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Chapter 1

Introduction

1.1Background and Capabilities of CHEMBASE

The development of the database is one of the objectives of the research project
Computational Tools for Wateecurity(WIS-CSSM) sponsored by the Department of Energy,
Oak Ridge Operations Office (DGBRO) via the Southeast Region Research Initiative
(SERRI); which is to develop advanced computational technology for water infrastructure
security. The database,tgéled CHEMBASE, is a chemical property database which provides
information of the rates of first order decay, fate, adsorption, desorptigrfetsimulating

chemical and bi@whemical 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 natura water
This model has been verified and validated rigorously uaimagytical methodsmany set 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, hydmlyadsorption, desorption,
degradation, etccan be simulated using this module aldition,the processes in the sediment
layers, the interactionand exchangéetween sdiment bed and water column arensidered
(Zhu 2006).

To dmulate the fates analansport processed chemicalsusing CCHE2D model, some
physical properties of the chemical materials addemical reactive property parameterg

dissolved conditionare neededn the current numerical model, the following parameters are required:

(1) Degradatiorratein water

(2) Degradatiorratein soil
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(3) Organiccarbon partition coefficient
(4) Molecular weigh

(5) Henry's constant

This report presents théevelopment and application of thehemical database
CHEMBASE The databases established using Microsoft ACCES807, with objects such as
table, query, report, form, macro, and modu¢c The output parameters of the chemical
database can be directly taken by the Graphical Users Interface of CCHE2D madé&i@ag
(Zhang, 2008

The parameters of physieehemical property in this database are obtained from a few
public sources, including CHEMFATESracuse Research Corporation (SRG)8), and other
referances (Mackay et al 2006, Texasdister 2007).

The major objective of CHEMBASE is to provitlee chemical propertynformation for
numerical simulation of chemical contamination. It also provides additional informatiosder
to reviewso that the parameters selected can fit better to the condifitims environment under
investigation. For example, the ranges of the paramEier (organiecarbon partition
coefficient), Degradationrate in water, andegradationrate in ®il, vary depending on the
condition (PH, temperature, etc.Measured valuesand the correspondingexperimental
conditiors are providedor users to selectThose measured data and experimental conditions are
listedin tablesfor uses to review and selecthe uses have the option to update the parameter

and the modifiegparameters will replacie originaldefault values in thdatabase.

This report al so i nc luicklbas Gualedobepeusedts appa n u a |
the database and simulate chemical contamination. These two manuals emphdsneo

install, search chemical parameters and application.

Currently only a limited number ofchemicals are included in the databaséor
demonstrationHowever, 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 capabilitiestbfs databasera introduced in Chapter 1. Chapter 2
presentghe development ofthe database using Microsoft Access 2007. The developments of the
major objects, including table, query, oep form and macro are described, daheapplcation
of this database tthe CCHE2D numerical model is introducedhapter 3 provides thechnical
information abouthow to fine tune the parameteihe user can selecéasonablgarameters

based on different conditions for his applicatibnaddition, theUs er 6s Manual and Qui ck

are in the Appendix of this report. They masip userapplythis 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 NCCHEThis chemical property database has been developed dinéetr
supervision of Dr. Yafelia, the associate director of NCCHE. Dr. Xiaobo Chao made the major
contributions to the development of the database usliegosoft Access 2007. Mr. Munther
Hammouri developed the capability ofdjusing the parameters in the chemical property
databaseising CHEMFATE experimental details. This software can be used toraely and
edit the data obtained from CHEMFATE. In addition, Dr. Tingting ,ZDu Yaoxin Zhangand
Dr. Weiming Wu provided useful suggestions faesign and developmemtf the chemial

database.
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Chapter 2

Development of CHEMBASE Database Using Microsoft Access 2007

CHEMBASE is developed using Microsoft Access 200Fhis chapter presents the
developments of the major objects, including table, query, report, form and macro in the
database. The application of the databaskeaCCHE2D moddk also described.

2.1Table

A table is used to store dataMS Access2007.In the CHEMBASEdatabase, all the
parameters of physicahemical propertiesrei ncl uded i n a tab(Fg. named
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®)

(6) Viscosity(m?/s)

(7) Solubility in water(mg/l)

(8) Henry's constarfatm nt/mole)

(9) Molecular diffusivity in airf(m?®s)
(10) Molecular diffusivity in watefm?/s)

(11) Molecular weigh (g/mole)
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(12) Koc, organiecarbon partition coefficient, Minimum
(13) Koc, organiecarbon partition coefficient, Maximum
(14) Koc, organiecarbon partition coefficieniyiean

(15) Kow, Octanolwater partition coefficient, LOG Kow
(16) Photolysis raté/day)

(17) Hydrolysis ratg/day)

(18) Degradatiorratein water, Minimum(/day)

(19) Degradatiorratein water, Maximuny/day)

(20) Degradatiorratein water,Mean(/day)

(21) Degradatiorratein soil, Minimum (/day)

(22) Degradatiorratein soil, Maximum(/day)

(23) Degradatiorratein soil, Mean(/day)

—| tbiChemical x
ID ~ Name - |CASnumbet ~| Formula - |Physical stat - | Density(l - |viscosity (m: ~ | Solubility in water (mg/l) - Henry's constani ~ |Molecular di ~ |1
! toluene 108-88-3 C7H8 liguid 867 6.8E-07 526 0.00664 0.0000086
2 o-xylene 95-47-6 CBH10 liguid 264 9.3E-07 178 0.00527 0.0000075
3 Benzene 71-43-2 CoHG liguid 879 7.44E-07 1790 0.0055 0.0000096
4 1,1,1-Trichloroi 71-55-6 C2H3CI3 liquid 1329 6.47E-07 1334 0.0172
5 ozone 10028-15-6 a3 gas 2.141 0 600 3.75 0.00963
6 formaldehyde 50-00-0 CH20 gas 1080 2.03E-06 400000 3.36E-07 0.0000171
7 methanol 67-36-1 CH40 liquid 7914 0 1000000 4.55E-06
8 methyl ethyl ki 78-93-3 CAHBO liquid 805.4 0 223000 0.0000559
9 methyl isobuty 108-10-1 C6H120 liquid 801 0 13000 0.000138
10 phenol 108-95-2 C6H60 liquid 1057.6 0 82800 3.97E-07
11 ammaonia 7664-41-7 NH3 gas 680 4.41E-07 531000 0.0000161 0.0000255
12 chromium 7440-47-3 cr metal 7140 0 0 ] ]
13 copper 7440-50-8 Cu metal 8920 0 0 0 0
14 lead 7439-92-1 Pb metal 11000 0 0 0 0
15 manganese 7439-96-5 Mn metal 7470 0 0 0
16 mercury 7439-97-6 Hg metal 13570 1.12E-07 0.06 0.0862 3.07E-06
17 nickel 7440-02-0 Ni metal 8908 0 0 0
18 sulfuric acid 7664-93-9 H2504 Liguid 1840 0.0000114 1000000 7.65E-12
15 zinc 7440-66-6 Zn metal 7140 0 0 0 0
20 arsenic 7440-38-2 As metal 5727 ] 0 0 0
21 Thiometon 640-15-3 C6H1502PS3 Liquid 1200 0 200 2.76E-08
22 Pentachloroph 87-86-5 C6HCIS0 solid 1978 ] 14 2.45E-08 0.0000056
23 Chlorpyrifos  2921-88-2 C9H11CL3MO3E solid 1398 0 1.12 2.93E-06 4.85E-06

Fig. 2.1 Main tablefitblIChemicab of t he c¢ hdatabasea | property

The parameters ophysicalchemical property in this tablare obtained from a few
sourca, including CHEMFATE ERC 2008, andsomeother referaces (Mackay et al 2006,
Texas Register 2007). The database system allows the user to add new ¢hemtba table,

and modify some parameters of physichémical properties.
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Some parametersuch akkoc (organiecarbon partition coefficientDegradatiorratein
water, andDegradationrate in soil, rangewidely. In this table, theninimum, maximum.and
meanvalues are provided and themeanvaluesare usedas defaultsIn order to getmore
reasonableneanvaluesfor a particular applicatigrnthe user can reviewdetailed experimental

conditions and related@asurementéSee Chapter 3)

Currently,23 selectedchemicalsare includedn this tablelt can beexpended bgimply

typing in more chemicals and their physichkemical property values.

2.2Query

A query is used tdilter and retrieve data from ttable.In order to obtain the parameters
of a chemical fomumerical simulationthe database shoulalow the useto have thdollowing
operations

(1) Identify achemical based aime chemical name, CAS number, or chemical formula

(2) Searchthe neededhemicalpropery parametersontainedn the table

3 qry_CCHE2D_Chemical | X

thiChemical
¥D
Name
CAS number

L] »

Ems] »

Formula
Physical state
Density(kg/m3)
viscosity (m2/s)
Salithility in waeate 4 -
| >
Field: |Formula d Biodegradation in wz Biodegradation in so| Koc, organic-carbon ¢ Maolecular weight (g/1 Henry's constant (atm Name CAS number
Table: [thiChemical thiChemical thiChemical thIChemical thiChemical thlChemical thiChemical thlChemical
Sort:
Show: g g

Criteria:
or:

[Forms]![Chemical Pro

[Forms][Chemical Pro
[Forms]![Chemical Pro

A4l b

Fig. 22 A queryestablished in the chemical database
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Thoseoperatiors can beaccomplishedusing a parameter query this database query
named Aqry_ CCHERgD2.Zik establishediorouser toretrieve the physical

chemical prpertiesfromtheta b | e At b baSkkdenmi cal 0
(1) Chemical namgor
(2) CAS number or

(3) Chemical formula

In order to selec chemical based on tite name, CAS numbear chemical formulathe
fiQuery by Form technology is used to buila few criteria of theparametequely. The criteria
of the parameter quely¥rig. 2.2) is set aghe name of combo bes displayed oa form shown
in Fig. 2.7. For the currentchemical contamination simulation mod€ICHE2D the following

physicatchemical property parameteage reqired:
(1) Degradatiorratein water, Mean
(2) Degradatiorratein soil, Mean

(3) Koc, organiecarbon partition coefficienMean
(4) Molecular weight

(5) Henry's constant

2.3Report

A report is an object designed for summarizing the selectedTdeaecorded source of
the report is the queryi qr y _ CCHE 2 D _ Afterehen usettea$ ahosethe chemicalthe
physicatchemical property parameteese displayed in thereportiir pt _Chempent y ®
(Fig.2.3)



Attachment C

E rpt-Chemical Property - B X
FY
rpt-Chemical Property
Formula |CTHB | =
Degradation in water {fday, mean) |D.115 |
Degradation in soil {/day, mean) |D.113 |
Koc, organic-carbon partition coefficient {mean) |1DD |
Molecular weight (gfmol) |92.14 |
Henry's constant (atm m3/maole) |D.DDI554 |
Thursday, June 12, 2008 Page 1ofl
=
4| i | »

Fig. 2.3 Report of chemical property

If the user would like t@djustsome parameters in the repartooldescribed in Chapter

3 can be used.

2.4Export Report

~ BN

After the chemical propertiesre firalized, the reportan beexporedas a . t xt o f i
taken by CCHE2D model as an input filgg. 2.4 , Fig.2.5 andFig. 2.6) .

After | oading the A.txt o Degrhdationates iNMONatdrE 2 D mc
and soil are changedThé chemmcal pdrtitica yaefficiert, infities e c o n d
model is calculated by
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K =K,_f 1)

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

obtained from the databas&= organic carboffraction of the solidit is given by theCCHE2D

model

C7HE 0.113

0.113

T e O

100 92.14 0.00664

Save in: I"' Local Disk, (C:) j @ - )( E“ E| 4
@M\; Recenk Azad_ASTER [Dyoracexe
Docurments Biasins BPOM

(@ Desktop CCA-praject [EiPowervord 2008
CCHE3DCase [C3Program Files

’[‘)";’Euments CCHE-AG) C)Pythan24
DHS Project @temp

Q rg\’f Diocuments and Settings ﬁ‘u‘u‘asp&

ornpuker
) download [C)WaASP Course

9 m;g’:twmk ESRI CIWINDOWS
file
gui-kest
Heavy-metal
LakeProject
lj4550
Mehta
Microsoft Press
Ty Music
NCCHE

Flename:  [-CCHEZDUL Chemicalbt =l

Save as type: |Text Files (*.txt) =

Taals '|

OF, I Cancel

p

Fig. 2.4 Exportof chemical propertparameterss atext file
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& DHS Project’\Hydro'\unsteady', test-15U' thiometon',rbr2d - CCHE_GUI - Dlll
File Wiew Smulation  Visualization Data Help
DEH S 2
#E MeM-Mp | XS B2 BE SR @B@@Iﬁl@|
Bk e K K 21 s Ko | E G0 o By By
x = . X —
Initial Bed Elewvation (m)
EI--% Project:: tbrad G l
EI-D_ Simulation i 3d
a Case-1 p— S
Auxilary Layers Import Chemical properties ,,O
B Laak in: I@ My Documerts j & &k -
— E] FrmCountry . bxt E] Report-testmodel.bxt @Tecp\otEx
@ E] qry _CCHEZD_Chernical bxt E] Rpt_model.bxt E] taluene. t: @
“ E] qrychemical Queryl.bxt E] Rpt_MCCHE_Chemical_Property.bxt D
E] qrychemical Query bxt E] Rpt_MCCHE_ChemicaProperty,bxt 91440 =
£+
== E] qryChemical bxt E] rpt_selected_chemical bxt 90.762
bk E] Query3.bxt E] rpk_wihemical bxt 0054 |
P 2] Querys.txt 2] rpt-CCHEZDGUIL_Chemical bxt 89407 r,
| ‘L) [Z] repart1.bxt [Z] rpthame. bxt 88779 B
E] Report-test bxt E] Rpt-SelectedChemical bxt 33051 E
ﬁ E] Report-testmodel2, bxt @TecplotDemoFiles 87373 gk&
H | o 86.696 | 2
i 86.018| zt
2 File: name: |rpt-EEHE2DGUI_EhemicaI.txl Open 85340 | e
= | [t . $:
G y Specific Discharge « Files of type: IEhemicaI Properties Files (*.tt] j Caricel a
&y Total Specific Dische  ||— - 4
- dp ¥ Shear Stress IRY —
& v shear Stress 2 O
@ Total Shear Stress ) .
& Eddy viscosity =
& Froude Mumber A
Chemical Intermediate F -
C] In YWater =
3 Concentration it @
@ Dissolved Fracti 4
@ Particulate Frac .
- @ Concentration ir i
-] InBed W
@ Dissolved Fracti
@ Particulate Frac B
#1-{] Concentration ir -
-] Concentration it Time = 0(d): O(h): Ofmy: 0(s)
#-{21 Concentration ir:
d I I LI— Ready MUM |I =1 1=181 G=11201 ¥ =54528.090 ¥ = 1299764940 Z = 90.63000( |Case-1_Run-1 )

Fig. 2.5 Importof the chemical property txt file to CCHE2D Model

10



Set Chemical Parameters {Case-1)

Dptiu:unsl Dispersion Parameters |Initial Eu:unu:litin:unsl

Chemical Decay Rate in ‘W ater [z

Chemizal Decay Rate in Sediment

[#2]

1.30787e-006

1.307587e-006

Sedimentation Bate [mz) 2.3148e-M10
Cherical Partition Coefficient 15
Bed Porozity 0.4
YWertical Dizperzion Coefficient 1e-003
(m™2/z]
Gas Phaze Transfer Fate [mds] Te-010
tolecular Weight [a/mol] 4214
Henmy's Constant [atm m™3/mal) 0.00RE4
Suzpended Sediment Concentration 10
[rna 1)

ak. Cancel Spply

Fig. 2.6. Chemical parameteusedin 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 executionin this database a form is built as a user interface, and it can be used to
select a chemical. It can also be useddtvate a few command buttonsgioow the report of
physicatichemical propertiesexportdata for CCHE2D modeknd exit the database systein
the user wastto adjustsome parameters, neghtc | i ¢ kPardngeisd t b nu(Fig. 27).

=
’ -
NCCHE Chemical Property Database
Select Chemical Name: j
or
select CAS Number: j ]
or
Select Chemcial Formula: j
View Report Edit Parameters Export Repnrtl Exitl

Record: M 1 of 23 LB | Search

Fig.2.7 The form of CHEMBASE database

In this form, three combo boxes are designedetrcha chemical usingts name, CAS
numberor chemical formulaAll the lists areobtainedf r om t he t a b,laed sditedb | Ch e r

in ascending order

12
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A few macroactions including OpenReport, OpenForm, OutputTo, Close, etc. are used
tobuild command but tiolbxpor toh Vheepso riREpiotr d 0, Aft er
chemical, the useran viewa report of physicathemical properties by cliokgfi Meiw Repor t 0.
If the valuesare acceptable, axt file may beexportedoy clickngfi Ex p or t.InRase the t 0
user wants tadjustsome parameters, such as Kbegradatiorrates in water and sdihe option
AEdi t P acansbmseleaed seaiser may click on th Kito button to abort thelatabase
system.

13
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Chapter 3

Adjusting Chemical Parameters for More Reliable Results

After viewing the report, the user might wantadjustsome of theparameters in the
report. In order tanake modificationsthe user should click on thiEdit Parameteso button.
This action cal a C# software application that gives the user the ability of viewing moce K

andDegradatiorexperimental details and also allethe user to adjushe parametarhe wants

Since the chemical data wesbtainedfrom the public database: ChemFate (SRC 200
this Chapter first illustrate in details to the user to obtaihe original data from the Chenake
website Procedures ttoad the datinto the databasend touse theiEdit Parameted option to
adjust the parameterare also discussedit then introducesthe normal flowchart of the
applicationof AEdit Parametex. It also shows how the C# software application is linked in a

certain way to the Microsoft Access database.

3.1 Loadingthe Database with the Chemhkte Data

To load the Micosoft Access database with the ChaeFdata, the user should go to the

http://www.syrres.com/esc/chemfate.hivebsite (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 on. 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 eigwnario, another window prompts
the user to select which parameters to show for the selected entnys@rh&hould then click on

thefBegin Searchbutton.

14


http://www.syrres.com/esc/chemfate.htm

Attachment C

i Syracuse ResearCh Corporatlon Search (Contact Us Site Map

About SRC Locations Business Areas Career Center Training News

Environmental Science

estimation software — BUSineSS Areas

databases — , g, N WAL ey
p environmental science
expert consulting —|

toxicology & —|
risk assessment

environmental chemistry — jree demos & d(lt(lh(t'Sé?S
free demos & databases
e CHEMFATE Chemical Search
TSCATS
Kow
ozone depletion/ —
global warming Enter a CAS# OR enter first few characters of
';;'ZS’PR:'; chemical formula or name to select a chemical out
fece of an alphabetized list of the next 25 chemicals
reports/presentations —| which appear in CHEMFATE.

research publications —

research investigations —|

" Formula
of interest —
related links —
guest book —f Chemical Name

PRA Center of CNY —|
Upstate NY SRA —

(Chemical Search ) (Reset Values )

Database last updated on December 6, 2007

z < P""“ba
{O-Chem$

Substructure search using Chems3,
Copyright & 1999, Syracuse Research Corporation

Fig 3.1 Chemfate webpage
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The Chemfate Search Results windiswhendisplayedand the user should then save it

in text file format. Fig 3.3hows the text file.

Fig 3.2 Chemfat®esult in the Text File Format

The user should then open tiiehemFate Analyzer.ex& which isa NCCHE chemical
property software application developed for this sole redsaing data in a text file format
into the Microsoft access databasey Bi3shows how to use the CheatE Analyzer application
to select text file to be loaded to the database which the useseshasing the second button.
Finally the user should click on the third button to load all the data into the selected database.
The fiChentfate Analyzed application is a program developed using the C# language. Its sole

useis to load the Chendte data obtained from the website mentioned above into the Microsoft

16



