Pathways v
Worker Groundwater Combined Pathways
Construction Worker Soil Combined Pathways v

Soil Combined Pathways
Surface Water Combined Pathways

VAPOR INTRUSION PATHWAYS  Indoor air data is “most
representative” of current

User Defined

Groundwater to Indoor Air .
: ; - conditions and therefore used
Resident Soil Gas to Indoor Air v for current risk evaluation
Indoor Air v
_ _ Groundwater to Indoor Air * Indoor air data cannot be used
Non-Residential Sl Cee 1o lidosr i W for future risk evaluation due to
Worker Indoor Air V; potential for changes in building
construction, so sub-slab gas
CONTAMINANT MIGRATION PATHWAYS data u:eoll ! J
Protection of Source Soil
Groundwater Use Source Groundwater
Protection of Surface Source Soil

Water Source Groundwater




EU#I — Contaminant Migration Pathways

PRIMARY PATHWAYS Complete?
_ Soil Combined Pathways v
Resident .
Groundwater Combined Pathways
Non-Residential Soil Combined Pathways v
Worker Groundwater Combined Pathways
Construction Worker Soil Combined Pathways v
il i Path
User Defined Soil Combined Pathways

Surface Water Combined Pathways
VAPOR INTRUSION PATHWAYS
Groundwater to Indoor Air

Resident Soil Gas to Indoor Air v
Indoor Air v
Non-Residential Groundwater to Indoor Air
on-nesidentia Soil Gas to Indoor Air V4
Worker
Indoor Air v
CONTAMINANT MIGRATION PATHWAYS —
Protection of Source Soil Contaminant migra_tion
Groundwater Use Source Groundwater pathway_s to_be reviewed after
: , cumulative risk pathways
Protection of Surface Source Soll
Water Source Groundwater




EU#I Complete Exposure Pathways
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12 Soil Combined Pathways Ird
Non-Residential Worker
14 Groundwater Combined Pathways r
15 Construction Worker Soil Combined Pathways I’
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EU#1 Exposure Point Concentrations

Surface Soil J m—) | Sample with Highest

Concentrations
(P-1)
Use for both surficial and
subsurface soil

Subsurface
Soil

NA - Pathway not

Groundwater
complete

NA — Pathway not
complete

Sub-slab Gas Sample with
Highest Concentrations
(SV-1)

Soil Gas

Indoor Air Sample with
Highest Concentrations
(IA-1)

BENN

Air
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|
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Example Exposure Point Concentration Table

H ©- = 20170517 _RiskCalculatorwithcomments - Excel 2 @B - x
FILE HOME  INSERT ~ PAGELAYOUT  FORMULAS  DATA | REVIEW | WIEW  DEVELOPER  ACROBAT GEnnaOIsnn'.

ABC 7z = =] Show/Hide C fin
V iQ | = EE% IJ Show/Hide Comment g & Protect and Share Workbook
- EZ Allow Users to Edit Ranges

"=D Show All Comments

Spelling Research Thesaurus  Translate CO::\'EM Delete Previous MNext 2 ShowTnk Psrﬁ:;t WPorr?(t:O{;k W::cabroeok B Track Changes -
Proofing Language Comments Changes ~
D742 M Jr | max concentration ~
A B C D F G -
1 | Main Menu | Exposure Point Concentrations
2 Print Version Date: February 2017
3 Next Basis: May 2016 EPA RSL Table
4 Previous |[Site ID:
6 Exposure Unit 1D:
7 SrE Selfcted Surface Soil Exposure Point Concentration Table
B Chemicals
9
L See All
Chemicals
. . . Minimum Maxi
Exposure P(.Jmt Justlﬁcatlon for Exposure CAS Number Chemical Concentration | Concet
Concentration Point Concentration . |
(Qualifier) (Qua
11
215 0.0857 Max Concentration 156-59-2 Dichloroethylene, 1,2-cis-
694 6.5 Max Concentration )127- 18-4 Tetrachloroethylene
742 0.56 Max Concentration 79-01-6 Trichloroethylene
1101 -~
1102 .
1103 Enter concentrations and
1104 : e :
108 justification on the
1106 appropriate EPC sheets

Instructions Exposure Pathways Exposure Factors Target Risk Parameters Sample Statistics Surface Soil Surface Soil (override) Subsurfa ...

READY FILTER MODE %3




EU#I Calculator Outputs
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1
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3 North Carolina Department of Environmental Quality
4 Risk Calculator
5 February 2017 Version
6
7
8 COVER PAGE TABLE OF CONTENTS SELEC;]?]NT IsTO INSTRUCTIONS
9
10
:‘I; UNPROTECT ALL SHEETS PROTECT ALL SHEETS
13
14
. DATA INPUT SHEETS
16 1. Exposure Pathways & Parameters
" A.C lete E B.E Facto d C. Contami t
- Lomplete EXposure - LXposure Fa I's an  Lontaminan s
18 Pathways Target Risks Migration Parameters e lle S
19
20 2. Exposure Point Concentrations
21
22 A, Surface Soil = Subs!u'face C. Groundwater Lh L0 E. Soil Gas F. Air
Seil ‘Water
23
2 DATA OUTPUT SHEETS
25
26
27

Instructions » Parameters Sample St s Surface Soil Surface 5



EU#I Summary Qutput Sheet

H ©- = 20170517 _RiskCalculatorwithcomments - Excel
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ACROBAT
M21 - I
A B C D E F G H
1 | Main Menu |Summary of Risk Assessment Output Output Form 1A « . .
2 Print Version Date: February 2017 ° N C |nd |Cates pathway
3 Next Basis: May 2016 EPA RSL Table n Ot com p I ete
4 Previous |gijte ID: Example Site
5 E Unit ID: E Unit #1 . .
; TR R e ¢  “YES” and “NO” indicates
z R AL AR e whether risk is exceeded
3 Receptor Pathway Risk Hazard Index | Risk exceeded? fo r | n d |V| d u al pathways
9 Resident Soil Combined Pathways 4 7E-07 1.2E-01 NO
10 Groundwater Combined Pathways NC NC NC
11 J— Soil Combined Pathways 82E-08 2 4E-02 NO
Non-Residential Work -
12 on-esidenhial Tt Groundwater Combined Pathways NC NC NC
13 Construction Worker Soil Combined Pathways 3.2E-08 2.5E-01 NO
14 N Soil Combined Pathways NC NC NC
User Defined -
15 = Surface Water Combined Pathways | NC NC NC
17 VAPOR INTRUSION CALCULATORS
18 Receptor Pathway carcf;il:liﬂdc Hazard Index | Risk exceeded?
19 Gronndhuatecto Jodoor At N NC NC
20 = Resident Soil Gas to Indoor Air 5.3E-06 1.3E+00 YES
21 uvin ey iy 3./L-U0 & /B-Ul NO
22 Groundwater to Indoor Air NC NC NC
23 Non-Residential Worleer Soil Gas to Indoor Air 3.8E-07 1.1E-01 NO
24 Indoor Air 6.3E-07 2.1E-01 NO
25 CONTAMINANT MIGRATION CALCULATORS
26 Pathway Source Target POE Concentrations Exceeded?
27 . N Source Soil Exceedence of 2L at POE? NC
28 Protection of Groundwater Use Source Groundwater Exceedence of 2L at POE7 NC
29 \ . Source Soil Exceedence of 2B at POE? NC
30 Protection of Surface Water Source Groundwater Exceedence of 2B at POE? NC
K
Iflead concentrations were entered in the exposure point concentration tables, see the individual calculator sheets for lead
32 concentrations in comparison to screening levels. Note that lead is not included in cumulative risk calculations.

1 ¥ ... | Subsurface Soil Subsurface Soil (override) Groundwater Groundwater (override) Surface Water Surface Water (override) S0




EU#I Calculator Outputs
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1
2
3 North Carolina Department of Environmental Quality
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5 February 2017 Version
&
7
: COVERPAGE TABLE OF CONTENTS | R R INSTRUCTIONS
10
1 UNFROTECT ALL
L SHEETS | PROTECT ALL SHEETS
13
14
" DATA INPUT SHEETS
1 1. Exposure Pathways & Parameters
17 .
A Complete Exposure B. Exposure Factors and C. Contaminant -
15 Pathways | Target Risks Migration Parameters ST T
1
20 2. Exposure Point Concentrations
2
B. | D. Surfac -
20 )LSnrﬁquill Sl | [+ er! E. Soil Gas | F. Air |
23
" DATA OUTPUT SHEETS
o 1. v Output for All Calcul
S
27 A Summary Output
28
a9 2, Primary Caleul
30
C.NON- D. NON-
a3 A RESIDENT B. RESIDENT RESIDENTIAL RESIDENTIAL R
2 Soil Combined Groundwater WORKER SVORKER
23 Pathways ‘Combined Pathways Soil Combined Groundwater Path
Pathways Combined Pathways WAy
34
35
3% F. USER DEFINED . USER DEFINED
Soil Combined Surface Water
st Pathways Combined Pathways
38
33
40 _g— 3. Vapor Intrusion Calculators . .. .
-u N nxox [ mrow o » Results for individual constituents can be
42 A RESIDENT B. RESIDENT RESIDENTIAL | RESIDENTIAL .
45| | Crowmdwaterto | Soil GastoIndoor| | C;EESIDENT WORKER WORKER " | “omen i d detailed lculat tput
Tadoor Air e Growndwaterto | Soil Gas foTndoor|  JORKER viewed on detallead calculator outputs
44 Indmor Air Air
45 N
46 IGantseflnant Migration to Point of Exposure (POE) Worksheets
4
48 A Soil Source to B. Groundwater Source to C. Soil Source to Surface D. Gronudwater Source to
43 Groundwater FOE CGroundwater POE Water POE Surface Water POE
50 Forward Mode Forward Mode Forward Mode Forward Mode

1 1



EU#I Calculator Outputs

E - = 20170517 _RiskCalculatorwithcomments - Excel
FILE HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW WIEW DEVELOPER ACROBAT
W10 - I
A B D E F G K M ] Q R
1 | Main Menu |DEQ Risk Calculator - Vapor Intrusion - Resident Soil Gas to Indoor Air
2 Print Version Date: February 2017
3 Next Basis: May 2016 EPA RSL Table
4 Previous  |Sjte ID: Example Site
5 | See Selected |Exposure Unit ID: Exposure Unit #1
6 | Chemicals
Carcinogenic risk and hazard quotient cells highlighted in orange are associated with non-volatile chemicals. Since these chemicals do not pose a vapor intrusion risk, no
7 See All risk vahles are calculated for these chemicals.
8 Chemicals
9
10 All concentrations are in ug-"r:r:l3
Calculated | Target Indoor |Target Indoor Air Calelated
Soil Gas Indoor Air Air C £ C for Non- Calculated Non-
CAS # Chemical Name: Concentration | : Jone-for | wone. 1o WO | o cinogenic | Carcinogenic
3 oncentration | Carcinogens @ | Carcinogens @ .

y (ugim) (ugm®) | TCR=1E-06 | THQ=02 Risk H‘mrdt
694 127-18-4 Tetrachloroethylene 1470 441 1.1E+01 8 3E+00 4.1E-06 (1.1E+|]ﬂ
742 79-01-6 Trichloroethylene 20 0.6 4.8E-01 4.2E-01 1.3E-06 2.9E-

1101
1102 Cumulative: 53E-06 | 13E+00 |
1103
1104
1105
1106
1107
1108
1109

READY

FILTER MODE

. _ Soil Combined-Construction Soil Combined-User Defined

SW Combined-User Defined GW to IA-Resident Soil Gas-Resident



EU#I Summary Qutput Sheet

H ©- = 20170517 _RiskCalculatorwithcomments - Excel
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ACROBAT
M21 - I
A B C D E F G
1 | Main Menu |Summary of Risk Assessment Output Output Form 1A
2 Print Version Date: February 2017
3 Next Basis: May 2016 EPA RSL Table
4 Previous |gijte ID: Example Site
5 Exposure Unit ID: Exposure Unit #1
6
7 PRIMARY CALCULATORS
3 Receptor Pathway Carcf;;:lienic Hazard Index | Risk exceeded?
9 Resident Soil Combined Pathways 4 7E-07 1.2E-01 NO
10 Groundwater Combined Pathways NC NC NC
11 T Soil Combined Pathways 82E-08 2 4E-02 NO
Non-Residential Work -
12 on-esidenhial Tt Groundwater Combined Pathways NC NC NC
13 Construction Worker Soil Combined Pathways 3.2E-08 2.5E-01 NO
14 N Soil Combined Pathways NC NC NC
User Defined -
15 = Surface Water Combined Pathways | NC NC NC
17 VAPOR INTRUSION CALCULATORS
18 Receptor Pathway carcf;il:liﬂdc Hazard Index | Risk exceeded?
19 Groundwater to Indoor Air NC NC NC
20 Resident Soil Gas to Indoor Air 5.3E-06 1.3E+00 YES
M Indoor Air 3.7E-06 §.7E-01 NO
22 Groundwater to Indoor Air NC NC NC
23 Non-Residential Worleer Soil Gas to Indoor Air 3.8E-07 1.1E-01 NO
24 Indoor Air 6.3E-07 2.1E-01 NO
25 CONTAMINANT MIGRATION CALCULATORS
26 Pathway Source Target POE Concentrations Exceeded?
27 . - Source Soil Exceedence of 2L at POE? NC
28 Protection of Groundwater Use Source Groundwater Exceedence of 2L at POE? NC
29 \ . Source Soil Exceedence of 2B at POE? NC
30 Protection of Surface Water Source Groundwater Exceedence of 2B at POE? NC
K
Iflead concentrations were entered in the exposure point concentration tables, see the individual calculator sheets for lead
32 concentrations in comparison to screening levels. Note that lead is not included in cumulative risk calculations.
1 ¥ ... | Subsurface Soil Subsurface Soil (override) Groundwater Groundwater (override) Surface Water Surface Water (override)

“‘NC” indicates pathway
not complete

“YES” and “NO” indicates
whether risk is exceeded
for individual pathways

Risk calculator does not
add up cumulative risk
values if more than one
pathway is complete

Risk assessor must do
those calculations
separately




EU#I Summary Qutput Sheet

E - - 20170517 _RiskCalculatorwithcomments - Excel
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ACROBAT

ABC I = =! Show/Hide Comment ‘& Protect and Share Workbook
VREBE B U = I

X I Show All Comments L_'/’A\Iow Users to Edit Ranges
Spelling Research Thesaurus  Translate MNew  Delete Previous Next Protect Protect Share

Comment 5 Show Ink Shest Workbook Workbook [# Track Changes

Proofing Language Comments Changes

125 - Jr

A B c D E F G

1 | Main Menu |s ry of Risk Assessment Output Carcino-

2 Print Version Date: February 2017 P h . H aza I'd
3 Next Basis: May 2016 EPA RSL Table at Way gemC Index

4 Previous Site ID: R | S k

5 Exposure Unit ID: Exposure Unit #1 and Contaminant Migration to POE

: . .

7 PRIMARY CALCULATORS _'SOII Comblned 47E-O7 1 2E'01
8 Receptor Pathway Carﬁeﬁc Hazard Index | Risk exceeded? / P a t h Wa yS

] : Soil Combined Pathways 4.7E-07 1.2E-01 =~ NO 1

10 Resident Groundwater Combined Pathwavs NC NC NC S ol I G as to 5 3 E _O 6 1 3 E + OO
11 Non_Residential Worker Soil Combined Pathways 82E-08 | 24E-02 NO ¥ Indoor Air

12 Groundwater Combined Pathways NC NC NC

13 Construction Worker Soil Combined Pathways 3.2E-08 2.5E-01 NO .

14 User Defined Soil Combined Pathways NC NC NC »4 Indoor Alr 37E_O6 8-7E_01
15 Surface Water Combined Pathways NC NC NC A

17 VAPOR INTRUSION CALCULATORS / C

18 Receptor Pathway Carc:iRJ:il:éen.ic Hazard Index Rislyéew m 2 . 3 E +0 0
19 Groundwater to Indoor Air NE NC /it
20 Resident Soil Gas to Indoor Air 5 3E-06 1.3E+00 /| YES ( \
21 Indoor Air 3 7E-06 8 7E-01 NO . 1
22 Groundwater to Indoor Air NC NC NC Wrong addlng a” together

23 Non-Residential Worker Soil Gas to Indoor Air 3 8E-07 1.1E-01 NO
- e 0 0o P i = would double count vapor
25 CONTAMINANT MIGRATION CALCULATORS 0 0 0

9 intrusion risk. )

26 Pathway Source Target POE Concentrations Exceeded?

27 . Source Soil Exceedence of 2L at POE?| YES
Protect f Groundwater U

28 rotection of bronntwater Use Source Groundwater Exceedence of 2L at POE?| NO

29 . Source Soil [Exceedence of 2B at POE? NO

Protection of Surface Water
30 Source Groundwater [Exceedence of 2B at POE? NO
3

4 v ... Subsurface Soil Subsurface Soil (override) Groundwater Groundwater (override) Surface Water Surface Water (override] Soil Gas Ind




EU#I Cumulative Risk Addition

Current Scenario

Carcino-

Future Scenario

Carcino-

Pathway genic I-Ilsjz)r(d
Risk
Soil Combined 4.7E-07 | 1.2E-01
Pathways
Soil Gas to
Indoor Air
Indoor Air 3.7E-06 | 8.7E-01
CUMULATIVE
RISK 4.2E-06 | 9.9E-01
ACCEPTABLE
LIMITS 1.0E-04 | 1.0E00
RISK
EXCEEDED NO NO

Pathway genic I_:ﬁéz)r(d
Risk
Soil Combined | 4 7 7| 4 2 01
Pathways
Soil Gas 0 |caE0611.3E400
Indoor Air
Indoor Air
CUMULATIVE
RISK 5.8E-06 |1.4E+00
ACCEPTABLE
L IMITS 1.0E-04 | 1.0E00
RISK
EXCEEDED NO YES

AV

addressed with a non-residential land-use control or a vapor
intrusion control.

/Soil gas emissions to indoor air if the building construction changes\
in the future or the land-use changes is the risk driver. This could be

)




EU#I Risk Management

Do we really want to

land-use control or vapor
intrusion control for all of
these properties?

d implement a non- resdentlaﬁ

%
L




Revisions to Exposure Units

EU#2 — Encompasses
Z remainder of affected
properties

N, W

Nyl %( EU#1 — Encompasses soill

contamination and source

groundwater
it

lar}

230

APPROGEMATE SCALE M FEET




o EU#2 Cover Page

FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ACF

Fa0 - I

Main Menn
Print
Next
Previous

[=-RENIT- "I SR X

North Carolina Department of Environmental Quality
18 Risk Calculator

31 Version Date: February 2017
32 Basis: May 2016 EPA RSL Table
33 Site Name: Example Site

2 e aebe e « Resave calculator file and

35 |DEQ Section:

36 [site D: Example Site change exposure unit id

7 ||Expnsure UnitID:  |Exposure Unit 22

38 (Submittal Date:  [3/24/2017 to “EXpOSUFe Unit #2”

Conmie Consultant
Prepared By: ABC Consulting
41 "Reuewed By: Roger Regulator

Instructions Cover Page Exposure Pathways Exposure Factors Targe




EU#2 Exposure Pathways

PRIMARY PATHWAYS

Complete?

Resident

Soil Combined Pathways

Groundwater Combined Pathways

Non-Residential
Worker

Soil Combined Pathways

Groundwater Combined Pathways

Construction Worker

Soil Combined Pathways

User Defined

Soil Combined Pathways

Surface Water Combined Pathways

VAPOR INTRUSION PATHWAYS

Resident

Groundwater to Indoor Air

Soil Gas to Indoor Air

Indoor Air

Non-Residential

Groundwater to Indoor Air

Soil Gas to Indoor Air

Worker
Indoor Air
CONTAMINANT MIGRATION PATHWAYS
Protection of Source Soil
Groundwater Use Source Groundwater
Protection of Surface Source Soil

Water

Source Groundwater

No impacted soil in this unit so
soil combined pathways
incomplete

Groundwater use control will be
implemented to groundwater
combined pathways incomplete

No surface water impacts
detected so surface water
combined pathways incomplete

Only complete pathways are
associated with vapor
intrusion

Contaminant migration
pathways to be reviewed after
cumulative risk pathways




EU#2 Exposure Point Concentrations

1

Groundwater data for monitoring
well indicating highest
concentrations in this unit used
for future vapor intrusion
evaluation

|

[

Indoor air data available for
tenant spaces adjacent to
former dry-cleaner, sample
indicating the highest
concentrations used for current
vapor intrusion evaluation

lar]

ks

u]

230 S00

e

APPROGEMATE SCALE M FEET




EU#2 Exposure Pathways

PRIMARY PATHWAYS Complete?
Soil Combined Pathways

Resident
Groundwater Combined Pathways
Non-Residential Soil Combined Pathways
Worker Groundwater Combined Pathways
Construction Worker Soil Combined Pathways
il i Path
User Defined Soil Combined Pathways

Surface Water Combined Pathways
VAPOR INTRUSION PATHWAYS

Groundwater to Indoor Air « Indoor air data used for
Resident Soil Gas to Indoor Air Current.vapor intrusion
Indoor Air evaluation

Groundwater data used
for future vapor intrusion

Groundwater to Indoor Air
Soil Gas to Indoor Air

Non-Residential

SEIKKE IS

Worker Indoor Ar evaluation
CONTAMINANT MIGRATION PATHWAYS
Protection of Source Soil
Groundwater Use Source Groundwater
Protection of Surface Source Soill

Water Source Groundwater




EU#2 Exposure Pathways

H - :
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ACRO

N23 - I

A B C D
1 | Main Menu | Complete Exposure Pathways Input Form 1A
R Print
3 ——— | Version Date: February 2017 .
Next N
4t IBasis: May 2016 EPA RSL Table * Check boxes in the
Previous . p
5 Site ID: Example Site
: : calculator for the pathways
7 Exposure Unit ID: Exposure Unit #2
a Note: Risk output will only be calculated for complete exposure pathways. to b e eva | u ate d
Check box if
Receptor Pathway pathway
g9 complete
10 PRIMARY PATHWAYS
11 Soil Combined Pathways r
Resident
12 Groundwater Combined Pathways r
13 Soil Combined Pathways r
Non-Fesidential Worker
14 Groundwater Combined Pathways r
15 Construction Worker Soil Combined Pathways r
16 Soil Combined Pathways I
User Defined
17 Surface Water Combined Pathways I
138 VAPOR INTRUSION PATHWAYS
19 Groundwater to Indoor Air 2
20 Resident Soil Gas to Indoor Asr r
29 Indoor Air v
29 Groundwater to Indoor Air I~
23 Non-Residential Worker Soil Gas to Indoor Air r
24 Indoor Air v
25 CONTAMINANT MIGRATION PATHWAYS
76 Source Soil I
Protection of Groundwater Use
27 Source Groundwater I
28 Source Soil I
Protection of Surface Water
29 Source Groundwater

Exposure Pathways Exposure Facto




EU#2 Calculator Inputs

E - = 20170517 _RiskCalculatorwithcomments - Excel
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ACROBAT
v v = L o Width: |Automatic | Gridlines Headings L2 —
As n Colors D = P Ol s g
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Themes Margins Orientation Size  Print  Breaks Background Print . . Ering Send  Selection Align Group Rotate
@ Effects~ - - - Areav - Titles £l Scale: 65% Print Print  Forward - Backward = Pane -
Themes Page Setup [F] Scale to Fit [F] Sheet Options [F] Arrange
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B c D E F G H |
1
- °
3 North Carolina Department of Environmental Quality
4 Risk Calculator
5 February 2017 Version
6
7
8 COVER PAGE TABLE OF CONTENTS SELEC;I%:NT 1510 INSTRUCTIONS
9
10
:‘I; UNPROTECT ALL SHEETS PROTECT ALL SHEETS
13
°
14
. DATA INPUT SHEETS
16 _ tetiipasire Pathways & Parametosse.
" AC lete E: B.E Facto: d C. Contami t
- Lomplete EXposure - LXposure Fa I's an  Lontaminan s
18 Pathways Target Risks Migration Parameters e lle S
19
20 2. Exposure Point Concentrations
21
e
( A. Surface Soil L Subs!u'face C. Groundwater D. Surface E. Soil Gas F. Air >
Seil ‘Water
23
2 DATA OUTPUT SHEETS
25 1. Summary Ontputfor.All Calculators
26
27 A. Summary Output

Instructions

Exposure Pathways = larget Risk Parameters

Sample Statistics Surface Soil Surface 5

No changes to
Exposure Factors
and Target Risks or
Contaminant
Migration Parameters

Delete Exposure
Point Concentrations
from EU#1 model run
and enter
groundwater and
indoor air
concentrations for
EU#2 model run




EU#2 Summary Qutput Sheet

H - = Bxample EU£2 - Excel
FILE HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  DEVELOPER  ACROBAT

125 - Je

A B C D E F G H
1 | Main Menu |Summary of Risk Assessment Qutput :
2 & Version Date: February 2017 ° O n |y pathway IS
Next Basis: May 2016 EPA RSL Tabl 1 1

Y= o A : = vapor intrusion so no
4 revious  |Sjte ID: Example Site .

5 Exposure Unit ID: Exposure Unit #2 Separate add|t|on

6

7 PRIMARY CALCULATORS needed

8 Receptor Pathway Carc:fRJil:IEen.ic Hazard Index | Risk exceeded?

9 Resident Soil Combined Pathways NC NC NC

10 Groundwater Combined Pathways NC NC NC ° O n |y e xceed ance is
1 Non-Residential Worker Soil Combined Pathways NC NC NC . .

12 Groundwater Combined Pathways | NC NC NC for future residential
13 Construction Worker Soil Combined Pathways NC NC NC . .

1 ] Soil Combined Pathways NC NC NC vapor | ntrusion

User Defined - -
15 Surface Water Combined Pathways NC NC NC
17 VAPOR INTRUSION CALCULATORS
Carcinogenic .
Receptor Pathway . Hazard Index | Risk exceeded? C H

18 Risk . ould address with
19 Groundwater to Indoor Air 1 6E-05 3.8E+00 YES . .
20 Resident Soil Gas to Indoor Air NC NC NC non-residential land-
21 Indoor Air 2.3E-06 5.3E-01 NO . .
2 Groundwater to Indoor Air 28E-06 | 9.0E-01 NO use restriction of
23 Non-Residential Worlcer Soil Gas to Indoor Air NC NC NC . .
2 Indoor Air 38E-07 | 13E-01 NO vapor intrusion

25 CONTAMINANT MIGRATION CALCULATORS g
26 Pathway Source Target POE Concentrations Exceeded? re St rl Ctl O n
27 . - Source Soil Exceedence of 2L at POE? NC
2 Protection of Groundsvater Use Source Groundwater Exceedence of 2L at POE? NC
29 . . Source Soil Exceedence of 2B at POE? NC

% Protection of Surface Water Source Groundwater Exceedence of 2B at POE? NC

3

Iflead concentrations were entered in the exposure point concentration tables, see the individual calculator sheets for lead
32 concentrations in comparison to screening levels. Note that lead is not included in cumulative risk calculations.

4 | Subsurface Sail Subsurface Soil (override) Groundwater Groundwater (override) Surface Water Surface Water (override) Soil




EU#2 Risk Management

Do we really want to

land-use control or vapor
intrusion control for all of
these properties?

d implement a non- resdentlaﬁ

%
L




Revisions to Exposure Units

WA T
< o 0 2
& N\ O %@gﬂﬂo% Qﬂg

— =
ﬁ D i s EU#1 ~




EU#3 Exposure Pathways

PRIMARY PATHWAYS Complete?
Resident Soil Combined Pathways
Groundwater Combined Pathways
Non-Residential Soil Combined Pathways
Worker Groundwater Combined Pathways
Construction Worker Soil Combined Pathways
_ Soil Combined Pathways
User Defined Surface Water Combined Pathways
VAPOR INTRUSION PATHWAYS
Groundwater to Indoor Air v
Resident Soil Gas to Indoor Air
Indoor Air
Groundwater to Indoor Air v

Non-Residential

Soil Gas to Indoor Air

Worker
Indoor Air
CONTAMINANT MIGRATION PATHWAYS
Protection of Source Soil
Groundwater Use Source Groundwater
Protection of Surface Source Soil

Water

Source Groundwater

No impacted soil in this unit so
soil combined pathways
incomplete

Groundwater use control will be
implemented to groundwater
combined pathways incomplete

No surface water impacts
detected so surface water
combined pathways incomplete

Only complete pathways
associated with vapor intrusion

No indoor air or soil gas data
available for this unit to
groundwater data used for
current and future vapor
intrusion evaluation

Contaminant migration
pathways to be reviewed after
cumulative risk pathways




EU#3 Calculator Inputs
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Delete Exposure
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and enter
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EU#3 Calculator Output

H - 4 Example EU#3 - Excel
GUS HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  DEVELOPER  ACROBAT

A1 - Ji

A B c D E F G

1 | Main Menu ;Summary of Risk A t Output Output Form 1A

2 Print Version Date: February 2017

3 Next Basis: May 2016 EPA RSL Table

4 Previous |[Sjte ID: Example Site

g Exposure Unit ID: Exposure Unit #3

6

7 PRIMARY CALCULATORS

3 Receptor Pathway c“c;lil:l%mc Hazard Index | Risk exceeded?

9 . Soil Combined Pathways NC NC NC

Resident :

10 Groundwater Combined Pathways NC NC NC .
1 NonRecidentid Worker Soil Combincd Pathways NC NC NC e On |y exceedance is
12 Groundwater Combined Pathways NC NC NC . .
13 Construction Worker Soil Combined Pathways NC NC NC for future residential
14 User Defined Soil Combined Pathways NC NC NC . .

15 Surface Water Combined Pathways NC NC NC vapor Intrusion

17 VAPOR INTRUSION CALCULATORS

18 Receptor Pathway Carc:f;;:l%ﬂﬂc Hazard Index | Risk exceeded? C I d d d . th

[ ]

19 Groundwater to Indoor Air 6.2E-06 1.5E+00 YES O u a reSS WI

20 Resident Soil Gas to Indoor Air NC NC NC non-residential land-
21 Indoor Air NC NC NC

22 Groundwater to Indoor Air 1.1E-06 3.5E-01 NO use reStr'Ct'on or

23 MNon-Residential Worlcer Soil Gas to Indoor Air NC NC NC . .

24 Indoor A Ne | Nc NC vapor intrusion

25 CONTAMINANT MIGRATION CALCULATORS . .

2 Pathway Source Target POE Concentrations Exceeded? re St rl Ctl O n

27 . N Source Soil Exceedence of 2L at POE? NC
28 Protection of Groundater Use Source Groundwater Exceedence of 2L at POE? NC . OR
29 Protection of Surface Wat Source Soil Exceedence of 2B at POE? NC e

30 roreenen e e Source Groundvwater Exceedence of 2B at POE? NC

K|

If lead concentrations were entered in the exposure point concentration tables, see the individual calculator sheets for lead
32 concentrations in comparison to screening levels. Note that lead is not included in cumulative risk calculations.

4 ¥ ... | Subsurface Soil Subsurface Soil {override) Groundwater Groundwater (override) Surface Water Surface Water (override)




EU#3 Additional Data Collection
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Decided to collect soil
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EU#3 Revised Calculator Inputs

E - = 20170517 _RiskCalculatorwithcomments - Excel
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ACROBAT
nCoIors' D" [ L E':':‘ E‘Mdth: Automatic ~ | Gridlines  Headings L2 —
, * N i}
Fonts' @ D ID [; 1 = E_DHeight: Automatic = | [ View || View J I:‘ Ol |(-_
Themes Margins Orientation Size  Print  Breaks Background Print ” . . Ering Send  Selection Align Group Rotate
- @ Effects~ - - - Areav - Titles £l Scale: 65% Print Print  Forward - Backward = Pane -
Themes Page Setup [F] Scale to Fit [F] Sheet Options [F] Arrange
B7 - S
A B c D E F G H
1
2
3 North Carolina Department of Environmental Quality
4 Risk Calculator ®
5 February 2017 Version
6
7
8 COVER PAGE TABLE OF CONTENTS SELEC;S[NT 1510 INSTRUCTIONS
9
10
:‘I; UNPROTECT ALL SHEETS PROTECT ALL SHEETS
13
14
. DATA INPUT SHEETS

16 e

1. Exposure Pathways & Parameters

A. Complete Exposure

B. Exposure Factors and C. Contaminant

D. Sample Statistics

|8 Pathways Target Risks Migration Parameters
19 ™ N
20 2. Exposure Point Concentrations ®
21 |
A. Surface Soil B. Subsurface C. Groundwater Lh L0 | E. Soil Gas | FA;I->
Soil Water
23 — e ——
2 DATA OUTPUT SHEETS
25 1. SummarQuipe Calculators
26
27 A. Summary Output

Instructions

DuposureTaclors Target Risk Parameters Sample Statistics Surface Soil Surface 5

Exposure Pathways

Edit complete
exposure pathways
to check residential
and non-residential
soil gas to indoor air
instead of
groundwater to
indoor air

Delete groundwater
concentrations and
enter soil gas
concentration




EU#3 Revised Calculator Output

H ©- : Example EU#3 - Excel
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ACROBAT
m21 M I
A B c D E F G b

1 | Main Menu |Summary of Risk A t Output Output Form 14

2 Print Version Date: February 2017

3 |___ Next  IBasis: May 2016 EPA RSL Table

4 Previous |Sjte ID: Example Site

5 Exposure Unit ID: Exposure Unit #3

6

7 PRIMARY CALCULATORS

8 Receptor Pathway C“c:ilrliﬂﬂc Hazard Index | Risk exceeded?

9 . Soil Combined Pathways NC NC NC

Resident : -
10 Groundwater Combined Pathways NC NC NC
il . R Soil Combined Pathways NC NC NC
Non-Residential Work =

12 onendee o Groundwater Combined Pathways | NC NC NC

13 Construction Worker Soil Combined Pathways NC NC NC

14 . Soil Combined Pathways NC NC NC

15 User Defined Surface Water Combined Pathways NC NC NC * No exceedences for
17 VAPOR INTRUSION CALCULATORS H H

; Carcinogeni : - EU#3 using soil gas

18 Receptor Pathway Risk Hazard Index || Risk exceeded?

19 Groundwater to Indoor Air NC NC NC data
20 Resident Soil Gas to Indoor Air 1.4E-06 3.6E-01 NO

21 Indoor Air NC NC NC
22 Groundwater to Indoor Air NC NC NC
23 Non-Residential Worker Soil Gas to Indoor Air 1IE-07 | 29E-02 NO ° Only land-use control
24 Indoor Air NC NC NC .
25 CONTAMINANT MIGRATION CALCULATORS needed for EU#3 IS a
26 Pathway Source Target POE Concentrations Exceeded? g ro u n dwate r u Se
27 . . Source Soil Exceedence of 2L at POE? NC
= Protection of Groundwater Use P Excecdence of L. at PORT NC CcO ntrOI
29 . . Source Soil Exceedence of 2B at POE? NC
30 Protection of Surface Water Source Groundvwater Exceedence of 2B at POE?| NG
K|
Iflead concentrations were entered in the exposure point concentration tables, see the individual calculator sheets for lead

32 concentrations in comparison to screening levels. Note that lead is not inchided in cummulative risk calculations.

4 v ... | Subsurface Soil Subsurface Soil (override) Groundwater Groundwater (override) Surface Water Surface Water (override) s




Risk Management Based on Cumulative Risk Evaluation
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] to entirety of each
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EU#3 ¥
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control only @ 5 U
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) Contaminant Migration Pathways

s o
fLand-use controls Iimiting\
the installation of water
supply wells to be

implemented for all
impacted properties

LSurface Water

(<>\E?JEJ

Groundwater
Use POE




Soil and Groundwater Source Area

Designated Soil &
Groundwater Source Area

GNC

—

Monitoring Well with Highest

[ J
Former.Dry-

Cleaner Space
(Current
+I\/Iattress Sho.p)

Concentrations (MW-16)

Soil Sample with Highest
Concentrations (P-1)

Restaurant

® Soil Sample Location
® Monitoring Well Location




Contaminant Migration Pathways
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Surface Water | % % .« 1,460 ft to [
POE % Groundwater Use POE Eg
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Groundwater
Use POE
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Contaminant Migration Pathway Calculator Inputs

H - = 20170
FILE HOME  INSERT ~ PAGELAYOUT ~ FORMULAS  DATA  REVIEW  VIEW  DEVELOPER  ACRC

018 - jl

A B C ] E F G H J K L W
1 | Main Menn
Print
3 Next
Previous

P

Y

o~ & oen

9
10
"
12
13

14 North Carolina Department of Environmental Quality

15 Risk Calculator
17
13|
19
20

Pl

22
23
24

« Source area soil and groundwater

26

z concentrations also commonly used

» for EU#1 model run
2 Version Date: February 2017
- S « Edit exposure unit ID to reference

34 Site Address: Nowhere, NC

3 HDEQSecﬁml: THSB REC Program “EXposure Unit #1 and Contaminant
36 Site ID: Laalis — . .
2; Hgmtl:;[]}n::em %ﬁ} osu.reJ Unit £1 and Contaminant Migration Pathways_D M | g ratl on P at h Ways ”
; roweiny: |SERe e
41 "Rmewed By: Roger Regulator

a2

3 Instructions Cover Page TOC Exposure Pathways Exposure Factors Target

READY 29




Contaminant Migration Pathway Calculator Inputs

H ©- s 20170517_Rit
FILE HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  DEVELOPER  ACROBAT

116 v Je

A B C D F

1 |_Main Menu |Complete Fxposure Pathways Input Form 1A

- Print

3 Next Version Date: February 2017

ex
4 = Basis: May 2016 EPA RSL Table
Previous . P

5 Site ID: Example Site

7 Exposure Unit ID: Exposure Unit #1 and Contaminant Migration Pathways

a Note: Risk output will only be calculated for complete exposure pathways.

Check box if
Receptor Pathway pathway

g9 complete

10 PRIMARY PATHWAYS

1 Soil Combined Pathways 2

Eesident
12 Groundwater Combined Pathways I
13 Soil Combined Pathways I
Non-Residential Worker
14 Groundwater Combined Pathways I
15 Construction Worker Soil Combined Pathways I
Soil Combined Pathways
i User Defined = .
17 Surface Water Combined Pathways I
18 VAPOR INTRUSION PATHWAYS
19 Groundwater to Indoor Air I
20 Eesident Soil Gas to Indoor Air I3
29 Indoor Air I’d
29 Groundwater to Indoor Air I
23 Non-Residential Worker Soil Gas to Indoor Air I3
24 Indoor Air v
N CONTAMINANT MIGRATIONPATHWAYS « Check boxes for contaminant
Source Soil / I’d H H
2 Protection of Groundwater Use I I Ilg ratlon pathways
27 Source Groundwater ™2
28 Source Soil I3 J
Protection of Surface Water

29 Source Groundwater I3

posure Factors Target Risk

=]




Contaminant Migration Pathways Calculator Inputs
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1
2
3 North Carolina Department of Environmental Quality
4 Risk Calculator
5 February 2017 Version
6
7
8 COVER PAGE TABLE OF CONTENTS SELECTPI%:NT IsTO INSTRUCTIONS
9
10
:‘I; UNPROTECT ALL SHEETS PROTECT ALL SHEETS
13
14
. DATA INPUT SHEETS
16 1. Exposure Pathways & Paramefeste. .
- « Distances to POEs
A. Complete Exposure B. Exposure Factors and C. Contaminant - .
18 Pathways ‘ Target Risks Migration Parameters D. Sample Statistics are e nte red IN
19 .
20 2. Exposure Point Concentrations Contamlnant
21 Migration Parameters
.\ B. Subsurface D. Surface . ;
22 A, Surface Soil . C. Groundwater E. Soil Gas F. Air
Seil Water S h e et
23
2 DATA OUTPUT SHEETS
25 1. Summary Output for All Calculators
26
27 A. Summary Output

Instructions Exposure Pathways Exposure Factors Target Risk Parameters Sample Statistics Surface Soil Surface 5




Contaminant Migration Pathways Calculator Inputs

E - = 20170517 _RiskCalculatorwithcomments - B
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ACROBAT
AI14 - J
A B c D F AA AB
1 | Main Menu ||Contaminant Migration Parameters Input Form 1C
= Print
3 Next Version Date: February 2017
4 = Basis: May 2016 EPA RSL Table
Previous =
5 Site ID: Example Site
7 Exposure Unit ID: Exposure Unit #1
3 Provide justification for the contaminant migration parameters used.
Parameter MY Value | - PECtC Tustification
10 Value \
= — | 0
[ ]
/ Distance to Protection of The POE for the protection of groundwater pathway was placed at D ISta n CeS to P E S a re
Groundwater Point of 0 1440 the nearest property boundary downgradient of the plume on which 1 C 1
Exposure (POEgy) (feet) groundwater use controls will not be implemented. e n te re d I n O n ta m I n a n t
1 1 . -
Migration Parameters
Distance to Protection of The POE for the protection of surface water pathway was placed at
\ Surface Water Point of 0 1800 the nearest downgradient surface water body, which is McMullen S h eet
osure (POEy;) (feet) Creek, Class C.
12
...........................................................
Depth to Base of Affected 1244 579 Impacted soil extends to the water table, therefore the average depth
Soils (d;) (cm) o to water in the soil source area was used (19 feet, 379 cm).
13
?:;i: :f iﬁ'ec‘ledd&:;{ Site-specific 157 The length of the soil source area parallel to the groundwater flow
o D ° :;”(‘E; ey |Auerequined ’ direction is estimated at 13 feet (457 cm).
14
extent of soil The areal estent of soil contamination is less than 0.5
contamination 03 03 e eatfofizodton onis less .3 acres.
Therefore, the minimum value of 0.5 acres was used.
range 0.3-300 (A;) {acres)
15
Fraction of v?getanve 03 03 The default value was used.
cover (V) (unitless)

READY

Exposure Pathways

Exposure Factors Target Risk

Parameters




Contaminant Migration Pathways Calculator Output

B H S- =

FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW
AC23 - N
& E © [ 3 F ] Ho 1
1
i North Carolina Department of Environmental Quality
£l Risk Calculator
5 February 2017 Yersion
‘
T
2 COVER PAGE TAELE OF CONTENTS | o | DSSTRUCTIONS
10
Eé UNPROTECT ALL | T |

DATA INFUT SHEETS

A. Complese Expanure
Fashwzya

2 | A Surfsce Sol |

El A RESIDENT B. RESIDENT RESIDENTIAL RESIDENTIAL ECONSTENETION
B Suil Cosabimed Grousdwater WORKER WORKER L
Pathways Comshimed Patkrwsys Sail Comhimed Groundwsesr e
B Pathways Combined Pathwrays [
34
35
e F. USER DEFINED G. USER DEFINED
Seil Combined Surface Water
= Pathwrays Pathways

LoLITE F.NON.
dz A RESIDENT E.RESIDENT RESIDENTIAL RESIDENTIAL T
C. RESIDENT RESIDENTIA
4 | Growndwsers | Seil Ga o Induor e S
Indoor Air Air -

A. Soil Source to B. Grousdwater Source to
a4 Groundwater POE Grousdmater POL
0 Ferward Made Formard Mode

Waser POE Surface Water POE

e — » Don’t forget to enter
Al == = = surface water standards

POE
Backward Made Backward Made Backward Mode Backward Mode

56
B
5%
£
[

» Menu Instructions Cover Page -

READY




Contaminant Migration Pathways Calculator Output

H - &- = 20170517 _RiskCalculatorwithcomments - Excel

FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ACROBAT

AF10 - e
z AA
|
Jo2

3

4

5

6 e Seleded Distance to Surface Water POE 1800 feet

Chemicals —
8
See All Notes: This is a 1-D model and should be used as a screening tool.
Chemicals NM= Not modeled becanse contaminant migration parameters have not been
9 entered.
10 |
. Source S{?il 2B Standard Surface Wfala Concentration
CAS# Chemical Name: Concentration Concentration at Exceeds 2B
(mg/kg) (hell) POE (ug/L) Standard?

1 /7~ N\ ,
215 156-59-2 Dichloroethylene, 1,2-cis- 0.0857 720 0.01103074 NO DO N t fO rg et to
694 127-18-4 Tetrachloroethylene 6.5 33 0.490505512 NO

742 79016 Trichloroethylene 056 30 0.056184675 NO enter surface
1101 Ss—rr
1102 NA = Not applicable because no 2B Standard entered water standards

Soil Source to SW POE_ |

READY FILTER MODE 3




Contaminant Migration Pathways Calculator Output
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- Lomplete EXposure - LXposure Fa I's an  Lontaminan s
18 Pathways Target Risks Migration Parameters D. Sample Statistics
19
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Instructions xposure Patl Parameters Sample 5 s Surface Soil Surface 5



Contaminant Migration Pathways Calculator Output

E - = 20170517 _RiskCalculatorwithcomments - Excel
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ACROBAT
H21 v f
A B c D E F G H

{1 | Main Menu |Summary of Risk Assessment Qutput Qutput Form 1/

2 Print Version Date: February 2017

3| Next  |Basis: May 2016 EPA RSL Table

4 Previous _|Site ID- Example Site

5 Exposure Unit ID: Exposure Unit #1 .

6 « Source soil exceeds for
' e S Protection of

8 Receptor Pathway c“c:l_l:iﬂﬂc Hazard Index | Risk exceeded?

9 Resident Soil Combined Pathways 47E-07 | 12E01 NO Groundwater Use

10 Groundwater Combined Pathways NC NC NC

11 [ Soil Combined Pathways 8.2E-08 24E-02 NO

Non-Residential Worlk

12 on-mesicen e Groundwater Combined Pathways NC NC NC ° N (0] exceed ences fo r
13 Construction Worlcer Soil Combined Pathways 3 2E-08 2.5E-01 NO

g User Detind Sl Conbined Pathvays Ne | Ne NC source groundwater for
15 Surface Water Combined Pathways NC NC NC .

17 VAPOR INTRUSION CALCULATORS Protection of

) Carcinogenic .

18 Receptor Pathway Risk Hazard Index | Risk exceeded? G ro u n dwate r U Se

19 Groundwater to Indoor Air NC NC NC
20 Resident Soil Gas to Indoor Air 5.3E-06 1.3E+00 YES
2 Indoor Air 3.7E-06 8.7E-01 NO |
2 Gromdvaer o o A | NC__ | NC NC * No exceedences for
23 Non-Residential Worker Soil Gas to Indoor Air 3.8E-07 1.1E-01 NO H
24 Indoor Air 6.3E-07 2.1E-01 NO source SOII or
25 CONTAMINANT MIGRATION CALCULATORS g roun dwate r fo r
26 Pathway Source Target POE Concentrations Fxceeded? .
27 . ) Sowes Sol Excecdence of 2L at POE?|  VES Protection of Surface

Protection of Groundwater Use
28 Source Groundwater Exceedence of 2L at POE? NO Wat e r
29 Protection of Surface Wat Source Soil Exceedence of 2B at POE? NO
30 TorEeRen oo e Source Gromndwater Exceedence of 2B at POE? NO
3
Iflead concentrations were entered in the exposure point concentration tables, see the individual calculator sheets for lead

32 concentrations in comparison to screening levels. Note that lead is not included in cunmlative risk calculations.

4 ¥ ... | Subsurface Soil Subsurface Soil (override) Groundwater Groundwater (override) Surface Water Surface Water (override) So




Contaminant Migration Pathways Calculator Output

H ©- =
FILE HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW

AC23 - ‘)‘1

i North Carolina Depa_llmenl of Environmental Quality
: e Gastriction to maintain surface \

e || m‘:mI — cover needed because:

: oo Patiests € P « Model indicates exceedences
ol | e s, | s | for soil source area

=0 2. Exposure Point Concentrations

D. Surface

E. Subsurface
A Surface Soil | | €. Gromndwater Water

Sell

sece | x| « Soil source area currently
oo st covered

7 Frman Coloaiotors « Removal of surface cover could
Arsme | sssom  comsTRuCTIoN cause increased infiltration and

| e | i | e, | K plume expansion /

C.N0N-

D.NON- E_NON-

| A | AT | TR R mme « To evaluate area of surface cover

............................. Contaminant Migration to Point of Exposure (POE) Worksheets restrl Ctl on g (@) tO SO | | SO urce tO

e | e Groundwater POE Forward and
T Backward Calculators

READY 29




Soil Source to Groundwater POE Forward Calculator Output

H%- ¢
FILE HOME
AE1104 -

[= = PR R SN SV R Y

"

See Selected
Chemicals

See All
Chemicals

INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER

S

Distance to Groundwater POE 1460

Notes: This is a 1-D model and should be used as a screening tool.
NM= Not modeled because contaminant migration parameters have not been
entered.

20170517 _RiskCalculatorwithcomments - Excel

ACROBAT

feat

Source Soil
CAS # Chemical Name: Concentration

(mg/kg)

2L Standard
(ne)

Groundwater
Concentration at

POE (pgl)

Concentration
Exceeds 2L
Standard?

Model predicts a
groundwater
concentration of 0.75
ug/L at the Groundwater
Use POE, which
exceeds 2L Standard of
0.7 ug/L

215
694
742
110
1103

1104]

1108
1106
1107
1108
1109
1110
11
1112
1113
1114
1115

1116

4

READY  FILTER MODE

156-59-2 Dichloroethylene, 1,2-cis- 0.0857

70

0.016764247

NO

[iz7182 Tetrachlorosthylens 6.5

0.7

0.745458197

YES

|79-01-6 Trichloroethylene 0.56

0.085388086

NO

» | Soil Gas-Resident | Indoor Air-Resident | GW to IA-MNon-Residential | Soil Gas-|




Soil Source to Groundwater POE Backward Calculator Output

H 9 & =
FILE HOME  INSERT

20170517 _RiskCalculatorwithcomments - Excel

PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ACROBAT

AD11 -
A
Main Menu
1 Print
2 Next
3 Previous
4 | See Selected i
5 | oo Selecte To achieve 2L Standard
6 Distance to Protection of Groundwater POE 1460 feet
See Al of 0.7 ug/L at POE,
g | Chemicals
Notes: This is a 1-D model and should be used as a screening tool. mOdel CalCUlateS a
NM= Not modeled because contaminant migration parameters have not been .
. catered target screening level of
10 H
| 6.1 mg/kg for PCE in
Target .
Gromdvater | (| Seled soil source area
CAS # Chemical Name: Concentration at e
(ngL) Concentration
POE (mgke)
" (ugl)
215_ 156-59-2 Dichloroethylene, 1.2-cis- 70 70 357.8448925
694 127-18-4 Tetrachloroethylene 0.7 0.7 6.10362864
742 79-01-6 Trichloroethylene 3 3 19.67487595
110
Note: The 2L Standards are shown for convenience. However, if the 2L Standards are the target groundwater concentration at the POE
they must be manually entered in column F. This is to allow for situations where the target groundwater concentration at the POE may be
values other than 2L Standards (vapor intrusion screening levels for example).

READY  FILTER MODE

ource to SW POE

GW Source to SW POE

Soil to GW POE-|




Surface Cover Restriction Area

Soil Impacts exceed risk for
Protection of Groundwater
Use Pathway (6.1 mg/kg for
PCE)

Proposed Surface
Cover and
Contaminated
Soil Control Area

Soil Impacted Above
Unrestricted Use Values
(Requires Contaminated

Soil Control)

Restaurant

GNC (Current
attress Sho.p)

® Soil Sample Location
® Monitoring Well Location



Final Risk Management Decisions

N & . oo AL s .
3 oV
S VAT o
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control notices ) . q g
AT 2y 2 7
&N _.
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e
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use control e INC ]
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Risk Assessment Training Topics of Discussion

. Regulatory Framework

1. Risk Assessment 101

lll.  NC-Specific Risk Assessment Procedures
V.  Groundwater Only Site Closure Examples
V.  Introduction to the Risk Calculator

VI. Risk Calculator Site Closure Example

ViIl. Wrap-up & Questions

Department of Environmental Quality




Where do I find more information?
http://deqg.nc.gov/permits-requlations/risk-based-remediation

Permits & Rules v Outreach & Education v Research Conservation v News v About v Contact

o2 v B

Statutes & Rules Does this apply to my site? Procedures and Forms

Relevant regulations for implementing Find out if your contaminated site is a Step-by-step procedures to guide you
a risk-based approach to remediation. viable candidate for risk-based through the new risk-based
remediation. environmental remediation law

Technical Guidance Risk Evaluation Resources Contacts
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Technical Guidance

The Technical Guidance for Risk-Based Environmental Remediation of Sites provides to the
extent practicable, a commeon set of methods and standards for assessment and cleanup of
contaminated sites. Its purpose is to outline key elements and procedures specified in North
Carolina General Statutes (G.S.) 130A 310.68 through 310.77 for implementing consistent and
successful contaminant assessment and risk-based remediation strategies across applicable
DEQ programs.
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Does this apply to my site?

DEQ’s procedures for evaluating human health risks are outlined in the Tier 1/Tier2 flowchart [ .
Contact the appropriate oversight program with any questions.

Be sure to use the
most recent version

Initial screening (Tier 1) using the tables and lin Of the DE R|Sk taminant
concentrations meet unrestricted use standard Q Risk Evaluation Resources
Calculator

Procedures and Forms

Screening

Technical Guidance

Contacts

Preliminary Soil Remediation Goals (PSRG) Ta
Groundwater Standards and IMACs (15A NCAC ;7/
Surface Water Standards (15A NCAC 02B)
Vapor Intrusion Screening Levels (October 2

CUTOJTT

Calculating Risk

tify human health risks when multiple contaminants
sing site-specific input parameters.

A risk calculator (Tier 2) is provided to
are present and when conditions justif

DEQ Risk Calculator (August 20716)A

Risk Assessment Report Forms [£
Risk Assessment Equations and Calculations [




Questions?

Janet Macdonald, LG
Division of Waste Management

919-707-8349
janet.macdonald@ncdenr.gov
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