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The safety, security, and environmental concerns associated with
transportation of hazardous materials are growing in number and
complexity. Hazardous materials are substances that are flammable,
explosive, or toxic or that, if released, produce effects that would threaten
human safety, health, the environment, or property. Hazardous materials
are moved throughout the country by all modes of freight transportation,
including ships, trucks, trains, airplanes, and pipelines.

The private sector and a diverse mix of government agencies at all levels
are responsible for controlling the transport of hazardous materials and for
ensuring that hazardous cargoes move without incident. This shared goal
has spurred the creation of several venues for organizations with related
interests to work together in preventing and responding to hazardous
materials incidents. The freight transportation and chemical industries;
government regulatory and enforcement agencies at the federal and state
levels; and local emergency planners and responders routinely share
information, resources, and expertise. Nevertheless, there has been a long-
standing gap in the system for conducting hazardous materials safety and
security research. Industry organizations and government agencies have
their own research programs to support their mission needs. Collaborative
research to address shared problems takes place occasionally, but mostly
occurs on an ad hoc basis.

Acknowledging this gap in 2004, the U.S. DOT Office of Hazardous
Materials Safety, the Federal Motor Carrier Safety Administration, the
Federal Railroad Administration, and the U.S. Coast Guard pooled their
resources for a study. Under the auspices of the Transportation Research
Board (TRB), the National Research Council of the National Academies
appointed a committee to examine the feasibility of creating a cooperative
research program for hazardous materials transportation, similar in concept
to the National Cooperative Highway Research Program (NCHRP) and the
Transit Cooperative Research Program (TCRP). The committee concluded,
in TRB Special Report 283: Cooperative Research for Hazardous Materials
Transportation: Defining the Need, Converging on Solutions, that the need for
cooperative research in this field is significant and growing, and the
committee recommended establishing an ongoing program of cooperative
research. In 2005, based in part on the findings of that report, the Safe,
Accountable, Flexible, Efficient Transportation Equity Act: A Legacy for
Users (SAFETEA-LU) authorized the Pipeline and Hazardous Materials
Safety Administration (PHMSA) to contract with the National Academy of
Sciences to conduct the Hazardous Materials Cooperative Research Program
(HMCRP). The HMCRP is intended to complement other U.S. DOT
research programs as a stakeholder-driven, problem-solving program,
researching real-world, day-to-day operational issues with near- to mid-
term time frames.
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HMCRP Report 2: Assessing Soil and Groundwater Impacts of Chemical Mixture Releases
from Hazardous Materials Transportation Incidents presents a tool to assess, classify, predict,
and quickly communicate fate and transport characteristics of chemical mixtures released
into the soil and groundwater as a result of hazardous materials transportation incidents.
The tool was developed with a wide range of users in mind. For technical users, the prop-
erty output table generates the fate and transport properties of an input mixture. For emer-
gency response teams, it provides a quick review of the emergency response requirements
of a spill. For non-technical users, a color-coding function is included in the tool to com-
pare the critical fate and transport properties to their pure chemical counterpart and high-
light the key parameters affecting the mixture transport in the saturated and unsaturated
zones. The tool can also be used to determine whether shipping certain chemicals separately
or in mixtures will have significantly higher costs if an incident occurs and to estimate rel-
ative costs and timeframes of cleanup after an incident occurs. 

Screening models, as well as detailed, computationally intensive models, exist to charac-
terize site-specific impacts on soil and groundwater from hazardous materials releases.
These models require various fate and transport parameters as input, which are generally
available for pure chemical compounds. However, these parameters are typically unavail-
able for many of the commonly transported hazardous materials mixtures such as herbi-
cides, paint, cleaning compounds, motor oil, antifreeze, gasoline, and ethanol.

Under HMCRP Project 06, HSA Engineers & Scientists was asked to (1) define and cat-
egorize the environmental hazards to soil and groundwater of pure chemicals and mixtures;
(2) identify sources and collect readily available data on fate and transport properties; (3)
develop a typology and identify and classify common solvents and mixtures that are likely
to be transported; (4) develop a typology to estimate the key parameters for different chem-
ical mixtures; (5) design a tool to characterize, predict, and communicate the impact of
chemical mixtures in soil and groundwater environments and to estimate the fate and trans-
port parameters of chemical mixtures released to soil and groundwater as a result of haz-
ardous materials transportation incidents; (6) using the tool, estimate the fate and transport
parameters for 5 to 10 representative mixtures commonly transported and apply existing
basic screening models to estimate impact to soil and groundwater; and (7) refine the tool
to compare fate and transport characteristics of pure chemicals to chemical mixtures in
order to rank the relative impacts to soil and groundwater.

The chemical mixture tool, a user guide, and the contractor’s final report for HMCRP
Project 06 can be found on CRP-CD-90: Chemical Mixture Tool for HMCRP Report 2, which
is bound into this publication. For the convenience of readers, the research team’s Tool
Design Process Example (Appendix H) and the User Operational Manual (Appendix M)
are also provided herein.

F O R E W O R D

By William C. Rogers
Staff Officer
Transportation Research Board
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S U M M A R Y

Introduction

Each year, large quantities of hazardous materials are transported throughout the United
States. In the event of an incident or accident, these hazardous materials can be released
to the environment, thereby impacting soil and groundwater, leading to costly emergency
response and cleanup efforts. Many impact measurement techniques in use today concen-
trate on fatalities/injuries, property damage, and emergency impacts, but exclude environ-
mental and ecological impacts associated with releases into soil, groundwater, aquatic
features, or natural habitats. Consequently, risk management decisions are being made in
the absence of the comprehensive information necessary to mitigate long-term environ-
mental risk. The screening model developed in this research is meant to aid in addressing
this concern. As with all screening model requirements to assess the subsurface impact of
hazardous materials, chemical-specific fate and transport data, as well as site-specific
data, are necessary input parameters. While the fate and transport data are available for
pure chemicals, similar data are not usually available for mixtures of hazardous materials that
are commonly transported (e.g., herbicides, paint, cleaning compounds, motor oil, antifreeze,
gasoline, and ethanol).

The goal of this research was to develop a tool to estimate the critical fate and trans-
port parameters of chemical mixtures for use in common fate and transport models, 
allowing the user to efficiently and effectively compare and predict the potential impacts
of releases from transportation incidents. Specifically, the developed tool will assess, clas-
sify, predict, and quickly communicate fate and transport characteristics of chemical
mixtures released into the soil and groundwater as a result of hazardous materials trans-
portation incidents.

The research team has completed 16 months of research on HMCRP Project 06, “Soil and
Groundwater Impacts of Chemical Mixture Releases from Hazardous Materials Transporta-
tion Incidents.” A white paper submitted in June 2009 summarizes the preliminary efforts
(Phase I, Tasks 1 to 4 outlined in the contract):

• Task 1—define and categorize the environmental hazards to soil and groundwater of pure
chemicals and mixtures,

• Task 2—identify sources and collect readily available data on fate and transport properties,
• Task 3—develop a typology and identify and classify common solvents and mixtures that

are likely to be transported by the industry and significantly control or alter the hazardous
material fate and transport properties, and

• Task 4—develop a typology to estimate the key parameters for different chemical mixtures.

Assessing Soil and Groundwater Impacts of
Chemical Mixture Releases from Hazardous
Materials Transportation Incidents
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In September 2009, the research team proceeded to implement Phase 2 (Tasks 5 through 8)
of the research project:

• Task 5—design a tool to characterize, predict, and communicate the impact of chemical
mixtures in soil and groundwater environments and to estimate the fate and transport pa-
rameters of chemical mixtures released to soil and groundwater as a result of hazardous
materials transportation incidents;

• Task 6—use the tool to estimate the fate and transport parameters for 5 to 10 represen-
tative mixtures commonly transported and to apply existing basic screening models to
estimate impact to soil and groundwater;

• Task 7—refine the tool to compare fate and transport characteristics of pure chemicals ver-
sus chemical mixtures in order to rank the relative impacts to soil and groundwater; and

• Task 8—prepare a final report that fully explains the tool and documents the entire 
research effort, explains and justifies recommendations, provides background infor-
mation used in the development of recommendations that addresses deficiencies and
recommends further research.

Consistent with the contract scope, the research team designed the tool using the typol-
ogy table collected in Phase I as the database and refined the tool using the selected mixtures
and existing screening models. The second phase of activity incorporated the data and opin-
ions garnered in Phase I to develop the tool itself. This phase encompassed the design and
construction of the tool, and the application of the tool to provide estimates of fate and
transport values for several representative mixtures. The tool was then used to determine
the effect of changes in these fate-and-transport parameters on the impact to soil and
groundwater after a release. CRP-CD-90: Chemical Mixture Tool for HMCRP Report 2, pro-
vided with this publication, contains the chemical mixture tool, an operational manual for
the tool, and the team’s final research report for HMCRP Project 06.

Findings

The summary of the literature review and expert interviews is provided for the top-ranked
transported or spilled hazardous materials from the Spill Center; Association of American
Railroads (AAR); Commodity Flow Survey (CFS); Conestoga-Rovers & Associates emer-
gency response team; and the analysis of the incident reports database search from the
Office of Hazardous Materials Safety in the U.S. DOT. Fuels and ethanol-blended fuels,
alcohols, acids and bases, paints and related materials are the dominant hazardous material
classes according to commodity transported and incidents reported. As identified in the
interviews and literature review, the most important mixture is gasoline and ethanol. No
clear second mixture was identified, although Not Otherwise Specified (NOS) mixtures
clearly make up a large volume of what is transported.

The research team has reviewed and assimilated numerous scientific articles and agency
reports regarding chemical fate and transport and the methods for estimating the properties
of mixtures, including Raoult’s Law, Universal Functional Activity Coefficient (UNIFAC),
Cosolvency Effect, and Linear Solvation Energy Relationship (LSER). The approach to esti-
mate the properties of chemical mixtures and the design of a tool have been provided for
both ideal and non-ideal chemical mixtures. Considering that UNIFAC has been more ver-
satile over other methods since it works for various solution systems, including those with
high nonideality, the research team built a Microsoft Excel UNIFAC (xlUNIFAC) to func-
tion as the basis of the chemical mixture tool. This feature is a major strength of UNIFAC and
is extremely valuable in estimating solubility of hydrophobic environmental contaminants



in multiple-component systems, which are very difficult to characterize experimentally. In
the scenarios where xlUNIFAC does not function for a chemical mixture due to the lack of
the molecular volume and surface area (i.e., Rk and Qk) or the group interaction parameters
(i.e., anm), the cosolvent effects were incorporated into the tool as a second module to esti-
mate the solubilities of chemicals in case of the presence of major cosolvents.

A chemical mixture tool was developed to estimate the fate and transport properties of
chemical mixtures using the xUNIFAC model, Raoult’s Law, and the Cosolvency—Log Kow

Model. The tool is capable of modeling a mixture containing up to 29 components. Approx-
imately 530 chemicals have UNIFAC group assignments, and the linear free energy relation-
ships (LFERs) between the cosolvency power and log Kow are included for 15 completely
water-miscible solvents, which are often used in industrial and environmental activities. The
output table of the tool consists of the following: (1) chemical identification (name, CAS#,
molecular weight), hazardous information (U.S. DOT Hazardous Class and UN/NA#);
(2) mixture characteristics (mass percent, volume percent, mole fraction); and (3) physical
chemical properties for the input mixture and its components (water solubility, vapor pres-
sure, surface tension, viscosity, partitioning among mixture/water/air, partitioning between
water and organic carbon/octanol, diffusion coefficients in air/water/mixture, and half-life
time), which can be used to simulate the characteristics of non-aqueous phase liquid (NAPL)
(where applicable) in soil, water, and air.

In tests with 11 representative mixtures—including gasoline, methyl tertiary butyl ether
(MTBE)-blended gasoline, ethanol-blended gasoline, coal tar, paint, ink, lacquer thinner,
and drycleaner solvent—the tool has been versatile at estimating the fate and transport prop-
erties of hazardous mixtures. Hydrocarbon Spill Screening Model (HSSM), Multiphase
Flow and Multicomponent Transport Model (MOFAT), and BIOSCREEN-AT are used as
screening models to simulate the fate and transport of selected mixtures in subsurface. Ben-
zene, toluene, ethylbenzene and xylene (BTEX), particularly benzene, was selected as the
target compound to analyze the impact of ethanol and MTBE on gasoline based on the
equivalent spill scenarios of oxygenate-free gasoline because benzene is the most mobile
gasoline-derived contaminant that possesses significant toxicity and groundwater impact.
Results indicated that the presence of 20% ethanol may cause a benzene plume in ground-
water to be 30% longer than that in equivalent gasoline under anaerobic conditions, while
there were no significant changes in benzene transport under aerobic biodegradation. The
MTBE addition to gasoline does not significantly affect the gasoline component transport.
However, the effect of MTBE itself on the environment is a concern due to MTBE’s high
water solubility and low biodegradation under both aerobic and anaerobic conditions.

Conclusions

The chemical mixture tool was developed with a wide range of users in mind. For highly
technical users, the property output table generates the fate and transport properties of an
input mixture. For emergency response teams, the emergency response guide provides a
quick review of the emergency response to a spill. For non-technical users, a color-coding
function is included in the tool to compare the critical fate and transport properties to their
pure chemical counterparts and highlight the key parameters affecting the mixture transport
in the unsaturated (i.e., vadose) zone. A simplified version of Domenico’s model, designed
by the research team, is included to simulate chemical fate and transport in groundwater.
Without the availability of external screening models, the research team screening model can
be applied directly to simulate the transport of a hazardous mixture in groundwater.

Tool comparison, calibration, sensitivity analysis, and uncertainty analysis showed that
the tool estimates mixture properties (e.g., interfacial tension and viscosity) within a mean
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error of 30% and the NAPL-water interface properties (e.g., solubility and partition coeffi-
cient) within a maximum factor of 5.0, which is relatively small compared with the imprecise
knowledge of subsurface gasoline release volumes and scenarios. When data are not avail-
able, this tool can be utilized to estimate the properties of a mixture.

The tool results can be used to determine whether shipping certain chemicals separately
or in mixtures will have significantly higher costs if an incident occurs, aiding in the emer-
gency planning costs. The tool results can be used to estimate the relative costs and time-
frames of cleanup after an incident occurs. The tool can also be used by remediation engi-
neers to provide better remediation alternatives, given the availability of different properties
of mixtures versus pure chemicals. For example, regulators and scientists could use the tool
to estimate the properties of novel additives in future fuel formulations and thereby provide
key inputs for determining the transportation facility upgrade and assessing environmental
transport of these compounds using external screening models.

Tool Limitations and Future Research Recommendations

The main limitation of the tool is that it cannot be used for all chemical substances con-
tained in the database of approximately 740 components derived from literary research and
interviews with professional personnel based on hazardous material classification and com-
modity flow survey and incident reports. That said, data for new chemicals can be added as
pure-phase information becomes available. The intended application domain is for liquid
organic chemicals, particularly petroleum and related compounds. Inorganic and organometal-
lic chemicals generally are outside the tool’s domain. Future work may be focused on the ex-
pansion of the typology table database to a larger database to simulate mixtures that consist
of more chemicals. In addition, further research is needed to update the xlUNIFAC param-
eters with the latest available data. For example, as the largest database, the commercial
UNIFAC still lacks parameters for some halogenated compounds and new pharmaceutical
compounds.

This study is focused on the mixture source zone property estimate. Therefore, the chem-
ical property parameters were calculated based on the assumption that the NAPL and
groundwater reach equilibria for individual components. The kinetic process of the inter-
action zone was not considered, and the interaction between the NAPL source zone and the
dissolved plume in groundwater was not modeled in this study. For example, half-life time
was produced by the tool for anaerobic and aerobic conditions from the typology table,
which does not represent site-specific decay. Although the tool generates property parame-
ters with a factor of 5.0, field assessment is necessary to further calibrate the tool for modi-
fication to simulate the field spill scenarios. The tool will not be able to assess the property
changes with the temporal NAPL composition changes or the decay in the downgradient
groundwater. For example, the rapid transfer of ethanol from gasoline into the water in the
vadose zone (e.g., small volume spills) may not change the gasoline bulk transport proper-
ties (e.g., interfacial tension and viscosity) as predicted in this study. Furthermore, the quick
degradation of ethanol in the groundwater will alter the cosolvency power, as well as the
biodegradation of other components. Improved tool modification is required to integrate
the mixture degradation in the field, especially the ethanol effect on the biodegradation of
BTEX in the downgradient of the plumes.

A screening model has been incorporated within the tool for the users to simulate the fate
and transport in groundwater. However, the screening model results by HSSM and MOFAT
indicate that the mixtures have dramatically different transport in the unsaturated zone due
to changes in the density, interfacial tension, and viscosity. The behavior of the mixture in
the unsaturated zone will significantly affect the groundwater fate and transport. Therefore,
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combined with the existing groundwater model, further research is necessary to design a va-
dose zone screening model to simulate the mixture fate in subsurface based on the spill sce-
narios (e.g., spill volume, mixture component, and site-specific hydrogeologic setting). A
user-friendly unit conversion may be included within the tool to export the tool results directly
to the required form of screening models.

Although the color-coding function is designed in the tool to compare the fate and trans-
port characteristics of pure chemicals versus chemical mixtures in order to rank the relative
impacts to soil and groundwater, future research is needed to compare the concentrations
in subsurface to EPA clean up levels and to consider the cost and time frame of active reme-
diation compared to natural attenuation. This module may be designed to estimate the cost
of the most commonly used remedial approaches (e.g., groundwater pump-treat, air sparg-
ing, soil vapor extraction, chemical oxidation, and enhanced natural attenuation) at different
time frames after the incident spills.

The current version of the chemical mixture tool, provided on CRP-CD-90, was designed
and tested to work with the PC version of Microsoft Excel. Additional research may be
needed to modify the tool to work with a Mac system.
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Final Tool Design Flow Chart for Mixture Properties

Two examples are provided to elucidate the tool design process for the fate and transport 
properties of an input mixture as well as its components.  One is for the Module 1 through a 
synthetic gasoline as a mixture example and the other is for Module 2 and 3 through a mixture
of alcohols and chlorinated solvents.  These design processes are hidden in the final tool and 
not formatted.  In addition, emergency response guidance, HSA screening model, and the
color-coding processes are not discussed in these two examples (details refer to the 
descriptions in the report for each section). 

The tool is designed to run the input mixture as a pseudo component NAPL.  In order to
compare the component properties in a mixture to its pure phase, the tool will also run each
individual component as a 100% input.  Shown below are the output table of the mixture and 
the pure components.  Clearly, there are many calculation worksheets to obtain these final 
output tables.  The number of the calculation step depends on the input mixture properties. 
Each step is provided below with notes of the calculation process beneath the tables 
(Equations are provided in the report). 

Yes No

Yes No
Module 3

Raoult's 
Law

Emergency 
Response
Guidance

Color Coding

Fate Model
Upgrade 

Equipment
Regulator 
Decision 

Mixture Input (Temperature and Volume, Weight or Mole Fraction)

Raoult's Law Conversion of Volume, Weight and Mole 
Fraction

Module 1 xlUNIFAC
Reiteration Between mixture and Water till 

Module 2 or 3

xlUNIFAC Evaluation

Estimate Viscosity, Diffusion 
Coefficients

Presence of Cosolvents

Output of Mixture and Component Properties 

Fate & Transport 
Model (HSA

Screening Model)
Export for other Applications

Cosolvency-Log K ow 

Model

Module 2
,,

,,,,

nmwi

nmwin+1mwi

F

− FF
× 100 ≤ 5%
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Example 1. Synthetic Gasoline 

 
The mixture components and the mass fractions are shown in the Input Interface below. 
 

 
 

Mixture Input Interface of Example 1. 
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Output Table of Example 1. 
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Pure Component Output Table of Example 1. 
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Tool Step 1 of Example 1.   
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Tool Step 2_1 of Example 1. 
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Tool Step 2_2 of Example 1.
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Tool Step 3_1 of Example 1. 
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Tool Step 3_2 of Example 1. 
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Tool Step 3_1(2) of Example 1. 
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Tool Step 3_2(2) of Example 1. 
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Tool Step 3_2(Final) of Example 1.
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Tool Step 3_1(3) of Example 1. 
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Tool Step 3_1(4) of Example 1. 
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Tool Step 3_1(Final) of Example 1.
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Example 2. Chlorinated Solvents

The mixture components and the mass fractions are shown in the Input Interface below.

Input Interface of Example 2.
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Output Table of Example 2.
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Pure Component Output Table of Example 2.
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Step 1 of Example 2.  
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Step 2_1 of Example 2. 
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Step 2_2 of Example 2.
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Step 3_1 of Example 2.
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A P P E N D I X  M

User Operational Manual
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1. REQUIREMENTS 

− Excel  (Program tested using versions 2003 and 2007) 
− A Microsoft Windows PC (Currently not available in Mac) 
− At least 256 MB of system RAM 
− Recommended: 3.0+ Ghz CPU (2.0+ Ghz Parallel or Multi-core CPU) 

2. STARTING THE PROGRAM  

The tool is designed in Excel using Visual Basic for Application (VBA), requiring Excel Macros 
to operate.  Macros are written inside the tool to operate the toolbar buttons or help icons and 
repeat the steps of common calculations.

2.1. Excel 2003 

Depending on your macro security settings, you may see one of the following three messages 
when you open the Excel file: 
1)

2)

3)
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If you see the first dialog box, please select the “Enable Macros” button and the tool will 
initialize.  The second and the third dialogue boxes will require you to reduce your security level 
in Excel (Please see the troubleshooting section 5.1 for detailed assistance). Select the following: 
“Menu,” then “Tools,” then “Options,” then “Security,” and then click on “Macro Security.” 
Lower the security level to “Medium or Low.”  This step requires that the user restart the Excel 
Software and reopen the Chemical Mixture Tool. 

Once the macro has been allowed to run according to the instructions above, the tool will show 
the front page in Excel as shown below.  Clicking the “RUN CMT” button will show the input 
form and continue the tool process.

2.2. Excel 2007 

Depending on your macro security settings, you may see the following warning when you open 
the Excel file: 
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Click the “Options” button, and then choose the option: “Enable this content.”  Click “Okay.”  If 
you do not see this item and did not receive the above warning, your security settings are too 
strict (please refer to the troubleshooting section 5.1 for assistance). 

Once the macro has been allowed to run per the above instructions, you should see the tool front 
page in Excel as below.  Clicking the “RUN CMT” button will show the input form and continue 
the tool process. 

3. TOOL INPUT AND EXECUTION 

3.1. Tool Input Parameters 

Interface and Help Button
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On the Tool input interface, click the “Help” button on the right top corner and the Help menu 
will open to illustrate the input interface functions as shown below.  

1) Mixture Name: Enter the mixture name.  The default is “Mixture, m.” 
2) Temperature (Required):  Enter the desired temperature. 
3) Temperature Unit: Unit of associated temperature.  Default is Kelvin. 
4) Component Fraction: Method by which ratio of components will be defined. 
5) Page Selection: Once a certain number of components have been entered,  

additional pages will appear and can be toggled between here. 
6) Component Input: Enter the component by either name or CAS number.   
7) Ratio of Components: Based on (4), enter the amount of each component in the  

mixture. 
8) Function Buttons: 

1. Search: Allows a search of the registry by CAS or name (details below). 
2. Clear Selections: Resets the form. 
3. Run: Begins the calculation process and produces output. 

9) Total: Displays the sum of (7).  Must be 100 % by Mass or Volume; 1.0 by Molar 
Fraction for the tool to proceed. 

10) Reset Tool: Click to reset the tool at various mixture-water ratios. 
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11) Help: Illustrate the Input Interface and functions. 

Searching the Compound Registry

When the “Search” button is clicked on the main form, the above window will open.  Using the 
radio buttons, select which registry you would like to search.  The drop down menu will allow 
you to limit the way in which you search the registry to items which begin with your data entry, 
items which end with your data entry, or items which contain your data entry at any point. 

After completing it, click the “Search” button on this form, and results will be displayed (note: 
entering nothing in the input box will result in all items in the registry being returned 
alphanumerically). 

To return a component to the main form, select 
it from the resulting list and click the “Add to 
Mixture” button. Only one anonym of a 
chemical is in the tool database, therefore, 
searching by CAS# will be the most convenient 
means to find an input component. 

If you do not see the component you are looking 
for, you may use the “Clear” button to reset this 
form and try again. If a desired chemical cannot 
be found either by chemical name or CAS# 
search, the desired chemical is not in the tool 
database.
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3.2. Reset the Tool 

The nonaqueous phase liquid 
(NAPL)-groundwater interfacial 
equilibria are environmentally 
significant for the fate and 
transport of a solute in the field.  
The solubility or partitioning of a 
solute in a mixture is a function of 
the fraction of the compound in 
the mixture, the presence of 
cosolvents in the mixture, and the 
mixture-to-water ratio.  For 
example, ethanol in ethanol-
blended gasoline will partition into 
aqueous phase and, only at certain 
concentration levels (i.e., 5% 
volume fraction in water), 
subsequently increase the 
solubility of hydrocarbons in 
gasoline.  Conservatively, the tool 
sets the default NAPL-water 
volume ratio as 1:1 to simulate the 
scenarios of large volume spills or 
the near contaminant zone, where 
significant cosolvent may occur.  

The actual ratio may range from 1:1 to 1:10 depending on the incident scenarios.  Every time 
when the tool is opened, it is automatically reset to a 1:1 ratio. Please enter the new ratio for 
other cases.

3.3. Running the Tool 

After the “Run” button is clicked on the main form, a series of simple checks will be performed 
to ensure the input is complete.  If it is, an action bar and series of status messages will appear to 
inform you of the current action the tool is taking and to let you know that it is working. 

This may take several minutes based on the number of components, path through the tool, and 
CPU speed of your computer. 

4. OUTPUT AND INTERPRETATION 

After the tool has finished running, an output interface will be displayed as shown as below.  The 
default output page will provide a summary table of the fate and transport property parameters of 
your input mixture as well as a number of calculated values further to the right of what is shown 
here.  In addition, there are four buttons (1 through 4) and a “Help” button (5) that will display a 
basic summary of each button’s function from within the tool itself. 
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4.1. Color Coding 

The "Color Coding” button (1) is designed to compare the properties of a component to its pure 
phase using different colors. Clicking the button will toggle the color coding on and off.  The 
“Color Coding” button (1) will shade parameter Water Solubility through Anaerobic Half-Life 
time based on the specific parameter in that column in the mixture compared to that same 
parameter as a pure compound.   

• The Lime Green color represents the ratio of the property less than 5.0, which indicates 
that there are no significant changes in the property of the mixture compared to the pure 
chemical. 

• The Orange color represents the ratio of the property between 5.0 and 10.0, indicating 
that there are slight changes in the property of the mixture compared to the pure 
chemical. 

• The Red color represents the ratio of the property greater than 10.0, indicating that the 
chemical mixture may have a dramatic effect on the property of a component. 

• The Blue color highlights the major mixture NAPL transport properties in the unsaturated 
zone.
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In addition, a note (shown above) will be added to each Orange/Red cell, which will show the 
associated value when the compound is not mixed as well as the ratio between the two.  It should 
be noted that even though the color change from green to red indicates the severity of the 
property change of a component in a mixture compared to its pure phase, the red color does not 
guarantee the mixture is not acceptable considering the uncertainty of the tool.   

4.2. Parameter Notes 

The "Parameter Notes" button (2) is designed to interpret the physical and chemical parameters 
and terms used in the output table. When this button is selected, a note box will open as below to 
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interpret the parameters and definitions in the output table.  Click the “Return to Table” button to 
return to the output interface. 

4.3. Screening Model 

The “Go to Component Plume” button (3) is designed to simulate a component plume in a 
saturated groundwater aquifer with default hydrogeologic characteristics.  Select any component 
and then click the “Go to Component Plume” button and it will take the user to an interface of 
the Domenico Analytical Model designed by the research team, where a plume of the component  
is shown. The default simulation time is one year. 

The “Return to Table” button below the plume illustration will return the user to the main output 
sheet.  Located to the right of the plume illustration are the entry parameters used to generate it. 

These are the generic parameters, which can be adjusted to fit the specific conditions in question.  
The concentration, partition coefficient, and half-life are calculated by the mixture tool (blue 
borders with a red font) and should not be changed.  Please use the “Help” button below the 
input area to access detailed data entry instructions as shown below. Click the “Return to Plume” 
button to return to the screening model interface. 
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4.4. Emergency Response Guidebook (ERG 2008) 

The “Emergency Response Guide” button (4) is designed to assign each chemical component an 
Emergency Response Guidebook (ERG 2008), which was developed by the United States 
Department of Transportation (U.S. DOT).  Select one component and click the “Emergency 
Response Guide” button, and it will take the user to the interface of appropriate emergency 
response guides according to the U.S. DOT Hazardous Class and United Nations Identification 
Number (UN#) assigned to the component for proper shipping as shown below.  Clicking the 
“Return to Table” button at the bottom of the ERG will take the user to the current output 
interface.
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5. TROUBLESHOOTING 

5.1. Adjusting Macro Security 

Excel 2003:

From the menu, select “Tools” then “Options” to open the above screen.  Select the Security Tab 
from the groups at the top of this menu, and then click the “Macro Security” button from the 
bottom of the Security Tab.  This will open the following menu: 

Here the user can change the security settings.  
“Medium” is the recommended setting which 
will result in the prompt mentioned above.  A 
higher security setting will not allow the tool to 
run, and a lower security setting may allow 
potentially malicious macros to run without 
prompting, if the user is concerned. 

Once this setting has been changed, the tool 
must be closed and re-opened in order to 
proceed.
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Excel 2007:

 Using the Office button (pictured to left) will show the following: 

Here, the user will select the 
highlighted button at the bottom 
(Excel Options), which will allow 
access to a number of application 
settings.

On the next window, navigate first to 
the “Trust Center” (1), and then open 
the “Trust Center Settings” (2). 
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Finally, the user can change the security setting under “Macro Settings.”  Selecting “Disable all 
macros with notification” is recommended and will result in the same behavior described in this 
document.  Anything higher will prevent the tool from running, while anything lower will permit 
potentially malicious macros to run without prompt. 

Once this setting has been changed, the tool must be closed and re-opened in order to proceed. 

5.2. Adding the ERROR Function for Screening Model 

The tool will automatically turn on the Analysis Toolpak in Excel as an Add-in to run the 
screening model.  If it fails to turn on the ERROR Function in the Analysis Toolpak, a note will 
show as pictured below.  If this function is not available, the data source calculations for the 
plume will result in “#VALUE!” Or “#NAME?” errors, and no chemical plume will be shown.   
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Next, install and load the Analysis ToolPak add-in following the instructions on the following 
page.

Excel 2003:

From the menu, select “Tools” and then “Add-Ins” to open the second screen below.  From this 
menu, check the boxes next to both “Analysis ToolPak” and “Analysis ToolPak – VBA,” then 
click OK.  Close Excel and reopen it, then run the Chemical Mixture Tool; the issue associated 
with the screening model plumes should be gone. 
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Excel 2007:

 Using the Office button (pictured to left) will show the following:

Here, the user will select the highlighted button 
at the bottom (Excel Options) which will allow 
access to a number of application-wide settings. 

Once the “Options” window is open, select the 
“Add-Ins” tab on the right.  This will display a 
window which looks like the image below.  
Select the “Go” button at the bottom of this 
window.
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The following menu will open.  Simply check the boxes next to “Analysis ToolPak” and 
“Analysis ToolPak – VBA,” then select “OK.”  Close Excel and reopen it; then run the Chemical 
Mixture Tool, and the issue associated with the screening model plumes should be gone. 

5.3. Spreadsheet-Related Problems 

The Tool was built in the Excel spreadsheet environment and spreadsheet-related problems may 
occur for either the cell/table format or the component plume due to the calculation process. 
Below are some anticipated problems and interpretations: 

1) #### is displayed in a number box in the Output Table: The cell format is not compatible 
with the value, (e.g., the number is too big to fit into the window). To fix this, select the 
cell, pull down the format menu, select “Cells” and click on the “Number” tab. Change 
the format of the cell until the value is visible. If the values still cannot be read, select the 
format menu, select “Cells,” and click on the “Font” tab. Reduce the font size until the 
value can be read. 

2) #DIV/0! is displayed in the raw data for the screening model plume: The raw data for the 
screening model is located in the bottom of the screening model interface.  The most 
common cause of this problem is that some input data in the screening model are missing. 
In some cases, entering a zero in a box will cause this problem. Doublecheck to make 
certain that all of the input cells required for your run have data.  In addition, as described 
in 5.2, the ERROR Function required for the Screening Model may cause this issue 
(Please see the troubleshooting section 5.1 for detailed assistance).
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3) The plume graphs seem to move around or change size:  The screening model plume is 
generated by Excel Standard Chart Wizard.  This is a feature of Excel. When graph scales 
are altered to accommodate different plotted data, the physical size of the graphs will 
change slightly, sometimes resulting in a graph that spreads out over the fixed axis 
legends. The research team has adjusted the graph scale (i.e., axis scale and the plume 
display contours) according to the plume sizes.  However, users still can manually resize 
the graph to make it look nice again by double-clicking on the graph and resizing it (refer 
to the Excel User’s Manual). 

5.4. General 

Most unexpected, abnormal behavior can be resolved by: 

• Restarting Excel, 
• Rebooting your computer, or  
• Returning to the original zipped document and re-extracting a fresh copy of the tool. 

This tool’s main limitation is that it cannot be used for all chemical substances, with the database 
of 740 components derived from literary research and interviews with professional personnel 
based on hazardous material classification and commodity flow survey and incident reports. The 
intended application domain is for liquid organic chemicals, particularly petroleum and related 
compounds.  Inorganic and organometallic chemicals generally are outside the tool’s domain.  If 
the desired chemical is out of the tool database, the current tool will not be able to generate the 
property for the particular mixture and simulate the fate and transport in subsurface.

Detailed information concerning the development, performance, and application of the tool, as 
well as the individual programs (e.g., Universal Functional Activity Coefficient (UNIFAC) 
model, Raoult’s Law, and the Cosolvency-Log Kow Model) contained within it, can be found 
within the theoretical section of the tool development manual.  If there are any issues that are not 
resolved by the manual, please contact HSA Engineers & Scientists at (239) 936-0789 or hsa-
ftm@hsa-env.com.
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L I S T  O F  A C R O N Y M S  A N D  S Y M B O L S

AAR Association of American Railroads

API American Petroleum Institute

ATSDR Agency for Toxic Substances & Disease Registry

BTEX benzene, toluene, ethylbenzene, and xylene

BTS Bureau of Transportation Statistics

CAMEO Computer-Aided Management of Emergency Operations

CAS # Chemical Abstract Service registry number, which is unique identification
for chemicals. It is also referred to as CAS RN.

CFS Commodity Flow Survey

CHEMTREC Chemical Transportation Emergency Center

DGAC Dangerous Goods Advisory Council

DNAPL Dense Non-aqueous Phase Liquid

DOE U.S. Department of Energy

DOT U.S. Department of Transportation

EAWAG Swiss Federal Institute for Environmental Science and Technology

EPA U.S. Environmental Protection Agency

EPIWIN Estimation Program Interface Suite

FDEP Florida Department of Environmental Protection

FGCU Florida Gulf Coast University

HAZMAT Hazardous Materials

HMCRP Hazardous Materials Cooperative Research Program

HSDB Hazardous Substance Data Bank

HSSM Hydrocarbon spill screening model

IAFC International Association of Fire Chiefs

IRIS Integrated Risk Information System

ISI Institute for Scientific Information

IUPAC International Union of Pure and Applied Chemistry

KOPT Kinematic Oily Pollutant Transport

LFER Linear Free Energy Relationship

LNAPL Light non-aqueous phase liquids

LSER Linear Solvation Energy Relationship

LSST Linear Solvation Strength Theory

MHMI Managing Hazardous Materials Incident

MIT Massachusetts Institute of Technology

MOFAT Multiphase Flow & Multicomponent Transport Model

MSDS Material Safety Data Sheets

NAPL Non-aqueous Phase Liquid
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NIST National Institute of Standards and Technology

NOS Not Otherwise Specified

NTSB National Transportation Safety Board

OPP Office of Pesticide Programs

TRB Transportation Research Board

TSG Transient Source Gaussian Plume

UN/NA # United Nations or North American Identification Numbers

Aerobic t1/2 The half-life time of a component under aerobic conditions. The smaller
the half-life time, the faster the chemical decay.

Anaerobic t1/2 The half life time of a component under anaerobic conditions

Da Diffusion coefficient in air

Dw Diffusion coefficient in water

Dm Diffusion coefficient in mixture

foc Fraction organic carbon

I Hydraulic gradient (ft/ft)

K Hydraulic conductivity (ft/yr)

Ki, am Partition coefficient between air and the mixture, which is relevant for
phase equilibrium and the concentration in air

Ki, aw Partition coefficient between air and water (unitless)

Ki, mw Partition coefficient between the mixture and water, which is relevant for
phase equilibrium and the solubility in water

Ki, oc Partition coefficient of a component between organic carbon and water,
which is relevant for adsorption of a NAPL to sediment and the retardation
factor of a NAPL travel velocity

Kow Partition coefficient between octanol and water

MW Molecular weight of the component, which is unique for each chemical

ρ Density

σ Surface tension of a NAPL against air

σow The interfacial tension between the mixture and water

P Vapor Pressure

S The solubility in water

η Dynamic viscosity

σi,j As the co-solvency power of the solvent for the compound i in co-solvent j

γ Activity Coefficient

Cs Concentration in Source Zone (mg/L)

C0 Concentration in Source Zone at t=0 (mg/L)

αx Longitudinal groundwater dispersivity (ft)

αy Transverse groundwater dispersivity (ft)

αz Vertical groundwater dispersivity (ft)

λ First-order decay coefficient for dissolved contaminants (yr−1)

ks First-order decay term for source concentration (yr−1) (no decay for the
source concentration based on the assumption of continuous source plume)

θe Effective soil porosity

θ− Soil total porosity

R Constituent retardation factor



Abbreviations and acronyms used without definitions in TRB publications:

AAAE American Association of Airport Executives
AASHO American Association of State Highway Officials
AASHTO American Association of State Highway and Transportation Officials
ACI–NA Airports Council International–North America
ACRP Airport Cooperative Research Program
ADA Americans with Disabilities Act
APTA American Public Transportation Association
ASCE American Society of Civil Engineers
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
ATA Air Transport Association
ATA American Trucking Associations
CTAA Community Transportation Association of America
CTBSSP Commercial Truck and Bus Safety Synthesis Program
DHS Department of Homeland Security
DOE Department of Energy
EPA Environmental Protection Agency
FAA Federal Aviation Administration
FHWA Federal Highway Administration
FMCSA Federal Motor Carrier Safety Administration
FRA Federal Railroad Administration
FTA Federal Transit Administration
HMCRP Hazardous Materials Cooperative Research Program
IEEE Institute of Electrical and Electronics Engineers
ISTEA Intermodal Surface Transportation Efficiency Act of 1991
ITE Institute of Transportation Engineers
NASA National Aeronautics and Space Administration
NASAO National Association of State Aviation Officials
NCFRP National Cooperative Freight Research Program
NCHRP National Cooperative Highway Research Program
NHTSA National Highway Traffic Safety Administration
NTSB National Transportation Safety Board
PHMSA Pipeline and Hazardous Materials Safety Administration
RITA Research and Innovative Technology Administration
SAE Society of Automotive Engineers
SAFETEA-LU Safe, Accountable, Flexible, Efficient Transportation Equity Act: 
 A Legacy for Users (2005)
TCRP Transit Cooperative Research Program
TEA-21 Transportation Equity Act for the 21st Century (1998)
TRB Transportation Research Board
TSA Transportation Security Administration
U.S.DOT United States Department of Transportation
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