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HAZARDOUS MATERIALS COOPERATIVE
RESEARCH PROGRAM

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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FOREWORD

By William C. Rogers
Staff Officer
Transportation Research Board

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.
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SUMMARY

Assessing Soil and Groundwater Impacts of
Chemical Mixture Releases from Hazardous
Materials Transportation Incidents

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):

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

o Task 2—identify sources and collect readily available data on fate and transport properties,

e 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

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



In September 2009, the research team proceeded to implement Phase 2 (Tasks 5 through 8)
of the research project:

o 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;

e 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;

o 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

o 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 (CES); 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 xIUNIFAC does not function for a chemical mixture due to the lack of
the molecular volume and surface area (i.e., R, and Qy) or the group interaction parameters
(i.e., a,m), 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 K,,,
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 K., 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, CASH#,
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



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,



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.




Contents of Contractor’s Final

Report for HMCRP Project 06
(Final Report Contained on CRP-CD-90)

LIST OF TABLES ... iiieeiiiiimeiirismminnssms s ssmm s s nm s s s nm s s a s s nmm s e s nmm s n s e nmma s n e nnmmnnn iv
LIST OF FIGURES ... iiieeiiiiemiinnss s nsm s s sm s s nm s s s s nm s s nm s s nmm e nnmmnas Vi
LIST OF ACRONYMS AND SYMBOLS ...cceiiiiimmeiinnnnnessinnnsnsssssssensssssssnsssssssansssssnnens viii
2 N 0 1 37 N Xi
AUTHOR ACKNOWLEDGEMENTS ...iieceiiiiimmeiininnmesinnnnssssssnssssssansssssssnssssssssnssssnns Xi
EXECUTIVE SUMMARY ...uiiiieeaiimimmmnsimmnnnssimmnsnsssssnsnsssssmssnssssssmsnsssssssnnnsssssssnnsssnns ES-1
CHAPTER 1. INTRODUCTION.....cotteeuuimrmnnnssimmmnnnsssmmsnssssmmmmsssssssmssssssssmmnssssssnssssssssssnnsas 1
I[.1 BACKGROUND ...ttt ettt ettt et 1
1.2 SCOPE OF WORK ....ooiiiiiiieec ettt st 2
CHAPTER 2. RESEARCH APPROACHES......ciiiiiirmiirrnmm s nnssssss s nmm s s nmm s s nmmaas 5
2.1 PHASE T APPROACHES ...t 5
2.1.1  Task 1 Literature Review and Expert INterview .........cc.cccceeueiiviiiiniiinieeniieeneeens 5
2.1.2  Task 2 Identify Data Sources and Collect Readily Available Data........................... 7
2.1.2.1 External Electronic and Text Databases..........ccccoevveeriiieniiiiniiiiniieiniceneeee 7
2.1.2.2 EXIStNZ SOfIWATE ...eeeeiiiieiieee ettt ettt e 8
2.1.2.3 Thermodynamic Calculation of Pure Chemicals..........ccocceeeriiiiniiiiniicnniennne. 8
2.1.24 Properties of Chemical MIXTUTE .......ccccueeriiiiiniieeniie et 8

2.1.3  Task 3 Tool Design Conceptual Model ..........ccoceeiiiiiiiiiiiniiiiiiiieeeieeeeeeeeee 8
2.1.3.1 “Lump” COMPONENL .....eieiiieiiiieeiieeeiteeeiteesteeesiteeesiteestaeesseeesseeessneesssseesnneens 8
2.132 Ideal Chemical MIXIULES .....ccccueeiriiiiiiiieiieeeiiee ettt 10
2.1.3.2.1 Solubility (S;,) of Chemical Mixture in Aqueous Phase..........cc.ccccovveenneen. 11

2.1.3.2.2 Effective Vapor Pressure (Py,) of Chemical Mixture........ccccccoevveeniieennneen. 11

2.1.3.2.3  Other Properties of Chemical MiXture...........cccoecuveeriiieeniieinieeeieeeiee e 11

2.1.3.2.4 Partitioning between Chemical Mixture and Water Air Soil Phases........... 13

2.1.3.2.5 Degradation of Mixture SOUurce (Km).....ccoooueeruieeriieeniieinieeenieeeieeeree e 14

2.133 Non-Ideal Chemical MIXTUIES ........ceoueerieiriienieiiienieeieeeeeeie e 14
2.1.3.3.1 Activity Coefficient in a Mixture Phase .......c...ccoceeieiniiniiininnincceeee. 15

2.1.3.3.2 Partitioning between Chemical Mixture and Water Air Soil Phases........... 15

2.1.3.3.3 Co-solvency Effect in Aqueous Phase.........ccocccoeeeiiiiiiniiiiiiniiicece. 16

2.1.3.3.4 Salinity and pH Effect in Aqueous Phase..........ccccoeeeviveriiieniiieeniieeieeeee, 17

2.1.3.3.5 Effective Solubility (Sp) and Vapor Pressure (P,) of Chemical Mixture ...18
2.1.3.3.6  Other Properties of Chemical MiXture..........cccceeeuveeriieeerciieeniieenieeeseee e 18



2.1.34 Review of Screening Models.........c.oeoiiieeiiiieiiiecieeee e e 18

2.1.3.5 Preliminary Design of the Tool and Communications...........cccceeevveereeeneenne 19
2.2 PHASE II APPROACHES...... .ottt 21
2.2.1 Task 5 Chemical Mixture Tool (CMT) Design ........ccccceevveieriiiiniiieeniieiniieenieeene 69
2.2.1.1 Module 1 XIUNIFAC ...ttt e 69
2.2.1.1.1 Theoretical Background............ccccceeeriiiiiiiiiiiieniieeeiieeete et 69
2.2.1.1.2  Evaluation of XIUNIFAC .......cccccoiiiiiiiiiieteeee e 77
22.1.2 Module 2 Cosolvency-Log Koy Model .......coocviiiiiiiiiiiiiiiiiieiceieeeiee 78
2.2.1.2.1 Theoretical Background.............ccccueeriiiriiieeiiieeiieeeire et eevee e e 78
2.2.1.2.2 Co-solvency power and log K, Correlation Parameters ..............cccoueen..e. 79
2213 Module 3 Raoult’s Law ......cccooiiiiiiiiiiiiiieeteeeee e 80
2214 Chemical Mixture Tool (CMT) Development...........cceeevveeenieeinieeniieenneeenns 80
2800 3 T 11020 1 1) 2T SR 81
2.2.1.4.2  Output INTETTACE .....veeeiiiieiiieeiee e 82
2.2.1.4.3 Example of Chemical Mixture Tool (CMT) Design........cccccecvveerreeerveennee. 83
2.2.1.5 Emergency Response GUIAANCE ...........ceevveiiiiiiiniiieiniiieniieeeieeeeeesiee e 84
2.2.1.6 Modified Domenico Model ...........ccooiiiiiiiiiiiiiiiiecceeeeeeee e 84
2.2.1.6.1 Domenico Analytical Model EqQUation ............ccccceeeviiiiniieiniiiinnieenieeeen, 84
2.2.1.6.2 Graphical Interface and Data Entry .........cccccocveeviiieniiiiinieeiieeee e, 85
2.2.1.6.3 Comparison to Existing Screening Models............ccoeveiriiiiniieiniieinieennne. 91
2.2.1.6.4 Graphical Plume Output and Application.........cccceeveerieenieniierneenieeieenenn 92
2.2.1.6.5 TroubleShOOtING ........ccueeiiiiiiiiiiiiiiieeie ettt 93
2.2.2  Task 6 Estimate the Fate and Transport Parameters for Representative Mixtures. 94
2221 Representative MIXTUTES ......ccocuvieiiiiieiiiiieeiieeeite ettt ettt et sieeesvne e 94
2.22.2 Tool Results of Representative MIXtUIESs...........eevueerierriienieenieenienieenieeieeee 94
2223 Fate and Transport Modeling of Representative Mixtures...........cccceeuveenee. 104
2.2.2.3.1 HSSM Simulation ReSUlts ..........ccooiiriiiiiiiiiiiiiieiceeeeeeee e, 105
2.2.2.3.2 MOFAT Simulation ReSUILs .......cccceeoiiiriiriiiniiiiieiciecniceeeee e 116
2.2.2.3.3 BIOSCREEN-AT Simulation Results ..........cccccceiieniiiiiiniiniiinieiienen, 130
2224 Comparison and Analysis of Transport Properties and Simulation
CRATACTETISTICS. ¢ttt ettt ettt ettt e e e 134

2.2.2.4.1 Analysis of HSSM Results for Gasoline...........ccocceeeviieiniieiniiennieenieenne 134
2.2.2.4.2 Analysis of MOFAT Results for Gasoline.........c.cccceeevveeniiveinciieenieeenieenns 143
2.2.2.4.3 Analysis of BIOSCREEN-AT Results for Gasoline..........ccccceeveereieennns 148
2.2.2.4.4 Summary of Screening Model Analysis ........cccoeeveeviiieeniieeeniieennieeeieeeee 150
2.2.3  Task 7 and Task 8 Tool Refinement and Report ..........cc.ccocveevieniiinniiniiinicnnens 151
2.2.3.1 Chemical Mixture Tool (CMT) Evaluation and Calibration......................... 151
2.2.3.1.1  Viscosity COMPATISON ....c.ueeerieriririeenieeereenieenteeteeereereesneereeseeesneesaee e 152
2.2.3.1.2 Interfacial Tension COMPATISON.......cccueeerreerrurerriiieeriiieenieeesieeesreeenareeenens 153
2.2.3.1.3 Partition Coefficient of BTEX into Water from Gasoline......................... 154
2.2.3.1.4 Calibration and Verification of Total Effective Solubility ........................ 155
2232 Sensitivity and Uncertainty Analysis of Chemical Mixture Tool (CMT)..... 157
2.2.3.2.1  Sensitivity ANALYSIS couveeerieeiriieeiieeeiieeeiiteeeieeesieeesreeerareeesireesaeeesneeesanee 157
2.2.3.2.2  Uncertainty ANalySIS......cccceevuiriiiiriiieiiieniiiieeneeeieesee e 159

2.2.3.3 Color Coding and Property Ranking ..........cccecceevvieeniiieniieiniieeiee e, 162



8

CHAPTER 3. FINDINGS AND APPLICATIONS ..cciitieeeeeeniinnrrnnssnsssssssnnnnnssssssssssnns 163
3.1 TYPOLOGY TABLE .....ooiiiiiieteeee ettt 163
3.2 CHEMICAL MIXTURE TOOL DESIGN AND APPLICATION........cccccecveeviruennens 164
3.3 FATE AND TRANSPORT OF ETHANOL-BLENDED GASOLINE....................... 164

CHAPTER 4. CONCLUSIONS AND RECOMMENDATIONS .....coimmmiimmmemmnnmmnennsnn 165
4.1 CONCLUSIONS ..ot 165
4.2  LIMITATIONS AND FURTHER RESEARCH RECOMMENDATIONS................. 165

REFERENCES ......ccuniiiimiinnseeessssin s s s s sssssnn e s s s s ssssssssn s s s s e nmnsssssssssnnnnssnnnnnnnsnns 168

Appendix A. Interview Questionnaire and Interview List........c.cccocoevviiiiiiniinieniineenieceee A-1

Appendix B. Collected Chemical Properties ..........c..ccocuierieriiiiniiniiiiinieeeeeeeeec e B-1

Appendix C. Top-Ranked Hazardous Materials Reported for Incidents or Transported ........... C-1

Appendix D. Major UN# NOS Hazardous Materials ..........cccceoveevieniiinieniceicniecieeneeeeee D-1

Appendix E. Review of Screening MoOdElS........c.ccooiiiiiiiiiniiiiiiiiienececeeece e E-1

Appendix F. Classification of Hazardous Materials Transported............ccccevvvervienieeneenicnnnen. F-1

Appendix G. Evaluating UNIFAC, Cosolvency and LSER Methods ........c.ccccocvevviiinieniieennenne. G-1

Appendix H. Tool Design Process EXample...........cooouiiiiiiiiiiiiiiiiiiieeieeieeeeeeeeeeee e H-1

Appendix I. Synthetic Gasoline and Retail Gasoline COmMpPOSITIONS ......c...cocuververvieenieenreeniennnee. I-1

Appendix J. HSSM Simulation ReSULLS .....c...cooiiiiiiiiiiiieeeee e J-1

Appendix K. MOFAT Simulation ReSUlts.........coccoeiiiiiiiiiiiiiiiieeeeecceceeeceeee e K-1

Appendix L. BIOSCREEN-AT Simulation ReSults .........c..ccociiiiiiiiiiiniiiieceeceeeee L-1

Appendix M. User Operational Manual............ccoceoviiriiiiiiiniiiienieeceeeceeeee e M-1



APPENDIX H

Tool Design Process Example



10

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

Raoult's Law Conversion of Volume, Weight and Molei Estimate Viscosity, Diffusion

Fraction Coefficients
x]IUNIFAC Evaluation
Yes y $ No
Module 1 xIUNIFAC Module 2 or 3

Reiteration Between mixture and Water till Presence of Cosolvents

P _F Yes* *NO
i,mw, n+ Lmwn 100 € 5% Module 2 Module 3
i,mw,n Cosolvency-Log K ,,, | Raoult's
Model Law

v ' v

| Output of Mixture and Component Properties |

v Y v v

Emergency Fate & Transport r ____________ ':
Response Model (HSA Color Coding | | Export for other Applications |
Guidance Screening Model) | |

| Upgrade Regulator'
|Fate MOdel§ Eju_ipmenté Decision I

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).



Example 1. Synthetic Gasoline

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

Mixture Tool X
CHEMICAL MIXTURE TOOL adstRamo | _Help |
Mixture Name: Enter Component Fraction
| Svnthetic Gasoline | (¥ by Mass
Tempeuus | 22l e
Page 1 ]
COMPOUNDS CAS #s
| Ethanot || 64175 | [10 |0
| 224 Trimethylpentane | [ 540841 | |2 %
| Hexane | | 110543 | [2¢ %
| Benzene || 71432 | [5 %
| Toluene | | 108883 | 17 %
| Ethvibenzene | | 100414 | [ %
| o-Xylene || 95476 | [ 12 |%
| || | [ 1%
ks ‘ SEE;JE':;HS o ‘ Total: IT%

Mixture Input Interface of Example 1.
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& E 0 il E F 5 H i i 3 L 1 o P B R % U W W & ¥ z b BB | AC
cobreadng | 00 Camparent ey
i Pammar Emeneacy
| hes Fesponse Guke
TABLE OF FATE & TRANSPORT PARAMETERS OF CHEMICAL MIXTURE
2
’ Wate Surface |Interfacial| Diffurizit | Diffarizity
Hiztars Campanant cass |V n“‘:l"“'"" uHma 3 ':;')’ "(';)" i "':_‘ i '"'I 3 ':':":_; Sul Fr. Temrinn '("‘P"“)’ Kimc | Ima | 7 i in M
arr ractinn |Catmalad | Gatmb) | TR T 0] T ettty | (amtmy | =P Kuw | Cem2zin) | Cem2ie) | (emzin
3
Saynth?tlc MAPL o RA MA 000 000 10 an 1) BATET 136 232 220 0582 1.08E-01 1EIE-00 1.7T4E-01 29693 | 283 132E-M SATE-DE [ 124E-05 [ [E
b asoline
| Ethanal E4-17-5 Flammable Ligui 17 0. 95 194 LT E3454 4 0.0 1M JEE-D3 102E- 21E-04 118 03 | Z02E-M ) 132E0S | 1LS2E-09 1 4
& | A-Trimethylpenty 540-84-1 | Flammable Liquid | 1262 2] 343 L2651 1 E 7T 054 L40E05 E.EIE-! ZE+ a8 . TAIE-02 | F.20E- L92E-08 A M
sl Components Hexane 10-64-2 | Flammable Liquid | 1202 4. 22 .26 g £. .30 L2E.04 | 3ETE- H2E+ are 0E - 7.77E- 07E-05 = A,
| of the Misture Eenzene 71-43-2 Flammable Ligui 1114 2 .5 0034 122 9. .65 . TAE.02 A40E-04 LESE- 26 LS0E- L0 2ZE- L41E-05 Jan
a | Toluene 108-88-3 | Flammable Liquid | 1234 T .0 oo XF 430 062 G3E+ 1.26E-04 LG 1E- B4 i L TIE-  EOE- L19E-05 210
o | Ethylbenzene 100-41-4 Flamm.able Ligui 175 121 3 01 1 43 42, 0.80 2.05E+! 5.24E-05 107E- 11 A A0E- 4 9E-! LIFE-05 228
1 o-mylens 95-47-E Flamm.able Liqui 1207 12. 1 o1 1 & el 0.2 464 087 3Z0E-! 2.0BE-05 E.53E- 128 31z T.35E- . GOE- LI7E-05 360
12
Nate:

18

20

21

] Column Y = Column X/Cell P4/(\Water Viscosity in Typology table at input temperature). Equation 13 in the report.

24

Column B to E are linked to typology table.

Column F to H are linked to step 1.
Column |, J,L, N, O, P, V, W, X, and Z are linked to Step 2_2.

Column K is linked to Column F in Step 3_2{final}. A modification was performed for chemicals which have less accuracy for the solubility due to the XLUNIFAC bias on the activity coefficients, particularly for aliphatic
hydrocarbons. If the water solubility of a chemical generated from the tool is five times offset the reported data in Typology table, the solubility of that chemical in a8 mixture = Column F in Step 3_2{final)/Offset Values.

Column Q = Column G in Step 3_1(final)fColumn G in Step 3_2(final).

Column R = Column S/Column Q.
Column S = Column O in Step 2_2/Column G in Step 3-2(Final*Column H*Column G in Step 3_2(Final) for pure chemicals. This modification incorporates the cosolvency effect on the partitioning.

Column U = Column L in Step 2_2/Column G in Step 3-2(Final)*Column H*Column G in Step 3_2(Final) for pure chemicals. This modification incorporates the cosolvency effect on the organic carbon partitioning.

Cell Q4 to Y4 using equation = ZxiYi, where xi is the molar fraction of component in Column H, Y is the component property of the associated columns.

Column Z and AA are linked to Typology table for each component, which are compiled from available data (Howard, et al. (1991) Handbook of Environmental Degradation Rates; Mackay, et al. (2006) Jandbook of
Physical-Chemical Properties and Environmental Fate for Organic Chemicals).

25 |

26

i«

b Model Plume ERG ., Pure Component | Output , Stepl .~ Step2 1 - Step2 2 < Step3 1 - Step3 2 - Step 3 1(2) Step 3 2(2) Step 3-2(Final) .~ Step 3 1(3) . Step3_1(4) Step 3_1(Final)

"_JFE

Output Table of Example 1.
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i
Partitioning | Partitioning | Partitionin i
us DoT Mass |Volume Maole MY Densit Water Yapor | Surface | Interfacial [ e m: 2 ai? &l ai? Diffusivity | Diffusivity '::ambm Anaerobic
Pure Component CAS & Hazardous UNINA 8 Fractio | [gfmol 1 Solubility | Pressure | Tension| Tension =2 = Kioc lag in Water |in Mizture 0 Halflife
ol [E4] 4] [gimL]) " H N N [mPa.s) | and water and miz and water K.. 2 3 3 Time Ti d
ass n €] [mgiL] | [mm Hg) | (mM{m]) | [mMNim) ... ... K....) [em?®is) [cm®is) [em®is) (day) ime [day)
3
5| Ethanol E4-17-6  Flammable Liquid 170 0.0 95 0134 45 0.7s 414645 4+ 220 -2 10 1.38E-00 10E-04 1.90E-04 100 -0 2.02E-01 1.32E-05 1.HE-05 1 4
E | 2.24-Trimethylpentane  540-34-1  Flammable Liquid 1262 320 343 0281 4 0E3 2 43 2058 477 0.4 2.89E+05 9.8TE-02 124E-02 27550 403 THE-02 ¥.20E-06 112E-05 MA M
=] Hexane 10-54-3  Flammable Liquid 1208 240 272 0.25 26 LIK:1i] 10 153 203 484 030 T.0ZE+04 4 67E-02 T.3EE00 860000 380 2.00E-01 T.77E-06 1.259E-05 A, 1A
0 Eenzens T1-43-2  Flammable Liquid 114 a0 28 o004 78 nse 1715 a5 288 294 0ER 5.03E+02 445E-04 2.27E-01 53.00 212 8.80E-02 1.02E-05 1528E-05 16 van
L Toluene 08-88-3  Flammable Liquid =~ 1234, 3032 7.0 B0 0068 az .86 fei:1} 28 288 431 063 2.2E.03 1.23E-04 2. 7E-m 12200 273 8.70E-02 &.60E-08 1.36E-08 2 20
| Ethylbenzene 100-41-4  Flammable Liquid 17E 120 0.3 o 106 ney 160 10 290 427 n.an G.42E+02 B.A4E-05 3.22E-01 JET00 2IE TA0E-02 8.43E-06 1.0EE-05 10 228
1 o-Hylene 95-47-6  Flammable Liquid 1207 120 101 0.1 108 nse 96 T 287 4E.4 0.8r 9.02E+02 2.33E-05 212E-1 44210 312 T.35E-02 8.50E-08 9.80E-08 23 60
12
EA|
" _Note:

5 |All columns are the same as the Output table.

& |Each row is calculated using 100% input of the component.

PR Model_Plume _ "ERG | Pure Component . Output ~Stepl . Step2 1 ~Step2 2 ~Step3 1 - Step3 2  Step3 1(2) , Step3 2(2) . Step 3 2(Fnal) . Step3 1(3) . Step3_1{4) , Step 3 1(Final} . ©J

Pure Component Output Table of Example 1.
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e
-

o
w oo

20
21
22
23

A B c D E F G
Step 1. Inputs and conversions
o ; i Conversion of component fraction
| i s St mass% mass/density ©  vol% | mass/MW  Molar fraction
Ethanol 64-17-5 10 12.821 9.517 0.217 0.194
2.2 4-Trimethylpentane 540-54-1 32 46.247 34329 0.28 0.251
Hexane 110-54-3 24 36.652 27.207 0.278 0.25
Benzene 71-43-2 3 344 2534 0.038 0.034
Toluene 108-68-3 7 8.106 6.017 0.076 0.068
Ethylbenzene 100-41-4 12 13.841 10.274 0.113 0.101
o-Xylene 95-47-6 12 13.635 10.121 0.113 0.101
Total 100 134.715 100 1.116 1.0
°C 20
Temperature K 293
°F 68

iy o) pEel| P | L By
o=t =t bl e e = L =R =TT HL AR E o AFCH (L] B

MNote:

Column C: Red color highligthed are the input data of the mixture.

Temperature is an input parameter too, which will be used in viscosity and diffusion coefficient calculation.

Colurnn E = Column D/Cell D7*100.

Column F = Column C/molecular weight in typology table.
|Column G = Column F/Cell F7*100.

Column D = Column Cfdensity in typology table.

Tool Step 1 of Example 1.
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(23]

18 |

19
{Column M is the sum of Column K. Equation 6 in the report.

e |

20

|Column C = Column G in Step 1.
|Column D = Column C/Column G*1000.

A B c D E F G H I J K L M
Step 2_1. Mixture Phase Properties
Maole Malar MW  Densit Molar Surface  Interfacial Vi it Activity In\dfmdual Jotal
Compound CAS# fraction in Concentration ENSY | volume Tension Tension  °' 95! ¢ oefficient N o
(g/mole) = (g/ml) (mPa.s) i Pressure Pressure
NAPL (mole/L) (ml) (mN/m) (mN/m) in mix
(mm Hg) (mm Hg)
Ethanol 64-17-5 0.194 1.638 3.95E+00 6.36E+01
12,2 4-Trimethylpentane 540-84-1 | 0.291 2.114 1.29E+00 1.59E+01
|Hexane 110-54-3 025 2102 1.26E+00 4.79E+01
|Benzene 71-43-2 0.034 029 89.59 0.75 118.72 23.28 22.00 0.53 1.24E+00 4.05E+00 136.00
| Toluene 108-88-3 | 0.068 0573 1.27E+00 246E+00
|Ethylbenzene 100-414 0.101 0.853 1.26E+00 1.23E+00
o-Kylene 95-47-6 0.101 0.853 1.22E+00 8.16E-01
Total 1.00 5423
|Note:

Column E to H using equation = ZxiY1, where xi is the molar fraction of component |, Y is the component property of MV, density, molar volume, and surface

tension (Equation 8-10 in the report).

Column | using equation = gjyw = -10/3-7.21"In(Xp + Xw) (dynes/cm), where Xo - mole faction of organic phase in water, Xw - mole faction of water in organic phase,

which are the final results of the reiterateing calculation (step 3_2(3) and Step 3_1(5) in this example). Equation 11 in the report.

Column J using equation = (Zxi(Yi)"™)", where xi is the molar fraction of component |, n is the total component number, Yi is the component viscosity calculated
using different equations for each group chemcicals (Equation 12 and 12a in the report).

{Columnu K is the activity coefficiency of component | in the mixture calculated using XLUNIFAC with the input of component molar fraction and the group info in

typology table (Column U to AJ), using input temperate 293 K. Equation 20 to 20b4 in the report.

Column L will be yi*xi*VPi, yi is the activity coef in column K, Vpi is the puer compound vapor pressure in typolgy Table Column K. Equation 1 in the report.

Tool Step 2_1 of Example 1.
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A B C D E F G H | J K L il i 4]
4 Step 2_2. Aqueous Phase Properties
' s i e T ; ] Partitioning . Partitioning Partitioning
| Mole = = Solubility Activity guoE Diffusity in | Aerobic Half-  Anaerobic ; Henry's Law : >
| Compound CAS# fraction in Solubiity | Solubility (mole Coefficient in D.lffumtyq o Water life time  Half-life time between: s Constant (atm- between'mix: | ibetween:sir
NAPL (mgfL) | (mole/l) fraction) — Air (cm/s) (cm?fs) (days) (days) carbon and water m¥mole) and water and water
5 Y Y (Ki.oc) (i, mw) (Ki aw)
3 |Ethanol 64-17-5 0.194 | 768BE+05 1.65E+01 2.29E-01 1.94E+00 2.02E-M1 1.32E-05 1.10E+00 | 4.30E+00 1.00E+00 4.66E-06 9.83E-02 1.90E-04
4 12,2 4-Trimethylpentane 540-84-1 0251 T78BE-1 3.83E04 3 11EMM 8.65E+02 T41E-02 7.20E-06 1.10E+04 1.10E+04 2.T6E+02 3.04E+00 3.0TE+05 1.24E+02
5 Hexane 110-54-3 | 025  2.98E+00 3.06E-03 3.09E-01 2 49E+02 2.00E-M1 T.7TE-06 1.10E+04 1.10E+04 8.50E+03 1.80E+00 6.08E+04 7.36E+01
6 |Benzene 71432 0.034 T764E+01 1.77E-03 4.24E-02 1.11E+02 §.80E-02 1.02E-05 1.60E+01 7.20E+02 5.90E+01 5.55E-03 2.96E+02 2.2TE-01
7 |Toluene 108-86-3 0.068 4.56E+01 B8.32E-04 B43E-02 2 55E+02 8.T0E-02 8.60E-06 2.20E+01 2.10E+02 1.82E+02 6.64E-03 1.16E+03 27T1E-01
8 |Ethylbenzene 100414 0101  2.16E+01 4.59E-04 1.26E-01 4. B65E+02 7.40E-02 8.49E-06 1.00E+01 2 28E+02 3.63E+02 7.88E-03 4 20E+03 3.22E01
9 |o-Xylene 95-47-6 0,101  220E+01 2.94E-04 1.26E-01 5.42E+02 7.35E-02 8.50E-06 2.80E+01 3.60E+02 4 43E+02 5.18E-03 4.12E+03 212E-01
10 |Water
1]
12 |Mote:
13 |Column C = Column G in Step 1.
14 |Column D: solubility = yi*xi*Si = ColumnC*"Setp2_1"column K*"typology"Column M. Eugation 2 in the report.
15 |Column E = Column D/"typology” Column G.
15 |Column F = Column E/(55 6+the sum of Column E). Here assume 1:1 NAPL to Water volume ratio. With the adjust of the ratio, the calculation will be different.
17 |Column G is the results of XLUNIFAC from Column F.
1g |Column H to M are the columns in typology table. Column H and | in the Typology table were calcualted using Equation 13a, 13 b, 13 b1 in the report.
1g |Column N = Column D in Step 2_1/Column E.
2p Column O = Column M*40.8745 to convert Hendy's Law Constant to unitless.
21|

Tool Step 2_2 of Example 1.
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A | B | C D
Step 3_1. Equilibrium in Mixture NAPL Phase
1
) Act.
Component Males Male fraction Cosfficient
Ethanol 1.64E+00 1.94E-01 3.82E+00
2.2 4-Trimethylpentane 2 11E+00 2.51E-01 1.29E+00
Hexane 2 10E+00 2 49E-01 1.26E+00
Benzene 2 890E-01 J44E-02 1.24E+00
Toluene 5.73E-01 6.80E-02 1.28E+00
Ethylbenzene 8.53E-01 1.01E-01 1.26E+00
o-Kylene g.63E-01 1.01E-01 1.22E+00
Water 1.00E-02 1.19E-03 6.38E+01

| | = | k| = | =k | =
mmhum_lmmmﬂmmhmm

Mote:

Column B is from Column E in Step 2 2.

Column C is the mole fraction based on Column B.
Colurmn D if the XLUNIFAC results from Column C.

Tool Step 3_1 of Example 1.
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A | B C D
Step 3_2. Equilibrium in Aqueous Phase

1

Component Moles Maole fraction Act. Coefficient
2
3 |Ethanal 1.491586E+00 2 B1E-02 5. 94E+00
4 |22 4-Trimethylpentane 6.897513E-06 1.21E-07 4 G5E+04
5 |Hexane 3.45452TE-05 6.05E-07 5 92E+03
6 |Benzene 9. 753252E-04 1.71E-05 1.60E+03
7 |Toluene 4 945T96E-04 8.66E-06 6.62E+03
8 |Ethylbenzene 2.031310E-04 3.56E-06 1. 7T4E+04
9 |o-Xylene 2 068049E-04 2. T2E+04
10 [Water 5.555000E+01 1.00E+00
11
12 [Mote:

Column B = Column B in Step 3_1/{1+Column M in Step 2_2). Here assume 1:1

MAPL to Water volume ratio. With the adjust of the ratio, the calculation will be
13 |different. So water mole is 55.6 - Cell B10 in Step 3_1.
14 |Column C is the mole fraction based on Caolumn B.
16 |Column D if the XLUNIFAC results from Column C.

Tool Step 3_2 of Example 1.
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A [ B [ C [ D E

Step 3_1 (2). Equilibrium in Mixture NAPL Phase

Column B = Column B in Step 3_1/{1+Column M in Step 2_2). Here assume
Column C is the mole fraction based on Column B.

Column D if the XLUMNIFAC results fror Column C.

Column E = (Cloumn C - Caolumn C in step 3_1)/Column C in Step 3 1.

Component Moles Mole fraction | Act. Coefficient =10% stop
2
3 |Ethanol 1.47E-01 2.08E-02 1.03E+01 -89.28%
4 |22 A-Trimethylpent: 2 11E+00 3.00E-1 1.08E+00 19.83%
5 |Hexane 210E+00 2 99E-01 1.08E+00 19.83%
6 |Benzene 2.89E-01 4 10E-02 1.17E+00 19.43%
7 |Toluene 5.T73E-01 8.14E-02 1.21E+00 19.73%
8 |Ethylbenzene 8.53E-01 1.21E-01 1.16E+00 19.80%
9 |o-Kylene 8.53E-01 1.21E-01 1.16E+00 19.80%
10 |Water 1.08E-01 1.63E-02 3.33E+02 1190.93%
11
12 |Mote:
13
14
15
16
17

Tool Step 3_1(2) of Example 1.
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| B | c | D

Step 3_2 (2). Equilibrium in Aqueous Phase

Component Maole fraction Act. Coefficient =10% stop
2
3 |Ethanol 2 B6E-02 5 BOE+00 9.53%
4 |22 4-Trimethylpentane 6.71E-06 4 48E+04 5452 57%
5 |Hexane 545E-05 5.56E+03 8910.24%
6 |Benzene 3.19E-05 1.43E+03 86.98%
7 [Toluene 1.48E-05 6.21E+03 71.11%
8 |Ethylbenzene 8. 11E-06 1.62E+04 127 87%
9 |o-Kylene 5.16E-06 252E+04 42.55%
10 |Water 9.71E-01 1.00E+00 -0.26%
11
12 |Mote:
13 |Column B = Column C in Step 3_1(2)*Column D in Step 3_1{2)/Column D in Step 3_2.
14 |Column C if the XLUNIFAC results from Column B.
15 |Column D = {Cloumn B - Column C in step 3_2)/Column C in Step 3 2.
16

Tool Step 3_2(2) of Example 1.
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12
13
14

15
16
17

19

A B G D E E G H J
Step 3 2 (Final). Equilibrium in Aqueous Phase

T Act. Mole = <10%  mass Solubility Solubiity MW  Density ijﬁ'fnre
Coefficient = fraction stop (moles) = (mgfLl) | (mole/l) (g/mole} (g/mL) (mL)

Ethanol 580E+00  286E-02 | 0.00% | 1.64E+00 5.95E+04 1.51E+00

12,2 A-Trimethylpentane 447TE+04 | T27E06| 8.36% | 4.15E-04 4 37E+01 3.83E-04

Hexane b 5BE+03 | 581E-05| 6.48% | 3.32E-03 |2 64E+02| 3.06E-03

Benzene 1TA3E+03 | 3.36E-05| 5.19% | 1.92E-03 | 1.38E+02| 1.77E-03 18.83 0.99 18.98

Toluene 6.21E+03  1.58E-05 6.60%  9.03E-04 767E+01 8.32E-04 ’ . ’

Ethylbenzene 162E+04 |8 71E-06 7.37% |497E-04 487E+01| 4 59E-04

|o-Kylene 251E+04  558E-06 8.02%  3.19E-04 312E+01 2.94E-04

Water T00E+00 | OVIED1 | 0.00%  [5:.55E+01|9.22E+05| 5. 12E+01

|Mote:

|Column B and C: Reiterating Step 3-2(2) and stop when Column D is < 10%.

|Column D = (Cloumn C - Column C in step 3_2(previous))/Column C in Step 3_2{previous).

Column E calculated based on Column C. Cell E10 = 55.6 - Column B10 in Step 3-1(2). Here assume 1:1 MAPL to Water
volume ratio. With the adjust of the ratio, the calculation will be different. So water mole is 55.6 - Cell B10 in Step 3_1.

Column F = Column G * MW in Typology table.

|Column G = Column C/Column J * 1000.
|Column H and | using equation = ZxiYi, where xi is the molar fraction of component in Column C, Y is the component property of

18 |

MWW and density.

iCDIumn J = Column H/Column |.
20

Tool Step 3_2(Final) of Example 1.
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A | B C D E

Step 3_1(3). Equilibrium in Mixture NAPL Phase
1

Mole Act. =10%

5 Component Moles fraction Coefficient stop
3 |Ethanal 2 96E-03 4. 35E-04 1.62E+01 | -97.91%
4 |2,2 4-Trimethylpentane 2 11E+00 3. 11E-01 1.06E+00 3.46%
5 |Hexane 2 10E+00 3.09E-01 1.06E+00 3.32%
6 |Benzene 2 88E-01 4 23E-02 1.18E+00 3.15%
7 |Toluene 5. T2E-01 8.42E-02 1.21E+00 3.41%
8 |Ethylbenzene 8.53E-01 1.25E-01 1.1A7E+00 3.45%
9 |o-Xylene 8.53E-01 1.25E-01 1.16E+00 3.47%
10 |WWater 1.99E-02 293E-03 | 847E+02 | -B0.87%
11
12 |Mote:

13

14

15

16

17

18

10

Column B = Column B in Step 3_1- Column B in Step 3_2 )ifinal). Set as previous

value if negative.

Cell B10 = SUM(B4:B9)Step 3-2 (4)1B10%Step 3-2 (4)1C10/Step 3-1 (3)1D10/(1-
"Step 3-2 (4)1C10%Step 3-2 (4)1B10/Step 3-1 (3)1D10)
Column C is the mole fraction based on Column B.

Column D if the XLUMIFAC results from Column C.
Column E = (Cloumn C - Column C in step 3 1¥Column C in Step 3_1.

Tool Step 3_1(3) of Example 1.
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Step 3 1 (4). Equilibrium in Mixture NAPL Phase

Repeat Step 3_1(3).

Component Males MD!E Acti <10%
P fraction | Coefficient stop
3 |Ethanol 296E-03 | 4.36E-04  1.69E+01 0.18%
4 |22 4-Trimethylpentane 2Z1E+00 | 3.11E-01 | 1.06E+00 0.18%
5 |Hexane 210E+00 | 3.09E-01 | 1.06E+00 0.18%
6 |Benzene 288E-01  424E-02  1.18E+00 0.18%
7 |Toluene HT2E-01  BA43E-02 0 1.21E+00 0.18%
8 |Ethylbenzene 8.53E-01  1.26E-01 11TE+00 0.18%
9 |o-Xylene 8.53E-01  1.26E-01 1.16E+00 0.18%
10 |Water 7T81E-03  115E-03 0 9.36E+02 | -60.70%
"
12 [Mote:
13
14

Tool Step 3_1(4) of Example 1.
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A B C D E E G H J
Step 3 _1 (Final). Equilibrium in Mixture NAPL Phase
1
2 2 : Malar

:Cumpunent Act._ Mu!e Moles <10%  Solubility Solubility MW Density i,
2 Coefficient  fraction stop (mgfL) | (mole/l) (g/mole) (g/mL}) (ml)
3 |Ethanol 1.69E+01  4.36E-04 296E-03  0.01% 1.50E+02  3.26E-03
4 2.2 4-Trimethylpentane 1.06E+00 | 3.11E-01 |2 11E400| 0.01% |2 66E+05|2 33E+00
5 |Hexane 1.06E+00 3.09E-01 210E+00 0.01% 1.99E+05 2 31E+00
6 |Benzene 1.18E+00  4.24E-02  288E-01  0.01% 248E+04 3.17E-01 100.01 0.75 133.70
7 |Toluene 1.21E+00  843E-02 572E-01 | 0.01% 581E+04 6.31E-01 ’ ’ ’
g Ethylbenzene 1.17E+00 | 1.26E-01  8.53E-01  0.01% 9.97E+04 9.39E-01
9 lo-Kylene 1.16E+00  1.26E-01 8.53E-01  0.01% 9.98E+04 9.40E-01
10 [Water 9.42E+02 1.04E-03 7.0VE-03 -9.46% 1.40E+02 7.79E-03
11
12 |Mote:
13 |Column B to D: Reiterating Step 3-2(2) and stop when Column E is < 10%.
14 | Column E = (Cloumn C - Column C in step 3_1{previous))/Column C in Step 3_1{previous).
15 |Column F = Column G * MW in Typology table.
16 |Column G = Celumn C/Column J * 1000.

Column H and | using equation = ZxiYi, where xi is the molar fraction of component in Column C, Y is the component property of
17 |MW and density.
18 | Column J = Column H/Column .
19

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.

Mixture Tool

CHEMICAL MIXTURE TOOL

Mixture Name:
| Modue 2 |

Temperature: 293 i:[( -

Adiust Ratio Help
Enter Component Fraction

" by Volume
{” by Molar Fraction

Page 1 ]

COMPOUNDS CAS #s

| Methanot | | 67-561 BER:
| Ethanol || 64175 E
| Trichtoroetirylene | [ 79-018 | [0 |%
| Tetrachloroethyiene || 127184 BER:
| | | [ %

Clear
e ‘ Selections

Run ‘

Total: | 100 [

(X

Input Interface of Example 2.
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A E [ o E F G H | J K L ] o F [F] 5] S u ¥ W H Y 4 A AH
conrcogg | S0 T0 Sompanent rep
Pammeler Ememency
1 Notes Response Guide
TABLE OF FATE AND TRANSPORT PARAMETERS OF CHEMICAL MIXTURE
2
Partitioning
- Water Yapor Surface |Interfacial - - between {] ity Aerobic A bi
- Mass | Yolume [ Mole MY Deasity el ? Wiscosity M - B " - wipplpiey
Mizt: [ t CAS ® UNINA B i Solubility | Py T T mix and Ki.. lag im Water ixture | Halflif Halflife Ti
rrtare omponen Hazardews Class =) () |Fraction |(gimole) | [(gimL) ‘(’_'g;l_']’ (;‘:‘“';; (:'"‘;_“; (:'"“,_; (mPas) p f.oc Koo | (entre) | femtrey | (emPin) Time ("’:ﬂ - (:i:,]"‘
3
Module 2 Pseudo Companent MA A A 0.0 1000 10 34 118 153082 133 250 104 068 T.ESE00 5.86E-03 450E-02 1475 | 120 123E-01 112E-05 1.76E-05 A MA
4
] Methanol 67-56-1 ammable Liquid, Pois) 1230 10.0 16.1 0.235 32 031 a5 63 226 0.0 0.60 ZI7E-01 319E-03 6.92E-04 372 |-077| 180E-01 164E-05 2A43E-05 T ]
& Components of Ethanol E417-6 | Flammable Ligui 170 10.0 168 0.208 46 078 72238 29 220 0.0 1.01 2.34E-01 162E-02 5.40E-04 284 | -0.31] 202E-M 1.32E-06 1.96E-05 1 4
7| the Misture Trichloroethylene | 79-016 | Poison [t 300 | 268 | 02 131 145 1361 25 ] 345 052 259E02 | BISE4 BIBE-0Z | 3365|242 790E02 | SME-06 | 135605 360 1653
8 Tetrachlorosthylene | 127-15-4 | Poison ‘ 1837 50.0 403 0.285 166 162 324 10 356 50.0 0.63 181E+03 5.25E-05 A53E-02 2041) 340 | V20E-02 8.20E-08 1.22E-05 365 1653
]
10
n
o MNote:
1= |Column B to E are linked to typology table.
«+ (Column F, G and H are linked to step 1.
. Column |, J, L, N, O, P, V, W, X and Z are linked to Step 2_2.
Column K is linked to Column D in Step2_2 (Module 3) or Column H/l in Step 3_1 (Module 2).
7 |Column @ = Column D in Step 2_1/Column G in Step 2_2 (Module 3) or Column D in Step 2_1/Column G in Step 3_1 (Module 2).
@ |Column R = Column S/Column Q.
1o |Column 5 = Column Min Step 2_2.
Column U = Column K in Step 2_2/Column H in Step 3-1*Column H*Column J for pure chemicals. This modification incorporates the cosolvency effect on the organic carbon partitioning coefficient.
» (Cell Q4 to Y4 using equation = 2xiY1, where xi is the molar fraction of component in Column H, Y is the component property of the associated columns.
5 |Column 'Y = Column X/Cell P4/(Water Viscosity in Typology table at input temperature)
25 |Column Z and AA are linked to Typology table for each component.
1
L L Model-Plurme ERG Pure Component | Output . Step 1 .~ Step 2 1 Step 2_2 Step3_1 %] [ 1 | 0

Output Table of Example 2.
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A =] (5 u] E E G H ) K ] ¥ [a] F 3 (5] T u ¥ W A el 2
1
i
e o
UsDoT o | Fimshiy Water Vapor |Surface |Interfacial - iy ‘“; . hmn\- . ‘bmnr E Diffusivity | Diffusivity | Diffusivity| Aerohic | Anaerohic
Pure Component | CAS# Hazardous NA %) (%) |Fraction (g/mL) Solubility | Prezzure | Tenzion | Tension (mPa.s) e, Ee: . ;m,x" = deen A Kioe log in air in Water |in Mixture| Halflife Halflifs
i % 3 i , : mix an and mix and water B % 3 2 : .
Class 4 (mgL} |(mm Hg)| (mNim) | (mdim) o 4 Kow | (em%z) | (em¥s) (em¥z) |Time (day)| Time (day)
3 water K ) (K )
B Methanol E7-BE-1 ammable Liquid, Poiz 1220 0.0 &1 0,295 a2 LX) noa0oa 127 22E -237 06D A0gE-M 2.05E-04 12EE-04 100 -0FF 1.60E-01 1.64E-05 2.74E-06 T 13
& Ethanol E4-17-5 Flammable Liquid 1170 oo .8 0205 45 o.re nooooo 83 220 -211 1m FEE-DN 244E-04 1.30E-04 1o 0.3 2.02E-01 1.32E-08 1HE-05 1 4
& Trickloroethylens Fa-01-8 Paoison ] 0.0 268 021 1= 148 1280 B3 0 M5 052 118E.02 ZA4SE-04 403E-0 1EE00 242 TA0E-0Z 9.10E-08 1.75E-05 260 1EG2
g Tetrachloroethylens 127-15-4 Poison 1897 50.0 40.3 0.285 1EE 162 150 13 306 50.0 069 110E+04 B.5EE-05 F23E-M 155.00 340 F20E-02 8.20E-08 119E-05 365 1663
a
jLi}
1
1z Note:

12 |All columns are the same as the QOutput table.
1 |Each row is calculated using 100% input of the component.

HoA b M Model-Plumea ERG | Pure Component . Qufput - Stepl - Step2 I < Step2 2 ~Step3 t /%]

Pure Component Qutput Table of Example 2.
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21

A B c D E E G

Step 1. Inputs and conversions

Sl RS ol B e ) B
TlElaiRlo S (ele |~ o |oa ik

Compound CAS# Mass %  mass/density Wol. % mass/MW frr;qcli:in
Methanol 67-56-1 10.0 12.346 16.145 0.312 0.295
Ethanol 64-17-5 10.0 12.821 16.766 0.217 0.205
Trichloroethylene 79-01-6 30.0 20.489 26.794 0.228 0.216
Tetrachloroethylene  127-18-4 50.0 30.813 40.295 0.302 0.285
Total 100 76 100 1.058 1.00
°%C 20
Temperature K 280
°F 68
MNote:

Column C: Red color highligthed are the input data of the mixture.
Temperature is an input parameter too, which will be used in wviscosity and diffusion coefficient

calculation.

Column D = Column C/density in typology table.
Column E = Column D/Cell D¥*100.
Column F = Column C/molecular weight in typology table.

Column G = Colurmn F/Cell F7=100.

Step 1 of Example 2.
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A B c D E F G H I J K L M N 0 B

Step 2_1. Mixture Phase Properties

Mole Molar MW  Densit Molar Surface Interfacial Vi it Activity Indridual Total Inamdual Total Vapor bF‘?rmmmng
Compound CAS # fraction in Concentration ENSMY volume  Tension | Tension ISCOSIY | - oefficient in Solubility  Solubility P Pressure  ooveen MiX
NAPL (molelL) (g/fmole)  (g/ml) (ml) (mN/m) | (mN/m) (mPa.s) e (mgiL) (mglL) Pressure {mm Hg) and water
" : i g : (mm Hg) (K, mw)
Methanaol 67-56-1 0.295 3671 1.84E+00 5 41E+05 6.BTE+01 2.17E-1
Ethanol 64-17-5 0.205 2.553 1.72E+00 3.52E+05 2.92E+01 3.34E-01
|Trichloroethylene 79-01-6 0.216 2.686 43 i R R War L 1.71E+00 4 T3E+02 R0 2.55E+01 = TATE+02
Tetrachloroethylene  127-184  0.285 3.547 1.81E+00 7.74E+01 9.55E+00 7.60E+03
|Mate:
Column C = Column G in Step 1.

Column D = Column C/Column G*1000.

Column E to | using equation = ZxiYi, where xi is the molar fraction of component |, Y is the component property of MW, density, molar volume, surface
tension and interfacial tension.

Column J using equation = (Exi(Yi)'"™)", where xi is the molar fraction of component |, n is the total component number, Yi is the component viscosity
calculated using different equations for each group chemcicals (Equation 12 in the report).

|Columnu K is the activity coefficiency of component | in the mixture calculated using XLUNIFAC with the input of component molar fraction and the group info in
typology table (Colurmn U to AJ), using input temperate 293 K.

|Column L will be yi*xi"5i, yi is the activity coef in column K, Si is the puer compound solubility in typolgy Table Column M.

;CUIumn M is the sum of Column L.
Column N will be yi*xi*VPi, yi is the activity coef in column K, Vpi is the puer compound vapor pressure in typolgy Table Column K.
8 |Column Q is the sum of Column M.

|Column P = Column D/ Column F in Step 2 2.

Step 2_1 of Example 2.
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A B c D E E G H | J K L it N

Step 2_2. Aqueous Phase Properties

w (oo~ | lwpa

Partitioning . s —
o — H L
Mole 2 .. Solubility Diffusity = Diffusity in  Aerobic Half-  Anaerobic between wola! e F'artltlonmg F'amtlomng
| - . Solubility Solubility i, e e : Constant  between mix between air
Compound CAS# fraction in (mole in Air Water life time  Half-life time organic

NAPL (mg/L)  (molefl) §sction] 7, 2 (days) (days) b d (atm- and water  and water

action) = (cm/s) {cm/s) ays ays carben an m¥mole) (Ki.mw) (Ki,aw)
water (Ki.oc)

Methanol = 67-56-1 0.295 541E+05 247E+00 2.11E-01 1.50E-01 1.64E-05 7.00E+00 5.00E+00 1.00E+00 4 55E-06 2 1TE-01 1.86E-04
|Ethanol 64-17-5 0.205 352E+05 157E+00 9.54E-02 2.02E-01 1.32E-05 1.10E+00 4 30E+00 1.00E+00 4 66E-06 3.34E-01 1.90E-04
Trichloroett  79-01-6 0.216 473E+02 1.04E-02 449E-05 T90E-02 9.10E-06 3.60E+02 1.66E+03 1.66E+02 9.85E-03 TATE+02 4.03E-01
Tetrachloro 127-184 0285 T7.74E+01 1.96E-03 582E-06 T720E-02 6.20E-06 3.65E+02 1.66E+03 1.55E+02 1.77E-02 7T.60E+03 T.23E-01
\Water
|Mote:

|Column C = Column G in Step 1.

lCqumn D: solubility = yi*xi*Si = ColumnC*"Setp2_1"column K*"typology"Column M.

.Column E = Column D/"typology” Column G.

:CUIumn F = Column Ef(55.6+the sum of Column E). Here assume 1:1 NAPL to Water volume ratio. With the adjust of the ratio, the calculation will be different.

|Column G to L are the columns in typology table.

Column M = Column P in Step 2_1.

|Column N = Column M*40.8745 to convert Hendy's Law Constant to unitless.

[f there are no compeonents in the mixture with parameters in Column AZ and BA (cosclvency parameter) in the typology table, this step is the final step of Module 3. If there are
any components in the mixture with cosolvent parameters, further solubility and organic carbon partitioning coefficient calculations in step 3-1.

Step 2_2 of Example 2.
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A B C D E F G H
Step 3_1. Aqueous Phase Properties

Water Final Water Final Water Tatal

Compound cas# M soubiity  Volume (emy) oM™ Solubility Solubility  ggiubili
fraction fraction olubiity

(mole/L) (molefL) (mg/L}) (mgiL)
Methanal 67-56-1 0.295 3.01570 107 8.73E-02  247E+00 7.92E+04
Ethanol 64-17-5 0.205 1.91412 113 9.25E-02 1.5TE+00 T 22E+04 153082
Trichleroethylene 79-01-6 0.216 0.00359 0.320 2.62E-04 1.04E-02 1.36E+03
Tetrachloroethylene  127-184  0.285 0.00047 0.047 3.83E-05 1.96E-03 3 24E+02
Water 1732-18-5 55.6 1000.8 8.20E-01
MNote:

Column C = Column G in Step 1.

Column D = 'Step 2-11D3/{1+'Step 2-11P).

Column E = Column D*Typology!l).
Column F is the fraction based on Column E. Equation 28 b1 in the report.

Column G is calculated based on cosolvent log linear relationship:
=104LOG(CloumnD)+3F53*(Typology!3AZ54 Typology! T4+ Typology!3BAS4 1+ 5F54*(Typology!3AZS5  Typology! T4+ Typology!3B
AS5). Equation 28, 28 a, 28b, 28 c in the report.

Column H = Column G/Column G in Typology.

Column | is the sum of Column H.

Step 3_1 of Example 2.
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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:

Y

-

ricrosoft Excel il

security Warning

"CiiDoowrants and Settings\kworshamiDeskbop i HSA mix
bl 20100201 <xhurifac. <" contans macros,

Mscros may conbain viruses, It is usualy safe bo disable macres, but if the
mamros ane legtimate, you might lase somes functionally.

Enable Macros | Mors Info

Macros as disabled bacauss the securkty |evel is set to High and & dgisly signed Trusted Cartficate & not sttached to the macros, Ta rn the
macros, change the sacurity level bo a kwer satting {not recommendad), or request the macres be signed by the author using & cartficate ssuad by -
acuﬂ‘tmﬁ.ﬂuh-

Shaw Haip 35 I

2)

o]

3)

Microsoft Excel ol |

Macros are disabled because the security level is set to High and a digitally signed Trusted Certificate is not
! : atkached to the macros. To run the macros, change the seourity level to a lower setting (not recommended), o
request the macros be signed by the suthor using a certificate issued by a Certificate Authority.

Hide Help <= | Dpen in Help Window |

i
rou sy encounter this error for the following ressons: j

1, Macro security is set to:
Wery High and the application encounters a signed macro, but the macro was automatically disabled.
Use the Following procedure to enable the macro:
1. Select the Tools menu option and then select Macro and Security. In the resulting Security
dialog, set the security level to High by clicking the High radio button,
2. Close the file and any other instances of the application currently running on the computer (close

all applications that alsa use the apphcatmn wou are Eurrantly runningy. ;I

9 iman bha Fla snsin snd avamine tha arkficska o Feock debsile and sk bha 8l sue beoek




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.

RUN CMT

CHEMICAL MIXTURE TOOL

oersion 1.0

The Chemical Mixture Tool (CMT) was funded by the Transportation Research Board (TRB) of the US National Academies
[HMCRP HM-06) and was developed by HSA Engineers & Scientists (a member of the Conestoga Rovers & Associates (CRA)
family of companies). It is a preliminary tool intended to estimate, assess, classify, predict, and quickly communicate the various
fate and transport characteristics of chemical mixtures released into the subsurface as a result of hazardous materials
transportation incidents. The tool is intended to enable carriers, shippers. responders, risk compliance specialists, and regulators
to predict and assess the potential environmental concerns, risks, and hazards to soil and groundwater posed by chemical
mixtures. The tool is developed to estimate the fate and transport properties of chemical mixtures using the Universal Functional
Activity Coefficient (UNIFAC) model, Raoult's Law, and the Cosolvency - Log Kow Model. The tool is capable of modeling a
mixture containing up to 29 components.

Approximately 530 chemicals have UNIFAC group assignments, and the linear free energy relationships (LFER) 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 Emergency Response Guidebook (ERG2008) developed by the US Department of Transportation is
specified for each hazardous material. A simplified version of Domenico’s model is also included to simulate chemical fate and
transport in groundwater. This main limitation of the tool is that it cannot be used for all chemical substances, with the database
of approximately 740 components derived from literary research and interiews with professional personnel based on hazardous
material classification and commaodity 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 outsidethe tool's
domain.

Information conceming the development, performance, and application of the CMT, as well as the individual programs contained
within it, are located under the Help Tab and included within the Operation Manual.  Additional assistance and information can be
obtained by contacting HSA Engineers & Scientists at (239) 936-0789 or hsa-ftm@hsa-env.com.

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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CANE
-
Haome Insert Page Layout Formulas Cata Review View

& cut

Arial ol LR F A | == §||§ |
Vot 53 Copy
aste I | tn ! = = =
? J Format Painter | e b | s | v || B
Clipboard [a Font Alignme
@ Security Warning Some active content has been disabled. Options...

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.

RUN CMT

CHEMICAL MIXTURE TOOL

version 1.0

The Chemical Mixture Tool (CMT) was funded by the Transportation Research Board (TRE) of the US MNational Academies
(HMCRP HM-06) and was developed by HSA Engineers & Scientists (a member of the Conestoga Rovers & Associates (CRA)
family of companies). It is a preliminary tool intended to estimate, assess, classify, predict. and quickly communicate the various
fate and transport characteristics of chemical mixtures released into the subsurface as a result of hazardous materials
transportation incidents. The tool is intended to enable carriers. shippers, responders, risk compliance specialists, and regulators
to predict and assess the potential environmental concerns, risks, and hazards to soil and groundwater posed by chemical
mixtures. The tool is developed to estimate the fate and transport properties of chemical mixtures using the Universal Functional
Activity Coefficient (UNIFAC) model, Raoult's Law, and the Cosolvency - Log Kow Model. The tool is capable of modeling a
mixture containing up to 29 components.

Approximately 530 chemicals have UNIFAC group assignments, and the linear free energy relationships (LFER) 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 Emergency Response Guidebook (ERG2008) developed by the US Department of Transportation is
specified for each hazardous material. A simplified version of Domenico's model is also included to simulate chemical fate and
transport in groundwater. This main limitation of the tool is that it cannot be used for all chemical substances, with the database
of approximately 740 components derived from literary research and interviews with professional personnel based on hazardous
material classification and commeodity 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 outsidethe tool's
domain.

Information concerning the development, performance, and application of the CMT, as well as the individual programs contained
within it, are located under the Help Tab and included within the Operation Manual. Additional assistance and information can be
obtained by contacting HSA Engineers & Scientists at (239) 936-0789 or hsa-tm@hsa-env.com.

3. TOOL INPUT AND EXECUTION

3.1. Tool Input Parameters
Interface and Help Button




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.

x|
CHEMICAL MIXTURE TOOL (L J— e (0
Mixture Name: ) Ester Component Fraction
I 5 | CoyMaz ()
C by Veluma
Tempianue: | 2% - rh:mw
Page 1 [@
COMPOUNDS (&) CAS #s @
| Ethanol || 64175 | [0 [
| 2.24-Trimethylpentane || 560841 | [o %
| Hexane || 110543 | [o [%
iBen:ene ||?1-43-2 ||n:| I@ﬁ
[oen |Gews | [+ o
ITﬂIue-ne HIOB-&}B I |l:l H@
| || | [ %
Search | o | Run | T‘g@

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

elool
IMICAL MIXTURE TOOL

Search Form X[ boment
=5
Clear | Search |
r & by Chemical  © by CAS lume
ature: | -
_I | lax Fract
—f Contains
Starts with
POLUND Y Ends with CAS #s

™

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).

TICAL MIXTURE TOOL
X poners

Clear | Search |

F & by Chemical by CAS
re: | -

| Contains ;Il | benzene |

O INT Resuits: Count: 32

1,2 Jtriethylbenzens :I j

— 1,5, 5-Trimethylhenzens

1,5, 5-Trinitro -2 d-dimethyl-d-tert butylbenzens
1,5 Dichlorcbenzene

1-Ethyl-4-methylbenzens
2,4-Dinitrochlorobenzene

34 hloronitrobenzens

| Benzene
Bromobenzens
Butylhenzens
Chlorobenzens
Diethylbenzene <Isomer not specitied =
Ethylhenzene
Fluorobenzens
Hexachlorobenzene LI

Add ko Mixture |

—I Clear — Total:

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.



3.2. Reset the Tool

Set Volume Ratio of NAPL:Water

Conservatively, the tool sefs the default NAPL-water volume ratio as
1:1, to simulate the scenarios of large volume spills or those near a
contaminant zone, where significant cosolvent may occur. The actual
ratio may be from 1:1 to 1:10 depending on the incident scenarios.

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 partiioning of a solute in a
muixture 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
aqueocus phase and, only at certain concentration levels (ie, 5%

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

volume fraction in water), subsequently increase the solubility of concentration .levels ) (ie., 5%
hydrocarbons in gasoline 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.

FPlease enfter the new ratio for other cases:
1=1

Commit ‘ Cancel ‘

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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Color Coding Ga Tnptlknrmnnmt
1 e 2

Paramater
Motas

L5

Emergancy
Respanse Guide,
3 4

Help E!)

TAELE OF FATE AND TRANSPORT PARAMETERS OF CHEMICAL MIXTURE

US DOT Hazardons Mass Volune Mole
1 AR & [
Maxtwre Component CA Class TNTNA = (%) (%) Fraction
GAS Fseudo Component MA A TTA FTA ITA LA
Ethanol 64-17-5 Flammable Liquid 1170 10,0 25 0,154
2,2 4-Trimethylpentane | 540-84-1 Flammable Liquid 1262 320 34 0251
Components of the Hezane 1110-54-3 Flammahile Liquid 1208 2.0 272 025
Iufiwhore Benzene T1-43-2 Flammable Liquid 1114 3.0 2.5 0.034
o-aylens 95-47-6 Flammakle Liquid 1307 24.0 20.3 0203
Toluene 108-88-3 Flammable Liquid | 1294, 3082 7.0 6.0 0068

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 COl’l’lpOllIld.

e 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.

e 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.

e 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.
e The Blue color highlights the major mixture NAPL transport properties in the unsaturated

zone.




Return to Table

Help On Output Interface

This cutput interface presents the fate and transport parameters of the input chermical mitture and it components
nerated by the Chereal Muohere Tool In addion, there are four clickable buttons on this mberface, whach help

If:h:tupmﬂ-.e tool results and with the application of the tool results,

"Color Coding” i 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 Lime color represents the ratio of the property less than 5.0, which mdicates that there are no
signaficant changes in the property of the modure compared to the pure chemical

+ The Orange color represents the raho of the property between 5.0 and 10.0, indicating that there are shght
changes in the property of the movture compared to the pure cherucal

- * The Red color represents the ratio of the property greater than 10.0, mdicating that the chemical marture
may have a dramatic effect on the property of a component.

I - T Blue color hughlights the major modure MAPL transport properties m the unsaturated zone.

"Parameter Notes™ 1z designed to interpret the physical and cherucal pararneters and terms used m the output
[table. Chiclk the “Feturn to Table” butten to rebarn to the current output interface,

“(30 To Component Plume” 15 designed to smmulate a component plume m a saturated groundwater agquder with
default hydrogeologic charactensics. Chck on any component then check “Go To Component Plume” and 1t wall

talee the user to an interface of the Domenico Analptical Model desngned by HZA, where a plume of the component
15 shown with the associated model mput parameter (a “Help” button 15 inchaded to help the users understand how to
simmulate the fate and transport of a component in groundwater). Clclang the “Return to Table” butten will return the

user to the current output interface.

“Emergency Response Guide” 1= designed to assign each chemucal component an Emergency Besponse

Cgdebook (ERG2008), which was developed by the United States Department of Transportation (102 DOT),
Click on any component then click the “Emergency Response Gude™ Button, and it wall take the user to the mterface
of the appropnate emergency response gunde according to the US DOT Hazardous Class and Unated Nations

Identfication Mumber (ULT#) assigned to the component for proper shippimg,  IF UTH# 15 not avalable for a chermcal,

Ilhis butten will not fanction. Clicking the “Feturn to Table”™ button will take the user to the current output interface.
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Help

Go To Component

Color Coding e

Parameter
Notes

Emergency
Response Guide

TABLE OF FATE AND TRANSPORT PARAMETERS OF CHEMICAL MIXTURE

‘Water Vapor | Surface |Interfacial Partitioni Partitioni Partitioni Partition Oc
Mixture Component CAS # US DOT Hazardous UN/NA# | Solubility | Pressure |Tension| Tension Viscosity |between mix beh\'een. air | between air | between organic
Class 3 3 (mPa.s) | andwater | and mix and water | carbon and water
(mgL) | (mmHg) | (mN/m)| (mNm)
(L (K am) (Ko} (Kine)
20% Ethanol 5 ; . .
) ) NAPL NA NA NA 135712 99 244 586E+00 | 5.16E-01 3.02E+00 2395
Synthetic Gasoline
2.2.4-Trimethylpentane | 540-84-1 | F Liquid 1262 5 | 22 7 205 477 034 5.94E+04 | 2.19E-04 | L30E+01 | 28.78
Components of th Benzene 71-43-2 | F Liquid 1114 216 4 28.8 39.4 0.65 1.38E+02 | 4.14E-04 | S5.71E-02 e ot |
Vlixtore Toluene 108-88-3 | F Liqud | 1294,3082| 481 8 431 0.63 4.99E+02 | 9.59E-05 | 4.79E-02 271501 [
) m-Xylene 108-38-3 Liquid 1307 117 2 287 464 0383 1.80E+03 | 2.18E-05 | 3.94E-02 . [
Ethanol 61175 | Flammable Liquid 1170 134893 63 220 00 101 |DUNSB0SN| 294E02 | 2.10E-04 - 1

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.

Notes:

NAPL - Nonaqueous phase liquid  The input mixture considered as a single NAPL compound.

NA - Not available or not known.

CAS # - Chemical Abstract Service registry number, which uniquely identifies chemicals. It is also referred to as CAS RIN.

US DOT Hazardous Class - US Department of Transportation hazardous material class or division.

UN/NA # - United Nations or North American identification numbers assigned to each proper shipping.

Mass - The weight percentage of each component in the hazardous material mixture.

Vohume - The volume percentage of each component in the hazardous material mixture.

Mole Fraction - The molar fraction of each component in the hazardous material mixture.

MW - The molecular weight of the component, which is unique for each chemical

Density - Relevant for the upward movement by buovant force or downward movement by gravitational force of a nonaqueous phase liquid (NAPL).
Water Solbility - The solubility in water at the condition of a 1:1 volume ratio of NAPL to water, which is relevant for the partitioning of a
component to various phases.

Vapor Pressure - Relevant for the gaseous partitioning of a component.

Surface tension - NAPL surface tension against air. which is relevant for phase capillaritv and the extent of spreading of a liquid to another surface.
Interfacial Tension - The interfacial tension between the mixture and water. which is relevant for the wettability of a component. The less the
mterfacial tension, the more miscible the NAPL is with water.

Viscosity - Relevant for mobility of a NAPL. The lower the viscosity, the easier the NAPL moves.

K s - Partition coefficient between the mixture and water (molar unit), which is relevant for phase equilibrium and the solubility in water.

K, . - Partition coefficient between air and the mixture (molar unit), which is relevant for phase equilibrium and the concentration in air.

K; . - Partition coefficient between air and water (unitless).

K cc - 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's travel velocitv.

log K., - Partition coefficient between octanol and water.

D, - Diffusion coefficient in air, which is relevant for the ease of a molecule to move in air.

D, - Diffusion coefficient in water, which is relevant for the ease of a molecule to move in water.

D,, - Diffusion coefficient in mixture, which is relevant for the ease of a molecule to move in the mixture.

Aerobic ty; - The half-life time of a component under aerobic conditions. The smaller the half-life time, the faster the chemical decays.
Anaerobic t;, - The half-life time of a component under anaerobic conditions.

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



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.

Return to Table

Chemical Concentration Range (mg/L) Domenico Analytical Model (HSA)

‘ W1988-2435 01491-1938 0994-1491 m497-994 m0-497 Input Help
100 . RDVECTION
Seepage Velocity Ve 6467 (ffyr)
-5 Chemical Velocity v 5310 (ftyn)
or
Hydraulic Conductivity K 25E-03 |(cmisec)
-50 Hydraulic Gradient i 0,005 |ty
£ Effective Porosity n 0.2 =)
25 T 2. DISPERSION
£ Alpha x w0
= Alpha y 4 ft
0 = Alphaz 1E-99 f
= 3. ADSORPTION
< Retardation Factor, R " o122
2% = or
= Soil Bulk Density, p 16 (kalL)
ractionOrganicCarbon, f,z -
o = FractionGrganicCarbon, f %)
Partition Coefficient, K. 15 (L/kg)
4. BIOTRANSFORMATION -1st Order Decay Coefficient®
75 L (1h1) halfife (yrs)
Dissolved Solute " 0351
Source 1.E-99
wo
o 0 ] o <] 9 ] o =] e 2 o <] 0 I 5. SOURCE DATA TYPE: Continuous
— — — — & ol ol o~ & o« o Conc. (mag/L) Ca 245264
Distance from the Source (ft) Width (f) 50
6. SifiUCATION TiliE™ ™ T on

Benzene
Estimated Plume After Years

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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Return to Plume

Help on How to Run the Screening Model

This Domenico Screening Model is built in the Chemical Mixture Tool to simulate the transport in groundwater using a plume for each

p t of the input hazardous material. Some of the input parameters of this Screening Model can be modified to represent the site
specific conditions, while several parameters are entered directly from the tool results (e.g., organic carbon partition coefficient (K_.),
first order degradation half-life time, and solute concentration).

The cell shaded with a green background is the simulation time in vears. A time range of 00 - 99 vears can be input to simulate the

hanges of the p t pl over time. Increasing the simulation time should lead to a longer pl No obvious plume changes
over the simulation time may indicate the component plume reaches steady state.

The cells highlighted by blue borders and a red font, including organic carbon partition coefficient (K.}, half-life time (vrs), and
concentration (mg/L), are solute specific transport parameters. These data represent the properties of the component in the mixture
generated from the tool (Output Table). The half-life time is the anaerobic degradation from the output table, which can be adjusted to
aerobic half-life time based on the site conditions.

The cells shaded with a grey backeround are the site hydrogeologic characteristics of the Aquifer (e.g., hydraulic conductivity,
hydraulic gradient, and effective porosity), including the following with typical values. These par ters can be adjusted according to
the site specific information to run the Screening Model.

Hydraulic Conductivity (K) (cm/sec)

Description The hydraulic conductivity of the saturated porous medinm. The higher the hydraulic conductivity, the more permeable the aquifer.
Typical Values  Clays: <1x10°¢

Silts: 1x10% - 1x107

Silty sands: 1x107 - 1x107

Clean sands: 1x107 - 1

Gravels: =1
Default Value 2 50E-03

Hydraulic Gradient (i) (ft/ft)
The slope of the potentiometric surface. In unconfined aquifers, this is equivalent to the slope of the water table. The bigger the

Description hydraulic gradient leads to faster groundwater flow for a certain aquifer media.
Typical Values 0.0001 - 0.05
Default Value 0.005

Effective Porosity (n) (unitless)

Dimensionless ratio of the volume of interconnected voids to the bulk volume of the aquifer matrix, also called "Open Porosity",

Description referring to the fraction of the total volume of a aquifer in which fluid flow is effectively taking place.
Typical Values: Clay 0.01-0.20

Silt 0.01-0.30

Fine Sand 0.10-0.30

Medum Sand 0.15-0.30

Coarse Sand 0.20-0.35

Gravel 0.10-0.35

Sandstone 0.005-0.10

Unfract. Limestone 0.001-0.05
Fract. Granite 0.00005-0.01
Default Value 0.20
Fraction Organic Carbon (f,_) (unitless)

The fraction of the aquifer soil matrix comprised of natural organic carbon in uncontaminated areas. More natural organic carbon
Description means higher adsorption of organic constituents on the aquifer matrix. The fraction organic carbon value should be measured if
possible by collecting a sample of aquifer material from an uncontaminated zone and performing a laboratory analysis.

Typical Values  0.0002 - 0.02

Default Value ~ 0.0018

Default Values | Commonly used values for silts and sands are set as default input for hydrogeologic parameters. These parameters can be adjusted
& Adjustments |according to the site specific information to nun the screening model.
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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.

| POTENTIAL HAZARDS
IRE OR EXPLOSION
+ HIGHLY FLAMMABLE: Will ba easlly ignited by heat, sparks or flames.
+ \apars may lem xplogive mintures with aie.
* \Epars may ravel 1o soaree of ignition Bnd lash baek.
{+ Mostvapors srahaavier than air. They will spread along ground and collect inlow or
confined areps [sewers, basemanis, tamks).
+ Vapor gxplosion hazand indocrs, ouldoors o in sowers.
*+ Theso subsiances dosignated wilth a *P" may polymerize sxplosively whan healed or
involvad in a fire,
» Runcll t sewer may ereste fite or explosian hazard,
= Cntainers may explode when heatad,
« Masy fiquids afe lightss than walsr.
+ Substance may be trams portad hot.
+ I molten aluminum is invelved, refer to GUIDE 168,

= Inhalalion of contact with material may irmitate or burn skin and eyes.
« Fire may produce irmtaling, corrosive andfor loxie gases.

+ Vapars may cause dizzingss of suffocation

+ Runaff from firs control or diluticn water may cause pollution.

PUBLIC SAFETY
+ GCALL Emargency Responss Telephons Numbar on Shipping Papar first, If

Shipping Paper not available or no answer, refer to appropriate telephone
number listod onthe inslde back cover.
+ A5 an immediate precautionary measure, isolate spil or leak drea for al least S0 melers
{150 feat) in all difeclions.
+ Keep unautharized personnel swsy.
"+ Stay upwind.
|+ Kesp out of low areas.
+ Vanlilate closad spaces before entering.

EMERGENCY RESPON!

FIRE

CAUTION: All these products havea wery low flash point: Use of water spray when
Fighting fire may be inefliciant

CAUTION: For mixturas containing aleohol of pelarsolvent, alechol-resistant foam may
be moraaffective.

Small Fira

* Drychemical, CO,, water spray or regular foam

Large Fire

« Waler spray, fog or regular foam

= Usewater spray of fog; oo nel use straight siresms,

= Mave containers feom firs area il you can do iLwilhout risk.

Fire Involving Tanks or CarfTraller Loads

= Fight fire from maximum distance or use unmanned hose holders or monitor nozzlas.

= Gool containers with flooding quantiies of waler until well after fire is out

= Withdraw immediatelyin case ol rising soond fram venting salsty deviees of
discolaration of Lank.

= ALWAYS siay away from lanks engullfedin fire.

= Formassive fire, use unmannad hose holders or menitor nozzles; I1ihis s impossibie,
wilkdraw from area and st fire bunm,

PROTECTIVE CLOTHING
 Wear positive pressure sell-cantained brealhing apparatus (SCBA).
« Struclural firelighters’ protect|ve clothing will anly provide limited prolection.

SPILL OR LEAK
= ELIMINATE alligniion sources [no smoking, Bares, sparks or flames in immediale area).
= All equipment nsed when handling the product must be grounded.
= Do notteuch o2 walk through spilled material. « Stop leak if you can do |t without risk.
= Pravent eniry inlo waterways, sewsrs, basemants or confined aress.
= Avapor suppressing foam may be vsed Lo reduce vapors
= Absord or cowver with dry earth, sand or other nen-combusiible material and
transfor bo containgrs,  + Use cisan non-sparking tosls to collact abscrbed matsrial,
Large Spill
= Dike far ahead of Hguid spill for later dispossl.
= Waler spray may reduce vapaor; but may not prevant ignition in closed spaces

= Consider inilisl downwind evacualion fof al least 300 meters {1000 fest).

Flra

= If 1ank, rall caror tank truck is involved in @ fire, ISOLATE for 800 meters (172 milejinall
dimctions; 2lso, consider iniial evacuation for 800 meters (112 mile)in all directions.

Fekm o Tabke

FIRST AID

 Movavictim tafresh air.  + Call 911 or emergency medical service,
= Give anificial respiration if vicSm is nol breathing.

- Adminiglar axygern iThreathing is difficulL

= Remove and isolate contaminated clothing and shoas.

* Incase of contact with substance, mmadiaely flush skin or ayes with uaning water far at
least 20 minutes.

= Washskin wilh soap and water

= Incase of burns, immedialely cool affecied skin far as long as possible with cold water.
Do not remave clathing if adhering loskin. « Keep viclim warm and quiel

= Ensure thal medical persennel are aware of ih terialis] inwolved an P utions
Lo pratec themsslves.
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S. TROUBLESHOOTING

5.1. Adjusting Macro Security

Excel 2003:

Options

™ Remove personal infarmetion from e groperbes on ssve

Macro seourty

Adiust tha security kevel For Fies that might: contain maoo viruses and -
speciy names of trustad macro developers, il

o] _cna |

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

™ Wery High. Griy macros instaled in trusted locations will be alloved

o run. Al cther signed and unsigned macros. are disabled, higher security setting will not allow the tool to
& High, Crily sigred macros from trusted sources vl be slowed to run, and a lower security setting may allow
rur. Lirsigred macros sre sutomaticsly dissbled.

potentially malicious macros to run without

~ Medum, thaose whether potartially unsafe L .
oot ol prompting, if the user is concerned.

1 Low (reot recommended), You are not pratected from pobentially

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




Excel 2007:

=

=
-

Recent Documents
Hew
1 000 03-dunifac =
Open 2 200001 258-ulunilac —
3 20081123-adunifac i
= 4 20081103-sdunifac =
Conwert
§ 012607- Livonia Propased WES -04-07-09 -
Save
Seveds »
Erint .
Prgpare  #
Semgd  #
Pubdish  #
Close

Pogutar
Farmuian
Proafing
Save
Adranied
Customize

Adddng

Revourtes

[ Tt Corter

Q Hed beep o documnents safe and your coenputer secure and healty. EE“

Pratecting your jrivacy

Micrasaft cures abaat your priviy. For mai informatian seout haw Mitosoft OMice Exced haips 1a protect yaor privacy
please see Ehe pateacy statements.

Seiity & mais
G-j Learn more aDout protecting your privady nd seas ity Trom Micoseft Office Online

(LN SECMILL SAOAR

DLLRARIL
Bdicrozott Trushearthy Comoubea

Mikrnsoft Dffice Excel Trust Center

the Trust Cenber comtaims seaufty snd privwsy sethngs, These seftings beip beep your computer -
B Wi reosmmend IRl peu o nak GRange haie Mitings |_Brust Centes Settmgs..

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

Here, the wuser 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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Trumi Cenlar
Trurted Pubsiinhern
Maiio efngs
Tratted Lo caliand
Fai msiiad in dooumerils /ol in & trudted kaoakisn
LR ¥ Derabie 8§ maoos without nosiicabon
artwey Srttangy
r'mmﬂ . ) Ermbir a0 macran (ped recommanded potentully dingersul code can run
Ebrtnage Bar

Develope! Macro Sctlings

Exterral £ ormtent -
|—_! Trust scoesy o the Y84 progect objed mode

Prevacy Optuom:

I C = ][ cmen |

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 “4NAME?” errors, and no chemical plume will be shown.



CHEMICAL MIXTURE TOOL =
MMixture Name: i bt Batn
ES I -
Temperature: 293 h( Generating Output... L by Volume
= I by Molar Fraction
Page 1 |
COMPOUNDS e
| Ethanot 64-17-5 [0 |%
224 Tri l?%
Ii ¥ |  The Excel Analysis Toolpak is required for the generation of plumes, 3 |0
Hexi Please refer to the user guide for installation instructions. 32 (%

== [> Jo
— ] =

| Toluene | | 108-883 | [7 1%
| | | [ 1%
Caich 5e|g§?:;ns =k Total: | 100 %

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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osoft Excel - Book4

Error Checking...
Speach v H [ o [Tk [t [ m [ N
Shared Workspace. ..
Share Workbook...

Track Changes 3

Euro Conversion...

Compare and Merge Workbooks.,.
Protection =
Online Collaboration 3

Salver...

Goal Seek...
Scenarios...

Formula Auditing 3

Macro T
e u

| | +{ =# AutoCorrect Options...
2] T I I Customize...

Add-Ins

Add-Ins available:
zl Analysiz ToolPak

i QK i
| Conditional Sum Wizard
El Euro Currency Tools

[#] Gradient Contour Chart
[¥]Internet Assistant VBA

zl Lookup Wizard -
[#] Solver Add-in Automation. ..
[¥[ucL version 1.0

Analysis ToolPak - vBA
VBA functions for Analysis ToolPak

MR IR RIS L e e B B B e e B e
I R R R S SR SR NN =




Excel 2007:

| Prepare ®

Poputar
Formulas
Proafing
Save
sdvanced

Customize

Resources

Trust Center

Recent Documents

1 20100203-dtunifsc

201001 258-xlunifas

200911 23-stunifac

20091103 -wdunifac

012607- Livonia Propased WES 040703

[ I S T

1) Excel Options || X Ext Exesi

Add-ins

-Nlm!
| Active A

| Analysis ToolFak
| Analysis ToolFak - VEA

! Conditional Sum Wizard
l Custam XML Data

| Date [Smart tag Nsts)

| Ewre Currency Toals

| Headers and Footess
| Hidgen Rows and Columns
| Hidden Warksheets

| Fimamcial Symibol {(Smart tag lists)

TR 1)

¥ E

W

: Acrabat PDFRaker Office COM Addan

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.

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

£ =" WView and manage Microsoft Office add-ins.

e

Locatien Type

S TOPDFMaker Office POFROiceddindll - COM Add-n

S tice Officel DlibransAnalysis ANALYS32.XLL  Ewcel Add-in

L OMicel T Libran’Anaty sk ATPVBAEM. XLAN Excad Add-in
-resaft Office’ Officel DLibrans SUMEF, XLAM  Ewcel Add-in
LeodlESUMICrOS oM OfMice . OMicel Z0FFRHD.DLL  Doqument Inspector
s-ilesMicrasaft Shared Smart Tag MOFL.DLL Smart Tag
ft Office’ Officel DLibranf EURCTOOLNLAM  Excel Add-in
les\Microsoft Shared Smart Tag'MOFLDLL  Smart Tag

popooooARoDOD

AlenMicrosoft Office Oficel 2WOFFRHD.DLL
coilesiMicrasaft Office’, Officel 2OFFRHD.DLL
-ilesMicrosoft Office’ Officel OFFRHD.DLL

Dradument Inspector
Diatument Inspectar
Dacument Inspector

| Internet Assistant VBA icrosott Office’ Office L DLibrany HTRLXLAM  Excel Add-in
| Irvvisiivle Content ollesiMicrosaf Office’ OMicel ZOFFRHD.DLL  Dodumant Inspeactor
| Loakup Wizard s<10ft Office’ Officel Dlisran’ LOOKLIP. XLAM Excel Add-in
IFW: en Mame (Cutlogk e-mail recipients| Le-esibicrosoft Shared'Smart Tag FNAME.DLL  Smart Tag
| Sohver Add-in Hoe Officel Dilibran SOLVERSOLVER. XLAM  Excel Add-in
| Bottusnent Retn
I

Add-n Acrobat POFMaksd Office COM Addin

Publizhes Ldobe Syrtems, Incorparated

Lacation: T Pragiam FilesAdobe Acrabat 7.00PDFMak e O POFMOPcas ddin. di

Desonption:  Aaobat PDFMaker Office COM Addin

I i
Manage: | Excel Add-ins |
| o || canee

/|
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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.

Add-Ins

add-Ins available:

[]5olver add-in

Analysis ToolPak - VEA

[ ] conditional Sum Wizard

|:| Euro Currency Tools

[ ]1nternet Assistant YEA
B

[ Loakup wizard e

aukamation. ..

Analvsis ToolPak

Provides data analysis kools For skatistical and
engineeting analysis

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

2)

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.

#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).



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:

e Restarting Excel,
e Rebooting your computer, or
e 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 K,, 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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LIST OF ACRONYMS AND SYMBOLS

AAR
API
ATSDR
BTEX
BTS
CAMEO
CAS #

CES
CHEMTREC
DGAC
DNAPL
DOE
DOT
EAWAG
EPA
EPIWIN
FDEP
FGCU
HAZMAT
HMCRP
HSDB
HSSM
IAFC
IRIS

ISI
IUPAC
KOPT
LFER
LNAPL
LSER
LSST
MHMI
MIT
MOFAT
MSDS
NAPL

Association of American Railroads

American Petroleum Institute

Agency for Toxic Substances & Disease Registry
benzene, toluene, ethylbenzene, and xylene

Bureau of Transportation Statistics

Computer-Aided Management of Emergency Operations

Chemical Abstract Service registry number, which is unique identification

for chemicals. It is also referred to as CAS RN.
Commodity Flow Survey

Chemical Transportation Emergency Center
Dangerous Goods Advisory Council

Dense Non-aqueous Phase Liquid

U.S. Department of Energy

U.S. Department of Transportation

Swiss Federal Institute for Environmental Science and Technology

U.S. Environmental Protection Agency

Estimation Program Interface Suite

Florida Department of Environmental Protection
Florida Gulf Coast University

Hazardous Materials

Hazardous Materials Cooperative Research Program
Hazardous Substance Data Bank

Hydrocarbon spill screening model

International Association of Fire Chiefs

Integrated Risk Information System

Institute for Scientific Information

International Union of Pure and Applied Chemistry
Kinematic Oily Pollutant Transport

Linear Free Energy Relationship

Light non-aqueous phase liquids

Linear Solvation Energy Relationship

Linear Solvation Strength Theory

Managing Hazardous Materials Incident
Massachusetts Institute of Technology

Multiphase Flow & Multicomponent Transport Model
Material Safety Data Sheets

Non-aqueous Phase Liquid



NIST
NOS
NTSB
OPP

TRB

TSG
UN/NA #

Aerobic ty),

Anaerobic ty),
a

w

O o O

m

™

~ ~ -

1, am

7~

i, aw

~

1, mw

Ki, oc

KOW

National Institute of Standards and Technology

Not Otherwise Specified

National Transportation Safety Board

Office of Pesticide Programs

Transportation Research Board

Transient Source Gaussian Plume

United Nations or North American Identification Numbers

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

The half life time of a component under anaerobic conditions
Diffusion coefficient in air

Diffusion coefficient in water

Diffusion coefficient in mixture

Fraction organic carbon

Hydraulic gradient (ft/ft)

Hydraulic conductivity (ft/yr)

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

Partition coefficient between air and water (unitless)

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

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

Partition coefficient between octanol and water

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

Surface tension of a NAPL against air

The interfacial tension between the mixture and water

Vapor Pressure

The solubility in water

Dynamic viscosity

As the co-solvency power of the solvent for the compound i in co-solvent j
Activity Coefficient

Concentration in Source Zone (mg/L)

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

Longitudinal groundwater dispersivity (ft)

Transverse groundwater dispersivity (ft)

Vertical groundwater dispersivity (ft)

First-order decay coefficient for dissolved contaminants (yr!)

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

Effective soil porosity
Soil total porosity
Constituent retardation factor
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Abbreviations and acronyms used without definitions in TRB publications:

AAAE
AASHO
AASHTO
ACI-NA
ACRP
ADA
APTA
ASCE
ASME
ASTM
ATA
ATA
CTAA
CTBSSP
DHS
DOE
EPA
FAA
FHWA
FMCSA
FRA
FTA
HMCRP
IEEE
ISTEA
ITE
NASA
NASAO
NCEFRP
NCHRP
NHTSA
NTSB
PHMSA
RITA
SAE
SAFETEA-LU

TCRP
TEA-21
TRB
TSA
U.S.DOT

American Association of Airport Executives
American Association of State Highway Officials
American Association of State Highway and Transportation Officials
Airports Council International-North America
Airport Cooperative Research Program

Americans with Disabilities Act

American Public Transportation Association
American Society of Civil Engineers

American Society of Mechanical Engineers

American Society for Testing and Materials

Air Transport Association

American Trucking Associations

Community Transportation Association of America
Commercial Truck and Bus Safety Synthesis Program
Department of Homeland Security

Department of Energy

Environmental Protection Agency

Federal Aviation Administration

Federal Highway Administration

Federal Motor Carrier Safety Administration

Federal Railroad Administration

Federal Transit Administration

Hazardous Materials Cooperative Research Program
Institute of Electrical and Electronics Engineers
Intermodal Surface Transportation Efficiency Act of 1991
Institute of Transportation Engineers

National Aeronautics and Space Administration
National Association of State Aviation Officials
National Cooperative Freight Research Program
National Cooperative Highway Research Program
National Highway Traffic Safety Administration
National Transportation Safety Board

Pipeline and Hazardous Materials Safety Administration
Research and Innovative Technology Administration
Society of Automotive Engineers

Safe, Accountable, Flexible, Efficient Transportation Equity Act:
A Legacy for Users (2005)

Transit Cooperative Research Program
Transportation Equity Act for the 21st Century (1998)
Transportation Research Board

Transportation Security Administration

United States Department of Transportation
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