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Chapter 1 

 

Introduction 

 

1.1 Background and Capabilities of CHEMBASE 

 

 The development of the database is one of the objectives of the research project 

Computational Tools for Water Security (WIS-CSSM) sponsored by the Department of Energy, 

Oak Ridge Operations Office (DOE-ORO) via the Southeast Region Research Initiative 

(SERRI); which is to develop advanced computational technology for water infrastructure 

security. The database, entitled CHEMBASE, is a chemical property database which provides 

information of the rates of first order decay, fate, adsorption, desorption etc., for simulating 

chemical and bio-chemical processes of the considered chemicals in surface water environment.  

 NCCHE has developed a two dimensional depth averaged hydrodynamic model, 

CCHE2D, to simulate the free surface flow and sediment/pollutant transport in natural waters. 

This model has been verified and validated rigorously using analytical methods, many sets of 

physical model data, and applied to many nature water cases (Jia et al 1999, 2002). In recent 

years, a chemical contamination simulation module was developed based on CCHE2D model. A 

number of processes, including volatilization, photolysis, hydrolysis, adsorption, desorption, 

degradation, etc., can be simulated using this module. In addition, the processes in the sediment 

layers, the interaction and exchange between sediment bed and water column are considered 

(Zhu 2006).   

 To simulate the fates and transport processes of chemicals using CCHE2D model, some 

physical properties of the chemical materials and chemical reactive property parameters in 

dissolved conditions are needed. In the current numerical model, the following parameters are required:  

(1) Degradation rate in water  

(2) Degradation rate in soil 
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(3) Organic-carbon partition coefficient 

(4) Molecular weight 

(5) Henry's constant 

 This report presents the development and application of the chemical database, 

CHEMBASE. The database is established using Microsoft ACCESS 2007, with objects such as 

table, query, report, form, macro, and module, etc. The output parameters of the chemical 

database can be directly taken by the Graphical Users Interface of CCHE2D model as an input 

(Zhang, 2008). 

 The parameters of physical-chemical property in this database are obtained from a few 

public sources, including CHEMFATE (Syracuse Research Corporation (SRC) 2008), and other 

references (Mackay et al 2006, Texas Register 2007).  

The major objective of CHEMBASE is to provide the chemical property information for 

numerical simulation of chemical contamination. It also provides additional information for users 

to review so that the parameters selected can fit better to the conditions of the environment under 

investigation. For example, the ranges of the parameter Koc (organic-carbon partition 

coefficient), Degradation rate in water, and Degradation rate in soil, vary depending on the 

condition (PH, temperature, etc.). Measured values and the corresponding experimental 

conditions are provided for users to select. Those measured data and experimental conditions are 

listed in tables for users to review and select. The users have the option to update the parameter 

and the modified parameters will replace the original default values in the database.  

 This report also includes a Userôs Manual and a Quick Start Guide to help users to apply 

the database and simulate chemical contamination.  These two manuals emphasize on how to 

install, search chemical parameters and application. 

 Currently only a limited number of chemicals are included in the database for 

demonstration. However, additional data can be uploaded whenever it is necessary, because the 

technology has been developed.  
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1.2 Contents of this Report 

   

 The background and capabilities of this database are introduced in Chapter 1. Chapter 2 

presents the development of the database using Microsoft Access 2007. The developments of the 

major objects, including table, query, report, form and macro are described, and the application 

of this database to the CCHE2D numerical model is introduced. Chapter 3 provides the technical 

information about how to fine tune the parameters. The user can select reasonable parameters 

based on different conditions for his application. In addition, the Userôs Manual and Quick Start Guide 

are in the Appendix of this report. They may help user apply this database to search chemical properties and export a 

data file for CCHE2D model.  

 

1.3 Contributions to NCCHE Chemical Property Database  

 

 The Principle Investigator of this research project is Dr. Sam, S.Y. Wang, Professor 

and Director of the NCCHE. This chemical property database has been developed under direct 

supervision of Dr. Yafei Jia, the associate director of NCCHE. Dr. Xiaobo Chao made the major 

contributions to the development of the database using Microsoft Access 2007. Mr. Munther 

Hammouri developed the capability of adjusting the parameters in the chemical property 

database using CHEMFATE experimental details. This software can be used to load, review and 

edit the data obtained from CHEMFATE. In addition, Dr. Tingting Zhu, Dr. Yaoxin Zhang and 

Dr. Weiming Wu provided useful suggestions for design and development of the chemical 

database.   



Attachment C 

4 

Chapter 2  

 

Development of CHEMBASE Database Using Microsoft Access 2007 

 

 CHEMBASE is developed using Microsoft Access 2007. This chapter presents the 

developments of the major objects, including table, query, report, form and macro in the 

database. The application of the database to the CCHE2D model is also described.   

     

2.1 Table  

 

 A table is used to store data in MS Access 2007. In the CHEMBASE database, all the 

parameters of physical-chemical properties are included in a table named ñtblChemicalò (Fig. 

2.1). For each chemical, the database contains the following parameters:  

  

(1) Chemical name 

(2) CAS Number 

(3) Chemical formula 

(4) Physical state 

(5) Density (kg/m
3
) 

(6) Viscosity (m
2
/s) 

(7) Solubility in water (mg/l) 

(8) Henry's constant (atm m
3
/mole) 

(9) Molecular diffusivity in air (m
2
/s) 

(10) Molecular diffusivity in water(m
2
/s) 

(11) Molecular weight (g/mole) 
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(12) Koc, organic-carbon partition coefficient, Minimum  

(13) Koc, organic-carbon partition coefficient, Maximum 

(14) Koc, organic-carbon partition coefficient, Mean 

(15) Kow, Octanol-water partition coefficient, LOG Kow 

(16) Photolysis rate (/day) 

(17) Hydrolysis rate (/day) 

(18) Degradation rate in water, Minimum (/day) 

(19) Degradation rate in water, Maximum (/day) 

(20) Degradation rate in water, Mean (/day) 

(21) Degradation rate in soil, Minimum (/day) 

(22) Degradation rate in soil, Maximum (/day) 

(23) Degradation rate in soil, Mean (/day) 

   

 

 

 

 

 

 

 

Fig. 2.1  Main table ñtblChemicalò of the chemical property database 

 

 The parameters of physical-chemical property in this table are obtained from a few 

sources, including CHEMFATE (SRC 2008), and some other references (Mackay et al 2006, 

Texas Register 2007). The database system allows the user to add new chemicals in the table, 

and modify some parameters of physical-chemical properties.  
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 Some parameters, such as Koc  (organic-carbon partition coefficient), Degradation rate in 

water, and Degradation rate in soil, range widely. In this table, the minimum, maximum, and 

mean values are provided, and the mean values are used as defaults. In order to get more 

reasonable mean values for a particular application, the user can review detailed experimental 

conditions and related measurements (See Chapter 3).  

 Currently, 23 selected chemicals are included in this table. It can be expended by simply 

typing in more chemicals and their physical-chemical property values.  

 

2.2 Query 

 A query is used to filter and retrieve data from the table. In order to obtain the parameters 

of a chemical for numerical simulation, the database should allow the user to have the following 

operations:  

(1) Identify a chemical based on the chemical name, CAS number, or chemical formula 

(2) Search the needed chemical property parameters contained in the table 

    

 

 

 

 

 

 

 

Fig. 2.2  A query established in the chemical database 
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 Those operations can be accomplished using a parameter query. In this database a query 

named ñqry_CCHE2D_Chemicalò (Fig. 2.2) is established for user to retrieve the physical-

chemical properties from the table ñtblChemicalò based on: 

(1) Chemical name, or  

(2) CAS number,  or 

(3) Chemical formula 

 

 In order to select a chemical based on the its name, CAS number or chemical formula, the 

ñQuery by Formò technology is used to build a few criteria of the parameter query. The criteria 

of the parameter query (Fig. 2.2) is set as the name of combo boxes displayed on a form shown 

in Fig. 2.7. For the current chemical contamination simulation model, CCHE2D, the following 

physical-chemical property parameters are required:  

(1) Degradation rate in water, Mean 

(2) Degradation rate in soil, Mean 

(3) Koc, organic-carbon partition coefficient, Mean  

(4) Molecular weight 

(5) Henry's constant 

 

2.3 Report 

 A report is an object designed for summarizing the selected data. The recorded source of 

the report is the query: ñqry_CCHE2D_Chemicalò.  After the user has chosen the chemical, the 

physical-chemical property parameters are displayed in the report ñrpt_Chemical Propertyò 

(Fig.2.3) 
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Fig. 2.3  Report of chemical property 

 

 If the user would like to adjust some parameters in the report, a tool described in Chapter 

3 can be used.  

 

2.4 Export Report  

 

 After the chemical properties are finalized, the report can be exported as a ñ.txtò file and 

taken by CCHE2D model as an input file (Fig. 2.4 , Fig.2.5 and Fig. 2.6) . 

 After loading the ñ.txtò file to CCHE2D model, the units of Degradation rates in water 

and soil are changed from ñ/dayò to ñ/secondò. The chemical partition coefficient Kp in the 

model is calculated by  
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ococp fKK =                                                                      (1)   

in which Kp = partition coefficient;  Koc = organic/carbon partition coefficient, which can be 

obtained from the database;  foc= organic carbon fraction of the solid, it is given by the CCHE2D 

model.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.4 Export of chemical property parameters as a text file 
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Fig. 2.5 Import of the chemical property txt file to CCHE2D Model 
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Fig. 2.6. Chemical parameters used in CCHE2D model 
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2.5 Form (User Interface)  

 Form is an object designed primarily for data input or display or for a control of 

application execution. In this database a form is built as a user interface, and it can be used to 

select a chemical. It can also be used to activate a few command buttons to show the report of 

physical-chemical properties, export data for CCHE2D model, and exit the database system. If 

the user wants to adjust some parameters, he might click ñEdit Parametersò button (Fig. 2.7).       

 

 

 

 

 

 

 

 

 

  

 

  

Fig. 2.7   The form of CHEMBASE database 

 

 In this form, three combo boxes are designed to search a chemical using its name, CAS 

number or chemical formula. All the lists are obtained from the table ñtblChemicalò, and sorted 

in ascending order.  
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 A few macro actions, including OpenReport, OpenForm, OutputTo, Close, etc. are used 

to build command buttons:  ñView Reportò, ñExport Reportò and ñExitò. After selecting a 

chemical, the user can view a report of physical-chemical properties by clicking ñView Reportò. 

If the values are acceptable, a text file may be exported by clicking ñExport Reportò. In case, the 

user wants to adjust some parameters, such as Koc, Degradation rates in water and soil the option 

ñEdit Parametersò can be selected. The user may click on the ñExitò button to abort the database 

system.  
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Chapter 3 

 

Adjusting Chemical Parameters for More Reliable Results 

 

 After viewing the report, the user might want to adjust some of the parameters in the 

report. In order to make modifications, the user should click on the ñEdit Parametersò button. 

This action calls a C# software application that gives the user the ability of viewing more Koc 

and Degradation experimental details and also allows the user to adjust the parameters he wants.  

 Since the chemical data were obtained from the public database: ChemFate (SRC 2008), 

this Chapter first illustrates in details to the user to obtain the original data from the ChemFate 

website.  Procedures to load the data into the database and to use the ñEdit Parametersò option to 

adjust the parameters are also discussed. It then introduces the normal flow chart of the 

application of ñEdit Parameterò. It also shows how the C# software application is linked in a 

certain way to the Microsoft Access database.   

 

3.1 Loading the Database with the ChemFate Data 

 

 To load the Microsoft Access database with the ChemFate data, the user should go to the 

http://www.syrres.com/esc/chemfate.htm website (Fig 3.1). The user should then fill one or more 

of the following: CAS#, Formula and Chemical Name. After that the user should click on the 

Chemical Search button. If the entry is invalid, the user will be prompted to select an entry out of 

a list of valid entries. After a valid entry is selected, in either scenario, another window prompts 

the user to select which parameters to show for the selected entry. The user should then click on 

the ñBegin Searchò button.  

 

http://www.syrres.com/esc/chemfate.htm
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Fig 3.1 Chemfate webpage 
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 The Chemfate Search Results window is then displayed and the user should then save it 

in text file format. Fig 3.2 shows the text file.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.2 Chemfate Result in the Text File Format 

 

 The user should then open the ñChemFate Analyzer.exeò, which is a NCCHE chemical 

property software application developed for this sole reason: loading data in a text file format 

into the Microsoft access database. Fig 3.3 shows how to use the ChemFate Analyzer application 

to select text file to be loaded to the database which the user chooses using the second button. 

Finally the user should click on the third button to load all the data into the selected database. 

The ñChemFate Analyzerò application is a program developed using the C# language. Its sole 

use is to load the ChemFate data obtained from the website mentioned above into the Microsoft 


