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The Department of Ecology is an Equal Opportunity and Affirmative Action
employer and shall not discriminate on the basis of race, creed, color, national
origin, sex, marital status, sexual orientation, age, religion, or disability, as
defined by applicable state and/or federal regulations or statutes.
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Program at (360,)407-7170 (voice.) or (360,) 407-6006 (TDD`).

For additional copies of this publication, please contact:
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Publications Distn'bution Office

P.O. Box 47600

Olympia, WA 98504-7600
(360) 407-7472

Refer to Publication No. 01-09-073

Questions or Comments regarding Workbook Tools (MTCASGL or MTCATPH}and User's Guide should be
addressed to:

Hun Seak Park

Washington State Department of Ecolo_,
Toxics Cleanup Program
PO Box 47600
Olympia, WA 98504-7600

Disclaimer: This User's Guide and associated programs are provided "AS IS" and without warranties as to
performance or any other warranties of any kind whether expressed or implied. The user assumes the entire risk of
using this manual and associated programs. In no event shall the State of'Washington and all panics associated with
the preparation of this manual be liable for damages or losses of any nature or kind, including but not limited to any
compensatory, direct, special, incidental, indirect, or consequential damages whatsoever including, without
limitation, damages for injuries to persons or property, loss of business profits, business interruption, loss of
business information, or any other pecuniary or non-pecuniary loss arising out of or relating to the use of or inability
to use this manual and associated software, even if the State of Washington and associated parties have been advised
or are aware of the possibility of such damages. This manual and associated software are not intended, and cannot
be relied on, to create rSghts,substantiv_ or procedural, enforceable by any party in litigation with the State of
Washington. Ecology r_serves the right to act at variance with this User's Guide or associated software at any time.
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Chapter I Introduction

1.1 Purpose of the Workbook Tools

The Model Toxics Control Act (MTCA) CleanupRegulation, chapter 173-340 WAC,
sets forth the requirements and procedures for establishing cleanup levels that are
protective of human health and the environment. The workbooks described in this User's
Guide provide tools for the calculation of Method B and Method C cleanup levels for soil
and potable ground waterbased on protection of human health.

The regulation provides for the establishment of both standard and modified Method B
and C cleanup levels.

• Under standard Method B and C, protective concentrations are calculated using
standardequations and default assumptions provided in the regulatiom Except for
petroleum mixtures, protective concentrations calculated for hazardous substances
under standard Method B and C are published in CLARC. One of the
workbooks described in this User's Guide provides the necessary tools for

calculating protective soft and ground water concentrations under standard
Method B or Method C for petroleum mixtures.

• Under modified Method B and C, specified default assumptions may be adjusted
based on site-specific or chemical-specific data. The regulation specifically
describes which parametersmay be adjusted and how they may be adjusted. The
workbooks described in this User's Guide provide the necessary tools for
calculating protective soil and ground water concentrations under modified
Method B or Method C.

For the calculation of soil cleanup levels, the workbooks provide tools for evaluating the
direct contact pathway, the leaching pathway (protection of ground water), and the vapor
pathway (protection of air quality).

• For the evaluation of the direct contact pathway, the workbooks use the
equations provided in the regulation. The workbooks allow theuser to evaluate
the soil ingestion pathway alone or in conjunctionwith the dermalpathway.

• For the evaluation of the leaching pathway, the workbooks use the 3-phase and
4-phase equilibrium partitioningmodels described in the regulation to calculate a
soil cleanup level that will not cause an exceedance of the ground water cleanup
level established under WAC 173-340-720,

• For the evaluation of the vapor pathway, the workbooks provide tools for
calculating air cleanup levels and soil concentrations that will not cause an
exceedance of the air cleanup level established under WAC 173-340-750.
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i NOTE: The tools for evaluating the vapor pathway are provided for

informational purposes only. Please consult the regulation and the site manager
for more information regarding whether the pathway must be evaluated and how

thepathway may be evaluated.

For the calculation of ground water cleanup levels, the workbooks provide tools for
calculating only potable ground water cleanup levels. The workbooks do not provide
tools for calculating ground water cleanup levels for nonpotable ground water, as defined
under the regulation.

When establishing cleanup levels for hazardous substances at a site, the site manager
oftenasks two types of questions:

• ls the measured (or current) concentration at the site protective?
• If not, what is the protective concentration?

The workbooks allow the user to answer both of these questions. The workbooks provide
the tools to calculate the risk under current site conditions (forward calculation) and to

calculate protective concentrations (backward calculation) if the measured concentrations
at the site are not protective. In the first instance, the workbooks require the user to enter
measured soil or ground water concentrations. The workbooks then execute a "forward"
calculation using the equations in the regulation and solving for risk, In the second
instance, the workbooks "back-calculate"a protective concentration based on the target
risk levels set forth in the regulation. Also the workbooks provides printing and
previewing capabilities for all input and ourput screens.

This User's Guide describes the capabilities and limitations of the workbooks and
provides step-by-step instructions for installing and using the workbooks.

1.2 Caution on Use of the Workbooks

The requirements and procedures for establishing cleanup levels that are protective of
human health and the environment are specified in the MTCA Cleanup Regulation,
chapter 173-340 WAC. The use of this manual and the associated programs are not
sufficient to establish cleanup levels under the regulation. The workbooks are merely
computational tools and do not provide all the information necessary to establish cleanup
levels for a site. Appropriate background, training, and experience is necessary to
accurately use the workbooks.

2

AR 019526



1.2.1 Calculation of Soil Cleanup Levels

The soil cleanup levels calculatedusing theworkbooks account for the following:

• Concentrationsbased on protectionof human health (directcontactpathway);
• Concentrationsbased on protectionof ground water(leachingpathway);
• Natural background concentrations; and
• Practical quantitation limits.

The soil cleanup levels calculated using the workbooks DO NOT account for the
following:

• Concentrationsestablished under applicablestate and federal laws;
• Concentrations based on protection of air (vapor pathway);
• Concentrations based on protection of terrestrial ecological receptors;
• Residual saturation limit for protection of ground water; and
• Total site risk.

The soil cleanup levels calculatedusing the workbooks might need to be manually
adjusted to account for these considerations.

1.2.2 Calculation of Potable Ground Water Cleanup Levels

The potable ground water cleanup levels calculated using the workbooks account for the
following:

• Concentrations establishedunder applicable state and federal laws;
• Concentrations based on protection of human health;
• Naturalbackground concentrations; and
• Practical quautitation limits.

The potable ground water cleanup levels calculated using the workbooksDO NOT
account for the following:

• Concentrations based on potential surface water impacts;
• Nonaqueous phase liquid (NAPL) limitation; and
• Total site risk.

The ground water cleanup levels calculated using the workbooks might need to be
manually adjusted to account for these considerations.
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1.3 Overview of Files

This manualprovides instructionson the use of the following two Microsoft Excel®
workbook files describedbelow. These two Microsoft Excel®workbook files maybe
obtainedby:

• ContactingEcology to obtain a compactdisk containing the files; or
• Downloadingthe files fromEcology's Interact web site:

http://www.ecv.wa,_ov/pro,m'ams/tcp/tools/toolmain,html

File Name File Size Chapter Description
(I03)

Workbook for Calculating Cleanup Levels
MTCASGLIO.xls 554 2 for Individual Hazardous Substances

Workbook for Calculating Cleanup Levels
MTCATPHIO.xls 2,393 3 for Petroleum (TPH) Mixtures

1.4 Technical Requirements for Using the Workbooks

This section describes the required (or recommended) hardware and software for using
the workbooks.

1.4.1 Hardware Requirements

Recommended hardware for using the workbooks include:

Any hardware capable of running Microsoft Excel®will run the workbooks. A
math coprocessor is not required but is recommended. (Note: modem processors
may have the coprocessor included. You can check your hardware configuration
if you are using Microsoft Windows by "right-clicking" on "my computer" on the
windows desktop and selecting "system information.") Some Workbook routines
require intensive numeric processing best handled by hardware with greater
amounts of RAM (Random Access Memory) and Pentium-level processors.

Additional hardware recommendations include:

• A CD-ROM drive, if you have received the workbooks on compact disc;
• A hard disk drive with at least 5.0 MB of free disk space;

• A minimum of 16 Megabytes of system memory (RAM) or higher;,
• 486 DX or higher processor nmning at 66MI-Izor faster,
• Any monitor supported by Windows, with VGA or better resolution; and
• An 800x 600 monitor resolution or higher.

4
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1.4.2 Software Requirements

Recommended software needed to support the workbooks and associated functions
include:

• Microsoft Excel®version 5.0 or later.

The software is implemented as a MicrosoftExcel®workbook, programmed in Visual
Basic®and Visual Basic for Applications®(VBA) and requires Microsoft Excel®,version
5.0 or above.

Both workbooks use automatic procedures programmed in Microsoft Visual Basic®,
However, it should not be necessary to have Visual Basic®installed on your particular
system to operate the workbooks.

Visual Basic®routines included in MTCATPHworkbook make references or "calls" to

libraryor add-in functions that may or may not be installed on your particular computer
or activated in your current Excel®application. Even if these elements are installed, the
VisualBasic®routines need to be edited to provide the correct path for them (the VB
routine needs to know where they "are" on your particular computer's hard drive or
network). The discussion under "Installation" below describes how to check the status of
these elements and make the appropriate modifications so that MTCATPH can nm
without encounteringerrors.

1.5 Installation of the Workbooks

This section provides instructions for installing and opening the two workbook files.

[continued on next page]
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1.5.1 Installation of MTCASGL

The MTCASGL workbook can be copied to your harddriveand used without
modification.

To install theMTCASGL workbook,the usershouldfollow the following set of
instructions:

I. Copy the workbook file to the directory of choice.
2. Open Excel_' and then open the file or simply double-click

"MTCASGLIO.xls" icon. as you would any other Excel'_ file.
3. Click YES when you are asked about enabling the macros.

Note: It is important to use the _ button when closing the file, and it is good practice
to save working files under a new name.

The MTCASGL Title Sheet should appear as shown below;
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1.5.2 Installation of MTCATPH

Once the MTCATPH workbook is copied to your hard drive, several modifications and
changes to your Microsoft Excel®"add-in" components may be requiredto aIlow the
routines contained in the workbook to operate correctly.

To install the MTCATPH workbook, the user should follow the following set of
instructions:

I, Copy the workbook file to the directoryof choice.
2. Open Excel®and thenopen the file or simply double-click

"MTCA TPHI O.xls" icon as you would any other Excelr_file.
3. Click YES when you are asked about enabling the macros.

Note: It is important to use the _ button when closing the file, and it is good practice
to save working files under a new name.

At this point, you should see the title screen as it appears below:
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1.5.3 Troubleshooting

PotentialErrorMessage:ItispossiblethatMicrosoftVisualBasic® may openwithan
errorwindowthatstates "Compile error: Can't find project or library." If this is the
case, it is likely thatthe Visual Basice routinesincluded in the MTCATPHworkbook
cannotlocateone or both of the following functionflies thatneed to be presenton your
computer's harddriveto allow the workbookto perform correctly:

• LOOKUP.XLA
• SOLVER.XLA

To see if you have these files, use your file browser to search for them. Usually, these
files are located in the Library folder contained in the Office folder. The file "Solver.xla"
is probably contained in a folder called "SOL VER" within the library folder. IF you don't
have these files, THEN you may need to install one or both of them from your original
MicrosoftOffice_ sourcedisk.

Inordertoestablishapathtothesefilesfortheworkbook,youneedtodothefollowing:
I. InVisualBasic® (withtheerrorwindowshowing),clickon[OK]intheerror

dialoguewindowm closeit.
2. Clickon[Run]inthemaintoolbarandselect[Reset].
3, Clickon[Tools]inthemaintoolbarandselect[References].

A listofavailablereferenceswillappearfortheworkbookwithcheckmarks.Followthe
followingsetofInstructionsforeachcheckedreferencethatislabeledas"MISSING"
(youmustrepeatthisprocedureforeachmissingreference):

l, Highlightthefilewithyourcursor(ifitisnotalreadyhighlighted).
2. Clickon[Browse]atthefightsideofthedialogbox.
3. Usingthebrowser,locatethemissingfile(probablyunderOffice/Library).

Bcsuretoselect"AllFiles"inthe[FilesofType:]scroll-downwindowso
thatallfilesintheparticularfolderwillbedisplayed.Ifyoustillhavetrouble
locatingaparticularfde,youcanfight-clickon"My Computer"onyour
des_opandselect"Explorer"fromthepop-upmenu.Thenfillinthe
appropriatefilenametosearchforthelocation.To searchforthemissingfile
underWindows2000:

a) ClickStart,pointtoSearch,andthenclickForFilesorFolders.
b) InSearchforfilesorfoldersnamed,typeallorpartsofthemissing

file name you want to find.
c) In Look in, click the drive, folder, or network you want to search.
d) To specify additional search criteria, click Search Options, and then

click one or more of the options to narrow your search:
e) Click Search Now.
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If the file is not located, you may need to install it from the source disk or

check with your PC administrator.
4. Once the file is located (be sure it's the one with the "x/a" extension), click on

it (highlight it) and then click on the [Open] button. The window should
return to the "Available References" list. The f'de should have a check mark

next to it. Repeat this process for each additional missing f'fle.

5. Click [OK] to close the Available References window.
6. Click [File] in the main tooIbar and select [Save As]. Save the corrected

Visual Basic ® Routines under a new f'd¢ name (you cannot overwrite the

original MTCATPH file name). Close Visual Basic ® (This should return you

to the Excel _ workbook). Save the workbook under the same new name.
Installation is now complete. Check by closing the workbook and re=opening

in Excel ®, It should open to the title sheet without any error messages.

Other Potential Error Messages: It is possible that you may receive other error
messages when trying to open the workbooks. Be sure the MACROs are activated in

order to use the tools properly. Some error messages may require you refer to online help
or the documentation of the host application. Check with your network operator or
information technology specialist to be sure your Excel ® application can accept

MACROs operation and to address other host application-related errors.

Viewing the Worksheets: Some users may have difficulty viewing worksheet numbers
or text. To enlarge your view of a particular sheet, click on View in the main toolbar and
select "Zoom." Choose a magnification that works best for your needs.

Caution: It is not advisable to load and use more than one copy of the workbooks (either
MTCASGL or MTCATPH) at the same time.
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Chapter 2 MTCASGL- Workbook for Calculating Cleanup
Levels for Individual Hazardous Substances

2.1 Overview

The MTCASGL workbook allows the user to use chemical and toxicity data, site-
specific information,and risk-based exposureassumptions to calculate eitherof the
following for a single chemical contaminant:

• Risk under Current Conditions: The workbook provides the tools necessary to
calculate the risk (carcinogenic and non-carcinogenic)under currentconditions.
To calculate the risk under current conditions, the workbook requires theuser to
enter a measured soil or ground water concentration. The workbook then
executes a "forward" calculation using the equations in the regulationand solving
for risk. Forsoil measurements,the workbookcalculates the riskcorresponding
to the directcontact pathway, the leaching pathway(protectionof ground water),
and the vaporpathway (protection of air quality), The programindicates whether
or not the measuredconcentration(currentcondition) is above orbelow the
acceptable risk indices (pass/fail).

• Cleanup Levels for Soil and Potable Ground Water: The workbook provides
the tools necessary to calculate protective soil concentrations under MethodB and
Method C. The workbook "back-calcuIates" a protective concentration based on
the target risk levels (carcinogenic and non-carcinogenic) set forth in the
regulation. For soil, the workbook calculates a protective concentration for the
direct contact pathway, the leaching pathway (protection of ground water), and
the vapor pathway (protection of air quality). This calculated cleanup level might
be lower or higher than the concentration actually measured in the sample.

The MTCASGL workbook consists of two worksheets - the Worksheet for Calculating
Soil Cleanup Levels (see Section 2.2) and the Worksheet for Calculating Potable Ground
Water Cleanup Levels (see Section 2.3),

The Worksheet for Calculating Soil Cleanup Levels (soil worksheet) provides tools for
evaluating both the direct contact pathway and the leaching pathway.

* For the evaluation of the direct contact pathway, the worksheet uses the
equations provided in the regulation (see Appendix B). The worksheet allows the
user to evaluate the soil ingestion pathway alone or in conjunction with the
dermal pathway.

• For the evaluation of the leaching pathway, the worksheet uses the 3-phase
equilibrium partitioning model described in the regulation (see Appendix C) to

11
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calculateasoilcleanuplevelthatwillnotcauseanexceedanceoftheground
watercleanuplevelestablishedunderWAC 173-340-720,

* For theevaluationof thevapor pathway, the worksheet uses the equations
provided in theregulationto calculatean aircleanuplevel (see Appendix D) and
then calculatesa soiI cleanuplevel thatwill not cause an excevdanceof that air
cleanup level using the 3-phase equilibrium partitioning model and the site-
specific vapor attenuation factor entered by the user.

NOTE: Thetools forevaluating the vapor pathway are provided for
informational purposes only. Please consult the regulation and the site manager
for more information regarding whether the pathway must be evaluated and how
the pathway may he evaluated.

The Worksheet for Calculating Potable Ground Water Cleanup Levels (groundwater
worksheet)providestools forcalculatingcleanup levels for potable moundwater. The
worksheetuses theequationsin theregulation(see Appendix .4,). The worksheetdoes
not providetools forcalculatingcleanup levels for nonpotablegroundwater.

12

AR 019535



2.2 Worksheetfor CalculatingSoilCleanupLevels(SoilWorksheet)

2.2.1 Accessing the Soil Worksheet

Once the MTCASGL workbook is successfully loaded into Excel ®, the title sheet will

appear. Be sure to enable the MACROs. To use the workbook tool, click on the

button (to exit, click on the _ button). It is important to use the _ button to exit
the workbook so your previous default Excel® settings (toolbars, work-area format) are
restored.

Selecting the _ button makes the soil worksheet appear on your screen (light blue
background).

Note the following regarding the structure and contents of the soil work.sheet:

• Non-colored (white) cells in the sheet are used for data entry (other ceils in the
workbook are write-protected and cannot be modified).

• The sheet is divided ("split") into two windows - one shows the upper data entry
portions and the lower provides the means of viewing the bottom "calculation
summary" portion of the sheet. Place your cursor in the upper window to begin
data entry. If you prefer, you can remove the split by clicking on 'W!indow" in
the main toolbar and selecting "Remove Split." The Calculation Summary shown
in the bottom half of the screen is located at the bottom of the sheet.

2.2.2 Caution on Use of the Soil Worksheet

The soil cleanup levels calculated using the soil worksheet account for the following:

• Concentrations based on protection ofhuman health (direct contact pathway);

• Concentrations based on protection of ground water (leaching pathway);
• Natural background concentrations; and

• Practical quantitation limits.

The soiI cleanup levels calculated using the sol] worksheet DO NOT account for the
following:

• Concentrations established under applicable state and federal laws;

• Concentrations based on protection of air quality (vapor pathway);
• Concentrations based on protection of terrestrial ecological receptors;
• Residual saturation limit for protection of ground water; and
• Total site risk.

The soft cleanup levels calculated using the soil worksheet may need to be manually
adjusted account for these considerations (see Section 2.2.12).

13
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2.2.3 Equations and Parameters

The soil worksheet provides tools for evaluatingthe direct contactpathway,the leaching
pathway (protection of ground water), and the vapor pathway (protection of air quality).

2.2.3.1 Direct Contact Pathway

For the evaluation of the directcontact pathway,the worksheetuses the standard

equations provided in the regulation (see Appendix B). The worksheet allows the user to
evaluate the soil ingestion pathway alone or in conjunction with the dermal pathway.

For each of the parameters used in the equations, default assumptions (values) are set
forth in the regulation to calculate standard Method B or C cleanup levels. Under
modified Method B and C, specified default assumptions may be adjustedbased on site-
specific or chemical-specific data. The regulation specifically describes which
parameters may be adjusted and how they may be adjusted.

* IF the regulation does not allow a parameter to be adjusted, THEN the worksheet
uses the default value for that parameter provided in the regulation. Also, the
parameter is not listed in the worksheet and the user may not input data for that
parameter.

• IF the regulation allows a parameter to be adjusted, THEN the parameter is listed
in the work.sheet and the user may input either the default value provided in the
regulation or a site-specific or chemical-specific value derivedunder the
regulation.

2.2.3.2 Leaching Pathway

For the evaluation of the leaching pathway, the worksheet uses the 3-phase equilibrium
partitioning model descn'bed in the regulation (see Appendix C) to calculate a cleanup
level that will not cause an exceedance of the ground water cleanup level established
under WAC 173-340-720. For each of the parameters used in the equations, the user may

input either the default value provided in the regulation or a site-specific or chemical-
specific value derived under the regulation.

For the evaluation of the leaching pathway, the worksheet also checks for soil saturation
limits and warns the user if the soil saturation condition is exceeded.

2.2.3.3 Vapor Pathway

For the evaluationof the vaporpathway,the worksheetfirst uses the standardequations
providedin theregulation(see Appendix D) to calculateair cleanup levels. For each of
the parameters used in the equations,defaultassumptions(values)are set forthin the
regulationto calculate standard MethodB or C cleanup levels. Undermodified Method

14
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B and C, specified default assumptions may be adjustedbased on site-specific or
chemical-specific data. The regulationspecifically describes which parameters may be
adjusted and how they may be adjusted. Irrespectiveof whether a parameter may be
adjusted under the regulation, theworksheet uses the default value for thatparameter
provided in the regulation. Also, the parameter is not listed in the worksheet and the user
may not input data for that parameter

Second, the worksheet converts the calculated air cleanup level into a soil vapor
concentrationusing the vapor attenuation factor entered by the user.

Third, the worksheet uses the 3-phase equilibrium partitioning model (see Appendix C)
and the soil vapor concentration to calculate the associatedsoil concentration - the
concentration that is protective of air qualityat the exposure point (point of compliance).

Ecology is currently evaluating appropriate procedures for evaluating the vapor pathway,
including the use of vapor attenuationfactors, and intends to provide furtherguidance on
this issue in the future.

2.2.4 Entering Data for Input Parameters

As discussed above, the worksheetonly lists those parametersthat maybe adjustedby
the user. For each of the parameterslisted in the worksheet,the user must either enterthe
default value provided in the regulation or asite-specific or chemical-speclfic value
derived under the regulation.

[ NOTE: If n° data is available f°r aa input parameter' then leave the input b°x blanklurdessspecified otherwise.

As illustrated in the following sections, the parameters for which the user must enter data
are listed on the left side of the worksheet. The user must enter the data in the

corresponding non-shaded (white) boxes on the right side of the worksheet.

The worksheet is organized into seven parts. Each of the parameters listed under those
parts is listed and described below. For each parameter, this User's Guide lists the default
value provided in the regulation and references the applicable procedures for deriving a
site-specific or chemical-specific value under the regulation.

Header Information: In the rectangular box at the top of the soil workshaet, enter the
date, site name, and evaluator name. NOTE: Once an evaluation has been completed for

a particular site, it is good practice to print out the results. Click on the _ or _-H'_
button to confirm that the proper header information appears on all printout sheets.
Remember to change the header information EACH TIME a new set of data is entered,
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2.24 Input Data- Part 1: General Information

The first part of the worksheet (illustratedbelow) requires the user to input the following
generalinformation:

i

Itm Symbd Value l_t
' I

l.Gem-ali_rmli_
Nameof[::hem-d DDT
Mea,_rett_ Concerar'd_ifany" Cs 5
Natu_Badt_omdC_eav'__ Sd: NJ_s
Pra_cslQua_i_ I_ forSot PQL, 0.008

TO_ the_gea__ddmmlp_aysc_'urfmtiy._eckkenandi@_vahesf=AF,_8_ GI: _

Name of Chemical: Enter the name of the chemical to be evaluated.

Measured Soil Concentration (if known): This parameter is used to calculate the
carcinogenic and non-carcinogenic r_skat the site under current conditions. Enter the soil
concentration in milligramsper kilogram of soil (dry weight basis).

Natural Background (NBs) Soil Concentration (if known): This parameter is used to
adjust the soil cleanup level, if necessary. Methods for defining natural background
concentrations are provided in WAC 173-340-709. Ecology has published information
on baek_ound levels of certain metals (Natural Background Soil Metals Concentrations
in WashingtonState, Publication No. 94-115).

Practical Quantitation Limit (PQL_) for Suil (if known): This parameter is used to
adjust the soil cleanup level, if necessary. The PQLs is the lowest coneentratlon of the
contaminant that can be reliably measured within specified limits of precision, accuracy,
representativeness, completeness, and comparability during routine laboratory operating
conditions, using department approved methods. The analytical laboratory or site
manager can assist in identifying the appropriate PQLs.

Checkbox- Is an evaluation of the dermal pathway required? The checkbox item at
the bottom of the first part of the worksheet requires the user to indicate whether an
evaluation of the dermal pathway is required to calculate a soil concentration that is
protective of human health based on direct contact. To determine whether an evaluation
of the dermal pathway is required, see WAC 173-340-740(3)(c)(iii) and 173-340-
745(5)(c)(iii). If an evaluation of the dermal pathway is required, then the user must
enter a cheek in the cheekbox and enter values for the following exposure parameters in
Part 3 below (see Section 2.2.7):

• AdherenceFactor (AF);
• Dermal absorption fraction (ABSd); and
• Gastrointestinal Absorption Conversion Factor (17/).
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2.2.6 Input Data- Part 2: Toxicological Properties of the Chemical

The second part of the worksheet (illustrated below) requires the user to input the

following chemical-specific toxicological data:

_ c=ti=at===Pett=y_=ter. GeFi

Oral Reference Dose (RfDo): Enter the oral reference dose (mg/kg-day) for chemicals
having non-carcinogenic toxicity, The applicable oral reference dose for a chemical is
published in CLARC, Note that an oral reference dose may not be available for some
chemicals, The process for establishing a reference dose is defined in WAC 173-340-
708(7).

Oral Carcinogenic Potency Factor (CPFo): Enter the oral carcinogenic potency factor
(kg-day/mg) for chemicals having carcinogenic toxicity, The applicable oral cancer
potency factor for a chemical is published in CLARC, Note that an oral cancer potency
factor may not be available for some chemicals, The process for establishing a cancer

potency factor is defined in WAC 173-340-708(8),

Inhalation Reference Dose (RfD3: Enter the inhalation reference dose (mg/kg-day) for
chemicals having non-carcinogenic toxicity. The applicable inhalation reference dose for
a chemical is published in CLA_C. Note that an inhalation reference dose may not be
available for some chemicals. The process for establishing a reference dose is defined in
WAC 173-340-708(7).

Inhalation Carcinogenic Potency Factor (CPFi): Enter the inhalation carcinogenic
potency factor (kg-daylmg) for chemicals having carcinogenic toxicity. The applicable
inhalation cancer potency factor for a chemical is published in CLARC. Note that an
inhalation cancer potency factor may not be available for some chemicals. The process
for establishing a cancer potency factor is defined in WAC 173-340-708(8).
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2.2.7 Input Data - Part 3: Exposure Parameters

The thirdpart oft_heworksheet (illustratedbelow) requirestheuser to inputdata for the
following exposure parameters:

i_ahUm _ummkan_'ncdo_(,_neil - _m,'ferxublt_ '1" trardI ,ll,_]c {or_t _ _ _ L'qtrH

r,_,.hSm.4hi.timFmtmn_dt =_*_.futar__ dk=_Ind .4B,Te_._ f-,r._tae.(,Id_- "I't:_ttW_ _'&o=L=pro.:p,4J*_,*

_d_mwe Icaeteri_l_dadl.-¢L.'t,'j:fm dmml eqja_nEept_ay ..h_' _-_

l_t_tt_L.A_l_ ¢",l_tvtrJt*_];,e_tr[_ orde_]" fw dllXl_[iL_nn ipIqllm:_ _ II ._

Inhalation Correction Factor (INH): This parameteris used to calculatethe ground
watercleanup level. Enter the applicable default value ("2.0" for volatile organic
compounds fas defined in WAC 173-340-200)and "1.0" for all other chemicals) or enter
a chemical-specific value established under WAC 173-340-720(4)(c)(i). The applicable
default value for a chemical is published in CLARC.

Inhalation Absorption Fraction (ABSs): This parameter is used to calculate the air
cleanup level. Enter the default vaLueof"l.0" or enter a chemical-specific value
established under WAC 173-340-750(3)(c)(i).

Gastrointestinal absorption fraction (AB1): This parameter is used to calculate a soil
concentration that is protective of humanhealth based on direct contact. Enter the default
value of'l.0" or enter a chemical-specific value established under WAC 173-340-
740(3Xc)(ii)(B) or 173-340-745(5)(e)0i)(B).

Adherence Factor (AF): This parameter is used to calculate a soil eoneerttration that is
proteetive of human health based on direct contact. The parameter is specifically used to
evaluate dermal contact. Enter the default value of"0.2" or enter a chemical-specific
value established under WAC 173-340-740(3)(c)(ii)(C) or 173-340-745(5)(c)(ii)(C). If
an evaluation of the dermal pathway is not required, then leave this input box blank.

Dermal absorption fraction (ABS,_):This parameter is used to calculate a soil
concentration that is protective of human health based on direct contact. The parameter
is specifically used to evaluate dermal contact. The parameter is chemical-specific.
Enter a chemical-specific value established under WAC 173-340-740(3)(e)(ii)(C) or 173-
340-745(5)(c)(ii)(C) or enter the applicable default value listed below:

* "0.01" for inorganic hazardous substances
• "0.0005"for volatile organic compounds with a vapor pressure >_Benzene
* "0.03"for volatile organic compounds with a vapor pressure < Benzene
• "0,1" for other organic hazardous substances
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NOTE: Vapor pressureof Benzene is 0.125 atria(or,95 mm Hg, 95 tort, 12.7 kPa) at
25°C.

TheapplicabledefaultvalueforachemicalispublishedinCLA_RC,Ifanevaluationof
thedermalpathwayisnotrequired,thenleavethisinputboxblank.

GastrointestinalAbsorptionConversionFactor(G/):Thisparameterisusedtoderive
adermalreferencedosebasedontheoralreferencedoseoradermalcancerpotency
factorbasedontheoralcancerpotencyfactor.Thedermaltoxicityindexisderivedby
dividing or multiplying the oral index by GI:

RfDd = RfDo× GI oR CPFa= CPFo+ GI

This parameter is chemical-specific. Enter a chemical-specific value established under
WAC 173-340-740(3)(c)(ii)(C)or 173-340-745(5)(e)(ii)(C) or enter the applicable
default value listed below:

• "0.2" for inorganic hazardous substances
* "0.8" for volatile organic compounds
• "0.5" for other organic hazardous substances

The applicable default value for a chemical is published in CLARC. I.fan evaluation of
the dermal pathway is not required, then leave the input box blank.
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2.2.8 Input Data- Part 4: Physical and Chemical Properties of the Chemical

The fourthpart of the worksheet(illustrated below) requires the user to inputchemical-
specific datafor the following physical and chemical properties of the chemical:

• i, I n • P : I_ C

S_il_. of_ Ch_imim_'_lm[or_ mlmb_ufsuLq_limg $

Soil Organic Carbon-Water Partitioning Coefficient (_o,): This parameter is used to
calculate a soil concentration that is protective of ground water (that will not cause an
exceedance of the ground water eleanup level). The parameter is chemical-specific.

* For organic hazardous substances, enter the K_ value. The workbook
calculates a value for Ka using the Ko_value enteredhere and thefoe value entered
in the sixth part of the worksheet usingEquation 747-2; K,t=Ko_ xf_,. Default
Ko_values are provided in Table 747-1 for selected nonionizing organics and
Table 747-2 for selected ionizing organics. Ka values for other organic hazardous
substances may be established as provided in WAC 173-340-747(5)(b).

• For metals, enter the distribution coefficient (Ka)instead of the K,_value here and
enter "1,0"for thefoo value in the sixth part of the worksheet. Default values are
provided in Table 747-3 for the selected metals. Ka values for other metals may
be established as provided in WAC 173-340-747(5)_).

The applicable default value for a chemical is published in CLARC; however, default
values are not provided for all chemicals. As of this writing, Ecology is planning to
publish in CLARC a more comprehensive database of Ko¢or K_ (or/t'owoctanol-water
partition coefficient) values for organic and inorganic chemicals.

Henry's Law Constant (H,_ or/-/): This parameter is used to calculate a soil
concentration that is protective of ground water (that will not cause an exceedanee of the
ground water cleanup level). The parameter is chemical-specific.

• For metals except mercury, enter the default value of "0".
• For mercury, enter the default value of"0.47" or enter a value derived from the

scientific literature, provided the requirements in WAC 173-340-702(14), (15)
and (16) are met.

• For components of petroleum mixtures, enter the applicable default values
provided in TabIe 747-4.
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) For individualorganic hazardoussubstances, enter a valuederived from the
scientific literature,providedthe requirements in WAC 173-340-702(14), (15)
and (16) arereel

The applicable defaultvalue fora chemical is published in CLARC;however, default
values arenot provided forall organicchemicals. As of this writing,Ecologyis planning
to publish in CLARCamore comprehensivedatabaseof lice values fororganic
chemicals.

To enter Henry's law constant, follow the following set ofinstructlons:

• IFHenry'slaw constantis provided as a unitless value, THEN enter that value in
the "Hcc_ unitless" box.

• IF Henry's law constant is provided in units of atm.m3/mol, THEN the constant
must be converted to a unitless value, The workbook provides a conversiontool
thatallows the user to enter the constant in units of atm,mZlmolto determine the
unitless form at 13°C. If the conversion tool is used, then theconverted value

provided by the workbook must still be manually entered by the user in the
"Hcc_ unitless" box. NOTE: ANY ENTRIES MADE INSIDE THE
CONVERSION BOX ARE NOT USED IN THE PROG1L_A.

Aqueous Solubility (S): This parameter is used to calculate the soil saturationlimit
(C_). This soil saturationlimit correspondsto the theoreticalchemical concentrationin
soil atwhich sorptionlimits of thesoil particles,solubility limitsof the soil porewater,
andsaturationof soil pore air have all been reached. The parameteris chemical-specific.
The aqueoussolubility of the contaminantmustbe enteredas milligrams of contaminant
perliterof water (rag/l). Informationon solubility forcommon contaminantscanbe
obtainedfrom the scientific literature. These literaturevalues may beused, providedthe
requirementsin WAC 173-340-702(14), (15) and (16) aremet,
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2.2.9 Input Data- Part 5: Target Ground Water Cleanup Level

The fifLhpartof the worksheet (illustratedbelow) requires the user to input the target
ground watercleanup level forthe site. The targetground water cleanup level is used to
calculate asoil concentration that is protective of ground water (that will not cause an
exceedance of the target ground water cleanuplevel). The parameter is site and
chemical-specific.

__TatL,__V_-.-aW_t_.rcJ_tmm[_1
Gt'omMW.terL-3eallt_I_,..,plkat_ f_. _ ,k,_imp,__'L_.TtrSct

level¢sleule.om ,.._.... ._ ,_,
*Rezu_l_feomtheG.,_undWa_,Cle.cnup __
LevelWork,_beetamnoteuforrtatic,afty
bamgetmdir,2o_Jsv_'kaheet.

The workbook provides two methods forcalculating the target ground water cleanup
level, These two methods are described below.

Z2.9.1 Use and Adjustment of Method A Values in Table 720-1

For chemicals listed in Table 720-1 except petroleummixtures, the value listedin Table
720-1 fora chemical may be used as the targetgroundwatercleanup level, providedthe
value is manuallyadjusted basedon the following considerations:

* Considerationof potential surface water impacts (see WAC 173-340-720(4)(b)(ii)
and 173-340-720(5)_b)0i));

• Considerationof the nonaqueousphase liquid (NAPL) limitation(see WAC 173-
340-720(7)(d));and

• Considerationof total site risk (see WAC t73-340-720(7)(a)).

To see the values listed in Table 720-I, click the [MethodA CUL for Ground Wate_
button to activate a '_op-up" list.

The value from Table 720-I mustbe manually adjusted as described above and then
manually entered in the soil worksheet.

WARNING: The workbook DOES NOT automatically enter a value from Table 720-Iin the soil work,sheet.
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2.2.9.2 Calculation of Method B or Method C Value

For chemicals not listed in Table 720-I, the usermust calculate apotable ground water

cleanuplevel usingthe groundwaterworksheet. To access the worksheet, click on the
[CalcGround Water CUI_ button. See Section 2.3 for instructionson calculating a
potable ground watercleanup level

Before calculating the potable ground water cleanup level (beforeclicking on the button),
values for the following parametersmust be entered inthe soil worksheet:

• Oral l_.eferenceDose (R/Do) - Part 2
• Oral Carcinogenic Potency Factor (CPF,) - Part 2
• Inhalation Correction Factor (INH) - Part 3

The workbook calculates a potable ground water cleanup level based on the values
entered for these parameters and the parameters listed in the ground water worksheet.

The potable ground water cleanup level calculated using the ground water worksheet
must be manually adjusted (as described in Section 2.3.6) and then manually entered in
the soit worksheet (as noted in Section 2.3.7).

I WARNING: The workbook BOES NOT automatically enter the result from the ground Iwater work.sheet. 1
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2.2,10 Input Data - Part 6: Hydrogeological Characteristics of the Site

The sixth part of the worksheet (ill_trated above) requires the user to input default or

site-specific data for the following hydrogeological charact_-istics of the site:

TotalSoilPorosity(.):Th.i._parameterisusedtocalculateasoilconcentrationthatis

protectiveof_Toundwater(tHatwillnotcausem exceedaneeofthegroundwater

cleanuplevel).The p_"ameteris._ite-specifi¢.Enterthedefaultvalueof"0.43"orentera

site-specific value determined under WAC 173-340-747(6)(dJ(iiiJ(D) using site-specific
measurements. The site-specific soil porosity may be calculated using the foIlowing
equation:

n =1 Pb

Parameter Definition Default Value Units

n Totalsoilporosity, Calculated tmitless
p_ Drysoilbulk density 1.50 (seenote I ) kg/l
p, Soilparticlespecificgravity 2.65 (seenote21 kg/l

Footnotes:
(1) Use thedefaultvalueof 1..50kg/1orusea site-specificvaluederivedunderWAC 173-340-

747(5)(c). Use thesame valueas enteredinPart6 of theworksheet.
(2) Use the defaultvalueof 2.65 kg/lor usea site-specificvaluederivedunder WAC173-340-

747(6)(d}(iii)(D).A site-specificvaluemaybe derivedby measuringthesoilparticlespecific
gravityusingASTM MethodD854-00.

Note that the sum of the volumetric water content and the volumetric air content must

equal the total soil porosity.

Volumetric Water Content (0_): This parameter is used to calculate a soil concentration
that is protective of ground water (that will not cause an exceedance of the ground water
cleanup level). The parameter is site-specific. Enter the default value of"0.30" or enter a

site-specific value derived under WAC 173-340-747(5)(d) using site-specific
measurements. Note that the sum of the volumetric water content and the volumetric air

content must equal the total soil porosity,
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Volumetric Air Content (0.): This parameteris used to calculate a soil concentration
that is protectiveof gro_ud water (thatwill not causean exeeedance of the groundwater
cleanup level). The pararneteris site-_ecific. The value forvolumetric aircontent
CANNOTbe entered. The workbook automatically calculatesavalue basedon the
values entered for total soil porosity (n) and volumetric water content (0_) using the
following equation:

Oo= n- 0,,.

If the default values for totai soil porosity (n = 0.43) andvolumetric water content (0,, =
0.3) are entered, then the "default" volumetric air content is 0.13.

Dry Soil Bulk Density (Pb): This parameter is used to calculate a soil concentration that
is protective of _ound water (that will not cause an exceedance of the ground water
cleanup level). The parameter is site-specific. Enter the default value of"l.50" or enter a
site-specific value derived under WAC 173-340-747(5)(c) using site-specific
measurements.

Fraction Soil Organic Carbon (foe):The fraction of soil organic carbon is the total mass
of organic carbon divided by a unit mass of soil (mass of carbon/mass of soil). This
parameter is used to calculate a soiI concentration that is protective of ground water (that
will not cause an exceedance of the ground water cleanup level). The parameter is site-
specific.

• For organic hazardous substances, enter the default value of'0.001" or enter a
site-specific value derived under WAC 173-340-747(5)(b)(i). The workbook
calculates a value forKd using thefoe value entered here and the K,c value entered
in the fourth part of the worksheet using Equation 747-2: Ka _ Kocxfoe.

• For metals, enter "1" for the f,, value here and enter the distribution coefficient
(Ka)instead of the Koc value in the fourth part of the worksheet.

Soil samples that are analyzed forfoe must be collected outside the area of contamination
and below the root zone. The results are usually reported as percent organic carbon. The
reported value can be converted to a fraction by dividing by I00.

Dilution Factor (DF): This parameter is used to calculate a soil concentration that is
protective of ground water (that will not cause an exceedance of the groundwater
cleanup level). The parameter is site-specific. Enter the applicable default value ("20"
for unsaturated zone soil and "I" for saturated zone soil) or enter a site-specific value
derived under WAC 173-340-747(5)(f")using site-specific estimates of infiltration and
ground water flow rate. Note that the default value of "20" might not be sufficiently
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protective of the ground water for a site where the source size is significantly larger than

a half acre, as specified by the EPA.l

2.2.11 Input Data - Part 7: Vapor Attenuation Factor for the Site

The seventh part of the worksheet (illustrated below) requires the user to input the vapor
attenuation factor for the site.

,,,rm¢_-...m+,_+_:+'+ p++'ml++ml+_'_l_,_

Vapor Attenuation Factor (VAF): This parameter is used to calculate a soil
concentration that is protective of air quality (that will not cause an exceedance of the air
cleanup level at the point of compliance). This parameter is site and chemical-specific.

The worksheet uses the 3-phase equilibrium partitioning model to predict the soil vapor
concentrationat thesource based on the measuredsoil concentration. The worksheet

then uses the vapor attenuationfactorto predictthe air concentration at the pointof
compliancebasedon thesoil vapor concentration at the source. The vaporattenuation
factoris basedon several factors, including the emission rateof the contaminant from
soil (due to diffusionandadvection) andthe amount of dilution that occurs through
mixingwith indoorandor outdoor ambientair.

WARNING: To calculate a soil cleanup level basedon the vaporpathway, the user must
entera value for VAF. The usermust entera site-specific valuebecause a defaultvalue
has notbeen established.

If it appears that thevaporpathway is a controllingfactor at a site, the user needs to
consult with the Ecology site managerto identify anappropriatemethod forevaluating
the vaporpathway.

THIS COMPLETES DATA ENTRY FOR THE SOIL WORKSHEET.SAVE YOUR WORK BEFORE CONTINUING.

i U.S. EPA, 1996. SoilScreening Guidance: Technical Background DocumenI, EPA/540/R-95/128.
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2.2.12 Output- Interpreting the Result

The work.sheetautomatically calculatesprotective soil concentrations forthe different
pathwaysand then calculatesa soll cleanup level based on those protective
concentrationsand other limits.

The worksheetdisplays the calculationresults in two tables at the bottom of the active
sheet (or in the lower window, if the screenis split).

2.2.12.1 Summary of Results

The firsttable(exampleshown below) displaysthe most stringent soft concentration
based on soil direct contact and groundwater protection, as well as other limits.

The first table requiresthe user to make two decisions that will effect the results
displayed in the table.

(I) May soil cleanup levels he established under Method C (industrial
land use)?

To determine whether soil cleanup levels may be based on industrial land
use (Method C), see WAC 173-340-745(I).

• If the site quaEfies for use of Method C to establish soil cleanup levels,
then enter a check in the box.

• If thesite does not qualify for use of Method C to establish soil
cleanup levels, then leave the checkbox blank.

(2) May air cleanup levels be established under Method C?

To determine whether the air cleanup level may be based on industrial
land use (Method C), see WAC 173-340-745(1).

• If the site qualifiesfor use of Method C to establishair cleanup levels,
then enter a cheek in the box,

• If the site does not qualify for use of Method C to establish air cleanup
levels, then leave the eheckbox blank.
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The fL-sttablethen displaysthe results (example shownbelow), A descriptionof the
content of the table is provided below.

B, $1_MMARYOFSOILCLIL_UPI_W.LCALCUIAllDNS

Cbelat_lotConcern: DDT

I. Smm_ ofR_ildls

--Ti+_lole asodccmr,elnmoblue_l_ ]_lelho<iC',.,'m_pa_.v'_.<_lmre

l_i+_i'_l'Cmmm]Imlm, Con,"[ Ci_z+.._
l_+,_t,'¢+mt;miJd,,+.mmo=_I_ed*,,,_ I_ I
Culll_d_ Glmml'l_'ll_"_nlec_mt I_-I-E_I)I + ,tl.+"_

Pmm.i(:,mmm_.v_ _nr_L e_._ nu_l_

' " Cs,comnpomlsIolhetotal_011chendcelcmt_,m,+,,_,,,

fm+mm_m.lr.pm_,o@_
R_I1__ of_. g_nd,_ir_ovrmslocl_Iolh(,

ms_m.-_._'.,,++.C=. I S_l"++O+"l_"_ c_ri_mmmmlgl_lorlveoayln_ilur_4moP+..... ,,I,,+"

Chemical of Concern: The name of the chemical as entered by the user.

Most Stringent Soil Concentration based on Evaluation of the Direct Contact
Pathway and the Leaching Pathway (mg/kg): The worksheet calculate._protectivesoil
concentrations based on the direct contactpathwayand the leachingpathway (protection
of ground water). The lower (most stringent) of these two concentrations is presented in
the table.

Natural Background Soil Concentration (mg/kg): This is thechemical-specific natural
background concentration entered by the user.

Practical Qnantitatian Limit for Soil (mg/kg): This is the chemical-specific practical
quantitationlimitenteredby theuser.

Soil Cleanup Level (mg/kg): The soil cleanuplevel presentedin the table is the most
stringent concentrationbasedon evaluationof the directcontactpathway andthe
leachingpathway,unlessthatconcentrationis more stringent thaneither the natural
backgroundconcentrationor the PQL. If the calculatedconcentrationis lower(more
stringent)than eitherthe naturalbackgroundconcentrationor thePQL, then the
worksheetadjuststhe calculatedconcentrationupwardto the naturalbackground
concentrationorthe PQL,whichever is higher (less stringent).
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SoilSaturationLimit(C_,t)(mg/kg):Thesoilsaturationlimitcorrespondstothe
chemicalconcentrationinsoilatwhichsorptionlimitsofthesoilparticles,solubility
limitsofthesoilporewater,andsaturationofsoilporeairhaveallbeenreached.Itisan
indicator(atheoreticalthreshold)thatthechemicalmayexistasaseparatepurephasein
thesoiland,ifitisaliquid,mayexistasanonaqueousphaseliquidwithadditional
hazardstogroundwaterquality.

Retardation Factor (R) (nnifless): The retardationfactor is the ratioof the ground water
flow velocity to contaminantmigration velocity. If the retardationfactor is "10", the
contaminantplume in the saturatedzone would move, on average, ten times slower than
thegroundwater flow. This result is provided so that the usercanassess the chemical's
relativemobility in the groundwater. The result is notused in calculatingthe soil
cleanup level.
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2.2.12.2 Summary of Results by Exposure Pathway

The second table (example shown below) displaysthe resultsof more detailed
calculations for both the direct contact pathway, the leaching pathway, and vapor
pathway to allow the user to determine the basis of the cleanup level.

:.Summat',' of CalculaOon for each F.,xpo,_urePathway.
Summa_" b},P.xposm'ePatltwav

m_.,Q,]usK-l._6 gHQ..1._,ws_.-, oK._

Soil Direct l_,_._ _ _,_i _,_
Contact u_ _ _ Hq_-a_o=_,Poir= 7.z_ot,-o]_8ooE-ol]z.e_-o3,i_o_-._

.I_FJ(_1.0 i4.000_-01 2778_r01 ] ].7_10£4-033 3_.,'_+02

_3HQ,.L.O,RC_E-t_ _ _o,-__,]us):-t nE._

Protection of _di_,_o,.,_w==- L_s_-o_

Potable c=-_,,,o. :_-_@r_=p===_Po=_ _J3_0z .... "_o_o_
Ground Water _ e__--_-_ ,-_o_ _,_.-o_

[h',cdict._lA_r_¢? 4.eggE-_
Protection of ___ .¢___

Air Qualit." c_t,_ _e._,,=_Po_ _. _u.
@._.,_m,e,_,_,._ __o_.o_ t ec__-o9.....(f'_ aUr=_r_'_: ......... .,

_=-_sod @_O=t.o _x N_X

For the direct contact pathway, the worksheet firstcalculatesHQ and RISKunder
Method B and Method C based on the current site conditions.

* Noncarcinogenic Risk under the Current Condition: This is the hazard
quotient(HQ) based on the measured soil concentration. The worksheet
calculates the HQusing the directcontact equations in the regulation (ingestion
only AND ingestion + dermal) and solving for HQ.
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• Carcinogenic Risk under the Current Condition: This is the carcinogenicrisk
underthe currentconditionbased on themeasuredsoil concentration.The

worksheet calculatesthecarcinogealc risk using the directcontact equationsin
theregulationCmgestiononly AND ingestion+ dermal)andsolving for
carcinogenic RISK. . ..

For the direct contact pathway, the worksheet next calculatesprotective soil
concentrationsunderMethod B andMethodC basedon the regulatorystandardsforHQ
andRISK.

• Target Soil CUL @ HQ = 1: This is theprotectivesoi_concentrationbasedon
noncarcinogeaicrisk, The worksheet calculates the protectivesoil concentration
using the directcontact equations in the regulation (ingestion only AND ingestion
+ dermal).

• Target Soil CUL @ RISK = 1 x 104 (Method B) or I x 10"_(Method (2): This
is the protectivesoil concentrationbased on carcinogenicrisk. The worl_heet
calculatesthe protective soil concentrationusing the directcontact equationsin
the regulation(ingestiononly AND ingestion+ dermal).

Forthe ]eaching pathway, theworksheet fast calculatesthe predicted ground water
concentrationbasedon currentsite conditionsusing 3-phasemodel and then calculates
the HQ and RISK underMethod B andMethodC basedon the predictedground water
concentration.

• Noncarcinogenic Risk under the Current Condition: This is the hazard
quotient(HQ) based on themeasuredsoil concentrationand the predictedground
water concentration. The worksheet calculates the HQ using the equation in the
regulation and solving for HQ.

• Carcinogenic Risk under the Current Condition: This is the carcinogenic risk
based on the measured soil concentration and the predicted ground water
concentration. The worksheet calculates the RISK using the equation in the
regulation and solving for carcinogenic RISK.

For the leaching pathway, the worksheet next calculates the soil concentration that is
protective of ground water under either Method B or Method C using the 3-phase model.
The protective soft concentration is based on the target ground water cleanup level
calculated using the ground water worksheet or defined by the user.

31

AR 019554



2.2.13 Output- Adjustment of Result

As noted previously (see Section 2.2.2), the soil cleanup levels calculatedusing the soil
worksheet DO NOT account for several factors. Consequently, to establish a soil

cleanup level under the regulation, the cleanup level calculated using the worksheet may
need to be manually adjusted to account for the following:.

• Concentrationsestablishedunder applicable state and federal laws (WAC 173-
340-740(3)(b)(i) or 173-340-745(5)(b)(i));

• Terrestrial ecological impacts (see WAC 173-340-740(3)(b)(ii) or 173-340-
745(5)(b)0i)):

• Impacts on air quality (vapor pathway) (see WAC 173-340-740(3)(b)(iii)(C),
(c)(iv) or 173-340-745(5)(b)(iii)(C), (c)(iv));

• Residual saturation (see WAC 173-340-747(2)(b) and (10)); and
• Total site risk:(see WAC 173-340-740(5)(a) or 173-340-745(6)(a)).
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2.3 Worksheet for Calculating Potable Ground Water Cleanup Levels

(Ground Water Worksheet)

This worksheet calculates a Method B or Method C potable ground water cleanup level.

2.3.1 Accessing the Ground Water Worksheet

The ground water worksheet is accessed by selecting the _alc Ground Water CULJ
button in Part 5 oft,he softworksheet described in Section 2.2.9 above,

2.3.2 Caution on Use of the Ground Water Worksheet

The potable groundwater cleanup levels calculatedusing the ground water worksheet
account for the following:

* Concentrations established under applicable state and federal laws;

• Concentrations based on protection of human health;
• Natural backgroundconcentrations; and
• Practical quantitat,ion limits.

Thepotable ground water cleanup levels calculated using the ground waterworksheet
DO NOT account for the following:

• Concentrations based on potential surface water impacts;
* Nonaqueous phase liquid (NAPL) limitation; and
• Total site risk.

The ground water cleanup levels calculatedusing the ground water worksheetmay need
to be manually adjusted to account for these considerations. See Section 2,3.6.

2.3.3 Equations and Parameters

The worksheetuses thestandard equations for calculatingpotable groundwatercleanup
levels provided in the regulation (see Appendix A). For each of the parametersused in
the equations, default assumptions (values)are set forth in the regulation to calculate
standard Method B or C cleanup levels. Under modified Method B and C, specified
default assumptions may be adjusted based on site-specific or chemical-specific data.
The regulation specifically describeswhich parameters may be adjusted and how they
may be adjusted.

• IF the regulation does not allow a parameter to be adjusted, THEN the worksheet
uses the default value for that parameter provided in the regulation. Also, the
parameter is not listed in the worksheet and the user may not input data for that
parameter.
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• IF the regulation allows a parameter to be adjusted, THEN the parameter is listed
in the worksheet and the usermay input either the default value provided in the

regulation or a site-specific orchemical-@ecific value derived under the
regulation.

2.3.4 User Input- Soil and Ground Water Worksheets

To calculate a potable ground water cleanup level, the workbook requires the user to
input data for several parameters, some of which are listed in the soil worksheet.

The following parameters necessary for calculating a potable ground water cleanup level
are listed in the soil worksheet and must be entered there:

• Oral Reference Dose (RfDo)- Part 2
• Oral Carcinogenic Potency Factor (CPFo) - Part 2
• Inhalation Correction Factor (/TVH)- Part 3

The following parameters necessary for calculating a potable ground water cleanup level
are listed in the ground water worksheet and must be entered there:

• Practical Quantitation Limit for Ground Water (if known)
• Natural Background Ground Water Concentration (if known)
• Most stringent ground water concentration based on applicable state and federal

laws

This worksheet requires the user to provide information listed on the left side (see
illustration below). Data is entered in the corresponding non-shaded (white) boxes on the
right.

i |l , ,

1. Calculation of lvlethod B Cleattup Levels fen"Potable Ground Water
B.asisfarGreed Wrier Ceeatealntfitm Concanlrelivn.e_/_l

Calteentrltli_ b_ed e, n|au-cat'eill.e_llk _k _ HC_I.0 8,000I_'l'e0
Coneenlratlmxbasedan©arc2tw_'_'*___._ = 1 in1,00_,_ fl._-6")......... 2,574E-0!.......

Co_tr_tien b,_edoncarcin_eesdcrisk_Ri_ " I in li_0,O0@(I,O]E-5) 2.574E+00

][Otel lamelluI .Ou_lltiladan Limit afGroural Water 0.1

P,_Na_ Bn_ound Lt_l of"Gruend Wwtu 0

]_t_r bltrst _izumat canczajtr_timulr_cd on Al_dic_bk Stssteor Federal _ bl/A .....

Metlmd B Potable CzrotuxdWater Cleatmp Level = 2,574E.01

Practical Quantitation Limit (PQL) for Ground Water (if known): This parameteris
used to adjust theground water cleanuplevel as provided in WAC 173-340-720(7)(c), if
necessary. The parameter is chemical-specific. The PQL is the lowest concentration of
the contaminant that can be reliably measured within specified limits of precision,
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accuracy, representativeness,completeness, and comparability during routine laboratory
operating conditions, using department approved methods. The analytical laboratory or
site manager can assist theuser in identifying the appropriate PQL. Enter the PQL for
the chemical, if known. If the PQL is not known, leave the entry box blank.

Natnral Background Ground Water Concentration (if known): This parameteris
used to adjust the ground water cleanup level asprovided in WAC 173-340-720(7)(c), if
necessary. The parameter is chemical and site-specific. Enter the natural background
ground water concentration, if known. Methods for definingnaturalbackground
concentrationsare provided in WAC 173-340-709. If the natural background
concentration is not known, leave the entry box blank.

Most Stringent Ground Water Concentration Based on Applicable State or Federal
Laws: This parameter is used to calculate a groundwater cleanuplevel and is chemical-
specific. Enter the most stringent (lowest) groundwater concentration(criteria)
established under applicable state or federal law for the chemical of concern. Ground
water concentrations (criteria) establishedunder applicable state or federal law are
published in CLARC.

THIS COMPLETES DATA ENTRY FOR THE GROUND WATERWORKSHEET. SAVE YOUR WORK BEFORE CONTINUING.

2.3.5 Output- Interpreting the Result

For hazardous substances for which sufficiently protective, health-based concentrations
have been established under applicable state and federal laws, the worksheet establishes a
ground water cleanup level based on the most stringent of those concentrations. A
concentration established under applicable state and federal laws is sufficiently protective
if the excess cancer risk does not exceed 1 in 100,000 (1 x 105) and the hazard quotient
does not exceed one (1). If the concentration is not sufficiently protective, the worksheet
calculates a protective concentrationby adjusting the concentration downward in
accordance with WAC 173-340-720(7)(b), using the equations provided in the regulation.

For hazardous substances for which health-based concentrations have no__tbeen
established under applicable state and federal laws, the worksheet calculates a protective
concentration using the equations provided in the regulation.

If the ground water cleanup level is lower (more stringent) than either the natural
background concentration or the PQL, then the worksheet adjusts the cleanup level
upward to thenatural background concentration or the PQL, whichever is higher (less
stringent).
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2.3.6 Output- Adjustment of Result

As noted previously (see Section 2-3.2), the potable ground watercleanup levels
calculatedusing the groundwaterworksheetDO NOT account for several factors.
Consequently,to establish a potable ground watercleanuplevel underthe regulation,the
cleanuplevel calculatedusing the worksheetmayneed to be manuallyadjustedto
account for the following:.

* Concentrationsbasedon potential surface water impacts(see WAC 173-340-
720(4)(b)(ii) and(5)Co)(ii));

• Nonaqueousphase liquid (NAPL) limitation(see WAC 173-340-720(7)(d)); and
• Total site risk (see WAC 173-340-720(7)(a)).

2.3.7 Output-Transfer of Adjusted Result to Soil Worksheet

To calculatea corresponding soil cleanup level using the soil worksheet, the potable
ground water cleanup level calculated using the ground water worksheet must be
manuallyadjusted (as described above) and then manually entered in thesoil worksheet.
The workbook DOES NOT automatically enter the result from the ground water
work.sheet.

2.4 Saving and Closing the Workbook

USE THE _ BUTTON

Once an analysis is complete, it is good practice to print out a copy of the entire
workbook as a record. At this point, you may also wish to save the workbook under a
new name [FILE- SAVE AS]. IMPORTANT: theworkbook should be closed (exited)
using the _-_ button at the top of the sheet. Do not close the workbook using the
typicalmeans provided in Excel (i.e., [FILE-CLOSE] or clicking on the "X"). Using the

button allows the programmed routines in the workbook to return the Excel toolbar
displaysand other format options to those you normally use.

If you accidentallyexit without using the _ button, you can rc-establish your toolbars
by clickingon [VIEW-TOOLBARS] and selecting the toolbars you wish to use. You
may also need to click on [TOOLS-OPTIONS] and make selections as appropriate to re-
establish certainwork area components.

When you click on the _--_ button, you will beprompted to save your work and you can
do so by answering [yes] and saving the fde under a new file name. Otherwise, answer
[no] and you will exit the workbook withoutsaving any changes.
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Chapter 3 MTCATPH- Workbook for Calculating Cleanup
Levels for a Petroleum Mixture

3.1 Overview

The MTCATPH workbook allows the user to use pre-estabiished chemical and toxicity

data, risk-based exposure assumptions, and user-defined site-specific information to
calculate either of the following for a petroleum mixture:

* Risk under Current Conditions: The workbook provides the tools necessary to

calculate the risk (carcinogenic and non-carcinogenic) under current conditions.
To calculate the risk under current conditions, the workbook requires the user to
enter a measured soil or ground water concentration. The workbook then
executes a "forward" calculation using the equations in the regulation and solving
for risk. For soil measurements, the workbook calculates the risk corresponding

to the direct contact pathway, the leaching pathway (protection of ground water),

and the vapor pathway (protection of air quality).

. Cleanup Levels for Soil and Potable Ground Water: The workbook provides
the tools necessary to calculate protective soil concentrations under Method B and
Method (2. The workbook "back-calculates" a protective concentration based on
the target risk levels (carcinogenic and non-carcinogenic) set forth in the
regulation. For soil, the workbook calculates a protective concentration for the
direct contact pathway, the leaching pathway (protection of ground water), and
the vapor pathway (protection of air quality).

The MTCATPH workbook consists of two worksheet sets- the Worksheet set for

Calculating Soil Cleanup Levels and the Worksheet set for Calculating Potable Ground
Water Cleanup Levels.

3.2 Prerequisites for Use

To use the MTCATPH workbook, the user should be familiar with the concept of TPH
fractions and the analytical requirements for TPH mixtures. Special analyses are required
for various types of TPH mixtures (see Table 830-I in WAC 173-340-900) to adequately
characterize TPH for evaluation using this workbook tool. Depending on the type of
TPH, analysis may also be required for specific volatile petroleum components (BTEX),
fuel additives, semi-volatile compounds and other contaminants. A primer on TPH
mixtures, fractions and analytical requirements is included in Appendix E.

The fundamental equations, associated parameters and default values for calculating soil
cleanup levels based on the leaching pathway (protection of ground water) are set forth in
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WAC 173-340-747 and reproduced m Appendix C. An m-depth technical discussion of
the model theory is included in a separate article (Park and San Juan, 20002).

3.3 RestrictionsonUse

The MTCATPH workbook uses the three and four-phase equilibrium partitioningmodels
to calculate soil concentrations that are protective of potable ground water. The four-
phase model may only he used on a case-by-case basis for soil containing fuels (e.g.,
gasoline) that have been enhanced with alcohol, If the model is used for alcohol
enhanced fuels, then it needs to be demonstrated that the effects of cosolvency have been
adequately considered and, where necessary, taken into account when using the tools.
Use of the model for alcohol enhanced fuels without considering the effects of
eosolvency and increased ground water contamination is prohibited, See WAC 173-340-
747(6)(b),

The four-phase model is primarily intended for use on known fresh or weathered TPH
mixtures. Use of the tool for other mixtures of organic compounds (a mixture of solvents
and creosote compounds, for example) is not as well tested as for petroleum product
applications and the results may or may not be as reliable. Such applications need to be
thoroughly scrutinized (quality checked) to make sure the results are withinreasonable
bounds.

3.4 Cautions on Use

3.4.1 Calculating Soil Cleanup Levels

The soil cleanup levels calculated using the soft worksheet account for the following:

• Concentrations based on protectionof human health (direct contact pathway);
• Concentrations based on protection of ground water (leaching pathway);
• Natural background concentrations; and
• Practical quantitation limits.

The soil cleanup levels calculatedusing the soil worksheet DO NOT account for the
following:

• Concemrations established under applicable state and federal laws (as of this
writing, there are no applicable soil criteria for substances thatare part ofa TPH
mixture);

• Concentrations based on protection of air quality (vapor pathway);

2Hun Seak Park andCharles SanJuan, 2000. A Methodfor Asseasing Leaching Potential for Petroleum
Hydracarbans Release Sites: Multiphase and Multi-substance Equilibrium Partitioning, Journal of Soil and
Sediment Contamination, 9(6):611-632.

38

AR 019561



• Concentrationsbased on protectionof terrestrialecological rec_tors;
• Residual saturationlimit forprotectionof groundwater;,and
• Total site risk (where chemicalsother than petroleummixtures exist ata site; e.g.,

chlorinatedsolvents).

The soil cleanuplevels calculatedusing thesoil work,sheetmay needto be manually
adjustedto account for these considerations(see Section 3.9.1).

3.4.2 Calculating Ground Water Cleanup Levels

The potable groundwatercleanuplevels calculatedusing the ground waterworksheet
account for the following:

• Concentrationsestablishedunder applicablestate and federal laws;
• Concentrationsbased on protectionof humanhealth;
• Naturalbackgroundconcentrations;and
• Practicalquantitationlimits.

Thepotable groundwater cleanuplevels calculatedusing the ground waterworksheet
DO NOT account for the following:

* Concentrationsbasedon potential surfacewater impacts,
• Nonaqueousphase liquid (NAPL)limitation;and
• Total site risk (wherechemicalsother than petroleum mixtures exist at a site;e.g.,

chlorinated solvents).

The ground water cleanup levels calculated using the ground waterwork,sheet may need
to be manuallyadjusted to account for these considerations. See Section 3.9.2.

WARNING: The MTCATPH workbook (unlike the MTCASOL workbook) DOES NOT
provide the userthe means to manually enter the targetground water cleanup levels
(including values that have been manually adjusted) in the soil worksheet_THEREFORE,
IF the potable groundwatercleanup levels calculatedusing thegroundwater worksheet
must be manually adjusted as described above to establish a cleanup level under the
regulation, THEN the MTCATPH workbook CANNOT be used to calculate soil cleanup
levels, except asdescribed below,

NOTE: IF the ground water cleanup level must be manually adjustedto account for total
site risk as described above,THEN the MTCATPH workbook can still be used to
calculate a soil cleanup level by manually adjusting the target risk for the TPH mixture
and using the "TPH Test" button in Sheet A2. See Section 3.8.4.
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3.5 OverviewofEquationsand Parameters

3.5.1 Calculating Soil Cleanup Levels

The soil worksheet provides tools for evaluating the direct contact pathway, the leaching
pathway (protection of ground water),and the vaporpathway (protection of air quality),

3.5.1.1 Direct Contact Pathway

For the evaluation of the direct contact pathway, the worksheet uses the standard
equations provided in the regulation (seeAppendix B) and summarized beIow. For
petroleum mixtures, the evaluation of the direct contact pathway involves a concurrent
evaluation of both soil ingestion and dermal contact.

Method B

I TPH Mixture
• Non-carcinogenic risk [ Equation 740-3
TPH Components
• Non-carcinogenic risk I Equation 740-4

• Carcinogenic risk I Equa.fion740-5

Method C

TPH Mixture

• Non-carcinosenic risk t Equation 745-3
TPH Components
• Non-carcinogenic risk 1Equation 745-4

Li. Carcinogenic.risk I Equation 745-5

For each of the parameters used in the equations, default assumptions (values) are set
forth in the regulation to calculate standard Method B or C cleanup levels. Under
modified Method B and C, specified default assumptions may be adjustedbased on site-
specific or chemical-specific data. The regulation specifically describes which
parameters may be adjusted and how they may be adjusted.

Irrespective of whether a parameter may be adjusted under the regulation, the worksheet
uses the default value for that parameter provided in the regulation. Also, the parameter
is not listed in the worksheet and theuser may not input dam for that parameter

The default values for parameters are documented in the "Data Base" [accessed using

(the tool navigator)] and in Appendix F, The user should refer to these sources
to understand the basis for the cleanup levels calculated using the MTCATPH workbook.
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3.5.L2 Leaching Pathway

[;orthe evaluationof the leaching pathway, the worksheetuses the three and four-phase

equilibriumpartitioningmodels (dependinguponNAPL formulation)describedin the
regulation(see Appendix C) to calculatea cleanuplevel that will notcause an
exceedance of the groundwater cleanuplevel establishedunderWAC 173-340-720, For
each of theparametersused inthe equations,the usermay input either the defaultvalue
providedin theregulationor a site-specific or chemical-specific valuederivedunderthe
regulation.

3.5.1.3 Vapor Pathway

For the evaluationof the vapor pathway,the worksheetfirst uses thestandardequations
providedin theregulation(see Appendix D) to calculateair cleanup levels. Foreach of
the parametersusedin the equations,defaultassumptions(values) areset forthin the
regulationto calculate standard Method B or C cleanup levels. Undermodified Method
B and C, specified defaultassumptionsmay be adjustedbased on site-specific or
chemical-specific data. The regulationspecifically describeswhich parametersmaybe
adjustedand how theymay be adjusted. Irrespectiveof whether a parametermay be
adjustedunder theregulation, the worksheetuses the defaultvalue for that parameter
providedin the regulation. Also, the parameteris not listed in the worksheet andthe user
may not inputdata for thatparameter

Second, the worksheetconvertsthe calculatedaircleanup level into asoil vapor
concentrationusing thevapor attenuationfactorentered by the user.

Third, the worksheetuses the 3 and 4-phaseequilibriumpartitioningmodels (see
Appendix C) and the soil vapor concentrationto calculate the associatedsoil
concentration- the concentrationthatis protectiveof airquality at the exposure point
(pointof compliance).

Ecology is currentlyevaluatingappropriateproceduresforevaluating the vaporpathway,
including the use of vapor attenuationfactors, andintendsto provide furtherguidanceon
this issue in the future.

NOTE: The tools forevaluating the vaporpathwayare provided for informational
purposes only. Please consult the regulationand thesite managerformore information
regardingwhether the pathwaymustbe evaluatedandhow the pathway may be
evaluated.

3.5.2 Calculating Ground Water Cleanup Levels

The groundwaterworksheetuses the standardequationsprovided in the regulation(see
Appendix A). For each of the parametersused in the equations,defaultassumptions
(values) areset forthin the regulation to calculatestandard MethodB or C cleanup
levels. Undermodified MethodB and C, specifieddefaultassumptionsmay be adjusted
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basedonsite-specificorchemical-specificdata.Theregulationspecificallydescribes
whichparametersmaybeadjustedandhowtheymay beadjusted.

Irrespectiveofwhetheraparametermay beadjustedundertheregulation,theworksheet
usesthedefaultvalueforthatparameterprovidedintheregulation.Also,theparameter
isnotlistedintheworksheetandtheusermay notinputdataforthatparameter

Thedefaultvaluesforparametersarcdocumentedinthe"DataBase"[accessedusing

(thetoolnavigator)]andinAppendixF. Theusershouldrefertothesesources
tounderstandthebasisforthecleanuplevelscalculatedusingtheMTCATPH workbook.
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3.6 Navigating the Workbook

Once the workbook is successfully loaded into Excel ®, the title sheet will appear as

showninSection1.5{'Installation).To usetheworkbook,clickon the_ button(to

exit,clickonthe_ button),

When the_ buttonisselected,theworkbookloadsanavigationbox asshown
below:

MTCATPH Tool Navigator:Select Button for Desired Evaluation
Note: Use Worksheet "A" or "B" for Data Entry;

Worksheets "A" and "B" are not/inked

i_, _1_'_-A,SOiJOeanupLevelforPetroleumContaminatedSites:
;_-'-__>;_-i MainDataEn_ Form& StatusofCurrentSOURisk

__,,'_-_:_ A1.2SoilDirectContact:HethodB-UnrestrictedLandUse

__I AL2 SoilDirectContact:,HethodC-IndustrialLandUse

"_'-'P'_I A2 PotableGroundWaterProtection:
_J='_l 3-phaseord-PhaseEquilibriumPartltlonincjModel

' _"_! A3 AirQualityProtection= Net:hodB"providedfor informationalpurposesonly

_l B.MethodBGroundWaterCleanupLevelfor PotableGroundWater:-_,_'_+_--_1 HainDataEntryFormforGroundWaterCleanupLevelCalculation

_--_1

NOTE: EACH SHEET IN THE WORKBOOK CONTAINS A BUTTON LABELED

_. THIS BUTTON CAN BE USED TO GO BACK TO THE
NAVIGATION BOX SHOWN ABOVE. ONCE YOU ARRIVE AT A
PARTICULAR SHEET USING THE NAVIGATION BOX, YOU MUST

CLICK ON THE _ BUTTON (AT BOTTOM) BEFORE CONTINUING.

As shown in the hierarchical structure, only sheets A and B are used for data entry.
Sheets AI. l and AI.2 are used to examine the detailed calculations for the soil direct

contact pathway under the unrestricted and industrial land use scenarios that result from
the data entry for soil. Section 3.8 of this manual provides additional discussion of the
results and evaluation options presented in these sheets. This detail is useful in
determining what TPH fractions or other compounds axe actually causing a risk
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exceedance,andtherefore what componentsmaybe "driving" a site cleanupaction.
Similar information is provided in sheets A2 and A3 for the leaching pathway (protection
of ground water) and the vapor pathway (protectionof air quality). Sheet B is used for
entering data and evaluating the potable ground water cleanup level,

Additionalbuttons provided at thebottom of the tool navigator are;

Default Residual Saturation Screening Levels: This shows the default residual
saturationscreeninglevels fordifferent TPHmixturesas set forth in WAC 173-340-900,
Table 747-5. For a soil concentrationto be protectiveof groundwater, the regulation

requiresthatthe concentrationmustnot result in the accumulation ofnonaqueous phase
liquid(NAPL)on or in the groundwater. WAC 173-340-747(2)(b). The default residual
saturationscreeninglevels may be used to determinewhetherthe soil concentration
calculatedusing the3 andZ-phasemodelsmeets the regulatoryrequirement. Site-
specific residualsaturationscreening levels may also be established. See WAC 173-340-
747(10).

Data Base: Thisshows the supporting physical-chemical andtoxicological information
used in the workbook calculationsforTPH fractionsand associatedhazardous

compounds. Clickon _ in the upper left comer to returnto the navigationtool.
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3.7 Input- EnteringData

3.7.1 Worksheet for Calculating Soil Cleanup Levels

3. 7.1,] Accessing the Soil Worksheet

IntheMTCATPH Workbook NavigatorBox,selectWorksheetA.

3. 7.1.2 Input Data - Part 1: Enter Measured Soil Concentration

The first part oft,he worksheet (illnstrated below) requires the user to input analytical data
(soil concentrations: dry basis mg/kg) in the non-shaded (white) cells for the chemicals of
concern and EC groups appropriate for the type of TPH mixture being evaluated.

_/_..,,_doECDm_mm M_u_ze_t_Y_itCe_wC_mtelitim

...... _-JR_ F_rJoe
II" i III

ALE_ >5-_ 23 23.6_

A_:3 >S-lO 9 9.27_
z_ :F_._>20._2 3 3.09_

AT..,__C>12-1,6 0 0.'00_
AL_IEC> 16-21 o 0.00_
AI..__0 >21-34 . 0 o.o0_

z _ 2+5_Alt lzc > 1o-12 .....
AR_ZC >12.16 o 0.o0_
AR__,C_16-21 ,., o O.OB_,
A_ I_0 >2 ]-7._ o o.oo_,

Benzene 05 0,_1Y.
Toks=ne 1_ 12_,3_

_thylben_me 2 2.1_'_
TolmlX_l_ncs 1] 11._ _

Ill II

Totzl.:Nq_,lerP__ 0 0.00_.
a._exane o 0.00_

0 O.00"/.
F__hylen_Di_rmde (EDB) 0 O.00_
L2 Diehlccoettm_C£:D_) o o.oo_

_m_o(e}_ 0 1 O.'l@Y,

l_4m,zoCZ.)+'l,,_anl:hene o 0.00_
_e_e(e)pyre_ .] 1.o_

Chry_exe o 0._

S_ 97.1 100.0_'/o
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Notethatthefight-handcolumnautomaticallycalculatesthepercentageofthetotal
mixturerepresentedbytheparticularfi'action/compound.Besurethatthecorrectunits
areusedforallchemicalconcentrations(milligrams/kilogram= mg/kg= ppm)andthat
youme thesamenumberofsignificantfiguresasreportedbythelaboratory.Enterzero
(0)forsubstancesthatarenotanalyzed(i.e.,forgasoline,youprobablywouldnottestfor
thecPAHs,sotheseentrieswouldallbezero).Forvaluesbelowthemethoddetection
limit,substituteone-halfthemethoddetectionlimit.Forvaluesabovethemethod
detectionlimitbutbelowthepracticalquantitiationlimit,substitutethemethoddetection
limit.However,forahazardoussubstanceorpetroleumfractionthathasneverbeen
detected in any sample at a site and these substances arenot suspected of being present at
the site based on site history or other knowledge, enter "0" for that value. If the sample
hasbeen analyzed using both the VPH (Volatile Petroleum Hy&ocarbons) and EPH
(ExtractablePetroleum Hydrocarbons) methods, use the higher value for the fraction
where there is an overlap between these two methods.

All entries must be numeric values. Any text entry will cause a #VALUE# error to
appear in the column to the fight. This must be corrected or the workbook will not
execute its calculations correctly,

Avoid Double Counting: The petroleum fractions include hazardous substancesthat
mayalso be individually quantified, dependingupon the type of mixture(s) present at a
site (see Table 830-1 in WAC 173-340-900). If you have quantified one or more
hazardous substances that are included in one of the TPH EquivalentCarbon (EC) -
fractions, you need to make sure to subtract those concentrations from the appropriate
EC-fractionconcentrations. Otherwise, you are"double-counting" that particular
substance. The Table below provides information on the individual substances that are
representedby a particular EC_fraction:

HazardousSubstance AssociatedEC-Fraction

n-Hexane(C_H0 AL_EC>S-6
...EthylbenzeneandXylcnes(CsI-I)0) AR_EC>8-10
Naphthalene(CIoH8)* AR..EC>I0-12

Benzo(a)anthracene(C_sHn) AR_EC>16-21
Benzo{b)fluoranthene(_oH12) AR_EC>I6-21
Benzo(k)fluoranthene(C/oHIo) AR_EC>I6-2!
Benzo(a)pyrene(C_o]-Ii2) AR_EC'>16-21
Chrysene(CtsHr,) AR,_EC>16-21
,.Dibenzo(a_h)andu'acene(C22H)4) ,.AR._EC>21-34
Indeng_(1.2.3-cd)pyrene(C'22HI2) AR_.EC>21-34

Footnote:

* Naphthalene-based compoundsconsisting of additional carbon-bearing
structures may be included in heavier EC fractions.
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3. 7.1.3 Input Data - Part 2: Enter Hydrogeological Characteristics of the Site

The second part of the worksheet (illustrated below) requires the user to input default or
site-specific data for the following hydrogeologieal characteristics of thesite:

2. _nter Site-Specific Hydrogeolo_ ical Data

Total soil porosity: default is 0.43 l 0.43 Unit,less
Volumetric watercorgen_:defaultis 0.3 / Unitless
Volumetric air content:default is 0.13 0.13 Unit,less

Soil bulk densitymeasured: default is 1,5 ] 1.5 kg/l

Fraction OrganicCarbon:defaultis 0.001 0.001 Ur_ess

Dilut,ionFactor:defaultis 20 20 Unitless

Total Soil Porosity (n): This parameter is used to calculate a soil concentrationthat is
protective of ground water (that will not causean exeeedance of the groundwater
cleanup level). The parameter is site-specific. Enter the default value of"0.43" or enter a
site-specific value determined under WAC 173-340-747(6)(d)(iii)(D) using site-specific
measurements. Note that the sum of the volumetric water content and the volumetric air

content must equal the total soil porosity. The site-specific soil porosity may be
calculated using the following equation:

n=l _pb

ParAmeter Definition Default Value Units

n Total soil porosit), Calculated unitless

pb Dry soil bulk density 1.50 (see note I) kg/!
Ps Soil particle specific gravity 2.65 (see note 2) l, kg/l

Footnotes:

(1) Use the default value of 1.50 kg/l or use a site-specific value derived under WAC 173-340-
747(5)(c).

(2) Use the defaultvalue of 2.65 kg/l or use a site-specific value derived underWAC 17:3-340-
747(6)(d)(iii)(D]. A site-specific value may be derived by measuring the soil particle
specific gravity using ASTM Method D854-00.

Volumetric water content (0_): This parameteris used to calculate asoil concentration
that is protectiveof groundwater(thatwill not causean exceedanceof the groundwater
cleanuplevel). The parameteris site-specific. Enterthe defaultvalue of"0.30" or enter a
site-specific valuederivedunderWAC 173-340-747(5)(d) usingsite-specific
measurements.Note that the sumof the volumetricwatercontent and the volumetricair
contentmust equalthe total soil porosity.
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Volumetric Air Content (8.): Thisparameter is used to calculate a soil concentration
that is protective of groundwater (that will not causean exceedanceof the groundwater
cleanuplevel). The parameter is site-specific. The value for volumetric air content
CANNOTbe entered. The workbook automaticallycalculatesa value based on the

values entered for total soil porosity (n) and volumetric water content (8_) using the
following equation:

eo= n-O.,

If the default values for total soil porosity (n = 0.43) and volumetric water content (_ =
0.3) are entered, then the "default"volumetric air content is 0.13,

Dry.Soil Bulk Density (,oh):This parameter is used to calculatea soil concentrationthat
is protective of ground water (that will not cause an exceedance of the groundwater
cleanup level). The parameter is site-specific. Enter the default value of"l.50" or enter a
site-specific value derived under WAC 173-340-747(5)(c) using site-specific
measurements.

Fraction Soil Organic Carbon (foe):The fraction of soil organic carbon is the total mass
of organic carbon divided by a unit mass of soil (mass of carbon/mass of soil). This
parameter is used to calculatea soil concentrationthat is protective of ground water (that
will not cause an exceedance of the groundwater cleanup level). The parameter is site-
specific. Enter the defaultvalue of"0.001" or enter a site-specific value derived under
WAC 173-340-747(5)(b)(i). The workbook calculates a value forKa using thef_c value
entered here and the Kocvalue in the database using Equation 747-2: Kd= Kocxf, c.

Soil samples that are analyzed forfic must be collected outside the area of contamination
and below the root zone. The results areusually reported as percent organic carbon. The
reported value can be converted to a fraction by dividing by I00.

Dilution Factor (DF): This parameteris used to calculate a soil concentration that is
protective of groundwater (that will not cause an exccedance of the ground water
cleanup level). The parameteris site-specific. Enter the applicabledefault value ("20"
for unsaturatedzone soil and "1" for saturatedzone soil) or entera site-specific value
derivedunder WAC 173-340-747(5)(f) using site-specific estimates of infiltrationand
groundwater flow rate. Note that the defaultvalue of "20"might not besufficiently
protective of the groundwater fora site where the source size is significantly larger than
a half acre, as specified by the EPA.3

I TI-I'IScOMPLETES DATA ENTRY FOR TIlE SOIL WORKSI-II_.ET,

SAVE YOUR WORK BEFORE CONTINUING. You should save the file under a
new file name that pertains to the particular site and sample.

U.S. EPA, 1996. Soil Screening Guidance: Technical Background Document, EPAI5401R-95/!28.
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3.7.2 Worksheet for Calculating Ground Water Cleanup Levels

3.7.2.1 Accessing the Ground Water Worksheet

IntheMTCATPH WorkbookNavigatorBox,selectWorksheetB.

3. 7.2.2 Input Data - Enter Measured Ground WaterConcentrations

The ground water work,sheet (illustratedbelow) requires the user to inputanalytical data
(ground water concentrations:ug/l) in the non-shaded (white) cells for the chemicals of
concern andEC groups appropriatefor the type of TPH mixture being evaluated.

C In ° ]1.

Omend
WaterCcr_ ¢3mundWater

ChemiceIa_Cc_am _ CleQ_ulo

a:EC(3_oup

pdtrol.emEC/r_m_ ......
AL _>#-6 15
ALF.C>6-8 164
AL F_C>S-ZO 35

AL_XC >10-12 7"2
AL_F.C>12-1_ 5
ALP.C>16-21 i
AL_P.,C>21-34 I
AR B_>8-10 3:5

AR_F.C>10-12 98

AREC >12-16 .L 176
AR_EC>16-21 198

AREC >21.3,_ 1
Beazene 6.5 5
Toluene i._6 100O

EthyIbeazene 112 700,,L

T otelXyieneJ 215 11300
TotalNe@hthelenes 29 !60

n-Hexene ld
MTBE 17 2[3

EthyleneDib#o_ide (EDB) 0 ft.01
1.2Dichl_oet.h_e (_)C) 8

Be_(.)_acene 0
Be_oCo)fl_ene 0
Be_zo_tktorenthene O.O01

Ben_e,_27_n e /J.001

ladeno(l,2,3-c _p._e_te 0
S_mt 13_;2._02
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Be sure that the correct units are used for all chemical concentrations (micrograms/liter =

ug/l= ppb)andthatyouusethesamenumberofslgnificantfiguresasreportedbythe
laboratory.Enterzero(0)forsubstancesthatarenotanalyzed(i.e.,forgasoline,you
probablywouldnottestfortheePAHs,sotheseentrieswouldallbezero).Forvalues
belowthemethoddetectionlimit,substituteone-halfthemethoddetectionlimit.For
valuesabovethemethoddetectionlimitbutbelowthepracticalquantitationlimit,
substitutethemethoddetectionlimit.Fora hazardoussubstanceorpetroleumfraction
that has never been detectedin any sample at a site and these substances arenot
suspectedof being presentat the site based on site history or other knowledge, enter "0"
for that value. If the sample has been analyzed usingboth the V'PH(Volatile Petroleum
Hydrocarbons) and EPH (ExtractablePetroleumHydrocarbons)methods, use the higher
value for the fractionwhere there is an overlap between these two methods.

All entries must be numericvalues. A text entry will cause a #VALUE# errorto appear
in one or more columnsto the right. This mustbe correctedor the workbookwill not
execute its calculations correctly.

Note that the fight-hand columnprovides,where available, the listed Method A ground
water cleanup levels for certain chemicals to facilitate direct comparison.

Avoid Double Counting: The petroleum fractions include certain individual hazardous
substances that may be quantified separately, depending upon the type of mixture(s)
present at a site (see Table 830-1 in WAC 173-340-900). If you have quantified one or
more hazardous substances that are included in one of the TPH EC-fractions, you need to
make sure to subtract those concentrations from the appropriate EC-fraetion
concentrations. Otherwise, you are "double-counting" that particular substance. The
Table below provides information on the individual substances that are represented by a
particular EC-fraction:

HazardousSubstance' AssociatedECoF_etion

n-Hcxane(C_H6) AL EC>5-6
EthvlbenzcneandXylenes(CsH10) AR EC>8-I0
Naphthalene(CtoI-_)* AR_EC>I0-I2

Be.nzo(a)anthracene(ClsHt_) ,AR_.EC>I6-21
Benzo(b)fluoranthene(C_0HI2) AR_EC>16"-2!
Benzo(k)fluoranthene (C2oH12) AR_EC>16-21
Benzolalpyrene(C_0Hl2)..... AR.,EC>16-2I
Chrysene(C18Hn) AR_EC>16-21
Dibenzo(a,h)anthracene (C22H a) AR EC>21-34
lndeno(1,2.3-ed)pyrene(C=H)2) AR EC>21-34 .....

Footnote:
* Naphthalene-basedcompoundsconsistingofadditionalcarbon-bearingstructuresmaybe

includedinheavierECfractions.

I THIS COMPLETES DATA ENTRY FOR THE GROUND WATER [
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3.8 Output- Interpreting the Results

Every worksheet in theMTCATPH workbook provides ameans forobservingand
evaluatingthe results basedon the entered data. The following discussion of these
observationsandanalyticaltools areorganized by worksheet.

As describedprevio_ly, the workbookallows the user to examine two situations.

• First, theworkbookprovidesthe tools necessaryto calculatethe risk
(carcinogenicandnon-carcinogenlc)undercurrentconditions.To calculatethe
riskundercurrentconditions,theworkbookrequirestheusertoenterameasured
soilorgroundwaterconcentration.Theworkbookthenexecutesa"forward"
calculationusingtheequationsintheregulationandsolvingforrisk,

• Second,theworkbookprovidesthetoolsnecessarytocalculateprotective
concentrationsunderMethodB andMethodC. Theworkbook"back-calculates"

aprotectiveconccn_ationbasedonthetargetrisklevels(carcinogenicandnon-
carcinogenic)setforthintheregulation.

3.8.1SheetA - WorksheetforCalculatingSoilCleanupLevels

Thesoilworksheetincludesasummaryintheboxattheright-handsideofthesheetas
shownbelow:

Sdl D_e_ Coate_ U_est_ieted Lend use Paso 3.091'.02 1.79E-07
Zndus'_alI..enduse Pus 1.44]_3 2.73E-08,

Method B Potable _._ound Wat._Pr, ot_ton F_ 93 IE_O0 3.0_-_4

The_heck Current Soil Condition4button should be clicked in order to run all the
calculations needed to generate the results. Once the calculations are updated, the results
for each exposure pathway are displayed. Additional information on why a particular

assessmentpassed or failed can be obtained by clicking the _ button and navigating
to the appropriate sheet (AI.I, A1.2, A2, or A3) for the particular pathway:

A I. 1: Direct Contact Pathway- Unrestricted Land Use
AI.2: Direct Contact Pathway- Industrial Land Use
A2: Leaching Pathway (Protection of Potable Ground Water)
A3: Vapor Pathway (Protection of Air Quality)
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Each sheet provides additional observations and "what if" options as descn'bed in further
detailbelow.

3.8.2 Sheet AI.I - Evaluation of the Direct Contact Pathway under Method B

(Unrestricted Land Use)

3.8.2.I Current Condition

Resultsfor the currentcondition(basedon the soil dataenteredin SheetA) areshown in
two places in the sheet.

First, a summarybox (shownbelow) is located in theupperfight-handportionof the
sheet.

Current Condition

TJL_E,=g/k_ 29313.588
]_= 8.612.:F.,+O0

CancerRISK= 3.321E-05
_assor:Fail? :Fail

This box provides the total concentration(mg/kg)ofatl theTPH fractionsand
compoundsenteredby the user,andthe correspondinghazardindex andcancerrisk. In
this particularexample, the Pass/Fail indicatesa "Fail" since both the carcinogenicand
non-carcinogenicrisks exceed the allowable level established forMethodB formixtures
under 173-340-708(5).

Second, the threecolumns located to the rightof the dataentry columns (heading:
"CurrentCondition") providethe detail necessaryto determinewhich fractionsand
chemicals arecontributingto the hazardindex andcarcinogenic risk, The sums of the
hazardquotientandtotal carcinogenicriskareshown at the bottom of their respective
columns,

Pass/Fail Criteria: A failure is registeredIF either of the following conditions is true:

• Fora single hazardoussubstance(TPHcomponent),the hazardquotientexceeds I
or the carcinogenicrisk exceeds I x 10.6,

• For total site risk (TPHmixture),thehazardindex exceeds 1or the sumof the
carcinogenic risk exceeds ] x I0"_;
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3.8.2.2 Adjusted Condition

One ofthemostusefultoolsincludedintheworkbookistheabilitytodetermine,based
on therelativecompositionofthesample,whatTPH concentrationwouldmeettherisk-
basedlimitations,Thisconcentrationwouldbethe"targetsoilcleanuplevel."Thiscan
bedoneusingthebuttonsandtheboxlocatedattherightsideofthesheetasshown
below:

AdOred Condi//on
_P_ mg_<_=3403.797

wr-- 1.000E-H)0
Cancm'_= 3.857E-06

PassorI_7 _ass

The first button back-calculatesa TPH concentration (using the relative
fraction/compound percentages based on the entered data) that meets the non-
carcinogenic hazard index of 1 for multiple hazardous substances (total site risk). The
result is immediateIyshown in the box below the buttons.

The second button back-calculates a TPH concentration (using the relative
fraction/compound percentages based on the entered data) that meets the 1x 10"5
carcinogenic risk level for multiple hazardous substances (total site risk). Again, the
result is immediately shown in the box below the buttons.

The third button allows the user to enter a specific concentration and check the results.

For all three "adjusted" conditions, the details are provided in the four columns to the leR
under the heading "Adjusted Condition." The column shows the soil concentration
corresponding to the total "adjusted" concentration and the corresponding hazard index
or carcinogenic rise The pass/fail criteria are the same as those for the "current
condition".
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3.8.3 Sheet A1.2- Evaluation of the Direct Contact Pathway under Method C
(Industrial Land Use)

The Sheet for the evaluatingthe directcontactpathway underMethod C (industrialland
use)hastheallthesamefeaturesasdescribedfortheunrestrictedlandusescenarioin
Section3.8.2above.UnderMethodC,cleanuplevelsarecalculatedthesameasunder
MethodB,exceptthatconcentrationsthatareprotectiveofhumanhealtharecalculated
usingalessstringenttargetcancerriskforindividualhazardoussubstances(lx I0"_)and
lessstringentdefaultexposureassumptions(seeAppendixB).

3.8.4 Sheet A2 - Evaluation of the Leaching Pathway (Protection of Ground
Water)

Sheet A2 provides additional detailregarding the evaluationof the leaching pathway
(protection of ground water). The sheet is divided into different columns and boxes that
can be used to view results or develop "what-if' analyses. These areas are shown in the
figure on the next page.

3.8.4.1 Current Condition

When first viewed, the results displaved axe for the current condition. Check to see that
the total soil concentration being tested at the bottom of the column is the same as the
total concentration listed in Sheet A.

The information provided in the columns (from left to right) are as follows:

• Measured Soil Concentration - dry weight basis (mg/kg): These
concentrations correspond to the data entered in Sheet A, It is provided for
reference and is not changedby any of the "adjusted condition" calculations.

• Ground Water Cleanup Level - Method A (ug/l): These concentrations arethe
MethodA groundwatercleanup levels listedin Table 720-1. The MethodA
cleanuplevel is used to determinewhethera chemicalmeets applicable
requirementsunder state and federal law (ARARs)andthe risk criteria for
individualhazardoussubstances under MethodB (RISK= 1xl0 "6for carcinogens
andHQ = 1 fornon-carcinogens). The MethodA cleanup levels in Table 720-1
were calculatedunderMethodB and account forARARs, protectionof human
health, naturalbackgroundconcentrations,and practicalquantitationlimits.

* Predicted Concentration at Well (ug/i): The predictedgroundwater
concentration based on the partitioning equationspresented in Appendix C.

• Hazard Quotient (I-IQ)at Well: The hazard quotient for each fraction or
hazardous substance that contributes to the total hazard index for exposure to
potable ground water (sum at bottom of column).

54

AR 019577



o- . .

I SOIL CONCENTRATION BEING I
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ESTIMATED GWROUND
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TOOLS FOR SPECIFIED
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"AD.IUSTE,D CONDITION" CHARACTERISTICS
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BUTTONS FOR SELECTING
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RANGE OF USER-DEFINED SOIL
CONCENTRATION.

• MASS DISTRIBUTION PATTERN

Sheet B2: Potable Ground Water Protection - Locationof ColumnsandToolboxes
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* RISK atWell:Thecarcinogenicriskforeachfractionorhazardoussubstance
thatcontributestothetotalcancerriskissummedatthebottomofthecolumn.

* PassorFail:Ifanypredictedindividualchemicalconcentrationatthewell
exceedstheapplicableMethodA groundwatercleanuplevel,a"FAIL"is
indicatedinthecolumn.Also,atthebottomofthecolurnn,a"FAIL"isindicated
ifthehazardindexexceeds1orthetotalcancerriskexceedsIx 10"5.

3.8.4.2 Adjusted Condition

The "AdjustedCondition"is displayedat the request of theuser. The usermay calculate
the protective soil concentrationby selecting one of the following hack-calculation
buttonsontherightsideofthesheet:

* Target Soil Cleanup Level @ HI = 1
• Target Soil Cleanup Level @ RISK = I x10.5
• Target Soil CleanupLevel based on benzene ground water cleanup level

The adjusted concentration is sealed up or down (by proportionality) based on the same
relative percentages as those for the actual measured soil concentrations.
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3.8.5 Sheet B - Worksheet for Calculating Ground Water Cleanup Levels

3.&5.1 Current Condition

Results for the currentconditionareshownintwo places in thesheet.

First, a summarybox (shownbelow) is located in theupperright-handportion of the
sheet.

, ..... ._;,. -,.,, _,.! _- , ._,F.I..R,_._._._.:,...,_- .._

This box provides the total concentration (ug/t) of alI the TPH fractions and compounds
entered by the user. and the corresponding hazard index and cancer risk. In this
particular example, the Pass/Fail indicates a "Fail" since both the carcinogenic and non-
carcinogenic risks exceed the acceptable levels for totalsite risk (HI= 1 andRISK = 1 x
10-_).

Second, the three columns located to the right of the data entry columns (with the heading
"Current Condition") provide the detail necessary to determine why the sample has failed
and which fractions and chemicals are contributing to the hazard indexand carcinogenic
risk. The sums of the hazard quotient and total carcinogenic risk are shown at thebottom
of their respective columns.

Pass/Fall Criteria: A failure Js registered IF e_therof the following contritions is true:

• For a single hazardous substance (TPH component), the hazard quotient exceeds 1
or the carcinogenic risk exceeds I x 10"_(i.e., the ground water concentration
exceeds the applicable Method A concentration (listed immediately to the right of
the data entry field)};

• For total site risk (TPH mixture), the hazard index exceeds 1or the sum of the
carcinogenic risk exceeds 1 x 10"_;
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3. 8.5.2 Adjusted Condition

Oneofthemostusefultoolsincludedintheworkbookistheabilitytodetermine,based
ontherelativecompositionofthesample,whatTPH concentrationwouldmeettherisk-
basedlimitations.Tltisconcentrationwouldbethe"targetgroundwatercleanuplevel."
Thiscanbedoneusingthebuttonsandtheboxlocatedatthefightsideofthesheetas
shownbelow;

. ii |1 _ III

I IIIIII III

The first button back-calculatesa TPH concentration(usingthe relative
fi'actiordcompoundpercentagesbasedon the entereddata)that meets the non-
carcinogenichazard index of 1 for multiple hazardoussubstances (totalsite risk). The
result is immediatelyshown in thebox below the buttons,

The second button back-calculatesa TPHconcentration(using the relative
fraction/compoundpercentagesbasedon the entered data)that meets the 1 x I0"5
carcinogenic risk level formultiplehazardous substances(total site risk), Again, the
result is immediately shown inthe box below the buttons.

The third button allows the user to entera specific concentrationandcheck the results,

For all three "adjusted" conditions,the detailsare provided in the fourcolumns to the IeR
under the heading"AdjustedCondition." The columnshows the groundwater
concentrationcorrespondingto the total"adjusted" concentrationand the corresponding
hazard index or carcinogenicrisk. The pass/fall criteriaare the same as those for the
"currentcondition" (see Section 3.8.5.1).
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3.9 Output- Adjusting the Results

3.9.1 Calculating Soil Cleanup Levels

As notedpreviously (see Section 3.4.1), the soil cleanuplevels calculatedusing the soil
worksheetDO NOT account for severalfactors. Consequently,to establish a soil
cleanuplevel underthe regulation,the cleanuplevel calculatedusingthe worksheetmay
needtobemanuallyadjustedtoaccountforthefollowing:

• Concentrationsestablishedunderapplicablestateandfederallaws(WAC 173-
340-7400)(b)(i) or 173-340-745(5)(bXi));

• Terrestrial ecological impacts (see WAC 173-340-740(3)(b)(ii) or 173-340-
745(5)(b)(ii));

• Impacts on air quality (vapor pathway) (see WAC 173-340-740(3)Co)(iii)(C),
(c)(iv) or 173-340-745(5)(b)(iii)(C), (c)(iv));

• Residual saturation (see WAC 173-340-747(2)(b) and (I0)); and
• Total site risk (see WAC 173-340-7_(5)(a) or 173-340-745(6)(a)).

3.9.2 Calculating Ground Water Cleanup Levels

As noted previously (see Section 3.4.2), the potable ground water cleanup levels
calculated using the _ound water worksheet DO NOT account for several factors.
Consequently, to establish a potable ground water cleanup level under the regulation, the
cleanup level caleulated using the worksheet may need tobe manually adjusted to
account for the following:

• Concentrations based on potential surface water impacts (see WAC 173-340-
720(4)(b)(ii) and (5)(b)(ii));

• Nonaqueous phase liquid (NAPL) limitation (see WAC 173-340-720(7)(d)); and
• Total site risk (see WAC 173-340-720(7)(a)).

t

WARNING: The MTCATPHworkbook (unlike the MTCASGL workbook) DOES NOT
provide the user the means to manually enter the target ground water cleanup levels
(including values that have been manually adjusted) in the soil worksheet. THEREFORE,
IF the potable ground water cleanup levels calculated using the ground water worksheet
must be manually adjusted as described above to establish a cleanup level under the
regulation, THEN the MTCATPH workbook CANNOT be used to calculate soil cleanup
levels, except as described below.

NOTE: IF the ground water cleanup level must be manually adjusted to account for total
site risk as described above. THENthe MTCATPH workbook can still be used to

calculate a soil cleanup level by manually adjusting the target risk for the TPH mixture
and using the "TPHTest" button in Sheet A2. See Section 3.8.4.
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3.10 Saving and Closing the Workbook

USE THE _ BUTTON

Once an analysis is complete, it is good practiceto print out a copy of the entire
workbook as a record. At this point, you may also wish to save the workbook under a
new name [FILE- SAVE AS]. IMPORTANT: the workbook should be dosed (exited)

using the _ button at the top of the sheet. Do not close the workbook using the
typical means provided in Excel®(i.e., [FILE-CLOSE] or clicking on the "X"). Using

the _ button allows the programmed routines m the workbook to return the ExeeI_
toolbar displays and other format options to those you normally use.

If you accidentally exit without using the _ button, you canre-establish your toolbars
by clickingon [VIEW-TOOLBARS] and selecting the toolbars you wish to use. You
may also need to click on [TOOLS-OPTIONS] and make selections as appropriate to re-
establish certain work area components.

When you click on the _ button, you will be prompted to save your work and you can
do so by answering [.yes]and saving the file under a new file name. Otherwise, answer
[no] and you will exit the workbook without saving any changes.
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Appendix A

Equations and Default Values for Calculating
Potable Ground Water Cleanup Levels
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Equation 720-1: Potable Ground Water Cleanup Levels- Noncarcinogens

Potable Ground Water CleanupLevel (ug / l) = RfD. x ABI, V x UCF × HQ x AT
DWlR x INH x DWF x ED

Default Value
Parameter Definition iVleth0dB Method C Units

RfDo Oral Reference Dose Chemical-specific Chemicai-speeific ' ml_tkg-day

Average Body Weight over the 16 70 kg
ABIV exposure duration
UCF Unit Conversion Factor lr.O00 1,000 u_m_

H_ Hazard Quotient 1,0 1.0 unitless
AT Averaging Time 6 6 years

DWIR Drinking Water Ingestion Rate l.O 2.0 l/day
INH Inhalation Correction Factor (1) See Note (1) See Note (1) unitless
DWF Drinkin8 Water Fraction ... 1.0 1.0 unitless
ED Exposure Duration 6 6 years

Footnotes:
(1) Use value of 2 for volatile organic compounds and I for all other substances.

Equation 720-2: Potable Ground Water Cleanup Levels - Carcinogens

RISK x ABW x AT x UCF
Potable Ground Water Cleanup Level (ug I l) =.

CPF, × DMRx EDx INH ×DIVF

Default Value

Parameter Deflnitien Method B Metho'd C Units

R/SK Acceptable Cancer Risk Level 1.0E-6 i.0E5 unitless
Average Body Weight over the

ABW exposure duration 70 70 kg
A 7' Averaging Time 75 75 years
UCF Unit Conversion Factor !,000 1.000 ug/mg

Chemical- Chemical-

CPF_ Oral Carcinogenic Potency Factor specific specific kg-day/mg
DWIR DrinkinDWater Ingestion Rate 2.0 2.0 . I/day
INH Inhalgtion Corre,,ctionFactor See Note (i) See Note (I) unitless
DWF Drinkin[gWater Fraction 1.0 1.0 unifless
ED Exposure Duration 30 30 years

Feomotes:
(I) Use value of 2 for volatile organic compounds and ! for all othersubstances.
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Equation 720-3: Potable Ground Water Cleanup Levels - Petroleum Mixtures
(Non-Carcinogenic Risk)

HIxA T

L jx

Default Value
Parameter Definition Units

Method B Method C

C. TPH _'ound water e,leanuplevel _ -- ug/l
HI HazardIndex 1.0 1.0 unitless

A T Avemgin_ Time 6 6 years
DWIR Drinkin_ Water Ingestion Rate 1.0 2.0 l/day
D WF Drinking WaterFraction 1.0 1.0 unitle-_s
ED Exposure Duration 6 6 years

ABW Average Body Weight over the 16 70 kg
exposure duration

UCF Unit Conversion Factor 1,000 1,000 u[[/mg

Fraction (by weight) of petroleum Chemical-specific Chemical-specific unitless
Fr° component 6)

Inhalation CorrectionFactor for

INHco petroleumcomponent(i) SeeNote(I) See Note(I) .... unitless
Oral Reference Dose of

RJD°_° Petroleum component (i) Chemical-_ecific Cheraical-speeific mg/kg-day
The number of petroleum
components(petroleumfractions
plusvolatileorganiccompounds

n with anRfDa) present in the Mixture-specific Mixture-specific unitless
petroleum mixture (See Table

,830-13

Footnotes:

(I)Usevalueof2 forvolatileorganiccompoundsandIforallothersubstances.
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Equations 740-1 and 745-1: Soil Direct Contact (Ingestion Only) - Noncarcinogens

RfDo x ABW x UCF x HQx AT
Soil Cleanup Level (rag/ kg ) = SIR x ABI x EF × EL)

Default Value

Parameter Definition Method B Method C ' Units

Equation 740-1 Equation 745-1

RfD. Oral Reference Dose' Chemical-specific Chemical-specific mg/kg-day
Average Body Weight over 16 70 kg

A BW the exposure duration
UCF Unit Conversion Factor 1.0E4-6 1.0E*6 m_p/kg

SIR Soil ln[estion Rate 200 50 mg/day

ABI Gastrointestinal Absorption 1.0 1.0 unitless
fraction

EF Exposure Frequency 1.0 0.4 unitless
HO Hazard Quotient 1.0 1.0 unitless
A T Averaging Time 6 20 years
EL) I ExposureDuration 6 20 _,ears

Equations 740-2 and 745-2: Soil Direct Contact (Ingestion Only) - Carcinogens

RISK x ABW x AT× UCF
Soil Cleamtp Level (mg / kg) =

CPF ox SIR x AB1 x EL) x EF

Default Value

Parameter Definition Method B Method C Units

Equation 740-2 Equation 745-2
RISK Acceptable cancer risk level 1.0E-6 1.0E-5 mg/kg-day

Average Body Weight over 16 70 kg
ABW the exposure duration
UCF Unit Conversion Factor 1.0E+6 1.0E4"6 mg/kg

Oral Carcinogenic Potency Chemical-specific Chemical-specific kg-day/mgCPF_ Factor

A T Averagin[; Time 75 75 years
SIR Soil ln[[estion Rate 200 50 mg/day

Gastrointestinal Absorption 1.0 1.0 unitless
AB1 fraction

ED Exposure Duration 6 20 unitle_
£F Exposure Frequency 1.0 0.4 years

B-1
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Equations 740-3 and 745-3: Soil Direct Contact (Ingestion + Dermal) -
Petroleum Mixtures (Non-Carcinogenic Risk)

DU xABW xAT

Default Value
=L

Parameter Definition Method B Method C Units

Equation 740-3 Equation 745-3
C_I TPH soilcleanuplevel -- -- mslkg
HI Hazard Index 1 I unitless

AverageBodyWeightover 16 70 kg
ABW theexposureduration

A T Averafin[,_Time 6.0 I 20 years
EF ExposureFrequency 1.0 l 0.7 fruitless
ED Exposur.cDuration 6.0 l 20 years

SIR SoilIn_estionRate 200 I 50 rag/day

GastrointeslinalAbsorption 1.0 1.0 trnitlcss
AB1 fraction

Fraction(byweight)of Chemical.specificChemical-specific unitless
Ft_ petroleumcomponent6)
SA Dermal SurfaceArea 2.200 2.500 cm 2
AF Adherence Factor 0.2 02 rag/cruZ-day

Dermal Absorption Fraction SeeNote (1) See Note (1) unJtless
ABS#_o forpetroleum component (i).

OralReference Dose for

Rfl)*'° petroleum component (i) Chemical-specific Chemical-specific mg/kg-day
Dermal Reference Dosefor

RfD_r° petroleum component (i) See Note (2) See Note (2) mg/kg-day

Gastrointestinal Absorption See Note (3) See Note (3) unitlessGI conversionfactor

The number o f petroleum
components{.petroleum
fractionsplusvolatileorganic

n compounds with an RfD.) Mixture-specific Mixture-specific unitless
present in the petroleum
mixture (See Table 830-1.)

Footnotes:

(1) May use chemical-specific values or the following defaults: 0.0005 for volatile petroleum components
with vapor pressure >_benzene; 0.03 for volatile petroleum components with vapor pressure < benzene;
0.1 for other petroleum components.

(2) Derived by R/D,, x GI (see note 3).
(3) May use chemical-specific values or the following defaults: 0.8 for volatile petroleum components; 0.5

for other petroleum components.

B-2
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Equations 740-4 and 745-4: Soil Direct Contact (Ingestion + Dermal)-
Nencarcinogens

For hazardous substances that arepart of apetroleummixture, cleanup levels must be
calculated using Equations 740-4 and 745-4 for noncarcinogens and Equations 740-5 and
745-5 for carcinogens. See WAC 173-340-740(3)(b)(ih')(B)(m) and 173-340-
745(5)(b)(iii)(B)(IIr).

Forhazardoussubstances other than petroleum mixtures,cleanup levels for dermal
contact with the soil must be evaluatedwhenever the proposed changes to Equations 740-
1/745-1or 740-2/745-2 would resultin a significantly higher soil cleanuplevel than
would be calculated without the proposed changes. See WAC 173-340-740('3)(c)(iii)and
173-340-745(5)(c)('fii).

HOxABWxAT

Default Value

Parameter Definition Method B Method C Units
Equation Equation

740-4 745-4

C_oI_ Soil cleanup level -- -- m[_/k_
H_ Hazard Quotient 1 1 unitless

AB W Average Body Weight over the 16 70 kg
exposureduration

AT Averaging Time 6.0 20 years
EF Exposure Frequency 1.0 0,7 unitless
ED Exposure Duration 6.0 20 years
SIR Soil Ingestion Rate 200 50 mg/day
ABI Gastrointestinal Absorption fraction 1.0 1.0 unitless
SA Dermal Surface Area 2,200 2,500 cm2

AF AdherenceFactor 0.2 0.2 mg/cmZ-day ,,,
ABSa Dermal Absorption Fraction See Note (1) See Note (I) unidess

Chemical- Chemi_al-

RfDo OralReference Dose specific specific mg/kg-day
RII)_ DermalReferenceDose SeeNote(2) SeeNotef2l m[_/kg-day

Gastrointestinal Absorption See Note (3) See Note (3) unitless
GI conversionfactor

Footnotes:

(1) May use chemical-specific values or the following defaults: 0,01 for inorganichazardous substances;
0.0005 for volatile organic compounds with vaporpressure>_benzene; 0,03 for volatile organic
compounds withvaporpressure< benzene; O.lforother hazardous substances.

(2) Derived by RfDo x GI (see note 3),
(3) May use chemical-specific valuesorthe following defaults: 0.2 forinorganic hazardous substances;

0.8 for volatileorganiccompounds;0,5forother organichazardous substances.
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Equations 740-5 and 745-5: Soil Direct Contact (Ingestion + Dermal)- Carcinogens

Forhazardoussubstancesthatarepartofapetroleummixture,cleanuplevelsmustbe
calculatedusingEquations740-4and745-4fornoncarcinogcnsandEquations740-5and
745-5forcarcinogens.SeeWAC 173-340-740(3)(b)(iii)(B)(I]/)and173-340-
745(5)(b)(iii)(B)("III).

For hazardous substances other than petroleum mixtures, cleanup levels for dermal
eontaet with the soil must be evaluated whenever the proposed changes to Equations 740-
1/745-1 or 740-_745-2 would result in a significantly higher soil cleanup level than
would be calculated without the proposed changes. Sec WAC 173-340-740(3)(c)(fii)and
173-340-745(5)(e)(iii).

RISK x ABW x AT

EFxEDx lOSmgtkg 10_mgtkg

Default Value

Parameter Definition Method B Method C Units

Equation740-5 Equation745-5 i

C,o# Soil cleanup level -- -- ms/k8
RISK Acceptable cancer risk level 1.0E-6 1.0E-5 unitiess

Average Body Weight over the 16 70 kg
AB W exposure duration
A T Avera.,.gi_ngTime I 75 75 years
EF Exposure Frequency ] 1.0 0.7 unitless
ED ExposureDuration 6.0 20 years
SIR Soil Ingestion Rate 200 50 ml_/day
AB1 Gastrointestinal Absorption fraction 1,0 1.0 unitless
SA Dermal Surface Area 2,200 2.500 ema

AF , Adherence Factor 0.2 0.2 m_cmZ-day
ABSs Dermal Absorption Fraction See Note (1_ See Note (! ) unitless

Chemical- Chemical-

CPF. Oral Cancer Potency Factor specific specific mg/kg-day
CPF# Dermal Cancer Potency, Factor See Note (2) See Note (2) mg/kg-day

GastrointestinalAbsorption SeeNote (3) SeeNote (3) unitlessGI conversionfactor

Footnotes:

(1) May usechemical-specificvaluesorthefollowingdefaults:0.01forinorganichazardoussubstances;
0.0005forvolatileorganiccompoundswithvaporpressure>_benzene;0.03forvolatileorganic
compoundswithvaporpressure< benzene;0.1forotherhazardoussubstances.

(2) Derived by CPFo �GI(see note 3).
(3)May use chemical-specificvalues or thefollowingdefaults:0.2 forinorganichazardoussubstances;

0.8forvolatileorganiccompounds;0.5forotherorganichazardoussubstances.
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THREE-PHASE PARTITIONING

Equation 747-1: Three Phase Partitioning Equation.

C,= C,.×UCF xDF x[Kd+ 0,_ + O,p_xH_. t

Parameter Definition Default Value Units

Cr Soil concentration (calculated) mgfkg

Ground watercleanup level Chemical-specific ug/l
C,, established under WAC 173-340-720

UCF Unit Conversion Factor IE-3 m_/ug
DF Dilution Factor 20 1 unitless
Ka Distribution Coefficient Chemical-specific (1) l/kg
& Water-filled soil porosity 0.3 unitless, mFmt

Be Air-filled soil porosity 0.13 unitless, ml/ml
H_ Hen_'s law constant Chemical-_ecifie (2) unittess
Pb Dry.soil bulk density 1.5 , kg/I

Footnotes:
(1) The regulationspecifies default values for certain chemicals and procedures for establishing chemical-

specific values. See WAC 173-340-747(4)(c).
(2) The regulationspecifies default values forcertain chemicals and procedures for establishing chemical-

specific values. See WAC 173-340-747(4)(d).

Equation 747-2: Derivation of a Distribution Coefficient (Kd) for Organic Hazardous
Substances based on the Soil Organic Carbon-Water Partitioning

Coefficient (K,_)

K d = x

Parameter I Definition Default Value Units

(calculated or site- ml/g, I/kg
K_ Distribution coefficient specificl

Soil organic carbon-water partitiomng Chemical-specific (!) ml/g, l/kgK,_ coefficient

f_ Soil fraction of organic carbon 0.001 fruitless,g,/g

Footnotes:

(1) The regulationspecifies default values for certain chemicals and proceduresfor establishing chemical-
specific values. See WAC 173-340-747(4)(c)(i).

C-I
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Equation 747-3: Deriving a Dilution Factor from Site-Specific Estimates of
Infiltration and Ground Water Flow Volume

D:"=,(Q'+Q°)=I+Po
Q, Q,

Parameter Definition Default Value Units
DF DilutionFactor (calculated) unitless

Flowrate of water infiltering (see (calculated) m3/yr
QP Equation 747-5)

Ground water fiowrate (see Equation (calculated) m3/yrQa 747-4)

Equation 747-4: Calculating Ground Water Flowrate (Q.)

Qo=KxAxI

Parameter Definition Default Value Units,,, ,,i,

Q_ Ground water flowrate (calculated) m_/yr

Site-specific. m/yrK Hydraulicconductivity measurement

Cross-sectionalAreaofAquifer Site-specific m 2
A mixingzone(l) measurement

Site-specific unitless, m/m
I Hydraulic Gradient measurement

Footnotes:

(I)Theaquifermixingzonethicknessshallnotexceed5 metersindepthandbeequaltoaunitwidthof1
meter,unlessitcanbedemonstratedempiricallythatthemixingzonethicknessexceeds5 meters.

Equation 747-5: Calculating the Flowrate of Water Infiltrating (Qp)

Qp= LxWxlnf

Parameter Definition Default Value Units

Flowrate of water infilterin_ (calcutatedl m3/_/r

L Estimated lengthof contaminam source Site-specific m
areaparallel to wound water flow measurement

W Unit width of contaminant sourcearea 1.0 m

Inf Infiltration rate Site-specificmeasurement (1) m/yr

Footnotes:
(1) A default value may be used. For sites west or east oft_he Cascade Mountains, the default annual

infiltration value shall be 70 percent or 25 percent, respectively, of the average annual precipitation
amount.

C-2
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FOUR-PHASE PARTITIONING

Equation 747-6: Conservation of Volume Equation.

n = e,,  ApL

Total soil porosity (ml zomlpore space/ml total soil volume}.
n Use a default value of 0.g3 ml/ml or use a value determined

from site-specific measurements.

Volumetric water content (rnlwater/ml soil). For unsaturated
soiI use a default value of 0.3 or a value determined from site-

specific measurements. For saturated soil this value is
R, unknown and must be solved for. Volumetric water content

equals the total soil porosity minus volume occupied by the
NAPL

Volumetric air content (ml air volume/ml total soil volumeJ.
Forunsaturated soil this value is unknown and must be solved

0o for. Volumetricair content equals the total soil porosity
minus the volume occupied by the water andNAPL. For
saturatedsoil this value is zero.

VolumetricNAPL content (rot NAPL volum_ml total soil
_vArL volume). Forboth unsaturated and saturated soil this value is

unknown and must be solved for.

C-3
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Equation 747-7: Four-Phase Partitioning Equation

Total mass of each component in the system (rag). This value is derived from site-
_r specific measurements.

Total soil mass (kg), This value is derived horn site-specific measurements.
III sdl

Mole fraction'iat equilibrium) of each component (dimensionless), This value is
z: unknownand must be solved for.

Water Solubility of each component frog/l). See Table 747-4 forpeuolanm
St hydrocarbons;seethescientificliteratureforotherhazardoussubstances.

Drysoilbulkdensity(defaultis1.5kg/l).
P*

Soilorganiccarbon-waterparlitioningcoefficientforeachcomponent(I/kg),See

/_,_ Table 747-4 forpetroleum hydrocarbons: see WAC I73-340-747(4)(b) for other
hazardous substances.

f._ Mass fractionof soil naturalorganic carbon {defaultis 0.001 g soil organic/g soil).
Henry'slawconstantforeachcomponent(dimcnsionless}.SeeTable747-4for

ff_ petroleum hydrocarbons; see WAC 173-340-747(4)(c) for other hazardous
substances.

Gram formulaweight,ormolecularweightofeachcomponent(rag/tool).SeeTable
GFWi 747-4forpetroleumhydrocarbons;seethescientificliteratureforotherhazardous

substances.

p,v_rL Molar density of the mixture (mol/l i. See Equation 747-8. "'

For petroleummixtures, this means the petroleum fractions, and organic hazardous
Component substances with a reference dose; for otherhazardoussubstances, this means each

orgamchazardoussubstancethatisfoundintheNAPL.

C-4
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Equation 747-8: Molar Density Equation

Gram formula weight, or molecular weight of each component
GFW_ (rag/tool). See Table 747-4 for petroleumhydrocarbons; see the

sci_.ntific iitexaturefor other hazardoussubsmaces.

Mole fraction (at equilibrium) of each component (dimensionless)

xt afterequilibration. This value is unknown andmust be solved for.
Dmqsivyof each component (rag/l). See Table 747..4 for petroleum

pl hydrocarbons; see the sciantifc literature for other hazardous
substances.

Forpetroleum mixtures, this means the petroleum fractions plus
organic hazardoussubstances with a refer_ce dose; for other

Component ihazardoussubstances, this means each organichazardous substance
that is found in the NAPL.

C-5
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Equation 750-1: Air Cleanup Levels - Noncarcinogens

Air Cleanup Level (ug / m 3) = RfDi xA.BW xUCF xHQxAT
BRxABS i×ED×EF

Default Value

Parameter Definition Method B Method C Units

Equation 750-1 Equation 750-I

RfD_ Inhalation Reference Dose Chemical-specific Chemical-specific mg/kg-day

Average Body Weight over the 16 70 kg
ABW exposure duration
UCF Unit Conversion Factor 1.0E+3 1.0E+3 u_mg
BR Breathin_ Rate l0 20 m_/day
ABSt Inhalation Absorption fraction 1.0 1.0 unitless

H_ Hazard Quotient 1.0 1.0 unitless
A T Avera_in_ Time ...... 6 6 years
ED Exposure Duration 6 6 years
EF Exposure Frequency . 1.0 1,0 unitless

Equation 750-2: Air Cleanup Levels- Carcinogens

Air Cleanup Level ( ug / m 3) = RISK x AB W x AT x UCF
CPF_×BR x ABS i x EL)×EF

Default Value

Parameter Definition Method B Method C Units

Equation 750-2 Equation 750-2
RISK Acceptable cancer risk level 1.0E-6 1.0E-5 m_/k[_-day,

ABW Average Body Weight over the' 70 70 kg
exposure duration

A T Avera_m_Time 75 75 years
UCI6 Unit Conversion Factor 1,000 1,000 ug/mg

Inhalation Carcinogenic Potency Chemical- Chemit_'l'-'
CPFI Factor specific specific kg-daylmg

BR Breathin_ Rate 20 20 mJ/day
ABSt Inhalation Absorption fraction !.0 1.0 unitless
ED Exposure Duration 30 30 unitless
EF Exposure Frequency 1.0 1.0 , years

D-1
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Unlike individualhazardous substances,petroleumhydrocarbon mixtures such as
gasoline,diesel fuel, lubricating oils, etc. are comprisedof thousandsof chemical
compounds. Typically, the concenwationof these mixtures is measuredas"total
petroleumhydrocarbons"or "TPH" thatrepresents the expected range of these materials
such as the "gasoline range" or the "diesel range", Inreality, these measured
concentrationsare the collective concentrationsof the individualpetroleum compounds.
A laboratory test result for NWTPH-Gx expressed as 235 mg/kg (milligramsof TPHper
kilogram of soil) for example, represents the measured total"I"PHconcentrationin the
sample within the range of compoundstypically containedin gasoline.

"rPHmixtures can also containspecific chemicals of concernand, dependingon the type
of mixture, they may need to be tested to make sure a site is adequately characterizedand
that all cleanup requirements are considered. These include volatile compounds such as
benzene, toluene, ethylbenzene and xylenes (collectively referred to as "BTEX"), n-
Hexane, and Naphthalene, but may also include fuel additives such as Methyl tertiary-
butyl ether (MTBE). Information contained in WAC 173-340-830 provides a more
detaileddiscussion of the types of testing requiredfor petroleum releases. Table 830-1 in
WAC 173-340-900 is a summary of the required testing for different types of petroleum
releases.

The MTCA Cleanup Regulation allows for "mixture-specific" chemical characterization
of released petroleum in order to develop a cleanup level tailored to the types of
compoundsactually present in soil or ground water. This method, known as "TPH
fraetionation", measures the concentration of twelve sub-groups or "fractions" of TPH
within the released mixture and is based on work by a consortium of national experts
(TPH Criteria Working Group, 19974_.These fraction groups are defined based upon
their relative average molecular "size", with the lighter-weight (and typically more
volatile and soluble} compounds in one group, and heavier, less volatile and soluble
compounds in others. The measured concentrations of each of the twelve groups are then
assessed, together with their individual chemical and toxicological properties, to
determine the appropriate cleanup level. Depending on the particular TPH mixture
present, certainhazardous substances (i.e., benzene, carcinogenic PAHs or MTBE) must
still also be measured, in addition to the individual TPH fractions.

The detailed analytical methods, including VPH (Volatile Petroleum Hydrocarbons) and
EPH (Extractable Petroleum Hydrocarbons} for petroleum hydrocarbons, are described in
a separate Ecology document (Analytical Methods for Petroleum Hydrocarbons, 19975).

a TPH Criteria Working Group, 1997. Total Petroleum Hydrocarbon Criteria Working Group Series.
Valume IlL"Selection of Representative Total Petroleum Hydrocarbon ('rPH) Fractions Based on Fate and
Transport Considerations, Ed.: .I.B. Gustafson, .I.G. Tel1,and D. Greta, Amherst Scientific Publishers.

NOTE As of this writing, this and other volumes are available on the Internet through Amherst
Scientific Publishers at: htrp:/lwww.aehs.cam/gubIieationslcatalog/roh.htm.

t Washington State Department of Ecology, 1997. Analytical Methods for Petroleum Hydrocarbons,
Publication No. ECY 97-602.
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Introduction

Overview

Cleanup Levels and Risk Calculations (CLAP,C) is a compendiumof technical information
related to the calculationof cleanup levels under the Model Toxies Control Act (MTCA)

Cleanup Regulation, Chapter 173-340 WAC. The Washington State Department of Ecology
(Ecology) has compiled and calculated this technical information to assist the user in the
development of cleanup levels at a site. As emphasized below, the formula values pre-ealeulated
under standard Method B and standardMethod C and provided in CLAR.Care NOT cleanup
levels. The use of CLARC is not sufficient to establish cleanup levels. The following discussion
provides an overview of the contents of this document.

•:- Part I provides an overview of the methods for establishing cleanup levels and guidance on
the development of cleanup standards for each of thedifferent media- ground water, surface
water, soil and air,

ot. Part II includes several memos and tables that provide background information for the
Method A values for potable ground water (Table 720-1), unrestricted soil (Table 740-I), and
industrial soil (Table 745-I). These memos and tables were previously published as
Appendix D to the Concise Explanatory Statement for the Amendments to the MTCA
Cleanup Regulation (February 12,2001).

•:. Part HI includes several tables that provide pre-ealeulated standard Method B and standard
Method C formula values for each of the different media (ground water, surface water, soil

and air) and pathways using the equations and default values set forth in the regulation.
CLARCdoes not provide pre-calculated values for petroleum mixtures (see Part IV).

Part III also includes tables that list the applicable criteria under state and federal laws
(ARARs) for potable ground water and surface water.

Part III also includes several tables that provide default values for various chemical-specific
parameters. These parameters include the toxicological properties of a chemical (e.g., cancer
potency factors, reference doses, and bioconcentration factors), as well as the physieaI and
chemical properties of a chemical (e.g., soil organic carbon-water partitioning coefficient,
distribution coefficient, Henry's law constant, and solubility),

o.'oPart IV provides an overview of the process for establishing Method B and Method C
cleanup levels for petroleum mixtures. CLARCdoes not provide pre-ealeulated formula
values for petroleum mixtures because the calculation depends on the composition of a
mixture that must be determined on a site-specific basis. Part IV does provide the default
chemical-specific reference doses for the constituents of a petroleum mixture.

o.'*Part V provides important background information for each of the tables in Part III.
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Caution on Use of CLARC
, , ,, ,,

The requirements and procedures for establishing cleanup levels that are protective of human
health and the environment are specified in the MTCA Cleanup Regulation, chapter 173-340

WAC, The use of CLARC is not sufficient to establish cleanup levels under the regulation.

Use of Formula Values as Cleanup Levels: The formula values pre-calculated under standard

Method B and C and provided in CLARC are NOT cleanup levels. The formula values DO
NOT, for example, account for the following:

• Consideration of applicable state and federal laws (for all media);
• Consideration of surface water impacts (for ground water);

• Consideration of ecological impacts (for surface water and soil);
• Consideration of the residual saturation limit for protection of ground water (for soil)

• Consideration of the vapor pathway (for soil);

• Consideration of the lower explosive limit limitation (for air);

• Consideration of natural background concentrations (for all media);
• Consideration of the practical quan_tafion limit (for all media);

• Consideration of the NAPL !imitation (for surface water and ground water);
• Consideration of total site risk (for all media);

The department may also establish cleanup levels that are more stringent than those required

under the applicable method when the department determines, based on a site-specific
evaluation, that such levels are necessary to protect human health and the environment.

2
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Limitations of CLARC

•". Modified Method B and C (Site-Specific Risk Assessment)

CLARC does not provide pre-calculated formulavalues for modified MethodB or C, The
calculation of modified Method B or C values requiresthe use of site-specific and/or
chemical-specific values insteadof the defaultvalues providedin the regulation.

•:. Soil- Direct Contact Pathway - Concurrent Exposure (Ingestion and Dermal Contact)

For petroleummixtures, the standardMethod B andC formulavalues arebasedon
concurrentexposure (ingestion anddermalcontact). CLARC does notprovidepre-calculated
standard Method B or C formulavalues for petroleummixtures,including values basedon
thedirect contactpathway(see discussionbelow).

Forhazardoussubstances otherthan petroleummixtures, the standardMethod B andC
formulavalues arebased on ingestion only. CLARCdoes providepre-calculatcdstandard
Method B and C formulavalues for thosesubstances.

For hazardoussubstances otherthan petroleummixtures, evaluationof concurrent exposure
(ingestion and dermalcontact)is only requiredundermodified MethodB and C andthen
only under certain specified circumstances. The regulationprovidesstandardequationsand
defaultvalues forevaluatingconcurrentexposure. CLARC doesnot provide pre-calculated
Method B or C formulavalues using those standard equationsanddefaultvalues.

o:- Petroleum Mixtures

CLAKC does notprovide pre-calculatedstandard MethodB or C formulavalues for
petroleummixtures. The calculationof smudardMethodB and C formula values for
petroleum mixtures dependson the compositionof a mixture. The compositionmust be
determinedon a site-specific basis.

o*.oAmmonia

CLAKC does not providepre-calculatedstandardMethodB or C formulavalues for
ammonia. The calculationof standardMethod B and C formulavalues dependson the water
qualitycharacteristics (temperatureandpH) and the chemicaI form/speciesof ammonia(e.g.,
ionized or non-ionized).

•:* Asbestos

CLARC does not providepre-calculatedstandardMethod B or C formula values for
asbestos. The calculationof standardMethod B and C formula values dependson the fiber
type and content. Note that the metric forasbestos is basedon fibertype and is usually
expressedas fibers/Land not as the usualmg/L or ug/L metric.
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o:. Chromium

CLAR.Cdoes not provide pre-calculated standard Method B or C formula values for total
chromium. CLARC does provide pre-calculated standard Method B and C formula values
for chromium HIand chromium VI.

Assessors should test for total chromium first and then test for chromium VI only if the
concentration for total chromium exceeds the cleanup level for chromium VI,

• If chromium VI is present at the site, then the concentration of chromium ]II is
determined by subtracting the chromium VI concentration from the total chromium
concentration,

• If chromium VI is NOT present at the site, then the site assessor may assume that the
measured concentration of total chromium is the concentration of chromium HI.

Of course, if there is documented evidence that chromium VI was never used at the site, then
the site assessor does not need to test for chromium VI and may assume that the measured
concentration oftotaI chromium is the concentration of chromium III.

•:" Lead

CLARC does not provide pre-calculated standard MethodB or C formula values for lead.
Values for lead cannotbe calculated using the equations provided in the regulation.
Assessors should consult with the Department of Ecology regarding the use of EPA's
Integrated Exposure Uptake Biokinetic (IEUBK) model to calculate soil cleanup levels.

•:- Manganese

CLARCprovides pre-calcutated standard Method B or C formula values for manganese. The
formula value for manganese dependson the reference dose (R.ID). The reference dose was
obtained from the U,S. Environmental Protection Agency's Integrated Risk Information
System (IRIS), but was not modified as recommended by the EPA, The recommended
modification depends on the route of exposure, EPA reeornmends that a modifying factor of
"1"should be used when assessing exposure from food and that a modifying factor of"3"
should be used when assessing exposure from drinking water or soil, This modification
factor is based on the increased exposure of children to manganese-contaminated water and
soil. Please consult IRIS for a more complete description of the basis for the modification
factors. As noted, the RID for manganese listed in CLARC and used to pre-calculate the
formula values for standard Method B andC has not been adjusted. If the modifying factor
of"3" for manganese is used, then the formula values for standard Method B and C for soil
and ground water would be one-third the value presented in CLAR.C.

4
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Versions

Version 2.0 of CLARC (or CLARC II) was published in February 1996.

Version 3,0 of CLARC was published in August 2001 and includes changes based on the
amendments to the MTCA Cleanup Regulation, chapter 173-340 WAC, adopted on February 12,

2001. Version 3.0 superceded Version 2.0.

Version 3.1 of CLARC was published in November 2001 and includes corrections to Version
3,0. These corrections are noted in the enclosed Modification History. Version 3.1 supercedes
Version 3.0.

Ecology expects to periodically update CLARC to provide additional technical information.
Users of CLARC should contact the Toxics Cleanup Program at (360) 407-7170 or check the
program's web site at http://www.ecy.wa.gov/pro_Tarns/tcp/cleanup.html to ensure that they
have the most recent version.
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