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Introduction to AquaChem

AquaChem is a software package developed specifically for graphical and numerical
analysis and modeling of water quality data. It features afully customizable database of
physical and chemical parameters and provides a comprehensive selection of analysis
tools, calculations and graphs for interpreting water quality data.

AgquaChem's data analysis capabilities cover awide range of functionalities and
calculations including unit conversions, charge balances, sample comparison and
mixing, statistical summaries, trend analysis, and much more. AquaChem also has a
customizable database of water quality standards with up to three different action levels
for each parameter. Any samples exceeding the selected standard are automatically
highlighted with the appropriate action level color for easily identifying and qualifying
potential problems.

These powerful analytical capabilities are complemented by acomprehensive selection
of commonly used plotting techniquesto represent the chemical characteristics of water
quality data. The plot types available in AquaChem include:

» Correlation plots: X-Y Scatter, Ludwig-Langelier, and Wilcox

» Summary plots: Box and Whisker, Frequency Histogram, Quantile, Detection
summary

» Multiple parameter plots: Piper, Durov, Ternary, Schoeller

» Time-Series plots (multiple parameters, multiple stations)

» Geothermometer and Giggenbach plot

» Single sample plots. Radial, Stiff, and Pie

» Thematic Map plots: Bubble, Pie, Radial and Stiff plots at sample locations

Each of these plots provides a unique interpretation of the many complex interactions
between the groundwater and aquifer materials, and identifiesimportant data trends and
groupings.

In addition, AquaChem features a built-in link to the popular geochemical modeling
program PHREEQC for cal culating equilibrium concentrations (or activities) of
chemical speciesin solution and saturation indices of solid phasesin equilibrium with a
solution. For more advanced simulations, you may link to the USGS programs



PHREEQC-I or PHREEQC for Windows, and use your AquaChem samples as input
solutions for these modeling utilities.

Once you start using AquaChem, you will seethat it istruly one of the most powerful
tools available for interpretation, analysis and modeling of any water quality data set.

1.1 New Featuresin Version 5.1

The following features are available in AquaChem v.5.1.

1.1.1 Plots

1.1.2 Reports

1.1.3 Database

Time series plot: It was only possible to define a station as atime series. It is
now possible to define atime series for any other defined legend item, e.g.
aquifer

Piper/Durov diagrams: Triangle endpoints may now be edited. Until now, the
respective parameter as displayed, e.g. meas_alkalinity. Now the parameter
label can be overwritten with HCO3+CO3

Reliability check now contains Unit to for each formula

Trend results can now be copied or printed

The output has been enhanced for the Mann-Kendall trend analysis
Mann-Kendall statisticsare now included in the summary statisticsand may be
calculated for multiple parameters at once

AqguaChem now supports comma as a decimal separator

Import datafrom MS Access

Symbols can now be automatically generated for numerical fields

Water Quality Standards can now be exported

All parameter information can be defined and imported from atext file or
exported to atext file

It is now possible to search for stations and samples that are located at a given
distance from another station

Text fields that include file names or URL s can directly be opened from
AquaChem

The user may now choose between long water facies name (including all ions
>10%) and short facies name (including only dominant anions and cations The
short nameallowssuch asNa-Cl, Ca-HCO3 etc. can be used for creating awater
facies legend and subsequent plotting

Chapter 1: Introduction to AquaChem



» Testsfor normality: Studentized range test, Geary’s test, W-Test, Coefficient
of Variation test
» Save reports and table views in Excel format

1.1.4 Calculators

» AquaChem now alows calculation of the Langelier index and Ryznar Stability
index (used in Scaling and Corrosion assessments)

* Includes a new calculator for calculating oxygen solubility as afunction of
elevation and temperature

1.1.5 PHREEQC

» Additional parameters have been mapped between AquaChem and PHREEQC

» PHREEQC thermodynamic database is added to the PHREEQC screen for
lookup purpose

» PHREEQC simulated data for master species can be read back to the database.
Until now only the information for samples existing in the database could be
imported from PHREEQC results, e.g. the saturation indices of mineralsor the
concentration or activity of a agueous species. Now if anew sampleis created
with aforward reaction option such as mixing, reaction or evaporation, a new
sample is created in the database and the master speciesinformation isread in
as measured parameters

* Includes a new modeling feature: "Equilibrate with minerals': the GUI allows
evaporating asolution while stayingin equilibriumwith one or several minerals
The output includes the chemistry of the remaining sample as well asthe
amount of minerals that was precipitated or dissolved. If evaporation is set to
0, the calculator allows predicting for a given pump rate and time interval, the
mass of the precipitated minerals

1.1.6 Generate PHT 3D Input File

AquaChem is now capable of generating an input file for PHT3D - amodeling utility
which is part of Visual MODFLOW v.4.2. This feature allows the user to conduct the
following data transformations:

» Converting concentrations in mg/l into mol/l for species concentrations

 Calculating input for mineral phases or ion exchangers

» Calculate charge balance

» For Minerals, calculating amount rock that isin contact with 1L of pore water.

 For lon exchange, calculating the amount of exchange places and the initial
composition.

New Featuresin Version 5.1 3



1.2 Installing AquaChem

1.2.1 System Requirements

To run AquaChem you require the following minimum system configuration:

A CD-ROM drive for software installation

A hard drive, with at least 35 MB free space

A local or network printer installed

A Pentium processor or better, with 32 MB RAM

Windows 2000/XP SP/Vista (Business, Enterprise, Ultimate) installed
A Microsoft compatible mouse

Minimum 1024 x 768 screen resolution

Normal size fonts

1.2.2 Installation

Sand Alone Installation
AquaChem is distributed on one CD-ROM. To install, please follow these directions:

Placethe CD into your CD-ROM driveand theinitial installation screen should
load automatically. Once loaded, an installation interface with several different
tabs will be presented.
Please take thetimeto explore the installation interface, asthereisinformation
concerning other SWS products, our worldwide distributors, technical support,
consulting, training, and how to contact us.
Ontheinitial Installation tab, you may choose from the following two buttons:
AquaChem Installation and AquaChem User’s Manual
The User’'s Manual button will display a PDF document of the manual, which
requiresthe Adobe Reader to view. If you do not have the Adobe Reader, alink
has been created in the interface to download the appropriate software.
The Installation button will initiate the installation of AquaChem on your
computer. AquaChem must be installed on your local hard disk in order to run.
Follow theinstallation instructions, and read the on-screen directions carefully.
Y ou will be prompted to enter your name, company hame and serial number.
Please ensure that you enter your serial number exactly asisit appears on your
CD case or invoice. Be sure to use capita letters and hyphensin the correct
locations.
Once the installation is completed, you must re-boot your computer for the
system changestotakeeffect. After theinstallationiscompleteand your system
has re-booted, you should see the blue SWSicon on your Desktop screen
labeled AquaChem 5.1. To start working with AquaChem, double-click onthis
icon.

Chapter 1: Introduction to AquaChem



* If you need to utilize the advanced features of PHREEQC, install PHREEQC-I.

To install the software from the CD-ROM without the aid of the installation interface,
you can:

* Open Windows Explorer, and navigate to the CD-ROM drive
* Open the Installation folder
» Double-click the AquaChem.msi to initiate the installation

Follow the on-screen installation instructions, which will lead you through the install
and subsequently produce a desktop icon for you.

PHREEQC-I Installation

The USGS's PHREEQC-Interactive program is agraphical interface for preparing and
running complex geochemical modeling scenarios. AquaChem hasabuilt-inlink to the
PHREEQC-Interactive program that is capable of launching this program with all
selected samples aready formatted as modelling input.

The PHREEQC-I must be installed separately; the installation file is available in the
AquaChem program files under the PHREEQC directory.

Onceinstalled, the PHREEQCI executable must be registered in the Aquachem
preferences. It can then be launched from AquaChem (Tools/ Modeling / PHREEQC
(Advanced) and the input file will automatically be initialized with the chemical
composition of the samples that are highlighted in the AquaChem sample list.

PHREEQC for Windows I nstallation

AquaChem also supports alink to the PHREEQC for Windows program. This program
isan alternative graphical interface that also allows for preparing and running advanced
geochemical simulations.

If you wish to install and use the PHREEQC for Windows program, the installation is
availablein the PHREEQC folder on the installation CD-ROM.

Thesefiles are also available for download from the Schlumberger Water Services FTP
Ste:

ftp.flowpath.com/software/aquachem
and from the USGS - PHREEQC home page:
http://wwwbrr.cr.usgs.gov/projects GWC_coupled/phreeqgc/

Installing AquaChem 3)



1.3 Uninstalling AquaChem

There may be instances where you will need to uninstall (remove) AquaChem from
your system (i.e. if the software isto be transferred to another computer, or you need to
reinstall on the current computer). To uninstall AquaChem:

» Locate the Add/Remove Programs option in your Windows’ Control Panel.

» Select AquaChem 5.1 asthe program to be removed

* Follow the on-screen instructions.

» Onceyou are finished, re-boot your system to ensure al system files are
updated.

1.4 On-LineHelp

This manual is supplied to you in two forms: as a printed book, and as an online help
file. To view the online help version of this manual, select Help > Contents.

6 Chapter 1: Introduction to AquaChem



1.5 Sarting AquaChem

To start AquaChem, you must have the program installed on your hard disk.
m If you have not yet installed AquaChem, please refer to the section, Installing

AquaChem, which is described above. Otherwise start AquaChem by double-

clicking on the desktop icon (as shown on the left-hand side), or by accessing
SWS Software/Aquachem 5.1 from your Start > Programs Windows menu.

Upon starting AguaChem, the following Open Database dialogue will be displayed
prompting you to select a valid AquaChem database.

Open Database ﬂll
Loak in: I_)AquaChemS‘I j = i

@Docs

L) WQstandards
Demo.agc
pht3d.aqc

File name: I j IQp_enI
Files of type: IDatabase files (*.aqc) LI ﬂl

[~ Open as read-only

Select the Demo.agc file to open the demonstration database; to open a different
database, browse to the appropriate folder. Otherwise, to create a new database click
[Cancel] in this dialogue and select File > New from the main menu.

1.5.1 Opening Old Project Sets (from Version 4.0 and 5.0)
You may open an .AQC file from AquaChem v.4.0 or v.5.0.

NOTE: AquaChem no longer supports direct opening of 3.x projects and the .HC3
extension has been removed from AquaChem Open File interface. To open a 3.x project
in AquaChem 5.1 you have to export the datainto atext, MS Access, or MS Excel file
and import it into a new database created in AquaChem 5.1

To open a project from v.4.0 or higher, use the File > Open command. You will be
prompted with an Open Database dialogue. Browse to the folder which contains your
database and press [Open]. The following message will appear.

Starting AquaChem 7
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' The file C:\Program Files\AquaChem51\Aquachem.mdb must be updated in order to be read with the current AquaChem engine. Before
. conversion, a backup of this file will be automatically created.

Do you want to continue?

If you select [Yes], the AquaChem database will be opened with a screen layout as
shown on the next page, or if you select [No] then the option of opening the old project
setswill be canceled.

Chapter 1: Introduction to AquaChem



1.6 AquaChem Interface L ayout

After opening an AquaChem database file, a screen layout similar to the following
figure will appear.

Main Menu Bar Parent Window

Main
Toolbar
|
D SAMPLEID  WATERTYPE SAMPLE_DATE STATIONID 54
|1 MW CeC03504 nee
| 2MwAR CaNaS040HOD
AC“Ve 3 MW CaNaS04L
WA CaMaSO4CIHON
Sam pI eg | B MWAS  CaMaS04TIHCD
. P MW NaSOLLHLDS
Satl ons | oMw392  CatOaHCD
| 9 W33 CaH S04
H 10 W3 e
Window | | s
12 w33
| 13 wwawr
14 MW
| 15 owzae
| 16 Owez A1 U2
| 17 w20 G2 Owe2
| 18 (w95 Nal angs owe
19 0296 Nal TIANTG G2
| o0 w297 HaCaCiSDE BANGET (w2
N UWES  NalsOS08 AN Tw2
| 22 owas  casos THEASE Ow4
[ UwAE CaS0R I T
| 20 owata  cato 5231 0w
| 4 (w395 Cat0a BT (W4
% Owd%  CatDd TSN O
| 27 cwa8  Casne BHEASET M4
0 OwA901  CatDl T2 T4
| 29 cwass2  casne TH2AEE T4
30 U583 HabgLatl TN U
_— —
I | O
| %

Parent Window is the main AguaChem window which houses all other windows.

Main Menu Bar contains specific menus for graphs and dataset. Depending upon the
currently selected window, each window has a distinct set of menu options. A detailed
description of each main menu options associated with various windows is provided in
Chapter 3: AquaChem Menu Commands of the User’s Manual.

Main Toolbar contains specific tool buttonsfor different options. A detailed description
of each main toolbar itemis provided in section 1.6 of this chapter, AquaChem Toolbar.

Active Samples/Stations Window will always appear when you open an AquaChem
database and will remain on-screen as long as the project database is open (i.e. the
Active Samples/Stations window cannot be closed unless the project database is
closed). Thiswindow displaysthe list of samples and stationsin the currently selected
database. Two further windows can be accessed through the Active Samples/Stations
tab to display and manipulate the dataset:

» Sample Details Window contains details for the sel ected sample.
 Station Details Window contains details for the selected station.

AquaChem Interface Layout 9
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Thefollowing remaining ‘ Child" windows are used to display and manipulate the data
which can be accessed through the main menu commands:

* Table View available under View menu allows you to view and edit the datain
the database as a table.

» Template Designer available under the File menu contains options for
designing print templates for plots and reports.

* Reports loads pre-defined data analysis reports, or user-designed reports. The
Report Designer available under the Reports contains options for designing
datareports.

» Tools loads several tools for data analysis and interpretation. Modeling >
PHREEQC available under the Tools loads the interface for the PHREEQC
modeling utility, and provides direct links to PHREEQC-I or PHREEQC for
Windows. Now thereis al'so an option to create an input file for PHT3D
modeling software.

AquaChem follows most standard Windows interface conventions. Each window can
be minimized to the bottom of the Parent window and re-opened as needed. Likewise,
window sizes can be adjusted by dragging and releasing the corners of the window
frame. Windows can be arranged (as shown below for example) on the Parent window
using the Windows > Tile Horizontal or Tile Vertical command which are available
from the main menu.

Chapter 1: Introduction to AquaChem



4 C:\Program Files\AquaChem51\Demo.agc

Fle Edt view Filter

Stations Plots Reports Tools Window Help

FEe S0 27X AL BEEEE, |
n I (=] E3) | 55 Station Details - Station MW-1 =10l x|
Statioss Samples | Parameter |Unit |Value [~
Filter Selection SUERID Lo
| =) E Station Name M1
Location
1D [SAMPLEID | WATERTYPE SAMPLE_DATE |STATIONID | S Geology sity-aravel
|| 1 Mwisz  CaC03504 8/15/1992 Mw/-1 Xcoodinate |m | 535250.2
I CaNaS04CHCO3 6/1/1993 Mw-1 ¥ coodinate |m | 4814315
I 504l 6/15/1934 Mw-1 Elevation | mlasl) | 332.1 |
504.CHHCO3 7/30/1935 Mw-1 Well Depth =
36 : 04-CHHCO3 5/1996 1 [ ] E—
|| 6 Mw197  CaNaSOLCHOOI B/15/1987 Mw-1 oO| @) 3| @ Save Close
|| 7Mw188  NaSO4CIHCO3 8/1/1998 Mw-1
B Mw-332  CaS04HCO3 8/8/1992 Mw-3
|| 9Mw3sa  CaHCO3504 6/B/1333 Mw-3 =IOl x|
10 Mw-334  CaS04HCO3 6/15/1934 Mw-3
| | 11 Mw385  CaHCO3504 74251395 Mw'-3 sample | Stato|
12 Mw-395  CaHCO3504 8/211995 Mw-3
| | 13 Mwa3r  CsHCO3504 B/B/1H7 M3 Parameter |Value =
| | 14 Mw338  CaHCO3504 7/30/1998 Mw/-3 Station D
|| 15 0w-282  Nal) B/111992 OW-2 Sample|D | Mw/-1-95
|| 16 0w-283  NaCaClS04 6/5/1393 Dw'-2 S ampling Date | 7/25/19%
|| 17 0w-288  NaCaClS04 6/1211934 Dw'-2 Analysis Dol
18 0W-295  NaCalhSO4 71211995 Dw-2
| | 19 0w-29  NaCasCISD8 7/24/13% Ow-2 Rioiced |
[l 20{0w-297 | NaCaChSO4 LhakakT [0 05 I Sample i representaive for this ste
|| 21 0w-288  NaCaClS04 7/2411998 Dw-2
| 22/ow-482  cas04 7/151992 Dw-4
23/0w-493  Ca504 5/25/1993 Dw-4
| | 24 ow-492  casD4 5/23/1394 Ow-4 Msastred | Caleuated | Modeled |
[ 2\ Dwase Losne BRI Qud PrameterGow [ L] M EweedbCL
|| 27 ow-497  cas04 5/15/1997 Dw-4 Parameter Unit Value meq/l +
| 28/0w-4981  Cas04 711211998 Dw-4 | Measured Hardness | ma/|
| 25/0w-4982 Cas04 711211998 Dw-4 Flow Rate gpm
30 OW-4983  NahgCasdl 7/1211998 Dw-4 | Temperature C 142
) i ] Diepth of Sampling poin | m 0 Riihdl

ST

| 0| oo

Save Close

VA

The following section summarizes the features of each of the main AquaChem

windows.

1.6.1 Active Samples/Sations Window

AquaChem follows a database hierarchy of stations followed by samples. This means
that each sample must have a corresponding station. When you create a new sample, a
corresponding station must be assigned to it.

The Active Sample/Stations window contains summarized information about every
active sample and station in the database; the fieldsin this window are read-only which

means that fields in this window cannot be edited. This window contains two tabs:

Stations and Samples. Clicking on these tabs displays the following windows.

AquaChem Interface Layout
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¥} Station List - 4 Active Stations B - 1ol %] B Sample List - 30 Active Samples g =[5
(T samses] ),

Filter Selection Filter Selection
I =1 | |
ID[SAMPLEID [WATERTYPE | SAMPLE_DATE[STATIONID | SYMI=
5143 | |1 Mw1.82 CaC03504 8/15/1952 Mw1
4874031 | | 2 Mw193 CaMaS04CHHCO02 £/1/1933 Mwi1
silty-sand 53553 4514905 3334 | |3 Mw1-94 CaMaS040l E/15/1934 M1
sandy-gravel | 5367207 4814526 3354 | | 4 Mw1.95 CaMaS04CHHCO02 743041995 M1
| | 5 M98 CaMaS04CHHCO02 T/28/1996 MW
| | B Mw1.97 CaMaS04CHHCO02 E/15/1957 M1
| |7 M98 Na-S04-CHHCO3 8/1/1938 i1
| | B Mw332 CaS04HCOZ 8/8/1992 Mwi3
| |9 Mw-393 CaHCO3504 6/2/1993 Mwi3

10 Mwi-3-94 E/15/1334 Mw-3
X F/25/1395| Mw-3
| | 12 Mw-38E 8/2/1996 Mw-3
| | 13 Mw-3e7 CaHCO3504 B/6/1997 Mwi-3
| | 14 Mw-388 CaHCO3504 FI30/1398 Mw-3
| | 15 Ow-292 NaCallS04 8/1/1932 Ow-2
| | 18 Ow-293 NaCallS04 6/5/1933 Ow-2
| | 17 w294 NaCallS04 £/12/1334 OWw'-2
| | 18 Ow-295 NaCallS04 742171335 Ow-2
| | 19 Ow-296 NaCallS04 7/24/1336 OWw-2
| | 20 Ow-2a7 NaCallS04 6/1/1997 Owi-2
| | 21 Ow-292 NaCallS04 7/24/1338 OWw-2
| | 22 Ow-492 Ca504 715/1332 Ow'-4
| | 23 Ow-492 Ca504 5/25/1333 Ow'-4 _
| | 24 Owi-494 Ca504 5/23/1334 Ow'-4
| | 25 Ow-495 Ca504 £/12/1335 Ow'-4
| | 26 Ow-4396 Ca504 7/25/1336 Ow'-4

il Bl el

The first column in these windows will always contain an ID value; each sample and
station in your database will have a unique database ID value. This allows AquaChem
to manage the data and perform internal calculations.

NOTE: Theinterna database ID value cannot be edited, nor can this column be
removed from the active list. ThisID isautomatically created when you create a new
sample or station.

In addition to the ID column, there will be columns containing sample or station
description parameters. These columns can be maodified and the sorting options can be
modified as well. For more details on sorting the active list, please see the View >
Options - Active List section in Chapter 3.

The bottom of the Active Sample/Stations window contains the following three
buttons:

5 The [Sort] button will load the sort options for the active list. Thiswill allow
| you to change which parameters appear in the active list and their order.

The [New] button will create a new sample or station, depending on which
'%’ mode is active (i.e. which tab is selected).

The [Delete] button will delete the selected sample or station.

Chapter 1: Introduction to AquaChem



In order to edit the datafor a specific sample or station, you need to open the Sample
Details or Station Details window. These windows are explained in greater detail in
the following sections.

1.6.2 Sample Details Window

The Sample Details window is aread/write window, which means data can be entered,
saved, and read from this window. Individual samples can be viewed and edited using
this window.

To load this window for one of the samplesin your active list, you can:

» select asample from the active list and double-click the left mouse button on
it; OR

* select asample from the active list and press the <Enter> key on your
keyboard; OR

» select asample from the active list and click Sample > Edit from the main
menu; OR

* right-click the sample from the active list and select [Edit].

An example of the Sample Details window is shown below:

To enter datain the Sample Details window, perrerErrew 1=
simply double-click in the desired field and Sampe | st

type in the appropriate information. Poamclr_[Wobue -
Alternatively, data can be imported into your SalD 132

database using the Import feature (see the e

File > Import section of the User’s Manual Weke e |cac3s0e =

I~ Sample is representative for this site

for more details).

Measured | Calculated | Madeled |

Parameter Group _ ~| M Exceeds MCL
| P er

Value meg/l| «

The Sample Details window is separated
into two frames:. the top frame includes
general details on the sample (Sample and
Station tabs), and the bottom frame contains
the Measured, Calculated, Modeled, and
Description tabs.

148
50 0.00

7260 0.00
12000

Datacan be entered for the Sample tebat the ~ [si . s s
top of thiswindow, and in the Measured and U | oo o
Description tabsin the bottom half of this - = a0 XL

window. Under the Measured Parameterstab, you will seethe label Parameter Group
with a corresponding combo box. This allows you to select different groups of
Measured Parameters, and focus on just desired groups (for example you may want to
view just Anions or Cations). The Show analyzed values only group will hide al
parameters for which there is no data recorded, and display only those samples which
have measured values. Parameter groups can be created and edited in the File >
Database screen using the parameter group tab dialogue.

AquaChem Interface Layout 13
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For Measured Parameters, you may also right-mouse click on a parameter in order to
view the Parameter Details. The Parameter Details displays al the data available for the
selected parameter including description, formulaweight, and the CAS Registry
number.

The Calculated tab contains function values based on measured data from the current
sample. These entries cannot be edited (this datais read-only). However you may
define which of the available functions should be displayed and what unit isto be
displayed (e.g. for hardness) on this tab using the Sample Detail Options.

The datain the Modeled tab is obtained from PHREEQC simulations (as such, there
will be no values for Modeled Parameters when you build a new database). There are
three ways in which you can copy PHREEQC resultsinto the Modeled tab:

[1] Click the  FHREEQC | button at the bottom of the window, and PHREEQC will
calculate the Saturation Indices for the available Modeled Parametersin the
database. Thiswill be done only for the current sample;

[2] Select multiple samplesin the Active Sampleslist, and use the menu option Tools
> Modeling > Calculate Sat. Indices and Activities.

[3] Manualy create a PHREEQC input file, using the PHREEQC (Basic) option under
the Tools > Modeling menu. This option is recommended only for usersthat are
familiar with the PHREEQC maodeling program. The results from the simulation
must be manually inserted into your AquaChem samples.

The scroll buttons at the bottom of the Sample Details Window can
be used to scroll through the Sample Details for other samples: @l@l@l

The order of these buttons (from left to right) is as follows:

First sample - loads the sample details for the first samplein your active list.
Previous sample - loads the sample details for the previous sample in your active list.
Next sample - loads the sample details for the next sample in your active list.

Last sample - loads the sample details for the last sample in your active list.

Thefirst field in the Sample Details
window isthe Station ID. As mentioned
earlier, every sample must have a station
assigned to it. To assign astationto a

Station List

sample, click oncein this field then click N oy
the ﬂ button Wh|Ch W||| appear near the - zandy-gravel B3IEV20.7 48148268 3354
right side of thisfield. Alternatively, you

may click Samples > Assign Station from fssign Clase

the main menu. Thiswill load alist of
available stations, similar to the dialogue
shown to the right side.
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From this dialogue, you may select a station directly from thelist; or if you have along
list of stations, the Find &} feature at the top of this window can be helpful. Simply
enter the Station ID or any other parameter from the station you are looking for into the
Find field, and pressthe Find icon to run a search for this expression. If this expression
might be found in several fields of the station table then you might want to choose a
category from the combo box beside thisfield in order to narrow down the fieldswhich
are searched by the query.

Once you have located the desired station for this sample, press the [Assign] button at
the bottom of this dialogue and this will return you to the Sample Details window.

When you are finished in the Sample Details window, press the [Save] button at the
bottom to save new data and/or changesto your database. Once you are finished, press
[Close] to return to the Active List.

The data under the Station tab is read-only, and as such cannot be edited. The Station
tab contains information on the station which correspondsto the current sample. To edit
the station parameters, open the Station Details Window as described in the next
section.

1.6.3 Sation Details Window

The Station Details window is a read/write window, which means data can be entered,
saved, and read from this window. Individual stations can be created, edited, or viewed
using this window.

To load thiswindow for one of the stationsin your active list, you can:

» sdlect the station from the active list, then double-click the left mouse button
onit; OR

* select the station from the active list, then press the <Enter> key on your
keyboard; OR

» select the station from the active list and click Station > Edit from the main
menu; OR

* right-click on the station from the active list and select [Edit].

An example of the Station Details window is shown below.
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%% Station Details - Station| -0l x|

Parameter | Unit | Value |

Station D hAiA-1
Station Manne ki1
Location
i | Geology zilty-grawel
' | Lithology

# coordinate | m 535250.2
T coordingte | m 481415
Elewation mfasl] | 3321
Wiell Depth
Gradient

@I @I @I Save Cloze

To enter datain the Station Details window, simply double-click in the desired field
and type in the appropriate information. Alternatively, data can be imported into your
database using the Import feature (see the File > Import section for more details). To
save new data and/or changes to the database for this station, press the [Save] button at
the bottom of this window. Once you are finished, press [Close] to return to the active
list.

The scroll buttons at the bottom of this window are similar to the Sample Details
window; these buttons can be used to scroll through the detailsfor other stationsin your
activelist.

1.6.4 Plots Window

16

AquaChem provides a comprehensive selection of 25 different plotting techniques
commonly used for agueous geochemical data analysis and interpretation. Each of
these plot types can be used to graphically represent information for all samplesin the
Active Samples List, or for selected samples only.

To create anew plot:

» Ensurethe Samples tab isthe current active window.

» Select Plots > New from the main menu.

» Choose the desired plot type from the list in this menu.

» Modify the plot options or click [OK] to accept the defaults.

Thiswill create aPlot window displaying the selected plot for al or selected samplesin
the Active Samples List.

An example below shows a plot window containing a Piper plot:
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Piper Plot

Lege b

s
¥ 3
P oz

B o

Ca MNa+lkl HCO3 zl

Any samples selected in the Active List will be highlighted on the Piper plot. Shapes
and sizes of the symbols can be modified and the plot options can be adjusted to show
just the selected samples, or al the current active samples availablein your database. In
certain plots the data points may be labeled.

It isimportant to remember that the data plotted on all open plots are directly linked to
the database samples. Any changes to the data are immediately reflected in each of the
open graphs. Clicking adata point on the graph will highlight the corresponding sample
in the Active sampleslist window (the corresponding data point in all other open plot
windows will also be highlighted). This can be effective for identifying outlier points
on the plot. Similarly, selecting a samplein the active list will highlight the
corresponding data point on all open graphs. Changing the number of samplesin the
active list automatically updates ALL open plots.

For more details on the various Plots and their respective options, please refer to
Chapter 4: Plots of the User’s Manual.

1.6.5 TableView

The Table View window isloaded when you select View > Table View from the main
menu. You can then load any of the previously created table views, or use the Create
option to design a new Table (spreadsheet) View.

For more details on the Table View options, please see the View > Table View section
in Chapter 3 of the User’'s Manual.
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1.6.6 Reports Window

A Report window provides reported and/or calculated information for a selected
sample, group of samples, or all active samplesin the database. The reports can be
produced by selecting a sample from the active list and then selecting one of the report
types from the Reports Menu option.

The text reports can be edited, printed, or saved to a. TXT, .CSV or .XLSfile.
AquaChem generates several types of reports. Using the Report Designer, you can
create and customize your own reports, to display whatever data and/or calculations
you desire.

For more details, please refer to Chapter 5: Reports of the User’s Manual.

1.6.7 Tools

AquaChem provides you with the following pre-defined data analysis tools:

» AquaChem Function

» Decay Calculator

» Find Missing Major lon

» Formula Weight Calculator
» Volume Concentration Converter
» Specia Conversions

» Species Converter

» Unit Conversions

» Cadculate Facies

» Corrosion and Scaling

* Oxygen Solubility

There are also QA/QC checks, Look Up Tables, and options for the linking to the
PHREEQC interface available under the Tools Menu. Aswell, thereis afeature that
allowsyou to create an input file for PHT3D modeling engine using the data entered in
the database.

For more details, please refer to Chapter 6: Tools of the User’s Manual.

1.6.8 PHREEQC Interface

18

AquaChem includes a direct link to the USGS modeling program PHREEQC (version
2.11). You may also run the USGS graphical user interfaces (PHREEQC-I or
PHREEQC for Windows), utilizing more advanced options which are not available
through the AquaChem interface.

For more details on PHREEQC and modelling, please refer to Chapter 7.
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1.7 AquaChem Toolbar

This section describes each of theitemsin the AquaChem toolbar. Most toolbar buttons
are context sensitive and react according to the active AquaChem window or dialogue.
If there are no options available for the selected window or dialogue, the toolbar icons

may become grey and inactive. The AquaChem toolbar is shown below.

EEe D Eib 2EX AL BEEE, »| i

For a short description of each item in the toolbar, place your mouse pointer over an
icon and a hint will pop-up. The function of each toolbar item is described below:

New button creates a new database (only available if no other databaseis

T open)

E Open button opens a database (only available if no other database is open)
= Save button saves the current database file

& Print button prints a plot, table, or areport

Copy button copies currently selected data, or copies a plot to the
Windows Clipboard

o Cut button cuts currently selected data
B Paste button pastes currently copied (or cut) data
=4l

Edit button edits selected sampl e/station

4 Create button creates new sample/station

AquaChem Toolbar 19
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Delete button deletes selected sample/station

Find button finds sampl es/stations

Options button loads the options for sample/station list, Table View
options, Report, or Plot window

Show all button shows all samples/stations in the active list

Omit all button hides all samples/stationsin the active list

Show only selected button hides all samples/stationsin the list that have
not been selected

Omit selected button hides all selected samples/stations in the active list

Zoom out/Zoom in buttons are used to change the zoom extent in the Map
and other X,Y plots

Identify button identifies sample data used on the selected plot(s)
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Demonstration Exercise

This chapter contains a step-by-step review of some of AquaChem’s key features and
analysis capabilities. This exercise will give you some practical experience using
AquaChem and familiarize you with the AquaChem demo database. In this exercise,
the following items will be reviewed:

* Viewing the Demo Database
» Customizing the Active Sample List
* Editing Sample Data
* Viewing Station Data
Querying the Database
Plotting the Data
» Assigning Symbol Groups
 Piper Diagram
» Schoeller Graph
» Detection Summary Plots
* Scatter Plots
Mapping the Data
» Loading Basemaps
» Export Map Symbolsto ESRI Shapefile
Printing the Plots
Creating Data Reports
» Sample Summary Report
o Statistics Report
e Trend Analysis
* QA/QC Tools
PHREEQC - Calculate Saturation Indices and Activities

Limitations of Demo Version

The Demo version of AquaChem is designed to provide you with a brief overview of
the capabilities of the software. As such, you may only open and view the demo
database provided with the installation. The following limitations also exist:

» The Save and Save As features have been disabled.
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The New option has been disabled.

The demo database may not exceed 30 samples, and 5 stations.
A watermark “Demo Version” will appear on al print templates
The option to save plots as .WMF has also been disabled.

Terms and Notation

The following terms and notations will be used in this exercise:

type: Type in the given word or value
& Click the left mouse button where indicated
& @ Double-click the left mouse button where indicated

<Tab> Press the Tab key on your keyboard
<Enter> Pressthe Enter key on your keyboard

Thebold faced type indicates menu or window itemsto click, or valuesto
type.

The Main Menu items are the items available at the top of the AquaChem
Parent window.

2.1 Viewing the Demo Database

22

To start AquaChem, click Start and choose Programs/SWS Software/AquaChem 5.1
Demo, or double-click on the desktop m icon.

When AquaChem starts, it displays an Open Database dialogue (as shown below)
prompting you to select an AquaChem database to open.

21|

Look in: [ 5 AquaChems1 [ o = W 2

File ame: | =l
Files of type: [Databass fies a0c) |
[~ Open as read-only

Open
Cancel
4
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& Demo.AQC (located in the default installation folder,

C:\Program Files\AquaChem51).

If you have installed AquaChem in another folder, please browse to the
appropriate folder now, and locate thisfile.

& [Open]

The Demo database file should then be loaded into AquaChem, and the
following window should appear.

B Sample List - 30 Active Samples

=10l x|

22 Ow/-4-32 Ca504
23 Ow/-4-33 Ca504
24 Ow/-4-34 Ca504
26 Ow/-4-35 Ca504
26 Ow/-4-36 Ca504
27 Ow/-4-37 Ca-504

-

7/15/1992 Ow/-4
5/25/1993 Ow/-4
5/23/1934 Ow/-4
6/12/1335 Ow/-4
7/25/1996 Ow/-4
5/15/1997 Ow/-4

Stations
Filker Selection
| =l |
ID|SAMPLEID |WATERTYPE | SAMPLE_DATE |STATIONID | SYMI=
BERICTAEH CaC03504 8/15/1392 Mw/-1
|2 M3 CaNa504-CHHCO3 £/1/1933 M1
BEELAEN CaNaS04-Cl £/15/1994 Mw/-1
| 4 M5 CaNa504-CHHCO3 7/30/1395 M1
|5 M1 CaNa504-CHHCO3 7/28/1996 M1
|| B w197 CaNa504-CHHCO3 6/15/1997 Mw/-1
|7 Mwe19E Na504-CHHCD3 8/1/1938 M1
| B w32 Ca-504-HCOD3 8/8/1992 M3
|9 Mwe3es CaHCO3504 6/8/1993 b3
10 hw-3-84 Ca-504-HCD3 £/15/1994 Mw'-3
M 5 [CaHCO3-504 7/25019%5(Mw3 [ |
|| 12 M3 s CaHCO3504 8/2/1995 b3
|| 13 Mwr3or CaHCO3504 B/B/1997 b3
|| 14 Mw398 CaHCO3504 7/30/1998 Mw'-3
|| 15 Dwea2 NaCall504 8/1/19%2| Dw-2
| | 16 Dw-293 NaCall504 6/5/1993 Dw-2
|| 17 Dwezo4 NaCall504 £/12/1994 Dw/-2
| | 18 Dw2gs NaCall504 7/211995 D2
| | 13 ow-2g6 NaCall504 7/24/1996 Dw/-2
|| 20 oweor NaCall504 6/1/1997 Dw-2
|| 21 ow-2os NaCall504 7/24/1998 Dw/-2

il

%[

@—— ActivelList of
Samples and

Sations

NOTE: You may need to adjust the size of thiswindow in order to see all the rows and

columns in the database table.

In the AquaChem database, the water chemistry datais stored as Stations and
Samples. A Station is defined as a unique spatial location where awater Sample is
collected. An example of a Station could be a monitoring well, alocation where river
effluent is collected, or a surface water location. The stations maintain a Parent-Child
relationship with the samples, whereby each station is a Parent and each sampleisa
Child. While a station may ‘own’ many samples, each sample may only ‘belong’ to a

single station.

Viewing the Demo Database
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The Sample List window isreferred to asthe Active List window and isthe main
AquaChem window. This window contains summary information for the samples

provided in the Demo database. In the Active List, you can manage your working

samples by selecting, showing, and hiding samples as necessary.

At thetop of the Active List window, there are two separate tabs: one for Samples and
asecond for Stations. From here, you can switch between the list of samples and
stations simply by choosing the proper tab. Take note of how the main menu items are
refreshed based on the current mode:

* When the Samples tab is active, the main menu will show File, Edit, View,
Filter, Samples, Plots, €tc.

* When the Stations tab is active, the main menu will show File, Edit, View,
Filter, Stations, Plots, €fc.

@ Stations tab (at the top of the Active List window). The Active list window
will be refreshed, as shown below.

5366681 4814036
silty-zand 5355355 4614305
sandy-gravel 5367207 4514826

£+

Asyou can see from the information displayed in the stationslist, there are 4 stationsin
total (4 wells), each with aunique ID, name, and spatial location. For this database, 7
samples were collected from each station (well), to produce atotal of 28 samples. A
single sample was collected annually from each station from 1992 until 1998. The last
sample (OW-4-98) was duplicated in the field (another sample taken at the same date,
time, and place), so both samples were assigned the same Duplicate |ID to connect
them to each other. The OW-4-98 sample was also cloned in the program to produce a
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blank sample, bringing the total number of samplesto 30. It should be noted that this
sample information has been fabricated for the purpose of this demonstration.

Customizing the Active Sample List

The information displayed in the active list window can be easily customized to your
preferences. You may add/remove columns, and specify the sorting options.

To do so:
@ Samples tab (at the top of the Active List window).

@ View from the main menu and then select Options

Sample List Dptions #

Field | Col title | Table |Sort Order |
STATIONID Station D_STATION
SAMPLE_DATE Date D_SAMPLE
SAMPLEID Code D_SAMPLE
WATERTYPE  WATERTYPE D_SAMPLE
GEOLOGY D_STATION

[=1E=20 X PEN A

@IEI EIZI Apply | ak. | Cloze |

Inthe Samples List Options dialogue that appears, you can modify the parametersthat
appear in the active list. Parameter Fields can be added or remaoved, and their order can
be modified.

To add a parameter to the active list, ssimply pressthe &= button; then, place your
mouse in the new blank line which appears at the bottom, and use the combo box to
select a parameter from the list.

To remove a parameter from the active list, simply select the target parameter, then
pressthe | button.

To change an existing parameter, simply double click on the parameter name, and
choose a new parameter from the combo box; then press <Enter> (on your keyboard).

To change the order of the parametersin the active list, select the target parameter and
then use the @l or [&]| arrow buttons.

Feel free to experiment with active list options, by adding or changing fields in this
dialogue.

Use the Sort Order column to change the sort options for the active list. For this
exercise, you will leave the order asit is.

@ [Close] to save the changes and return to the active list.
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Editing Sample Data

The next step isto view and edit the sample data available in the database. To do so,
you need to load the Sample Details window:

& Samples tab (at the top of the active list, to ensure it is the active tab)

@  MW-1-92 (Sample ID), thefirst samplein active samples list

@@ This sample (or you can press the <Enter > key on your keyboard).
The Sample Details window (as shown below) displays all of the datafor asingle
sample in the database:

The top of the Sample Details window includes:
» General sample information such as Stationl D, Samplel D, Sampling Date, and

Water type.
» A separate tab containing Station information (read-only)

The lower half of the Sample Details window includes the numerical datafor the
sample comprising:

* Measured values (analyzed chemicals, measured field data, etc.)
» Calculated values (basic geochemical calculations performed internaly by

AquaChem), and
* Modeled values (which may contain results from a PHREEQC simulation)
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¥} Sample Details - Sample MW-1-92 =]

Sample | Station I

Parameter | ¥alue -
Station |0

Sample ID df-1-92

Sampling Date | 8/15/1932

Analyzis Date

Project
Water Type | CaC03504 |

[~ Sample is representative for this site

Measured | Calculated I Modeledl

Parameter Group IM vl M Exceeds MCL

Parameter Unit VYalue meqg/l|
Meazured Hardness mg/

Flows Fate gpm

Temperature ‘T 14.8

Depth of Sampling pain | m 50O 0.00

‘water Table Elevation | miasl]

Total Suspended Solids| mg/l

Total Organic Carbon | mg/l
Meazured Alkalinity mg/l CaC03

Total Digzolved Solids | mg/l T26.0 0.00

El. Conductivity uS/om 1200.0

Drenszity g/cm3

pH 715 0.00

Eh mt

Li mg/l 0.mo 0.00

K mg/l 1.50 0.04

Ma mg/l 80.00 348 &
@I@I@I@I Save | Lloze |

In the middle of the Samples Details window, you will see alabel Parameter Group,
with a corresponding selection box (with a default selection <all>). The Parameter
Group allowsyou to quickly select a pre-defined group of parameters, so that you may
focus on a specific set of measured values. AquaChem includes parameter groups for
Anions, Cations, Gases, and others, or you can create and customize your own group.
The " Show analyzed values only” parameter group allows you to show only those
parameters for which there are measured values.

& Cations from the list of available Parameter Groups.
You should now see only cations which are available in your database.

The Sample Details window will also indicate if any of your measured values exceed
the selected Water Quality Standards specified in AquaChem; for instance the Mn value
for this sample is shaded red. Thisindicates that the measured Mn value of 0.600 mg/L
exceeds the guideline value of 0.400 mg/L (MCL, Levell). If you are viewing the
Cations parameter group, Mn should be visible in this group.

The WHO (World Health Organization) Water Quality Standards are used for this demo
database; however, AquaChem also includes USEPA, CCME, and Health Canada
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Guidelines for you to gauge your data; you may also create and customize your own
water quality standards.

After reviewing the sample data, it was determined that the Calcium value was
incorrectly entered for this sample. You will now edit the data for the selected sample,
and enter the correct value for Calcium.

To edit the value for Calcium:
@  Cations fromthelist of available Parameter Groups
@  Locate Calcium (Ca) inthelist of Parameters
@ Click oncein the cell beside Ca, which has a current value of 125 mg/L
type: anew value of 120 mg/L,
@  press<Enter> key on your keyboard

At this point you would save the record by clicking the [Save] button at the bottom of
the Sample Details window, however, since thisis a Demo version of the program this
feature is disabled.

Feel free to navigate through all of the samplesin the Demo database using the and
@ (previous and next) buttons in the lower left corner of this window.

Notice that when you open another Sample Details window, the window titleis
updated to show the Sample ID of the newly selected sample. Aswell, the sample will
be highlighted in the Active List, allowing you to easily locate the sample and station
information simultaneously. (You may need to adjust the size and position of the
Sample Details window in order to see both windows on your display simultaneously).

Once you are finished reviewing the other samples,
@  [Close] to close the Sample Details window.

Next, you will take a quick glance at the Station Details.

Viewing Sation Data

28

To view the station characteristics for one of the wellsin the Demo database, you must
|oad the Station Details window.

To do so, first switch to stations mode:
@ Stations tab (at the top of the active list window)
&  MW-1 (Station ID), the first station in active stations list

@ Stations > Edit from the main menu (or you can press the <Enter> key
on your keyboard).

You should then see a Station Details window, similar to the figure shown below:
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% Station Details - Station M! _[ol x|

Parameter |Unit |¥alue |

.| Station 1D b1
Station Mame b1

¢ | Location

1 | Geology zilty-gravel

| Litholagy

. | coordinate (m 535250.2
! | coodinate |m | 4a14315
Elevation mfasl] | 3321
‘well Depth
Gradient

@I @I @I @I Save Cloze

The Station Details window displays all of the datafor a single station in the database,
and includes: Station 1D, Location, Geology, and World Coordinates. The station X,Y
coordinates are required if you want to plot samples on a site map, or to export sample
attributes to ESRI Shape files. For the Demo database the station coordinates are saved
in NAD 1983 UTM Zone 17.

Simply enter or modify datain the appropriate fields, then [Save] and [Close] this
window. For this exercise, there are no changes required for this station.

@ [Close] at the bottom of the Station Details window.

Export Sationsto ESRI .SHP File Format

In AguaChem v.5.1, you can export station and any sample attributes to ESRI point
scheme Shapefile format.

@  Samples tab
@ File / Export / ESRI Shapefile from the main menu. The following dialog

will appear:
Filename | _I
Format ISampIes a5 roWs j
Parameters
bl
hd
Elewation
Bl *=
Erport | Cloge |

Viewing the Demo Database 29



By default, X, Y coordinates and Elevation will be included as parameters.
@ = to add other parameters
@ Measured Values from the combo box at the top of the dialogue

& Sdlect Na, Ca, Mg, Cl, SO4, and HCO3 by holding down the Ctrl button
on your keyboard and clicking on each parameter

& [Select]

& [Close]

& J button to specify the file name.

type: DemoStations

& [Save]

& [Export] at the bottom of the dialog to create the Shape file
& [OK] in the confirmation message that appears

The Shape file can be loaded into a GIS Application, such as SWS's HydroGeo
Analyst, where you can create thematic or contour map with the sample attribute data.

& [Close] to closethe Export dialogue

The next section will demonstrate AquaChem'’s query features.

2.2 Querying the Database

30

The database querying function in AquaChem allows you to search and select asingle
sample or group of samples satisfying a specified search criteria. Once aquery is
executed, you can save the selection for easy recall in the future, and export the results
to .TXT, .XLS, or ESRI Shapefile format.

To use the AquaChem database querying option, first ensure that the active list window
is selected, and the Samples tab (at the top of the active list window) is the active tab.

&  Edit > Find from the main menu

The Find dialogue will appear as shown below.
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Find £
Query: I j
Type ISimpIe search j

Build Search Criterion

Parameter Operator Lnit

I | =l | |
Save | Clear | Apply | Cloze |

In this example you will search the database for all samples which exceed a sodium
(Na) concentration of 200 mg/L, and were sampled after 1996. You will execute the
guery, and display only those samples which meet this criteria.

[ad

&

Complex Search from Type combo-box.

_I button (beside the Parameter field). Thiswill load Parameters
dialogue with alist of available parameters.

Parameters

water_Elewv

pH

Eh

Cond

Temp

Flow

Drenszity
Sample_Depth
Dizzolved_Dxpgen
Meaz Hardness
Meaz_Alk

DS

TS5

TocC

Li

Ma

K

2

“water Table Elevation

pH

Eh

El. Conductivity
Temperature

Flow R ate

Drenszity

Depth of Sampling point
Dizzolved Oxpgen
Measzured Hardness
Meazured Alkalinity
Tatal Dizsolved Solids
Total Suspended Solids
Total Organic Carbon
Li

Ma

K

Select | Cloze |

=]

From the combo box (at the top of the Parameters dialogue), you can select the desired
parameter group (e.g. Measured, Calculated, Thermometers or Modeled values),
and the desired parameter from the list below.

[

&

&

Querying the Database

Measured Values (from the combo box at the top of the dialogue).

Na. You may need to scroll through the list of parametersin order to

locate this parameter). You can use the £

button at the bottom of this

dialogue to sort the parameter list a phabetically, allowing you to quickly
locate the desired parameter. Once the parameter is selected it will
become highlighted in blue to indicate that it has been selected.

[Select]. The parameter Na should now appear in the Parameter field.
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@  The | | button and choose the “>" symbol from the combo box beside
Operator.

type: 200 in the value field
& [Add to Criteria] button
Next, add the sample date parameter:

& _I button (beside the Parameter field). Thiswill load Parameters
dialogue with alist of available parameters.

@  Sample Description (from the combo box at the top of the dialogue).
&  Sample_Date
& [Select] and the parameter should now appear in the Parameter field.

@«  The | -] button and choose the “>" symbol from the combo box beside
Operator.

type: 01/01/1996 in the Value field
@  [Add to Criteria] button
Onceyou arefinished, the Find dialogue should appear similar to the one shown below:

Find m | A
Query: I j
Type IEompIex search j

'~ Build Search Criterion
Parameter Operator Walue Lnit
L H=I
Add to Criteria |
Logical |Parameter | Operator [ Walue [ Uit e
N Ma > 200 mgdl .
AND Sample_Date » 01/01/1996

query [~ Select representative samples only

Optio:
IS Clear cument selection before
" Add hits to current selection

Save | Clear | Apply | Cloze |

< [Apply], and

& [Save] to savethe query
type: Na Exceedences after 1996
“ [OK]
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& [Close] to closethe Find dialogue

Upon returning to the active samples list, you should see that there are 3 samples
highlighted; these samples satisfy the query criteria. To omit the records that do not
satisfy this criteria,

& Filter / Show Only Selected or click Ctrl-N on your keyboard

There should be 3 Active Samples shown, all corresponding to the OwW-2 Station (as
shown below)

#§ sample List - 3 Active Samples oy ]

Stations  Samples |

Filker Selection
ID | SAMPLEID |WATERTYPE | SAMPLE_DATE |[STATIONID |Geology | SYMBOL | REP
|| 19 Ow2ag Ma-Call504 7/24/1996 Ow-2 clay-tll 13 [
|| 20 Ow2g7 NaCall504 £/1/1897 Ow/-2 clay-tll 13 0O
21 Owi-2-98 Na-Call504 7/24/1933 Ow-2 clay-tll 13 [

2[4

Any calculations, reports, and plots will now only consider this subset of the data.

In the Filter combo box (at the top left corner of the dialogue shown above) the newly
created query can be retrieved in the future.

The results of this query can now be exported to .XLS, .TXT, or .SHPfile format, using
the File/ Export menu option.

In order to proceed to the next section of this exercise, you need to restore al the
samplesto the active list:

& Filter from the main menu and then select Show all. Alternatively, you
can press <Citrl-A> on your keyboard to restore all the samples.

In the next section of thisexercise, you will learn about the plotting options availablein
AquaChem, how to assign symbols to samples, and produce analysis graphs and plots.

2.3 Plotting the Data

AquaChem allows you to create more than 20 different types of graphs commonly used
for aqueous geochemical dataanalysisand interpretation. Thefollowing sections of this
demonstration exercise will describe how you can easily create, customize, and display
multiple graph types.
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Assigning Symbol Groups

In order to easily identify the data points from each sample location, you must first
assign a specific symbol to each group of samples. Each symbol is associated with a
specific number, shape, and color for easily identifying the associated samplesin the
Active Sample list and on a graph.

By default, a new database will include three symbol groups: a Default symbol group
with just one symbol assigned to each sample, a Station symbol group, with a unique
symbol for each unique station in the database, and a Geology symbol group with a
unique symbol assigned to each geology type; the station and geology symbols are
automatically assigned to the appropriate corresponding samples.

For this demonstration, the symbols have been created for you. You will view them and
modify them as you seefit.

To do so:

@ Plots from the main menu and then select Define Symbol or Line.

Define Symbol or Line |

Sumbol Group:

Drefault

Sumbol Mame on Legend:
1 Drefault At

Select Al

rzelect Al

L

=1 = == #H X

[~ Shaw only syrbals present in the recondlist
[~ Identify Samples

Syrnbol | Connecting Line

A * 2 ¥ Calar: - _I
v = 4 * -
® > ¥ + Size I vI
m o O =
Sumbol Previews ry
e B

Apply | Cloze |

In this dialogue, you can create new symbols which will be added to the Default
symbol group; you can create anew symbol group, and automatically generate symbols
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for the available samples; or select another symbol group and modify symbolsin it. For
this exercise, you will use the latter option.

To select anew symbol group:

& Select Station from the combo box under Symbol Group (at the top of
this dialogue).

You should now see four symbolslisted in Define Symbol or Line g
the Define Symbol or Line dialogue. "
wrbol Group:

These symbols are named after each station EEER - | |

At thistime, the symbol shape, color, and Syt e @ Lz
Size may be customized. Simply select a

symbol from thelist, and define the symbol
propertiesin the lower half of the dialogue.

Asyou change various properties of the J= = e #X
Symbol , you can see the eff ects Of the$ [~ Show aonly symbals present in the recordlist

7 . [ Identify Samples
changesin the Symbol Preview under the
Size combo box. Symbol | Connecting LineI

Auto

[ 2= |
Select Al |
[Gza]

Unselect Al

Eolor:- _I
Size Ij

Symbol Preview A

The check box beside each symbol is used
to indicate which symbols are active; only
active symbols are plotted on the graphs.
The names of the symbolswill be displayed
in the legend of each plot. These names can popy | cose |
be easily changed by clicking on the
symbol name and entering a new namein
the Symbol Name on Legend field.

Once you are satisfied with the symbol settings
@ [Close] toreturn to the active list.

In the active list window, under the Symbol column you can now see the symbol
number which corresponds to each sample.

The following section will demonstrate how to plot the sample data with these new
symbols.

Piper Diagram

Piper diagrams provide an overview of the chemical composition of multiple samples.
You may find it useful to start your analysis with a Piper diagram. In this section, you
will create a Piper diagram for al samplesin the Demo database:

@  Plots / New / Piper
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The Piper Plot Options dialogue will appear with default settings for which
parameters will be plotted. These parameters can be modified at any time, but for now
you will accept the default plot settings.

K
- Catior Anion
Parameter Label  Factor Parameter Label  Factor
[Fa w| Jca i [icos .| JHoosT i
[Nak | Nak i o - o
[Mg | Mg 1 [s04 | Jsod i

— Plot

Title _| Symbols _| ¥ Labeled Ticks il

¥ Legend _I I Lakels _I Az Titles il
¥ Show Grid

Set Default | Apply | QK | Eancell

& [OK] (to create the plot with the default settings).

A Piper plot window will appear as shown in the figure below:

=10l x|

Piper Plot

Ca Ma+k HCO3 Cl

You may need to enlarge the graphics window to see the full view of the plot. To do
this, click once on one of the plot window corners, and drag this corner outwards.

This plot clearly indicates that there are four distinct groups of samples, each with
distinctly different water chemistry.

Notice that if you click on a sample point in the graph, the corresponding sample will
be selected in the Active samplelist. In addition, if you click on a samplein the active
list, the symbol will be highlighted (in red by default) on the Piper diagram (you may
need to rearrange the position of the windows in order to see this feature).
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In the Piper plot, you can modify the appearance of the graph by adding atitle,
changing the fonts, adding labels, adding alegend, or removing the grid lines.

To do so,

& Right-click on the center of the Piper plot (or select View > Options from
the main menu). A Piper Plot Options dialogue will load as shown

bel ow.
|
- Catior Anion
Parameter Label  Factor Parameter Label  Factor
[Fa w| Jca i [icos .| JHoosT i
[Nak | Nak i o - o
[Mg | Mg 1 [s04 | Jsod i
— Plot
Title =] Symbols ... ¥ Laeled Ticks 4|
¥ Legend ... I~ Lakelz  [.. Az Titles 4
_I _I ¥ Show Grid _I
Set Default | Apply | QK | Cancel |

This dialogue allows you to select which parameters are used for the plot, grid,
intervals, axistitles, and display formats.

& _| beside Title to see the plot title options. The Title options include title,
position and the font size.

@ [Cancel] to return to the main options dialog

@ [OK] to apply these changes to the open plot.

Schoeller Graph

The Piper plot provided a good overview of the data; next you will create aSchoeller
graph to get more details on the concentrations of the major ions for each samplein the
Demo database.

To do so,
&  Plots from the main menu, then select New and then Schoeller.

A Schoeller Plot Options dialogue will appear with default plot settings.
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Schoeller Plot Options B |
5 =T
Parameter - Unit I meqg/| hd l
Ca
Faormat
Mg _I
Ma
ol — Plot
504 1= .
Title
HCO3 =] 5]
¥ Legend ..
s #X =
Symbaols _I
Format _I ¥ Show Grid
Set Default | Apply | QK | Cancel |

These settings can be modified at any time, but for now, you will accept the default
parameter settings.

& [OK] (to accept the default plot settings).
A Schoeller graph will appear as shown in the figure below:

B Schoeller /1 i | Ellll

Schoeller Plot

imo

100 %

(meg/)

o1

1
ca LU} Ha cl S04 HCO3
Farameters

This graph provides a comparison of the log of the concentrations of the major ions for
each samplein the database. The highlighted line on the graph corresponds to the
selected sample in the active sample list window.

To display the symbols for each sample, you need to modify the plot options.
To do so,

& View from the main menu then Options, or right-mouse click on the
centre of the Schoeller plot.
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& _I beside Symbols to see the symbol options.

Under the Symbol options, you want to show symbols on the plot and enable the option
to show selected samples only.

Sho Edit
¥ Show Symbals

¥ Display selected samples onlbd
[~ Show precision Labels _I

[¥ Connecting lines

Symbal

Apply | QK | Eancell

@ Place acheck mark in the box beside Show Symbols

& Place acheck mark in the box beside Display Selected Samples only
& [OK] to apply the changes and close the Symbol dialogue

& [OK] to close the Schoeller plot options dialogue

You should now see only one line on the plot. This line corresponds to the selected
samplein the active sample list. This occurs as aresult of using the Display Selected
Samples only option.

You should now have both aPiper plot and a Schoeller graph displayed on your
screen. You may need to modify the sizes and positions of each plot window in order to
see each one fully. After rearranging the plot windows, your display should be similar
to the one below:
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¥4 D:\Program Files', AquaChemS50'Dema.age
Fle Edt Wew Fiter Samples Plots Reports

IEES| DR 0P X

Tools Wijndow Help

A EEEE,

8]

JRT=TES] [ scvocier 72 v RIS
S_Iaiu"s Samoles | : Schoeller Plot
Filter Selection
[ [l | 1m0 " " H
: : : ugaa
ID[SAMPLEID [WATERTYPE SAMPLE_DATE [STATIONID |Ge : : : m o
| | 1 mwas2  caCo3sod 8/15/1332 Mu/-1 sar . : H ; v
2 Mw-1-93  CaNaS04-CHHCO3 £/1/1933 Mw-1 sar : P
| | 3Mw134  CaNaSDAOI 6/15/1334 Mu/-1 sar = oo e
I CaNa-504-0HHCO3 7/30/1395 Mw-1 sar T H H H - M
|| CaNaS04-CHHOO3 7428/1996 Mw-1 sar E i : : :
CaNa-504-CHHCO3 6/15/1397 Mu/-1 sar : : : :
| 8/115 | o o SRS S S
|| 8/8/1992 Mw-3 dla : : : :
| | 9mMw3s3  CaHCO3S04 £/8/1993 Mw-3 dla H H H H
| | 10 Mw394  CasS04HCO3 6/15/1394 Mw-3 dla o ; ; ; ;
| | 11 Mw385  CaHCO3S04 7/25/1395 Mw/-3 dla ca  mg KN Gl s4  Hood
| | 12 w388 CaHCO3504 8/2/1996 Mw-3 dla Parameters
| | 13 Mw397  CaHCO3504 6/6/1997 Mw-3 dla
| | 14 w398 CaHCO3504 743011398 Mw-3 dla
15 Ow-292  NaCallS04 8/1/1932 Ow-2 cla e
| | 16 0w-293  NaCaCISD4 6/5/1933 Ow-2 cla i =lolx
| | 17 ow-294  NaCaCISD8 6/12/1334 Ow-2 cla
| | 18 0w-295  NaCaClSD8 7/21/1395 Ow-2 cla Piper Plot
| | 19 0w-29  NaCasCISD8 7/24/13%6 Ow-2 cla
| | 20 ow-29%  MaCaC1S04 6/1/1997 Owi-2 clar Lgera
| | 21 ow-298  MNaCaClS04 7/24/1398 Ow-2 clat -
2 Ow-432  Cas0d4 7/15/1392 w4 sar
| 23 0w483  Cas04 5/25/1593 Ohw4 sar o2
| | 24 ow49a  casOd 5/23/1334 Ow-4 sar L
| | 25 ow495  Cas04 £/12/1395 Ow-4 sar *
| | 26 ow49  cas04 7/25/13% w4 sar
| | 27 ow497  casOd 5/15/1397 w4 sar
| | 28 0w-4931  Cas04 71241398 Ow-4 sar
| | 23 ow-4982  cas04 71241398 Ow-4 sar @
30 Ow-4-33-3 7/12/1398 Ow-4 sar
. Y eEBE H RSP
Ca Ma+k HCO3 cl
R B

Notice that if you select a new sample in the Active Samples List, this sampleis
highlighted on both the Piper plot and the Schoeller graph. In addition, any changes
that are made to the sample data will be immediately reflected on both of these plots.

You will now save this plot configuration so that these plots can be quickly recalled

|ater.
To do so,

&=

&

Piper plot window (to make this the active window).

Plots from the main menu, and then Save Configuration

figuration

Piper and Schoelled

=

ak | Elosel

type: Piper and Schoeller (aname for the Plot Configuration).
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= [OK]

This plot configuration can now be recalled in the future, by using the Open
Configuration option from the Plots menu. For now, you will close these plotsto allow
for more work space in the windows environment.

&  Plots > Close All Plots from the main menu.

The next section will demonstrate the new Detection Summary plot.

Detection Summary Plots

The Detection Summary plot is used to visualize the relative proportions of samples
above the specified water quality parameters. The plot shows a summary bar for every
specified parameter. The plot issimplein nature, but very effectivein visually
representing trends in concentrations (for example in remediation projects) and
compliance with water quality regulations.

In order to demonstrate decreasing trends of some organic chemicals, you must first
create aquery.

&  Edit > Find from the main menu
@  Simple Search from Type combo-box

The Find dialogue will appear as shown below.

Find £
Query: I j
Type ISimpIe search j

Build Search Criterion

Parameter Operator Walue Lnit

I | =l | |

Save | Clear | Apply | Cloze |

Define the following query: Sample_Date =< 01/01/1994

= [Apply]
Four records should become highlighted in the Active List.
& [Close]
To omit the records that do not satisfy this criteria,
& Filter / Show Only Selected or click Ctrl-N on your keyboard.
You can now create the plot with all the samples from 1992.
To create the plot,

@ Plots from the main menu, then New and then Detection Summary
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A Plot Options dialogue will appear with the default settings.

[

&

Detection Summary... #
H-dwiz Format _I Benzene -
g Toluene
“r-Aiz Format
—I Ethylbenzene
Hylene
Wingl chloride
PCE =]
gE  #HX
— Plot
Title _I Fill Calar
[ Legend _I Below Detection Limit | _I
[ Show gid Below Standard - _I
Above Standard
¥ Show number of samples Qe siandar - _I
Apply | QK | Cancel |

Check box beside Legend to activate it

[

below.

B Detection Summary 1 |

Detection Summary

Benzens
Talusns
Ethylbenzene

Hylens

| Vinyl chloride

O

1 - 1 - 1 1
] 20 40 a0 80 100

Tetrachloroethylens
Trichlorcethylene

OK] to create the plot with the default settings. The plot is displayed

=10l x|

Legend
I G zoowe Stencan
[ 3 petow Stancang

[ 3 metow nao

Asyou can see, there is an exceedence for Benzene and Tetrachl oroethylene indicated
by ared bar. For Benzene, 50% of the samples exceed the MCL Standard, 25% of the
samples are below the MCL, and 25 % of the samples are below the MDL (method
detection limit). For Tetrachl oroethylene, 25% of the samples exceed the MCL
standard, while the rest of the samplesfall below the method detection limit.
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Plotting the Data

All other parameters are either below Standard or bel ow the method detection limit.
Now, you will compare this to the chemistry results from the most recent sampling
round.

& Close the plot window
Now, restore all samplesto the activelist,

& Filter > Show All from the main menu
Now, create the new query.

& Edit > Find from the main menu
You can modify the query that was previously created.
Define the following: Sample_Date > 01/01/1998

= [Apply]

& [Close]
To omit the records that do not satisfy this criteria,

@ Filter / Show Only Selected or click Ctrl-N on your keyboard.

Remove Sample 29 and Sample 30 from thelist by highlighting them and selecting
Filter>Omit selected (Sample 29 is a duplicate of Sample 28 and Sample 30 istrip
blank sample)

Recreate the plot using this new set of samples.
&  Plots / New / Detection Summary
@  Check box beside Legend to activate it

& [OK] to create the plot with the default settings. The plot is displayed
below.

- Detection Summary /1 ;Iglll

Detection Surnmary

Legend
I % aoow: Stavdand
| Toluene [+ e bow Stanaan

[ % bekwmoL

| Benzene

| Ethylbenzene

Xylene

Winyl chloride

| Tetrachloroethylene

o o o o o £ £

| Trichloroethylene

o 20 40 &0 a0 100
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The detection summary of the samples from 1998 demonstrate no sample exceedences
at the same sample locations. Therefore, concentrations have decreased, and
groundwater samples are now within the acceptable standards.

The next section will demonstrate a Scatter Plot.
& [X] to close the plot window.

& Filter > Show All to display all records.

Scatter Plots

The Scatter plot allows you to visualize the degree of correlation between two
parameters. Such correlation can also be visualized with aCorrelation Matrix report. In
this section, a scatter plot for Caand SO4 concentrations is presented.

To create a Scatter plot,
&  Plots from the main menu, then New and then Scatter

A Scatter Plot Options dialogue will appear with the default settings for plotting an X-
Y Scatter plot for Navs. Cl. You will need to change these default settings.

HScatter Plok Options #

Kol ¥
Parameters INa _I IEII _I

Lnit Img"'ll vl Imgﬂ vl
Faormat _I _I

Plot

Title _I Symbaols _I Lines _I

¥ Legend _I I~ Labels _I ¥ Show Grid

Apply | QK | Eancell

& Parameters field, under X-Axis

& The _| button to load the list of available parameters.

& Measured Values (from the combo box at the top of the dialogue
& Ca

& [Select]

Repeat the same steps to change the parameter for the Y-Axis:
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& Parameters field, under Y-Axis

= | toload the list of available parameters.

@ Measured Values (from the combo box at the top of the dialogue
S04

[Select]

[OK] to accept the new plot settings and produce the plot

9 § 9§

A Scatter Ca-SO4 graph will appear similar to the one shown below.

Bl Scatter Ca-504 /1 E =10l
Scatter Plot
o v v I —
! ! '. Legend
e | _____% ____________ E ______ 5_ _____ [l
H I; H o2
gm_O _________ . T o *
= : : : & m
3 s L
I - fip e
7] ' gy
1 " 4 : :
zm_‘r....l.g..q......l ...... A
m R ] f
o = 160 240 3 Ll
Ca (mg/)

This graph clearly indicates a much higher ratio of Cato SO4 for those samples taken
from the MW-3 site (in the middle of the plot). However, thisis not the only
relationship that you can show on this graph (or any graph for that matter). AquaChem
also allows you to easily plot the symbol sizes relative to the concentration of any
parameter in the database. To do so,

@ Right-click on the graph to produce the Scatter Plot Options dialogue

& _I beside Symbols to see the symbol options. You may need to adjust
the position of your plots windows, so that you can see the Scatter plot
window and the options dialogue at the same time.
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— Sho

E dit

¥ Show Symbals
[~ Display selected
[~ Show precision
[~ Connecting lines

Symbal
Labels _I

zamples only

— Scaled Symbol Size

Froportional to: I _I Units

Scaled from: |2 o 12 Paints
Lawwer Linnit: IU
Upper Linnit: IAuto
Apply | QK | Eancell

Locate the Scaled Symbol Size options at the lower half of the options dialogue.

&=

&=

&=

_| button beside the Proportional to: field. Thiswill load a parameter

list.

Parameters

water_Elewv

pH

Eh

Cond

Temp

Flow

Drenszity
Sample_Depth
Dizzolved_Dxpgen
Meaz Hardness
Meaz_Alk

DS

TS5

TocC

Li

Ma

K

2

“water Table Elevation

pH

Eh

El. Conductivity
Temperature

Flow R ate

Drenszity

Depth of Sampling point
Dizzolved Oxpgen
Measzured Hardness
Meazured Alkalinity
Tatal Dizsolved Solids
Total Suspended Solids
Total Organic Carbon
Li

Ma

K

=]
Select | Cloze |

TDS (Total Dissolved
[Select]

Solids)

[OK] to accept the new plot settings.

[OK] to close the Scatter Plot Options dialogue.

The symbol sizesfor all sampleswill now be plotted relative to the Total Dissolved
Solids (TDS) vaue for each sample. Your plot should be similar to the figure shown

below.
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B Scatter Ca-504 /1 10l =l
Scatter Plot
o v I
H ! Legend
N | o
P S S A E______s_ _____ [l
L [allix-}
T S A S S o mus
£ | 1 H 1 1 & i
T SO P S I SR
& o ‘:..'
v 1
R ?....1 ...................
1m T t T ; T t T t
o = 160 240 3 Ll
Ca (mg/)

The Scatter graph should clearly show that the samples from station MW-3 have a
lower level of TDS than the remaining samples, indicated by the slightly smaller
symbol size for samples at this station.

Bl Scatter Ca-504 /1 =10l
Scatter Plot
Legend
[l
o2
. mn3
& mi-

T ——
o = 160 240 3 Ll

Ca (mg/)

After analyzing the plot, you can see that a sample from MW-1 may be an outlier. You
will now label this sample accordingly.

@ Click on the data point on the graph to select it
< Right-click on the plot to load the Scatter Plot Options dialogue
&  Labels (place acheck mark in the box)

& _I beside Labels to see the symbol label options, where you can
customize the appearance of the symbol labels.
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1D SAMPLEID [WWATERTYPE

| SAMPLE_DATE[STATIONID

=]
=

| | 1 Mw-182 CaCO3504 8/15/1992 Mwi1
| | 2 Mw-193 CaNa5S04-CIHHCO3 B/1/1993 Mwi1
| | 3 Mw-1-84  CaNa504-C1 E/15/1994 hwi1
| | 4 Mw-195  CaNa504-CIHHCO3 743041995 Mwi1
| 5 Mw-1-96  CaMNa-504-CLHCO3 ?32&"‘] 936 M1 _ILI
4 3
{* Aszsign parameter result to all samples
(= Aszsign parameter result to selected samples only
Inone j
r— Edit Label
Pasition
Label
e o
isible
[~ Connecting line to Sprmbal @ @I
Fant il EI
Cloze |

& Assign parameter result to selected samples only radio button.

&

SAMPLEID (from the combo box below).

Thiswill assign the Sample ID label to that symbol on the plot. It will asofill in the
Label field in the Edit Label frame and put a check mark beside Visible.

In the Label field beside “MW-1-92".
Type: “potential outlier”, after the Sample ID

&=

@ Check the box beside Connecting line to Symbol

& Usethe Position arrowsto move the label so it is above the data point
and is not blocking any other data points

& [Close]

.

[OK] to close the Scatter Plot Options dialogue

Your Scatter plot should look similar to the following:
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il Scatter Ca-504 / E =
B Scatter Ca-504 /1 o x
Scatter Plot
o v v v I
j j j ! Leqerd
1 : : N | o
S - oo MINLADE poetElonter L W on-
[ E E L] : [allix-}
Fem oot td T - o w3
£ ] i & ik
2 Z
& :“’—_ """" P -t S
v
R Q. .......................
1m t T t T t T t
o = 160 240 3 Ll
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Before proceeding, close the Scatter plot.
& [X] inthe upper-right corner of the Scatter plot window.

In the next section, some of the new mapping features will be reviewed.

2.4 M apping the Data

AquaChem has introduced GI S support into the map plot. You may now import ESRI
Shapefilesfor site maps, or georeferenced raster images (air photos, topographic maps).
In addition, you may also export map symbols (Radial, Stiff) to shape file format, for
analysis and interpretation in GI S software packages, including Schlumberger Water
Services HydroGeo Analyst. Some of the map features are demonstrated below.

L oading Basemaps
To create anew site map,
@  Plots / New / Map
Thefirst step isto add the air photo as a background basemap.
& ':IL1|:‘ button under the Base Map frame.

Change the Files of Type to “Common Graphic Files’, browse to the folder \Program
Files\AquaChem51, and locate the AirPhoto.bmp file.

& [Open]

In order to map the pixels of the image to a coordinate system, the image must have two
georeference points with known coordinates. AguaChem uses the coordinates of the
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lower left corner of theimage (X min, Y min), and the upper right corner (X max, Y
max). These georeference points can be defined using the procedure described below.

Enter the following valuesinthe X and Y fields:

@ X min: 534862

&=

&=

Y min: 4813886
X max: 536967

The last coordinate is cal culated automatically and should be close to 4815263.

&=

&=

Map Plot Options

A | Symbolsl Pig Ehartl

e Plot
H-duis Farmat _I Title _I [+ Frame
*r-axis Format _I [~ Legend _I v Shaw Grid
I Label .|
—Baze Map
| _Jlegend | Fie [5-Frogiam Fiesidquathen - |

AirPhato. brp

X min [53ag62 " min [4573886
xmax  [6363E7 | Y mak [4E15263

lEE =X
Set Defaul | TS | gance||

Put a check mark beside Legend

[Apply]. The airphoto should be loaded in the map window. An example

is shown below.
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The default symbol to represent the samplesis aPie plot and the default aggregation
optionisNone.

Data aggregation tools have also been introduced to AquaChem. When there are
multiple samples collected at the same sampling location (station), it is difficult to
distinguish these samples on amap, since they are “stacked” on top of each other. With
the data aggregation features, you can specify which samples should be plotted on the
map, by selecting from one of the following “aggregation options’:

» Selected Sample

* Representative

* Most Recent

* Oldest

* Smallest

» Highest

» Closest to Average
For this exercise you will create a Stiff plot and export it to ESRI Shapefile. To create a
Stiff plot with customized aggregation options, return to the Map Plot Options
dialogue.

@  Symbol tab

@ Stiff diagram from the combo box in the Symbol frame
For this exercise, specify the following aggregation:

& [Highest Value] from the list

& Ca from the parameter list
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Map Plot Options 3 #

fsis Symbols | Stif Diagram |

— Symbal
[5tif Diagram =] ]
— Sample aggregation
Highest value j
Paraneter [N~
r— 5tiff Diagram

E dit |

Set Default | Apply | Ok | Qancell

& Stiff diagram tab to customize the settings

Map Plot Options 3 #

Aziz | Symbols

r— 5tiff Diagram
Catiohs Anionz
Ma Cl
Ca HCO3
Mg 504

BlE #Hx B8 #HX
MairnLim W meqgdl  Fill Color I_ _I

Concentration

Symbal R adius ID_5 cm Rty - _I

Set Default | Apply | Ok | Qancell

This tab may be used to modify the parameters displayed on the Stiff diagram, it's
color, size, and pattern. For this exercise, leave the parameters as they are, but change
the Symbol Radius to 1 cm and the Fill Color to red or orange.

& [OK] to apply the changes and close the dialogue
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Export Map Symbolsto ESRI Shapefile

Most GIS applications are limited to bar and pie thematic maps for data representation,
which may not truly represent your water quality data; AquaChem allows you to export
Siff and Radial symbols (and their attribute data) to Polygon Shape file format, so that
they may be imported for further analysisin a GIS package. Follow the directions

below.
With the map plot window visible, and selected,

& File / Export / ESRI Shapefile from the main menu. The following dialog
will appear:

Savein: IE)ﬁquaChemE‘I j - £k ER-

Rk |
L= I wWQStandards
My Recent Demo stations.shp

File name: IStiFFS)'mboI5|

Ll 1]
g

Save as type: IESF{I Shape File {*.5HP)
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& Specify the name for the Shape file (Stiff Symbols)
& [Save]
A confirmation dialog will appear.
@ [OK] to continue.
& [X] at the top of the Map plot to close it
You will now proceed to print one of the plots that was created earlier in this section.

2.5 Printing the Plots

In order to print the AquaChem plots, you will first load the plot configuration file
which was saved earlier. Before proceeding, please ensure you have all other
AquaChem windows and dialogues closed and only the Active Sampleslist window is
visible and active.

@ Plots from the main menu and then select Open Configuration

N N | ==

@ Piper and Schoeller (from the list of Configurations)
«  [OK]

You should then see one Piper diagram and one Schoeller plot, which was created
earlier.

To print these plots,

@ File from the main menu and then select Print, or press = button in
the toolbar.

You should then see the Print Options window on your display as shown below.
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Printing the Plots

“§ G\Program Files \AgquaChem51\Demo.age - [Print Options ]

BB Bt Yew Pl Samgles Plobs fGeports Took Widow Heb
@RS AR 2+ A EEEES oV
* 230 54
Available Plots

[T
‘U Schoekier /2

J )=

=lolx|
== x|

The Print Options allow you to choose which plotswill be printed, their position, size,
which plot template will be used, in addition to other Windows page layout and printer
setup options.

In the Available Plots field (the upper-left corner of the Print Options window), alist
of available plots will appear. Thislist includes the plots which are currently openin
AquaChem and are available to be printed. In this example, you have a Piper Diagram
and a Schoeller Plot available. However for this exercise you will print only the Piper
diagram.

Thefirst step, before you select which plot to print, isto select the page layout or to
choose a print template. Thiswill ensure that the plot is properly fit to the desired page
dimensions.

Under the Page Layout options (on the left side of the window), ensure that the
template setting is US Letter - Portrait.

As soon as the template isloaded, alist of plot descriptors will appear in the Page
Layout dialogue, and the print preview window will be automatically updated to reflect
the selected template settings.

Next, you will fill in the project specific plot description fields under the Page Layout
options. Press the <Enter> key after each entry:

my Description:
type: Piper plot of samples collected from 1992 to 1998
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my Project:
type: Demo Project

my Project #
type: 2005-1

my Client:
type: Your name or aclient’s name.

my Date:
type: Current date

NOTE: The SWSlogo shown in the bottom of the page can be easily replaced with
your own company logo. This can be done using the Template Designer option. This
option is not explored in this exercise.

Now, you are ready to load the Piper diagram onto this print template. To select the
Piper diagram for printing,

& Click oncein thefirst box beside Piper /1 (under Available Plots, in the
upper left corner), and a check mark will be added to the box. The
presence of a check mark beside the plot nameindicates that this plot will
be loaded into the print preview. If the plot does not load automatically,
click [Refresh] button at the bottom left corner of the screen.

The plot will be automatically sized to fit the page layout. If the default page settings
are not acceptable, you can manually change the individual size and position of each
plot using the options provided in the Axis tab. Alternatively, you can easily changethe
page layout by pressing the [Printer Setup] button.

Next you must select the legend for the Piper plot, and position it on the page.
& Legend tab (below thelist of Available Plots, and beside the Axis tab).
@ Visible (click oncein this box) to activate the legend for the Piper plot.

The Piper plot legend will appear in the upper-left corner of the page. To move the
legend,

& X-Axis field and enter a value of 15.
@ Y-Axis field and enter avalue of 20.
& [Refresh] button (in the lower left corner) to refresh the Print Preview.

If you have loaded the plot successfully, your display should be similar to the one
shown below:

Chapter 2: Demonstration Exercise



@ [Print] button (in the lower left corner) to print the plot to a printer.

@ [Close] to return you to the main AquaChem window.
&  Plots > Close all Plots, from the main menu.

In the next section of this exercise, you will explore the Report options available in
AquaChem.

2.6 Creating Data Reports

AquaChem allows you to visualize the data and present up to seven different types of
reports, and also allows you to create your own report templates. The following section
will briefly demonstrate two of these reports: Sample Summary and Statistics.

Sample Summary Report

The Sample Summary report provides a summary of the most common measured and
calculated parameters for the selected sample. To visualize a Sample Summary

Report:
& MW-1-92 (Samplel D) the first samplein the Active Samples list

@  Reports from the main menu and then select Sample Summary
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The Sample Summary window will be displayed as shown below:

=10l x|

:‘.'i Sample Summary

W 2 Q] 5]

Sample Summary Report

Samgple ID MwW-182
Sample Dste BA5AE2
Station MW-1
=iltyegravel
Wakerype Ca-C03-504
Tempersturs (°C) 1480
TA5

Location

Conduci ity 20000 1Sk
Sumof Anions 3370
Sumof Cations. 1135 L
Balance 498D %
Totsl dissolved solids 153516 gyl
Total hardness il
Aicalinity

Msjor ion compasition
Na

1.
2,06
‘Comparison to Seswster
/] mgd mmeold
031
018

0.555
287

[~ Show fields o @ o Close |

This report provides general sample information, measured values for major ions, and
calculated values (Sum Anions, Sum Cations, Hardness, etc.).

To view the Sample Summary report for other samples, use the = = i i
scrolling buttonsin the lower right corner of the report window. —l—l—l—l

These will alow you to show areport for the first, previous, next, or last sasmple in the
samplelist.

The Sample Summary report can be printed or saved to afile. You may save the report
content as .RTF (Rich Text format) or .HTM (web-ready format). To do so, select
File>Save and specify the file location and name in the dialogue that loads.

@  [Close] to close the Sample Summary window.
NOTE: The Sample Summary report was created using the Report Designer. This
report isincluded with any new database.
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Satistics Report

Statistical calculations are an essential component of water quality data analysis.
AquaChem now offers more advanced features for handling censored data sets (non-
detect values). To see these options, view the user preferences.

@  File / Preferences from the main menu.
@  Censored Data tab, and the following dialog will appear.

|

General| Plats| PHREEGE a]

Mon Detects in plots & calculation
" Ignore non detect results with graphics and calculations

{+ Don'tignore non detect results
Example:

Multiply values > by |1 >10=10

Multiply values < by |1 <10=10

Save | Cloze |

Inthisdiaog, there are severa user-defined settings for handling data that is below the
MDL for statistical calculations and in plots (settings are based on the USEPA
Guidance for Data Quality Assessment document).

@ [Close] to return to the main window.

The Statistics Report provides a statistical summary of selected parameters for all
active samples.

To view a Statistics Report for all samplesin the active list:

& Reports / Statistics / Summary Statistics

The following options dialog will appear:
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Statistics.._________ . k|

I Standard

Parameters |Slalislics| l]plionsl Dalal

Parameters | Unit
Ca mg/|
Ma mg/|
K mg/|
Mg mg/|
Cl mg/|
S04 mg/|
HCO3 mg|
Temp *C
pH

TCE ug/|
FLCE ug/|
Wingl chloride g/l
Benzene ug/|
Toluene ug/|
Ethylbenzen ugsl

EEE

-
#x

Save |

ok | Cose |

Thereisan option to add / remove parameters, and a so change the unitsfor the selected

parameters.

& ':'EF button to add new parameters. The parameters dialog will appear:

Parameters

water_Elev “Water Table Elevation
pH pH

Eh Eh

Caond El. Conductivity

Temp Temperature

Flow Flow Fiate

Dienity Diengity

Sample_Depth Drepth of Sampling point
Dissolved_Ospgen  Dissolved Oxpgen
Meas Hardness Measued Hardness
[GEEERAS teasured Allalinity
DS Total Diszolved Solids
TS5 Tatal Suspended Solids
TOC Tatal Drganic Carbon
Li Li

Na Na

K K

Ji]

[
Select Close |

& Calculated Values from the picklist at the top of the window.

& Sum of Anions from thelist.
& [Select]
@  Sum of Cations fromthelist.
&  [Select]

&  [Close]
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Select the desired units for these new parameters.

@  Select meg/l for both new parameters by clicking in the corresponding
cell of the Unit column and selecting the appropriate unit from the combo
box.

Now you will add additional statistical calculationsto the report.
& Statistics tab

Standard j
Function | Title
[ [GE
MIN Hin
ME&N A

QUANT Perc 10
QUANT Perc 90

J=][=] #HX]

Save | ()3 | Cloze |

& + button to add new statistical calculations.

Number of Non-Detects and Number of Exceedences from the list.
[Select] button

[Close] button

@  Options tab

9 § §
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Standard j

P b I Statistics | Options I Dalal

Parameter as I Rows - l

[~ Break by symbol

Save | ()3 | Cloze |

@ Check the box beside Break by symbol.
& Data tab to see a preview of the data set.
You can save the statistics report configuration for easy recall in the future. To do so:
& [Save] button to save the statistics report as atemplate.
type: MyExample for the name
= [OK]
@ [OK] asecond time, in the Options dialog, to generate the report.

The Statistics Report window should be shown on your display, similar to the one
below.
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| Statistics... =10x|
Paramster | Uinit Max Min AM Perc10 PercS0  Wumberof b Number of E[1)
L Mwa
Ca g/l 135.0 1050 1035714 1075 1350 1 i
LB g/l 86.0 EB0  7EE5714 04 830 i i
i3 g/l 25 14 177143 1.96 22 i i
. | Ma g/l 2.3 175 229 17.98 26.48 i i
| Temp C 155 130 145 136 152 i i
- | 3um of &nin | meg/ 3369687 00 305772 00 1167778 i i
* | 3um of Catic| meq/! 17.2587 00 276668 00 11.98846 i i
T Mw3
Ca g/l 288.0 2560 2738571 261.4 2868 i i
Na g/l 520 320 4514286 38 566 i i
3 g/l 25 15 1.97143 1.56 25 i i
Ma g/l 216 1.8 175 1222 2088 i i
Temp C 150 123 1378571 1296 1488 i i
Sum of &nio | meq/l 17.82357 00 336146 00 1657058 i i
Sum of Catic| meq/l 18.374 00 3185822 00 165028 i i
Owi-2
Ca g/l 1620 030 1265143 1126 144.0 i i
Na g/l 263.0 225.0 2450 231.0 258.2 i i
3 g/l 25 10 155714 1.06 214 i i
Ma g/l 240 50 1839 14.42 2358 i i
Temp C 157 150 1542857 15.06 157 i i
Sum of &nio | meq/l 20.73672 00 367127 00 1881627 i i
Sum of Catic| meq/l 2083573 00 3782 00 1872375 i i
| aw
Ca g/l 3330 00 2506444 20288 3258 i i
Na g/l 150 00 5778 224 110 i i
3 g/l 23 0o e 1.04 222 i i
Ma g/l 221 0.0 177 14.08 209 i i
Temp C 153 120 1424444 128 153 i of
Sum of &nio | meq/l 19.33324 00 420m5 00 1530476 i i
Sum of Catic| meq/l 19.40671 00 442862 00 1600909 i i
=

The minimum, maximum, arithmetic mean, standard deviation, as well as other
statistical values of interest will be calculated for the selected database parameters.
Using the Break by symbol option the samples are separated into their appropriate
stations.

NOTE: You may need to adjust the column widthsin order to see the full column
headings and the entire contents of the report.

With these new statistics features you can quickly and easily sort your data and
determine the number of exceedences, number of samples below the method detection
limit, minimum value, maximum value, and much more.

Export Report

This report can be printed or saved to afile. You may save the report content as . XLS,
TIXT or .CSV.

&  File/ Save from the main menu, click onthe E button in the toolbar, or
click the [Save] button at the bottom of the window.

& Excel (.XLS) fromthelist of file types
For the filename,
type: StatsReport

&  [Save]
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& [Close] located at the bottom of the Statistics Report window. Thiswill
close this report window and return you to the main AguaChem window.

Trend Analysis

In this example, you will run atrend analysis on the samples collected from one station
in the database, to determine if concentrations demonstrated a decreasing trend over
time.

Ensure the AguaChem main window is visible, and all other plot and report windows
are closed.

@ Stations tab

&  MW-1 fromthelist

& Filter / Show Only Selected from the main menu.
@  Samples tab

Using thisfilter AquaChem displays only MW-1 station and only those samples that
belong to this station.

Now, to view aTrend Analysis for all samplesin the active list:
& Reports / Statistics / Trend Analysis
The following options dialog will appear:

|

Method

Parameter

Data | Plat I Hesultsl

Faw D ata

3

_>l_I
————— |
Copy Ealculatel Eancell

& Benzene from the parameter list (you may need to scroll down the list)

\_ []EIEIEIEIEIEIEIEIEIEIEIEIEIEI
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The data for Benzene will appear in the data preview window at the bottom of the
window.

@ Plot tab. Thiswill display asimply XY plot of concentration vs. time.

" Method ILinearregression j
. Parameter IBenzene j =

Diata Results I

T T T T T T
o1&z o1ad o1ee o1es

Ealculatel Eancell

@  Results tab.

@ [Calculate] to run the trend analysis calculations. The results dialog
should appear as shown below.
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Trend analysis #

Methad I Linear regression j
Parameter I Eerzene j ug/l

Datal Plat Hesultsl

Vaiable  [Value | Comment
lx=0] BE7. 5723 y axiz intersection
zlope -0.0188 slope of regreszion line

T -0.8195 corelation coefficient
Fiesult trend decreasing

Cancel |

The Results tab shows that there is a decreasing trend in the concentrations at this
station.

You can use another Trend analysis test on the same data to obtain a more thorough
result.

@  Mann-Kendall from the Method combo box

& [Calculate]

Thetrend will be re-calculated using the Mann-K endall test and the results displayed as
follows:
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Method I Mann-Kendall test j
Parameter I Eenzene j vadl
Confidence I 95% j

Datal Plat Hesultsl

Variable | Walue| Comment

n 7 Mumber of datapaints

S -18.00 Mann Kendall test statistic

Warl5] 43,3333 Varance

Z.z[1-a] 5525, 1.645 Mormal approsimation

Probability -0.1808 Probability of no trend

Fiesult Hypothesiz of increazing trend rejected
Hypothesiz of decreasing trend accepted

Copy | Cancel |

The Results tab, again, shows a decreasing trend, however this time much more
detailed information is available.

&  [Cancel].

&  Select Filter > Show All to display all records.

Next, you will use the QA/QC tools to analyze the data.

QA/QC Tools

The QA/QC checksincluded with the new version of AquaChem allow you quickly and
easily identify and compare duplicate samples, non-detects, outliers, etc. These
validation tools are a critical component of data analysis and interpretation.

Compare Duplicates

To compare duplicate samples, you must first locate them. You can aso do thiswith the
QA/QC tools.

To view the QA/QC tools,
@  Tools >QA/QC from the main menu and select Highlight Duplicates

AquaChem will search your database for all samplesthat have “Duplicate ID” codes,
which are assigned in the sample description parameter category and highlight them.
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There are two such samplesin this database (which will be selected at the bottom of the

sampleslist).

&

Tools >QA/QC from the main menu and select Compare Duplicates

The Compare Duplicates dialogue will appear similar to the one below.

Mode
{* 2 Samples, all parameters
= Multiple samples, one parameter

28 Ow/-4-38-1

Ca504

7121938 O _I

29 0'w/-4-38-2

Ca504

7121938 O _I

The two selected samples are entered automatically into the fields.

[

[OK] to generate the report.

The report window will be displayed similar to the one shown below:

| @ Compare Duplicates . 10l =|
Parameter Unit  [Samplel  [Sample2  [Mean [diff | % diff
MNH4 mg/l 0.m 0.m
Mn mg/l 0.07 0.07
Ag g/l 0.004 0.004
Al g/l 0.001 0.001
Az ug/| 1] 1]
Hg g/l 0.001 0.001
Ba mgel 1] 1]
Pb g/l 10 10
Cl mg/l 3 3 i n 0o
F mg/l 281 2B1 261 0 0o
S04 mg/l E04 E04 B4 O 0o
HCO3 mg/l 152.5 1525 1825 0 0o
MNO3 mg/l 01 01
Benzene ug/| 1 1] 05 1 2000
Ethylbenzene ug/| 4 10 7 -6 B8RT
Hylene ug/| 1 1] 05 1 2000
Trichloroethylene ug/| 2 1] 1 2 2000
Tetrachloroethylens ug/| 2 1] 1 2 2000
Winyl chloride ug/| 1 1] 05 1 2000
Toluene ug/| 1 1] 05 1 2000
14C % mod. 1.88 1.88
Tritium T.U. 1.6 1.6
180 -B.14 -B.14
2H 1 732 732 -
Frint | Save | Cloze |

With this report you can quickly compare the samples and determine potential sources
of error during lab analysis, sample collection, or handling procedures.

[

[

[Close] located at the bottom of the window to close the report

[Close] to close the Compare Duplicates dialogue
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Highlight Non-Detects

Data generated from chemical analysis may fall below the method detection limit
(MDL) of the analytical procedure. These measurement data are generally described as
not detected, or nondetects, (rather than as zero or not present) and the appropriate limit
of detection isusually reported. In cases where measurement data are described as not
detected, the concentration of the chemical is unknown although it lies somewhere
between zero and the detection limit. Data that includes both detected and non-detected
results are called censored data in the stetistical literature. (Office of Environmental
Information, U.S. Environmental Protection Agency, 2000)

In AquaChem, you can highlight samples that have non-detect values for a specific
parameter. You define a parameter, and AquaChem searches the database for all values
for this parameter, and highlights any values which contain the “<* symbol (for
example, <0.1)

@ Tools > QA/QC from the main menu and select Highlight Non-Detects

The following dialog will appear, where you can select the parameter of interest.

Highlight Nondetecks E #

Highlight samples if the concentration of the
following parameter iz below the detection limit

()3 Cloze

@  Ag fromthelist.
“  [OK]
&  [Close€]

In the demo database, there are numerous samplesfor Ag that are below the MDL. Feel
freeto review one of the selected samples now.

Highlight Outliers

Outliers are measurements that are extremely large or small relative to the rest of the
data and, therefore, can cause misrepresentation of the population from which they
were collected. Outliers may result from transcription errors, data-coding errors, or
measurement system problems such as instrument breakdown. However, outliers may
al so represent true extreme values of adistribution (for instance, hot spots) and indicate
more variability in the population than was expected. Not removing true outliers and
removing false outliers both lead to a distortion of estimates of population parameters.
(Office of Environmental Information, U.S. Environmental Protection Agency, 2000)
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In AguaChem, you can highlight samples that have the outlier check enabled, to
quickly identify potential errorsin sampling or analysis.

@ Tools > QA/QC from the main menu and select Highlight Outliers
The following dialog will appear, where you can select the parameter of interest.

Highlight Outliers g #

Highlight samples where the following parameter
is marked as an outlier

Meaz Hardness j

& Pbfromthelist.
= [OK]
&  [Close]
You should see two samples highlighted in the list. To view only these samples,
& Filter > Show Only Selected
To see the data for these samples, select one and
&  Sample > Edit. The Sample details window will appear

Scroll down the list of valuesto see the value of Pb. You will seethe valueis 15 ug/l (or
10 ug/l), which is much different from the rest of the data set. You should now review
the sample collection and analysis procedures to determine the potential source of error.

To restore all samples,
@ Filter > Show All

In thelast section of this Demo exercise, you will use PHREEQC to cal cul ate saturation
index values for a sample in the Demo database.

2.7 PHREEQC - Calculate Saturation I ndices and
Activities

PHREEQC is a geochemica modeling program designed by the USGS. The program
can be used for speciation, batch-reaction, one-dimensional transport, inverse
geochemical calculations, and much more. AquaChem includes several options for
running PHREEQC with your water quality data. In this section, you will calculate
saturation indices and activities for a sample in your database, with just afew clicks of
your mouse.
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The Saturation Index (SI) of aselected mineral phaseisthe degree of saturation. The Sl
can be ameans of evaluating water quality datato determineif certain minerals have a
tendency to dissolve or precipitate out of solution, in order to reach equilibrium. The SI
iscalculated as follows:

Sl =log(IAP/K+)

where,
IAP =theion activity product for the given material and
K+ =thereaction constant at the given temperature

If SI > 0, then the solution is super-saturated with respect to the mineral phase, and
precipitation will be likely;

If SI <0, then the solution is below saturation of the specified mineral phase, and
dissolution will be expected;

If SI =0, then the solution isin equilibrium with the specified mineral phase.

When you select an AquaChem sample from your database, an input file will be
automatically created using the measured parameter values (ex.Ca, Fl, SO4, etc.).
PHREEQC will calculate saturation indices and activities for all modeled parameters
which are defined in the current database structure, provided that an appropriate
measured val ue has been entered. The results of the simulation will be automatically
written back to the database for the selected sample, provided that the fields exist in the
database.

An example of how to Calculate Saturation Indices and Activitiesusing PHREEQC is
provided below:

& Samples tab (at the top of the active list window).
&  MW-1-92, thefirst samplein active stations list.

@  Tools > Modeling > Calculate Sat. Indices and Activities from the
main menu.

PHREEQC will then run in a DOS window (in the background) and calcul ate the
appropriate Sls and activities. The modeled results will be saved automatically back to
your database.

To view the PHREEQC results, you must |oad the Modeled Parameters tab in the
Sample Details window for this sample:

@  Samples > Edit from the main menu
@ Modeled tab

In this window, you will see the modeled values for the available parameters. An
example is shown in the figure below:
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¥} Sample Details - Sample MW-1-92 ; _ o) x|

Sample | Station I

Parameter | ¥alue -
Station |0

Sample ID df-1-92

Sampling Date | 8/15/1932

Analyzis Date

Project

‘water Type Ca-CO3-504

Customer LI

[~ Sample is representative for this site

Measured I Calculated

Parameter | Unit VYalue -
Alkalinity

lonic Streng 0.0284538

Percent Emc 541168

log[al+3]

log[Ba+2] -5.753

log[Ca+2] -2.9219

loglCl] -2.6223

log[Fe+2] -5.4098

log [Mg+2] 34377

log[tn+2] 6135

log[Na+] 25334

log[504-2] 25724

51 [&lbite]

51 [Anhydiite -1.1592 x|

PHHEEQEl
@I@I@I@I Save | Lloze |

PHREEQC has calculated the appropriate Sl and activity values for the defined
modeled parameters. You may now do further processing and analysis with these
parameter values, such as plotting, reporting, and querying.

This concludes the demonstration exercise for AquaChem v.5.1.
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